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3.1.4-1

3.1.4 

defense in depth

1 1

1

1

1



3.1.4-2

3.1.4.1 

15m

15m



3.1.4-3

1

a. 

a  

 

SFP

3.1.4.1-1

1

95% 5%

HCLPF High Confidence of Low 

Probability of Failure



3.1.4-4

SFP

3

SFP



3.1.4-5

H

3.1.4.1-2 1

  1 

H=Q/A + h

H [m]

Q [m3]

A [m2 ]

h [m]



3.1.4-6

2

JIS C 0920

IP

2 

3.1.4.1-3

1 3 3.1.4.2 1

SFP 3.1.4.1-4



3.1.4-7

3.1.4.1-6

1

3.1.4.1-1

-2

3.1.4.1-1 3.1.4.1-2

SFP

1.04G 3

3.1.4.1-3 3.1.4.1-4

3.1.4.1-5 3.1.4.1-6

SFP SFP



3.1.4-8

EL.+13.3m EL.+13.3m SFP

3.1.4.1-7

SFP 3 3.1.4.1-7

3 FLOW-3D

SFP

3.1.4.1-8 SFP

  3 G: (9.8m/s2)

-2

3.1.4.1-9 3.1.4.1-10



3.1.4-9

SSC

.

3.1.4.1-8

3.1.4.1-9

.

30 9 25



3.1.4-10

A/B

1

1

3.1.4.1-11 3.1.4.1-12

-2

A/B



3.1.4-11

HCLPF HCLPF

1.09G

1.04G



3.1.4-12

b  

 

SFP

1

3.1.4.1-13 3.1.4.1-14

1



3.1.4-13

15m +2m

 

1

2



3.1.4-14

SFP

-2

3.1.4.1-15 240mm 1

15m

+2m

1

1

15m +2m

1



3.1.4-15

3.1.4.1-1  

EL.[m] [m]
A/B-1

13.3
A/B 1.15

A/B-2 1C 1PCV-3630 1.81
A/B-3 1B 1PCV-3620 1.78

A/B-4 5.0 1A 1PCV-3610 1.9

A/B-5 5.0
C

1-PT-486
1.09

C/B-1
20.3

1SACP 0

C/B-2
RIO

1P-RIO
0.09

C/B-3 13.3 RTG A
1ATA-1 0.32

C/B-4

5.0

1AIV 0.1
C/B-5 1BIV 0.09
C/B-6 A 0.8
C/B-7 B 0.82
C/B-8 1ACP 0.1
C/B-9 1BCP 0.11
I/B-1 20.3 1BLVP 0.4

I/B-2
13.3

4-1CM/C
0.03

I/B-3
4-1DM/C

0.04

I/B-4 5.0
1B

1VSF40B
0.35

I/B-5

-2.0

1AEP
0.34

I/B-6
1ATAF

0.42

I/B-7
1-TDAFWP

0.55

  



3.1.4-16

3.1.4.1-2  

EL.[m] [m]
A/B-1 13.3 0.25
A/B-5 5.0 1-PT-952 1.12

A/B-6 -2.0 1A
1V-CP-024A

1.44

A/B-7 -2.0 1-PT-953 1.11

A/B-8
-9.0

1B
1V-CC-228B

4.51

A/B-9 1V-RH-034 0.91

A/B-10 -15.0
1BRHRS-C/V

1V-SI-193B
2.05

A/B-11
-21.0

1-FT-601
1.11

A/B-12 1A 1A-RHRP 0.82
A/B-13 1B 1B-RHRP 0.82
C/B-1

20.3
1SACP 0

C/B-2
RIO

1P-RIO
0.09

C/B-3 13.3
RTG A

1ATA-1
0.32

C/B-4

5.0

1AIV 0.1
C/B-5 1BIV 0.09
C/B-6 A 0.8
C/B-7 B 0.82
C/B-8 1ACP 0.1
C/B-9 1BCP 0.11

C/B-10 5.0
1SAIO

0.50

I/B-2
13.3

4-1CM/C
0.03

I/B-3
4-1DM/C

0.04

I/B-8 5.0 ALPM 0.40
I/B-5 -2.0 1AEP 0.34

FH/B-1
5.0

1-PT-950
1.11

FH/B-2
1-PT-951

1.1

  



3.1.4-17

3.1.4.1-3  

EL.[m] [m3]

13.3 40.9

13.3

0.5
1.5

B 77.0
0.4
0.3

0.3

5.0

4.1

5.0

13.9
1 0.1

8.0

5.2

7.1
0.3

-2.0
0.9
3.7

-9.0

0.3

0.1

465.1
33.5

1225.8

3.1.4.1-4  

EL.[m] [m3]
-2.0 0.1



3.1.4-18

3.1.4.1-5  

[m3]

40.9

123.7

3.1.4.1-6  

[m3]

0.1

3.1.4.1-7  3

SFP

EL.+12.93m

Ss-1 Ss1 1.89

1.04G EL.+13.3m

EW UD
NS UD

SFP

SFP SFP

SFP-A SFP-B

3.1.4.1-8  SFP

 EW UD 40.9m3

 NS UD 37.6m3



3.1.4-19

3.1.4.1-9  

EL.[m]
[m3] [m2] [m] [m] [m]

13.3 A/B-1 A/B 80.0 1213.1 0.1 0.166 1.15 <

5.0 A/B-5
C

1-PT-486
118.7 1620.6 0.1 0.174 1.09 <

13.3
A/B-2

1C
1PCV-3630

1.81

A/B-3
1B

1PCV-3620
1.78

5.0 A/B-4
1A

1PCV-3610
1.9

20.3
C/B-1

1SACP
0

C/B-2
RIO

1P-RIO
0.09

13.3 C/B-3
RTG

A 1ATA-1
0.32

5.0

C/B-4 1AIV 0.1

C/B-5 1BIV 0.09

C/B-6 A 0.8

C/B-7 B 0.82

C/B-8 1ACP 0.1

C/B-9 1BCP 0.11

20.3 I/B-1 1BLVP 0.4

13.3
I/B-2

4-1CM/C
0.03

I/B-3
4-1DM/C

0.04

5.0 I/B-4
1B

1VSF40B
0.35

-2.0

I/B-5 1AEP 0.34

I/B-6
1ATAF

0.42

I/B-7
1-TDAFWP

0.55



3.1.4-20

3.1.4.1-10  

EL.[m]
[m3] [m2] [m] [m] [m]

13.3 A/B-1 80.0 1213.1 0.1 0.166 0.25 <

5.0 A/B-5
1-PT-952

118.7 1620.6 0.1 0.174 1.12 <

-2.0
A/B-6

1A
1V-CP-024A

1.44

-2.0 A/B-7
1-PT-953

123.3 1176.9 0.1 0.205 1.11 <

-9.0
A/B-8

1B
1V-CC-228B

123.7 784.6 0.1 0.258 4.51 <

A/B-9 1V-RH-034 123.7 1007.6 0.1 0.223 0.91 <

-15.0 A/B-10
1BRHRS-C/V

1V-SI-193B
123.7 74.2 0.1 1.768 2.05 <

-21.0

A/B-11
1-FT-601

123.7 193.6 0.1 0.739 1.11 <

A/B-12 1A 1A-RHRP 123.7 218.9 0.1 0.666 0.82 <

A/B-13 1B 1B-RHRP 123.7 218.3 0.1 0.667 0.82 <

20.3
C/B-1 1SACP 0

C/B-2
RIO

1P-RIO
0.09

13.3 C/B-3
RTG A

1ATA-1
0.32

5.0

C/B-4 1AIV 0.1
C/B-5 1BIV 0.09
C/B-6 A 0.8
C/B-7 B 0.82
C/B-8 1ACP 0.1
C/B-9 1BCP 0.11

5.0 C/B-10
1SAIO

0.50

13.3
I/B-2

4-1CM/C
0.03

I/B-3
4-1DM/C

0.04

5.0 I/B-8 ALPM 0.40
-2.0 I/B-5 1AEP 0.34

5.0
FH/B-1

1-PT-950
40.9 165.5 0.1 0.348 1.11 <

FH/B-2
1-PT-951

40.9 136.8 0.1 0.399 1.1 <



3.1.4-21

3.1.4.1-11  1/2

EL.[m]

13.3 A/B-1 A/B

 

5.0 A/B-5
C

1-PT-486

13.3
A/B-2 1C 1PCV-3630

A/B-3 1B 1PCV-3620

5.0 A/B-4 1A 1PCV-3610



3.1.4-22

3.1.4.1-11  2/2

EL.[m]

20.3
C/B-1

1SACP

C/B-2
RIO

1P-RIO

13.3 C/B-3
RTG A

1ATA-1

5.0

C/B-4 1AIV

C/B-5 1BIV

C/B-6 A

C/B-7 B

C/B-8 1ACP

C/B-9 1BCP

20.3 I/B-1 1BLVP

13.3
I/B-2 4-1CM/C
I/B-3 4-1DM/C

5.0 I/B-4
1B

1VSF40B

-2.0

I/B-5 1AEP

I/B-6
1ATAF

I/B-7
1-TDAFWP



3.1.4-23

3.1.4.1-12  1/2

EL.[m]

13.3 A/B-1

5.0 A/B-5
1-PT-952

-2.0 A/B-6
1A

1V-CP-024A

-2.0 A/B-7
1-PT-953

-9.0
A/B-8

1B
1V-CC-228B

A/B-9 1V-RH-034

-15.0 A/B-10
1BRHRS-C/V

1V-SI-193B

-21.0

A/B-11
1-FT-601

A/B-12 1A 1A-RHRP

A/B-13 1B 1B-RHRP



3.1.4-24

3.1.4.1-12  2/2

EL.[m]

20.3
C/B-1

1SACP

C/B-2
RIO

1P-RIO

13.3 C/B-3
RTG A

1ATA-1

5.0

C/B-4 1AIV
C/B-5 1BIV
C/B-6 A
C/B-7 B
C/B-8 1ACP
C/B-9 1BCP

5.0
C/B-10

1SAIO

13.3
I/B-2

4-1CM/C

I/B-3
4-1DM/C

5.0 I/B-8 ALPM
-2.0 I/B-5 1AEP

5.0
FH/B-1

1-PT-950

FH/B-2
1-PT-951



3.1.4-25

3.1.4.1-13  1

1029Gal

1029Gal

SFP 1149Gal

1029Gal

3.1.4.1-14  1

 
 

 

 

 

 15m

 15m

SFP 27m

  15m

3.1.4.1-15  

[mm]

[mm]

160 80 240
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3.1.4.1-1  

CV
YES

NO

YES

NO

YES

NO



3.1.4-27

3.1.4.1-2  

3.1.4.1-3  

 

 

H  

h

 

Q

A



3.1.4-28

3.1.4.1-4  

0.82G

1.11G 0.82G 0.82G 0.82G 1.05G

0.82G 0.82G 1.05G 0.82G 0.82G 0.82G 0.82G 0.82G

0.82G

1.04G 1.05G 1.05G 1.15G

1.04G 1.05G 1.05G 1.15G

1.04G

0.82G 0.82G 0.82G 0.82G 0.82G

0.82G

0.82G

0.82~1.10G RCP LOCA



3.1.4-29

3.1.4.1-5  

0.82G

1.04G

0.82G 0.82G 0.82G 0.82G 0.82G

1.15G 1.04G 1.05G 1.05G 1.05G

0.82G



3.1.4-30

3.1.4.1-6  SFP

SFP

0.82G

0.82G 0.82G

1.17G

0.82G

1.17G

1.17G



3.1.4-31

3.1.4.1-7  SFP



3.1.4-32

3.1.4.1-8  



3.1.4-33

3.1.4.1-9  1/2



3.1.4-34

3.1.4.1-9  2/2



3.1.4-35

b. 

a

SFP

3
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3.1.4.1 1 a. 3.1.4.1-4 3.1.4.1-6

3.1.4.1 1 a.

  

-2



3.1.4-37

-2

3.1.4.1-16

3.1.4.1-17



3.1.4-38

  

180

220 262

3.1.4.1-18

HCLPF 3.1.4.1-19 SFP

HCLPF 3.1.4.1-20

HCLPF

1.04G SFP

1.17G



3.1.4-39

  

HCLPF 3.1.4.1-21 SFP

HCLPF

3.1.4.1-22 HCLPF

1.04G SFP

1.17G

  

1

HCLPF

1.04G

SFP



3.1.4-40

  

1

HCLPF

1.04G

SFP

  

1

SFP HCLPF

1.04G SFP

1.17G



3.1.4-41

  



3.1.4-42

3.1.4.1-16  

3.1.4-42



3.1.4-43

3.1.4.1-17  1/2

HCLPF

HCLPF

HCLPF

3.1.4-43



3.1.4-44

3.1.4. 1-17  2/2

HCLPF

HCLPF

3.1.4-44



3.1.4-45

3.1.4. 1-18   

  
 

[ ] 
 

[ ] 
[ ] 

RIX 56
 

244

40 177

40 95

85

RIX 32
 

228
40 70

40 80

RIX 46 1 232 49 85

T104 262 40 80

MS56F
220 40 75



3.1.4-46

3.1.4. 1-19  
HCLPF

G 9.8m/s2

3.1.4. 1-20  SFP
HCLPF

G 9.8m/s2

HCLPF
[G]

A/B5-2

1A 11.87 
1B 11.87 
1A 1 10.17
1B 1 10.17
1A 5.30
1B 5.30

A/B6-1
3.65
4.31
4.31

I/B1-1 1 4.17

C/V1-1

121.23
 7.54
 7.08

1.35
1A1 1.10
1B1 1.10
1C1 1.10
1A 1.43
1B 1.43
1C 1.43
1D 1.43
1A 21.86
1B 21.86
1A 24.43
1B 24.43

HCLPF
[G]

FH/B3-1
22.66

 7.54
 7.08



3.1.4-47

3.1.4.1-21  
HCLPF

G 9.8m/s2

3.1.4.1-22  SFP
HCLPF

G 9.8m/s2

HCLPF
[G]

A/B5-2

1LT-120 3.54

1LT-121 3.54

3.54

3.54

3.54

3.54

3.54

5vol% A/B5-2 EL.5.0m 1.29

5vol% A/B5-2 EL.5.0m 1.29

HCLPF
[G]

FH/B3-1 5vol% FH/B3-1 EL.13.3m 1.29



3.1.4-48

b

SFP



3.1.4-49

200

 

 

25 6

3

3.1.4.1-12

 

 

 



3.1.4-50

MR3600

V
2

[h]

V [m3]

R [m]

M [kg/m2s]

[kg/m3]

E

Rf

fRE

E [W/m2]

Rf [W/m2]

3.1.4.1-12

R H L



3.1.4-51

1n

1n
tan

n

1

1nB

1nA
tan

ABn

n2Am

1n

m
tan

n

1 11

2

1

2222 mn1B,mn1A,
R

L
n,3

R

H
m

R [m]

H [m]

L [m]

E t

x

3.1.4.1-13

t2

x
erfc

t2

x

t4

x
exp

1tE2
TT

2

0

Tw Tw x=0

tE2
TT 0w



3.1.4-52

T0 [ ]

[m2/s] c / c Cpc)

c [W/m K]

c [kg/m3]

Cpc [J/kg K]

t [sec] =

R

R Tw

R Tw

1m

0.01%

200



3.1.4-53

 

16m 20m

10km

100m

3.1.4.1-23



3.1.4-54

1

-2

1

3.1.4.1-24 3.1.4.1-14

183

200

-2

EL.+11m EL.+17.5m

600mm



3.1.4-55

261 200

3m

Rf = r Rf

25 3 0.3

0.3

r = exp(-0.06× 2R)

r

3.1.4.1-25 3.1.4.1-15

114

200

EL.+13.0m



3.1.4-56

-2



3.1.4-57

3.1.4.1-23  

×

×
1.04G SFP

1.17G 5.5G

×

×

×

G 9.8m/s2



3.1.4-58

3.1.4.1-24  

V m3 500

kg/m3 900

M kg/m2s 0.035 1

Rf W/m2 23,000 2

( )

1

m2/s 7.53× 10-7

c W/m K 1.74

c kg/m3 2,400

Cpc J/kg K 963

L
m 99

T0
50 3

R m 77

Tw
183

1  Fire Dynamics Tools (FDTs) Quantitative Fire Hazard Analysis Methods for 
the U.S. Nuclear Regulatory Commission Fire Protection Inspection Program 
(NUREG-1805, Final Report) 

2 25 6

3
50



3.1.4-59

3.1.4.1-25  

V m3 500

kg/m3 900

M kg/m2s 0.035

Rf W/m2 23,000 1

m2/s 7.53× 10-7

c W/m K 1.74

c kg/m3 2,400

Cpc J/kg K 963

L
m 62

T0
50

R m 50

Tw
114

1
25 3

r = exp(-0.06× 2R)

r
R [m]
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3.1.4-62

2

a. 

a

 

SFP



3.1.4-63

3.1.4.1-16

)(N/mmF

)(N/mm
2

C

2
V

1,200

FEM



3.1.4-64

ABAQUS

FEM 3.1.4.1-17

3.1.4.1-26 3.1.4.1-16

3.1.4.1-17

0.5 1.0 1.5 2.0 2.5 3.0 6

96



3.1.4-65

3.1.4.1 1 b.

b

3.1.4.1 1 b. b

3.1.4.1-27



3.1.4-66

1

-2

1

SFP

SFP

SFP

 

1

EL.+15m

EL.+13.5m

50cm

2

 



3.1.4-67

A/B I/B C/B

0.8m

0.0155

3

3.1.4.1-18

3.1.4.1-19 3.1.4.1-19

3

96

EL.+15m

-2

EL.+15m



3.1.4-68

EL.+13m

50cm

EL.+13m

-2

EL.+33m



3.1.4-69

3.1.4.1-26  

 
 
 

50
3.1.4.1 1 b. b

1,200

 

 

1,200
 

 0.5 1.0 1.5 2.0 2.5 3.0
6

 

 96
96

 

 

 



3.1.4-70

3.1.4.1-27  

×

×

×



3.1.4-71

3.1.4.1-16  

 
 

3.1.4.1-17  

Y

 



3.1.4-72

3.1.4.1-18  3

3.1.4.1-19  FEM

 

 



3.1.4-73

3.1.4.2 

1  

EU “Stress tests” specifications 23 5 25

European Commission ENSREG;

European Nuclear Safety Regulators’ Group

10-6



3.1.4-74

2  

a. 

IAEA SSG-25 7

Development and Application of Level 1 Probabilistic Safety 

Assessment for Nuclear Power Plants IAEA, April 2010

1998

3.1.4.2-1

1.63×10-12

b. 10-6

3.1.4.2-2 3.1.4.2-1 10-6

3



3.1.4-75

c. 

10-6

a  

10-6

3.1.4.2-3

b  

10-6

3.1.4.2-4

c  

10-6

3.1.4.2-5



3.1.4-76

3  

3.1.4.2-2

a. 

a  

F3 92.0m/s

100.0m/s

100.0m/s

62.7m/s 1945

9 17

 



3.1.4-77

 

b  10-6

1 25 7 8

86 26 9 10 1409102

10-6 104.7m/s



3.1.4-78

c  

1 25 7 8

88 27 3 18 1503181

1-4

100.0m/s
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