
1.4-1

1.4 

1.4.1 

1.4-1 1.4-2

-1
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3

1

17×17 264 24

1

1

1
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1.4-2

1

1

1

1

1



1.4-3

1.4.2 

1.4.2.1 

-4

-4

   2

-4

1.4-1

17×17 264 24

1

1.4.2.2 

1  



1.4-4

a. 

b. 

c. 

310N/mm2 590N/mm2

d. 1%

e. 

Langer and O'Donnell

2  

a. 

ASME Boiler and Pressure 



1.4-5

Vessel Code Section III ASME Sec. III

b. 

6G G ×9.8m/s2

6G

1.4.2.3 

1  

a. 

1.4-3

-4

-4

97% 95%

96%

95%

1



1.4-6

b. 

1.4-4 1.4-5 17×17

264 1

24 9

-4

1

24 16

1.4-6 1.4-7

1

6



1.4-7

2  

a. 

1.4-1

b. 

1.4-1

1.4.2.4 

1.4-1

1.4.2.5 

1.4.7 

1.4.2.6 

1.16 

1.4.2.7 

1.4-8

X



1.4-8

1

1.4.2.8 

1.12 

1.4.2.9 

1  

a. 

-4

-4

1



1.4-9

b. 

97% 95%

96% 95%



1.4-10

10,000MWd/t

32

c. 

a  

2,800 10,000MWd/t 32

71,000MWd/t 2,570

2,580 10,000MWd/t 32

71,000MWd/t 2,350 1 19

2,600 62,000MWd/t

2,400 1.4.2 



1.4-11

2,700

10,000MWd/t 32

2,480

10,000MWd/t

2,440 8 19

2,530 10,000MWd/t 2,490

1.4.2 

1.6wt%

8 19

1.5wt%

95% 1,200MWd/t

2,570

41.1kW/m

59.1kW/m 1.4-9

1,770 2,270



1.4-12

31.9kW/m

44.3kW/m

10wt%

1,630 2,040

2,440

b  

1.4-10

18.6MPa 19.7MPa

c  

1



1.4-13

d  

1

1.4-11

10%

1.4.2.2 

1%

e  



1.4-14

Langer and O'Donnell

1

d. 

a  
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1

6

9

DNB

1

1

b  

3G~4G
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6G

6G

6G

6G

2  

1960

2004

3 460

1997 2002

69kW/m

80,000MWd/t

41.1kW/m 55,000MWd/t
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1.4.3 

1.4.3.1 

1  

a. 

a  

b  1

c  

d  

b. 

a  

1

0.018 K/K

0.010 K/K

b  



1.4-18

1

0.0015 K/K

0.0090 K/K 0.010 K/K

2

86×10-5( K/K)/s

1 2.5×10-3 K/K

c  

d  

DNBR

1.4.3.2 1 c. c  

e  



1.4-19

f  

55,000MWd/t

1 7 39,000MWd/t

8 19 48,000MWd/t

2  

15%

a. 

1

b. 1

a. b.
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a  ±10%

15% 100%

b  ±5%/min

15% 100%

c  

40%

1.4.3.2 

1  

a. 

/ 3.4 3.6

12.6mm

17×17 25
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b. 

1.4.3.1 1.4-2

1.4-12

1.4-13

c. 

a  

1

2

1.4-2

1.4-14

 

A B C D 4

S A S B 2
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48

1.4-12

 

1

 1

 5%/min

10%

 

1

1.4.3.1 
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1.4.3.3 

D

1

10%

1.4-3

114cm/min 2

86×10-5( K/K)/s

1

2.5×10-3 K/K
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0.0015 K/K 0.0090 K/K

0.010 K/K

 

1

 1

 

 

0.010 K/K

1 3

1

8ppm/min 0.8×10-3( K/K)/min

1 1

16ppm/min

1.0×10-3( K/K)/min

2,700ppm

0.95
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b  

1.4-2

2

c  
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 FH
N

FXY
N

 FQ
N

FQ
N=Max{P(X, Y, Z)}×FU

N

P X,Y,Z X,Y,Z

FU
N 1.05

FQ
N=Max{P(X, Y, Z)×S(Z)}×FU

N

S Z  Z

 FQ
E

1.03
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 FQ

FQ=FQ
N×FQ

E

 

FH
N ×{ ( P)}

FQ
N /P

P :

 3

2

1.4-15

 AO

AO t

b
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AO= t b

t b

AO

AO

AO

AO FQ

AO

AO

FQ
N

FQ
E

 

DNBR
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d  

AO

AO

e  

400EFPD

 



1.4-30

48

49,000MWd/t

 

2

1.4-4

1.4-13 1.4-16

1.4-5

2  

a. 



1.4-31

15%

b. 

a  ±10%

1.4-17 10%

1

1

1

1

1.4-18 90% 10%

1

1

1



1.4-32

1

1.4.3.1 

b  ±5%/min

1.4-19 5%/min 15%

1

1

1.4-20 5%/min 15%

1.4-19

1

1

1.4.3.1 

c  

10% 50%



1.4-33

1.4-21 50%

40%

1

1

1

1

1

1.4.3.1 

1.4.3.3 

1  

2

a. 



1.4-34

b. 

3

c. 

2  

1



1.4-35

1.4.3 

a. 6

1

b. 2 1

c. 1

d. 1

e. 

f. 

g. 

1.4-22

1.4.3.4 



1.4-36

1.4.4 

1.4.4.1 

1  DNBR

DNBR

DNB

2  

2,580 71,000MWd/t 2,350

1 19

2,600

62,000MWd/t 2,400

1.4.4 

2,480

10,000MWd/t 2,440 8 19

2,530 10,000MWd/t

2,490 1.4.4 



1.4-37

a. DNBR 2.36

b. 41.1kW/m

1.4.4.2 

1  

1.4.3 

1 1

DNBR

2,652MW 157

4,515m2 572kW/m2

1 45.7×106kg/h 15.4MPa

284 321

2  

a. 

1

3

a  



1.4-38

b  

4

a

c  

1/4 b

DNBR

DNB 1.4.4.4 2 a. DNBR

b. 

1

1.4.4.3 

1.4.4.2  1  



1.4-39

1.4.4.4 

1  

1.4.4.1 

1.4-6

2  

a. DNBR

DNBR

DNBR

DNB DNB DNB

1.4.4.2 2 a. 

DNB MIRC-1 NFI-1

DNB

MIRC-1 NFI-1

DNB DNB

DNB THINC-

COBRA-3C

MIRC-1 NFI-1 DNBR



1.4-40

DNB

DNB

DNBR

DNB

DNBR DNBR

DNBR

DNBR DNBR SL

DNBRSL=
DNBRDL

FDNBR, Z
M

1.0=DNBRDL×FDNBR, Z
U

DNBRSL DNBR

DNBRDL DNBR

FDNBR, Z
M DNB

FDNBR, Z
U DNB

DNBR

DNBR

a  DNB

1.0 DNB
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b  

 1

5%
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 1

 

 FH
N

DNB

FH
N

FH
N FXY

N

FH
N

{1+0.3(1 P)} P

FH
N

T
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1.0

 

1.62 DNB

 

1

TDC

9 17×17 TDC

TDC 0.030

0.026

c  DNBR

DNB

DNBR



1.4-44

DNBR DNBR SL

DNBR

95% 1.0 DNBR

DNBR DNBR DL DNB

DNB FDNBR, Z
M 1.42

DNBR

DNBR 1.4-6 2.36

b. 

1.4.4.2 2 b. 

a  

b  



1.4-45

f

K(t)dT=
q' f

Tc

Ts

K t (W/(m ))

q (W/m)

T s ( )

T c ( )

c  

d  

Dittus-Bölter

hDe

K
=aReb Prc

h (W/(m2 ))

De (m)

K (W/(m ))



1.4-46

Re

Pr

a b c

a b c

Thom

Tsat exp( P) (q'')0.5

T sat T w - T sat ( )

P (MPa)

q (W/m2)

T w ( )

T sat ( )

95%

1,200MWd/t 2,570

41.1kW/m

1,770 1.4.4.4 3  DNB

59.1kW/m

2,270

10wt% 10,000MWd/t

2,440 31.9kW/m



1.4-47

1,630 1.4.4.4 3  DNB

44.3kW/m 2,040

3  DNB

DNB

a. DNB

DNBR

1

1

1.4.4.2 2 a. 

T

1.4.4.1 DNBR

b. 



1.4-48

T

T

T

59.1kW/m

44.3kW/m 1.4.4.1 

1.4.4.5 

1.13 

1.4.4.6 

1.16.4 

 15  



 

1.4-49

1.4.5 

1.4.5.1 

1  

1

a. 

b. 1

c. 

1.5.12.1 

2  



 

1.4-50

1.4.5.2 

1  

a. 

2

b. 

a  

b  

c  1

1.4.3 

c. 

a  

501

b  

c  



 

1.4-51

1.4.5.3 

1  

a. 

1.4-23 24

24

1.4-7

b. 

1,072 1.4-24 1.4-

14 20 16 12 3

1

1



 

1.4-52

1

1

1,072

1.4-25

1.4-8

ASME Sec. III

c. 

1.4-26



 

1.4-53

1.4-9

a  

b  

3

c  



 

1.4-54

1

d  

d. 

1

1

1

1

1.0×10-3 K/K)/min
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e. 

ATWS

1

ATWS

1 2

ATWS



 

1.4-56

1

ATWS

1



 

1.4-57

2  

a. 

1.4-27

b. 

1 2 2 1

2

1 2 2 2

1.4-14

1 1.4-28 1 1

16 7 2

1.4-29 4 2 20

1 0.4×1010Bq

-252 2

1

1.4-10



 

1.4-58

1.4.5.4 

1.4-7 1.4-10

1.4.5.5 

1.5.12.1 

1.4.5.6 

1.16 

1.4.5.7 

1.7.2.1 

1.4.5.8 

1.13 

1.4.5.9 

1.12 

1.4.5.10 

1  

a. 

2



 

1.4-59

b. 

1.4.3  

c. 

a  

b  



1.4-60

1.4.6 

1

2

1

1  

1.4-30

2  

1



1.4-61

4

3  

±5%/min

±10%

50%

1.4.3 



1.4-62

1.4.7 

1.4.7.1 

1  

1.4-1

a. 

b. 

c. 1

2  

a. 

1.4-31

a  

b  

2



1.4-63

c  

d  

e  

90

f  

b. 

1.4-32



1.4-64

a  

1

1

b  

c  

d  

e  

f  

g  



1.4-65

1.4.7.2 

1  1

2  1

3  

4  

5  

6  

1.4.7.3 

1.4-11



1.4-66

1.4.7.4 

1.4.7.5 

1.4.7.6 

1.4.7.7 

1.4.5 

1.4.7.8 

1.13 

1.4.7.9 

1.12 

1.4.7.10 

1  

1
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2  

3  

4  

1

5  

6  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 









































 

 



 



 



 

 



 



 



 

 



 

 



 

 



 



 

 

 
 


