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4.3.2-11(1) AP2-3  
(5) 

1 mm

Top View

AP2-3 MC1
Photo 2

Photo 2-1

Photo
2-6Photo 2-2

Photo 2-3

Photo 2-4

0º

90º

180º

270º
Photo 2-7

Photo
2-5
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4.3.2-11(2) AP2-3  
(5) 
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4.3.2-11(3) AP2-3  
(5) 

  



 

 4.3-55

 

4.3.2-12  AP2-3  
 

 
 

 
4.3.2-13  AP2-3  

 
  

5 mm 



 

 4.3-56

 

4.3.2-14 No. 3  
AP2-3  

  



 

 4.3-57

 

4.3.2-15(1) No. 3 SEM  
AP2-3  

 



 

 4.3-58

 

4.3.2-15(2) No. 3 SEM  
AP2-3  

 



 

 4.3-59

 

4.3.2-15(3) No. 3 SEM  
AP2-3  

 



 

 4.3-60

 

4.3.2-15(4) No. 3 SEM  
AP2-3  

  



 

 4.3-61

 

4.3.2-15(5) No. 3 SEM  
AP2-3  

 



 

 4.3-62

 

4.3.2-15(6) No. 3 SEM  
AP2-3  
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4.3.2-16 No. 11  
AP2-3  

 
  



 

 4.3-64

 

4.3.2-17(1) No. 11 SEM  
AP2-3  

 



 

 4.3-65

 

4.3.2-17(2) No. 11 SEM  
AP2-3  
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4.3.2-17(3) No. 11 SEM  
AP2-3  
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4.3.2-17(4) No. 11 SEM  
AP2-3  

 



 

 4.3-68

 

4.3.2-17(5) No. 11 SEM  
AP2-3  
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4.3.2-17(6) No. 11 SEM  
AP2-3  
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4.3.2-18 No. 3  
AP2-3   
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4.3.2-19 No. 3  
FP  

AP2-3 FP No.3
3  

  

(a)  
FP  

(b)  
    FP  
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4.3.2-20 No. 11  
AP2-3
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4.3.2-21 No. 11  
FP  

AP2-3 FP
No.11 1  

  

(a)  
FP  

(b)  
    FP  
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4.3.2-22 No. 2  
AP2-1



 

 4.3-75

  

 
 
 

4.3.2-23 No. 2  
FP  

AP2-1 FP No.2
2  

  

(a)  
FP  

(b)  
    FP  
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4.3.2-24 No. 3  
AP2-1  

  



 

 4.3-77

 
(a)  

FP  

 

(b)  
FP  

 

4.3.2-25 No. 3  
FP  

AP2-1  
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4.3.2-26 No. 4  
AP2-1  
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(a)  

FP  

 

(b)  
FP  

 

4.3.2-27 No. 4  
FP  

AP2-1  
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4.3.2-28 No. 5  
AP2-1  

  



 

 4.3-81

 
(a)  

FP  

 

(b)  
FP  

 

4.3.2-29 No. 5  
FP  

AP2-1  
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4.3.2-30(1) No. 1  
AP2-3  
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4.3.2-30(2) No. 1  
AP2-3  
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4.3.2-30 (3) No. 1  
AP2-3  
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4.3.2-30(4) No. 1  
AP2-3  
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4.3.2-31(1) No. 1  
AP2-3  
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4.3.2-31(2) No. 1  
AP2-3  

  



 

 4.3-88

 

4.3.2-31(3) No. 1  
AP2-3  
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4.3.2-31 (4) No. 1  
AP2-3  
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4.3.2-32(1) No. 1 SEM  
AP2-3  
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4.3.2-32(2) No. 1 SEM  
AP2-3  
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4.3.2-32(3) No. 1 SEM  
AP2-3  
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4.3.2-32(4) No. 1 SEM  
AP2-3  
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4.3.2-32(5) No. 1 SEM  
AP2-3  
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4.3.2-32(6) No. 1 SEM  
AP2-3  
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4.3.2-32(7) No. 1 SEM  
AP2-3  
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4.3.2-32(8) No. 1 SEM  
AP2-3  
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4.3.2-32(9) No. 1 SEM  
AP2-3  
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(a)  

 
(b)  

4.3.2-33 No. 1  
AP2-3  
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4.3.2-34 No. 1  
AP2-3  
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4.3.2-35(1) No. 2  
AP2-3  
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4.3.2-35(2)  No. 2  
AP2-3  
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4.3.2-35(3)  No. 2  
AP2-3  
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4.3.2-35(4)  No. 2  
AP2-3  
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4.3.2-36(1)  No. 2  
AP2-3  
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4.3.2-36(2)  No. 2  
AP2-3  
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4.3.2-36(3)  No. 2  
AP2-3  
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4.3.2-36(4)  No. 2  
AP2-3  
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4.3.2-37(1) No. 2 SEM  
AP2-3  

 
  



 

 4.3-110

 

4.3.2-37(2) No. 2 SEM  
AP2-3  

  



 

 4.3-111

 

4.3.2-37(3) No. 2 SEM  
AP2-3  
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4.3.2-37(4) No. 2 SEM  
AP2-3  
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4.3.2-37(5) No. 2 SEM  
AP2-3  
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4.3.2-37(6) No. 2 SEM  
AP2-3  
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4.3.2-37(7) No. 2 SEM  
AP2-3  
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4.3.2-37(8) No. 2 SEM  
AP2-3  
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4.3.2-37(9) No. 2 SEM  
AP2-3  
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4.3.2-37(10) No. 2 SEM  
AP2-3  
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4.3.2-37(11) No. 2 SEM  
AP2-3  

  



 

 4.3-120

 

4.3.2-38(1) No. 2 SEM  
AP2-3  
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4.3.2-38(2) No. 2 SEM  
AP2-3  
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4.3.2-38(3) No. 2 SEM  
AP2-3  

  



 

 4.3-123

 

4.3.2-38(4) No. 2 SEM  
AP2-3  

  



 

 4.3-124

 

4.3.2-38(5) No. 2 SEM  
AP2-3  
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4.3.2-38(6) No. 2 SEM  
AP2-3  
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4.3.2-38(7) No. 2 SEM  
AP2-3  
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4.3.2-38(8) No. 2 SEM  
AP2-3  
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4.3.2-38(9) No. 2 SEM  
AP2-3  

  



 

 4.3-129

 

4.3.2-38(10) No. 2 SEM  
AP2-3  

 
  



 

 4.3-130

 
(a)  

 
(b)  

4.3.2-39 No. 2  
AP2-3  
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4.3.2-40 No. 2  
AP2-3  
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4.3.3-1 LOCA   

  



 

 4.3-133

 

4.3.3-2 LOCA  
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4.3.3-3 LOCA  

  



 

 4.3-135

 

(a)  
 

 

(b) A  
4.3.3-4   



 

 4.3-136

  
4.3.3-5  

  



 

 4.3-137

 

4.3.3-6 –  
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4.3.3-7  
  



 

 4.3-139

 

4.3.3-8 ~1473 K  
  



 

 4.3-140

4.3.3-9 a (b)
 

 
 



 

4.4-1 

4.4 RIA  
RIA

RIA 1 LS-5 RIA 1 CN-2
NSRR CN-1

 
RIA

 
 
4.4.1 LS-5  

BWR-UO2 LS-5 3 1 19
314 J/g 75 cal/g

 
 
(1)  

4.1-1 AP2-19 BWR
 Zry-2 LK-3  4.4.1-1

12 X
107 mm

91 
GWd/t 69 µm

AP2-19 718 
wtppm 0.1 MPa He  

X
4.4.1-2 4.4.1-4 7cm

He

 
 

(2)  
 

 -I   
 16 0.1 MPa  

 $4.53 



 

4.4-2 

 314 J/g 75 cal/g  
 
 

4.4.1-5  
 

#1  
 

AE  2  
 

 
: #1, : #2, #5

: #3, #4  
 2  

 
(3)  

2 NSRR 4.4.1-6(1) (2)
4.4.1-6(3) (4) 4.4.1-6(5)

(17) 0 10 0 1 0.248 0.258 3
 

NSRR
NSRR

 
 

(a) NSRR  
4.4.1-6 (1), (2) (3), (4) NSRR NSRR

0.2536 20.4 GW 4.4 ms
NSRR 1 1

122.1 MJ NSRR
#1 #2  

 
(b)  

4.4.1-6 (5) 0.251



 

4.4-3 

NSRR
0.2527

0.25262
93 J/g 22 cal/g  

 
(c)  

4.4.1-6 (6) 0.252
FP

NSRR 0.2527

 
 

(d) AE  
4.4.1-6 (7) (8) AE #1 #2

AE
 

 
(e)  

4.4.1-6 (9) 0.253
0.3

 
 

(f)  
4.4.1-6 (10)

30mm

NSRR  
 

(g)  
4.4.1-6 (11) (15) #1 5 4.4.1-4

#1
#2, #5 #3, #4



 

4.4-4 

 
 

(h)  
4.4.1-6 (16) (17) #1 #2

10 mm  
#1 NSRR

#2
#2

 
 

  



 

4.4-5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.4.1-1  LS-5  
  

0

1000

2000

0 50 100 150 200 250 300 350 400 450

40

60

80

100
RFEF(90 )
RFEF(270 )

(mm)

313

10784 7920

(mm)

Hf Hf

20

LS-5
AP2-19



 

4.4-6 

 
4.4.1-2  LS-5   



 

4.4-7 

 
4.4.1-3  LS-5 X  

  



 

4.4-8 

 
 

 

 
4.4.1-4  LS-5  

  

9.40

9.50

9.60

9.70

9.80

9.90

50 100 150 200 250
(mm)

0 30 60
90 120 150

LS-5

Top Bottom
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4.4.1-5  LS-5  

  

#1
(10 MPa)

10

#1

#2

TC

#1AE #2

#4

#1

#5

#3#2



 

4.4-10 

 

 
4.4.1-6 (1)  LS-5 #1  

  

0 5 10
0

9200

18400

0 0.4 0.8
0

9200

18400

0.25 0.26 0.27 0.28
0

9200

18400

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (2)  LS-5 #2  

  

0 5 10
0

9000

18000

0 0.4 0.8
0

9000

18000

0.25 0.26 0.27 0.28
0

9000

18000

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (3)  LS-5 #1  

  

0 5 100

48

96

0 0.4 0.80

48

96

0.25 0.26 0.27 0.280

48

96

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (4)  LS-5 #2  

  

0 5 100

48

96

0 0.4 0.80

48

96

0.25 0.26 0.27 0.280

48

96

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (5)  LS-5  

  

0 5 10
4

0

4

0 0.4 0.8
4

0

4

0.25 0.26 0.27 0.28
4

0

4

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (6)  LS-5  

 
 

0 5 10
8

0

8

0 0.4 0.8
8

0

8

0.25 0.26 0.27 0.28
8

0

8

Time [sec]

Time [sec]

Time [sec]



 

4.4-16 

 

 
4.4.1-6 (7)  LS-5 AE #1  

  

0 5 10
4

0

4

0 0.4 0.8
4

0

4

0.25 0.26 0.27 0.28
4

0

4

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (8)  LS-5 AE #2  

  

0 5 10
16.8

0

16.8

0 0.4 0.8
16.8

0

16.8

0.25 0.26 0.27 0.28
16.8

0

16.8

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (9)  LS-5  

  

0 5 10
0.4

0

0.4

0 0.4 0.8
0.4

0

0.4

0.25 0.26 0.27 0.28
0.4

0

0.4

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (10)  LS-5  

  

0 5 10
8

0

8

0 0.4 0.8
8

0

8

0.25 0.26 0.27 0.28
8

0

8

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (11)  LS-5 #1  

  

0 5 10
8

0

8

0 0.4 0.8
8

0

8

0.25 0.26 0.27 0.28
8

0

8

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (12)  LS-5 #2  

  

0 5 10

0

60

0 0.4 0.8

0

60

0.25 0.26 0.27 0.28

0

60

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (13)  LS-5 #3  

  

0 5 10

68

0

68

0 0.4 0.8

68

0

68

0.25 0.26 0.27 0.28

68

0

68

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (14)  LS-5 #4  

  

0 5 10
96

48

0

0 0.4 0.8
96

48

0

0.25 0.26 0.27 0.28
96

48

0

Time [sec]

Time [sec]

Time [sec]



 

4.4-24 

 

 
4.4.1-6 (15)  LS-5 #5  

  

0 5 10

0

56

0 0.4 0.8

0

56

0.25 0.26 0.27 0.28

0

56

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (16)  LS-5 #1) 

  

0 5 10
0

16

32

0 0.4 0.8
0

16

32

0.25 0.26 0.27 0.280

16

32

Time [sec]

Time [sec]

Time [sec]
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4.4.1-6 (17)  LS-5 #2) 

 

0 5 10
0

10

20

0 0.4 0.8
0
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20
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4.4-27 
 

4.4.2 CN-2  
PWR-MOX CN-

2 2 12 17 560 J/g 134 
cal/g

 
 
(1)  

4.1-1 AP2-15 B3 PWR
M5 MOX  

4.4.2-1
FP

0.8 cc 5 MPa Ar-
He Ar97% He3%

5 MPa 0.2 MPa

CN-2
5 MPa

4 X 47 mm
64 

GWd/t 10 µm
 

X
4.4.2-2 4.4.2-4

 
 

(2)  
 

 B-I  
 262 282 6.8 MPa  

 5 MPa Ar97% He3%
 $3.99 

20  71 J/g (17 cal/g) 
 560 J/g (134 cal/g) 

 



 

4.4-28 
 

4.4.2-5  
 

 2 : #1, :#2  
 4 : #1, : #1, #2, #3  
 1  

AE   
 

(3)  
4.4.2-6 (1)

(2)
3.6 2.5

1.2  
 

(a)  

#3
#2 #3

 
#1

4.4.2-5 #1
#1  

 
(b)  

#1
#1 #1

 
 
(c)  

4.4.2-7 (1) #1 #1
50 #1 #1
0.4 MPa

#1
0.1 MPa #1

6. 8MPa 4.4.2-7 (2)
#1 #2 #3 #1

#2 18 220



 

4.4-29 
 

#1 #3

#1 #1 0.1 MPa
#1 #3

20  
 
(4)  

2 NSRR 4.4.2-8 (1) (2)
4.4.2-8 (3) (4) 4.4.2-8 (5)

(12) 0 10 0 1
0.254 0.271 3 AE

0.6 0.7
4.4.2-8(13) NSRR

NSRR

 
 

(a) NSRR  
4.4.2-8 (1), (2) (3), (4) NSRR

#1 #2 NSRR 0.2615
14.6 GW 4.9 ms NSRR

1 1

86.7 MJ  
 

(b)  
4.4.2-8 (5) (6)

#1 0.26
NSRR

0.259 0.268
NSRR

4.4.2-8(13) 0.6 0.7
0.6305



 

4.4-30 
 

0.6312
 

 
 (c) AE  

4.4.2-8 (7) (13) AE

0.261 0.262
NSRR

VA-3 (V)
VA-7 VA-9

0.6305
0.6318

0.63
 

 
(d)  

4.4.2-8 (8) (11) #1 #1 #3
0.26

LS-5
10

 
#3 0.254 0.261

NSRR

 
 

(e)  
10

4.4.2-8(12)
 



 

4.4-31 
 

 
(4)  

 
 

(a) ) 
4.4.2-9

3 10 mm
H30 NSRR CN-1

BIGR VVER RIA
RT-9 (1)

LOCA

4.4.2-2
 

 
  



 

4.4-32 
 

 

 
4.4.2-1  CN-2  

  



 

4.4-33 
 

 
 

4.4.2-2  CN-2  
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4.4.2-3  CN-2 X  
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4.4.2-4  CN-2  
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4.4.2-5  CN-2  
  

200
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(1)  

 

 
(2)  

4.4.2-6  CN-2

10000 0
0

100

200

300

0  (s)

gas#1

0  (s)

liquid#1
liquid#2
liquid#3

10000 0

0

5

10

0  (s)

gas#1

0  (s)

liquid#1



 

4.4-38 

 

 
(1) #1  

 
(2) #1, #2 #3  

 
4.4.2-7  CN-2  

 
 

36 18 0

5

6

7

8

Time ( 0 ) (s)

A: Gas phase press. #1
B: Liquid phase press. #1
C: Saturation press. for gas phase temp. G#1
D: C + partial press. of air

36 18 0

2.5

5

7.5

Time ( 0 ) (s)

A: Gas phase pressure #1
B: Saturation press. for liquid phase temp. W#1
C: Saturation press. for liquid phase temp. W#2
D: Saturation press. for liquid phase temp. W#3

36 18 0

200

250

Time ( 0 ) (s)

Liquid phase temp. W#1
Liquid phase temp. W#2
Liquid phase temp. W#3
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4.4.2-8 (1)  CN-2 #1   

0 5 10
0

6600

13200

0 0.4 0.8
0

6600

13200

0.255 0.26 0.265 0.27
0

6600

13200

Time [sec]
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Time [sec]
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4.4.2-8 (2)  CN-2 #2   

0 5 10
0

6400

12800

0 0.4 0.8
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6400

12800

0.255 0.26 0.265 0.27
0

6400
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4.4.2-8 (3)  CN-2 #1   

0 5 100

38

76

0 0.4 0.80

38
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0.255 0.26 0.265 0.270

38

76

Time [sec]

Time [sec]

Time [sec]
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4.4.2-8 (4)  CN-2 #2   

0 5 100

38

76

0 0.4 0.80

38
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0.255 0.26 0.265 0.270

38
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Time [sec]
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Time [sec]
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4.4.2-8 (5)  CN-2   

0 5 106

7

8

9

0 0.4 0.86

7

8

9

0.255 0.26 0.265 0.276

7

8

9

Time [sec]

Time [sec]

Time [sec]
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4.4.2-8 (6)  CN-2   

0 5 10

8

12

0 0.4 0.8

8

12

0.255 0.26 0.265 0.27

8

12

Time [sec]

Time [sec]

Time [sec]
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4.4.2-8 (7)  CN-2 AE  

 
 

 

0 5 10
4

0

4

0 0.4 0.8
4

0

4

0.255 0.26 0.265 0.27
4

0

4

Time [sec]

Time [sec]

Time [sec]
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4.4.2-8 (8)  CN-2 (#1) 

 
 

0 5 10240

280

320

0 0.4 0.8240

280

320

0.255 0.26 0.265 0.27240

280

320

Time [sec]

Time [sec]

Time [sec]
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4.4.2-8 (9)  CN-2 (#2) 

 

0 5 10

200

240

0 0.4 0.8

200

240

0.255 0.26 0.265 0.27

200

240

Time [sec]

Time [sec]

Time [sec]
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4.4.2-8 (10)  CN-2 (#3) 

 
 

0 5 10

240

280

0 0.4 0.8

240

280

0.255 0.26 0.265 0.27

240

280

Time [sec]

Time [sec]

Time [sec]



 

4.4-49 

 
4.4.2-8 (11)  CN-2 (#4) 
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4.4.2-8 (12)  CN-2  
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4.4-51 

 

4.4.2-8 (13)  CN-2 AE  
 
  



 

4.4-52 

 

 
 

4.4.2-9(1) CN-2  
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4.4.2-9(2) CN-2  
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4.4.2-9(3) CN-2  
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4.4.2-9(4) CN-2  
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4.4.2-9(5) CN-2  



 

4.4-57 

4.4.3 CN-1  
30 9 7 PWR-MOX CN-1

(2, 3)

 
 
(1)  

4.4.3-1 4.4.3-2 4.4.3-3 4.4.3-4

V b a  = a – b
; 

4.4.3-1 4.4.3-4
0-180° 180-0°

 
4.4.3-1 0-180° 13.2-193.2° 164.2-344.2° 171.8-351.8° 175.7-355.7° 0-

180° Top 125 mm  185 mm
#2 200 #1

800 (2) 4.4.3-1 Top 175 mm
Top 195 mm

6.8% 8.1% 10.15 mm
10.27 mm  

4.4.3-2 800 
#1 0.6 mm

4.4.3-1 Top 125 mm  185 mm
 

4.4.3-4(1)(2)
15°/30° 155° 10.15 

mm 10.29 mm 15°/30° 20.4
155

171.8  

6.8% 8.3%  
  



 

4.4-58 

 
(1) 0  180  

 
(2) 30  210  

 
4.4.3-1  CN-1 1/7  

Top view 



 

4.4-59 

 

(3) 60  240  

 

(4) 90  270  
 

4.4.3-1  CN-1 2/7  



 

4.4-60 

 

(5) 120  300  
 

 
(6) 150  330  

 
4.4.3-1  CN-1 3/7  



 

4.4-61 

 

 
(7) 20.4  200.4  

 

 
(8) 13.2  193.2  

 
4.4.3-1  CN-1 4/7  



 

4.4-62 

 

 
(9) 35  215  

 

 
(10) 171.8  351.8  

 
4.4.3-1  CN-1 5/7  



 

4.4-63 

 

 
(11) 164.2  344.2  

 

 
(12) 175.7  355.7  

 
4.4.3-1  CN-1 6/7  
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(13)  

 
4.4.3-1  CN-1 7/7  

 
 
 

 
  



 

4.4-65 

4.4.3-1  
 (+)  (-)  

0° 0 - 180°  0° 180° 

30° 30 - 210°  30° 210° 

60° 60 - 240°  60° 240° 

90° 90 - 270°  90° 270° 

120° 120 - 300°  120° 300° 

150° 150 - 330°  150° 330° 

20.4° 20.4 - 200.4°  20.4° 200.4° 

 13.2° 13.2 - 193.2°  13.2° 193.2° 

35.0° 35.0 - 215.0°  35.0° 215.0° 

171.8° 171.8 - 351.8°  171.8° 351.8° 

164.2° 164.2 - 344.2°  164.2° 344.2° 

175.7° 175.7 - 355.7°  175.7° 355.7° 

 

 

 

 
 
 
 

 
 

(1)  
 

4.4.3-2  CN-1 1/8  
 
  

Top view 
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(2) 0  

 
(3) 30  

 
4.4.3-2  CN-1 2/8  
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(4) 60  

 
(5) 90  

 
4.4.3-2  CN-1 3/8  
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(6) 120  

 

 
(7) 150  

 
4.4.3-2  CN-1 4/8  

 



 

4.4-69 

 
(8) 20.4  

 

 
(9) 13.2  

 
4.4.3-2  CN-1 5/8  



 

4.4-70 

 
(10) 35  

 

 
(11) 171.8  

 
4.4.3-2  CN-1 6/8  

 



 

4.4-71 

 
 

 
(12) 164.2  

 
(13) 175.7  

 
4.4.3-2  CN-1 7/8  
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(14)  

 
4.4.3-2  CN-1 8/8  

 

 
4.4.3-3  CN-1  

Top view 



 

4.4-73 

 
(1)  

 
4.4.3-4  CN-1 1/2  

 

 
(2)  

 
4.4.3-4  CN-1 2/2  


