




 





 



 



 

 

 



 

 



 



 



 

 

 

 
(1 ) 
(2 ) 
(3 ) 
(2 3 ) 

 

 

 

 

 

 

 

 
 
 

 
 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

MO

MO

MO

MO



 

 

 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

   

 

  

 

    

  
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40000

2100

57700

96000 77000

2100

2100

41000

131700

84000

47225

39500

8725

15500

5000

1593



 

 



 



 



 



 



 



 



 



 



 

 

( ) ( ) ( ) ( )( )TFTFWWMMTFTF CsOHCsIICsCsICsOHCs -´´+=  

FCs T

FCsOH T

FCsI T

MI

MCs

WI

WCs



 

 



 

 

( ) ( ) ( ) ( )h168h168 gassnobleCsCsigassnoblei FFTFTF ´´= gg  

Fi(T)  

Fnoble gass(T) 

i 

 

Cs  

 



 

 

( ) ( )
Cs

i
Csi TFTF

g
g

´=

Fi(T)  

i 

 

Cs  

 



 

 

 



 

 

TMI-2  Vol.32, 

No.4(1990)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

( )HP http://www.tepco.co.jp/cc/press/11040609-j.html  

 

 

 



 

 

 



 

NUREG-1465 Table3.12 Gap Release Early In-Vessel

NUREG-1465 Gap Release Early In-Vessel Ex-Vessel Late 
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Gap Release Early In-Vessel

 



 



 

 

 

 

t

21

1

DFDF
)t(q)t(q FCVSPCVPCV ×
´= ®®

)t(q
PCV®

)t(q FCVSPCV®

1DF

2DF

2

1)( Tt)t(q)t(q B/RPCVB/R
<= ®®

)t(q
B/R ®

)t(q B/RPCV®

1T



 

1

1)( Tt)t(Q)t(q B/RB/R
×=® l

)t(q)t(Q
dt

)t(dQ
B/RPCVB/R

B/R

®+×-= l

ò ®=
1

0

2

1

T

B/RPCVB/R dt)t(q)T(Q

)t(q
B/R ®

)t(q B/RPCV®

)t(Q B/R

l

1T

1T

1T



 

 
 

1.6 1019[Bq] 

 
 

 
 

 
 

 
 

 
0 168h 

1.1 1017[Bq] 
 

 
0 168h 

1.6 1017[Bq] 

 
 

 
53 168h 

4.3 1018[Bq] 
 

 
 

 
 

 
 

 
 

0.5[ / ] 
0% 
 

 
[ ] 



 

 
 

2.1 1019[Bq] 

   

 
 

 

 
9.0 10-4[1/s] DF200 

 
 

 
 

 
 

 
0 168h 

3.4 1015[Bq] 
 

 
0 168h 

4.5 1015[Bq] 

 
 

 
53 168h 

3.0 1015[Bq] 
 

 
 

 
 

 
 

10 
1 

 
1000 
500 
50 

 
 

 
 

0.5[ / ] 
0% 

 
[ / ] 



 

 
 

8.4. 1017[Bq] 

 
 

 
 

 
0 168h 

2.6 1013[Bq] 
 

 
0 168h 

2.8 1013[Bq] 

 
 

 
53 168h 

8.2 108[Bq] 
 

 
 

 
1000 

 
  

 

 
 

0.5[ / ] 
0% 

 
[ / ] 

 

 



 

 
 

 
 

 
 

 
0 168h 

 
 

 
0 168h 

 

 
 

 
53 168h 

 

 
 

 
1000 

 

NURGE-1485  
 

 
NURGE-1485  

 

 
 

0.5[ / ] 
0% 
 

 
[ / ] 

 

 



 



 



 

 

 

 

 

t [ g/m3] 

[1/s]

)t(
dt

)t(d
d rl

r
×-=

)t(r

dl

ç
ç
è

æ
÷÷
ø

ö
×

-
-=

)t(

)t(
log

tt
d

0

1

01

1

r
r

l



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 1.0 105 μg/m3 

30 2.0 104 μg/m3 



 

 



 

 

 



 

 



 

 

Q in(t) 

A

Patom 

ρ

 

P(t) 
V 

T 

R

 

 

QPCV 

 

 

SGTS  

Qout

 



 

[m3/s] 

[m3/s] 

[m3/s] 

 

[m2]

A

dt

dn

V

RT

dt

dp
=

{ }))()((
)(

)()(

))()((
)(

)()(

)()(

tQtQQ
V

tp
ttPttp

tQtQQ
RT

tp

V

RT
ttPttp

dt

dn

V

RT
ttPttp

PCVinout

PCVinout

++-+=+Û

þ
ý
ü

î
í
ì ++-+=+Û

+=+

DD

DD

DD

outQ

)(tQin

)(tQPCV

)t(Qin

r
))((2

)(
tpp

AtQ atom

in

-
=

A



 

 

 

 

[%/ ] 

 

)(tQPCV

)(360024100
)(

tp

T

T

p
VtQ

PCV

PCVPCV

PCVPCV ´´
××

´=
g

PCVg

÷
÷
ø

ö
ç
ç
è

æ
´´

××
´+

-
+-+=+

)(360024100

))((2)(
)()(

tp

T

T

p
V

tpp
AQ

V

tp
ttpttp

PCV

PCVPCV

PCV

atom

out

g
r

DD



 

 

Patom

ρ

P(t)

V

T

A

Qout

PPCV

VPCV

TPCV

γPCV



 



 



 

N 2.61 2.85 2.05 2.33 2.73 3.15 2.89 3.12 3.15 2.57 2.75 2.68 3.61 1.88

NNE 3.27 3.43 2.11 3.16 3.70 3.64 3.77 3.84 2.82 2.66 3.24 3.03 4.58 1.91

NE 7.31 7.60 4.20 6.63 7.85 8.08 9.13 7.12 5.48 6.41 6.98 7.41 10.29 3.67

ENE 6.50 7.58 5.73 6.35 7.88 6.27 6.40 6.37 6.55 5.90 6.56 6.66 8.16 4.95

E 5.25 5.99 5.47 5.56 7.59 5.32 6.49 6.23 5.29 4.69 5.79 5.99 7.75 3.84

ESE 2.70 3.53 2.97 3.35 3.43 2.63 3.06 3.55 3.25 2.67 3.12 3.32 3.97 2.26

SE 2.69 2.78 2.07 2.30 3.13 2.64 2.84 3.04 3.60 2.07 2.72 2.99 3.87 1.57

SSE 3.55 3.53 2.84 3.40 4.26 3.45 3.77 3.81 3.17 2.85 3.47 4.28 4.50 2.43

S 3.12 3.49 2.81 3.05 3.60 2.77 3.84 3.92 3.00 3.29 3.29 3.83 4.26 2.31

SSW 4.52 4.85 6.46 4.87 4.49 5.31 5.13 5.21 5.37 4.43 5.07 5.65 6.49 3.64

SW 7.77 8.00 11.13 8.44 6.85 8.42 7.01 8.03 10.79 9.54 8.59 7.46 12.06 5.13

WSW 6.31 4.59 6.04 5.21 4.99 5.07 4.58 4.74 5.96 6.00 5.35 4.34 6.92 3.77

W 8.24 6.35 9.38 7.96 6.86 8.03 7.68 8.11 9.40 9.59 8.15 7.21 10.70 5.61

WNW 15.11 14.49 17.51 18.32 13.32 14.88 12.86 14.19 13.60 15.58 14.98 14.76 19.16 10.80

NW 15.64 15.19 14.56 14.34 14.93 15.76 15.83 14.00 13.57 17.17 15.08 15.14 17.59 12.58

NNW 3.95 4.02 3.30 2.70 2.95 3.62 3.29 3.35 3.51 3.24 3.39 3.66 4.36 2.43

CALM 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 1.47 1.60 2.11 0.83

2010 2011
2012

2002 2003 2004 2005 2006 2007 2008 2009



 

(m/s)

0.0 0.4 1.48 1.73 1.37 2.03 1.44 0.98 1.44 1.39 1.48 1.35 1.47 1.60 2.11 0.83

0.5 1.4 9.43 8.36 7.98 8.18 10.11 8.36 10.99 8.87 9.64 9.20 9.11 9.22 11.38 6.84

1.5 2.4 12.93 13.70 12.09 12.06 15.86 12.66 15.36 14.10 14.75 13.93 13.74 13.84 16.87 10.61

2.5 3.4 14.26 14.48 13.32 12.39 14.62 15.09 14.91 15.12 14.79 14.98 14.39 13.48 16.49 12.30

3.5 4.4 12.70 13.10 12.70 12.33 11.94 14.10 12.74 13.00 12.16 12.46 12.73 12.56 14.15 11.30

4.5 5.4 10.22 10.40 10.27 10.16 9.33 10.24 8.91 9.83 10.28 10.89 10.05 10.28 11.39 8.71

5.5 6.4 8.46 7.95 8.74 9.00 7.87 8.79 7.94 7.75 7.62 8.29 8.24 8.39 9.39 7.09

6.5 7.4 7.33 6.79 7.45 7.43 6.09 7.27 6.67 6.47 6.30 6.58 6.84 7.07 8.03 5.66

7.5 8.4 5.89 5.32 5.89 6.18 5.32 6.08 5.28 5.18 5.58 5.60 5.63 5.89 6.49 4.78

8.5 9.4 4.62 4.56 4.49 5.68 4.04 4.73 4.19 4.74 4.59 4.57 4.62 4.23 5.65 3.59

9.5 12.69 13.60 15.69 14.56 13.38 11.71 11.55 13.55 12.81 12.15 13.18 13.43 16.22 10.13

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
2012



 

N 6.78 6.42 4.08 4.87 6.19 7.63 7.40 7.86 6.30 6.35 6.39 6.73 9.19 3.58

NNE 3.72 3.90 2.58 4.16 2.76 2.82 2.98 2.21 2.09 2.52 2.97 2.50 4.67 1.27

NE 3.58 3.15 2.49 3.22 4.67 4.19 4.66 3.60 3.09 3.05 3.56 3.24 5.29 1.84

ENE 6.15 5.46 5.00 5.69 7.48 5.44 6.40 5.78 5.53 4.50 5.74 6.13 7.67 3.81

E 4.48 5.99 5.23 6.04 6.99 5.45 6.57 6.57 5.96 5.06 5.83 6.23 7.67 3.98

ESE 2.67 2.81 2.30 3.21 2.83 2.33 2.46 2.68 2.72 1.66 2.57 2.41 3.56 1.59

SE 4.61 5.99 5.17 5.05 6.44 5.02 5.92 6.12 5.43 4.80 5.45 6.49 6.93 3.97

SSE 1.67 1.97 2.19 1.91 2.13 1.86 1.97 2.18 1.58 1.90 1.93 2.19 2.41 1.46

S 2.91 2.47 3.16 2.68 3.01 3.34 3.36 3.91 3.48 3.80 3.21 5.18 4.31 2.12

SSW 7.84 6.91 7.98 6.65 5.27 6.86 5.62 7.31 7.31 7.15 6.91 7.45 8.97 4.84

SW 12.07 11.53 16.25 13.46 11.77 13.45 11.53 12.58 15.60 15.27 13.37 10.95 17.60 9.14

WSW 3.88 3.41 4.86 4.42 3.14 4.73 4.21 4.08 4.66 4.98 4.24 4.00 5.71 2.78

W 12.01 10.50 11.59 12.47 11.03 11.71 12.16 11.99 11.77 12.45 11.77 11.42 13.23 10.31

WNW 14.06 15.20 15.26 13.55 11.14 10.93 9.78 9.64 9.95 10.12 11.98 9.27 17.44 6.52

NW 5.19 6.01 5.09 5.40 6.27 7.41 6.59 6.55 7.30 8.19 6.38 7.52 8.81 3.95

NNW 2.99 2.89 2.09 2.04 2.28 3.09 2.34 2.09 2.55 2.24 2.46 2.43 3.40 1.52

CALM 5.40 5.37 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 5.23 5.86 7.17 3.28

2010 2011
2012

2002 2003 2004 20092005 2006 2007 2008



 

(m/s)

0.0 0.4 5.40 5.37 4.69 5.17 6.60 3.76 6.04 4.87 4.66 5.96 5.23 5.86 7.17 3.28

0.5 1.4 34.04 34.09 31.73 33.29 38.00 35.73 40.82 38.53 37.30 39.08 36.20 38.52 43.16 29.25

1.5 2.4 29.75 28.20 28.64 30.49 28.23 31.70 29.52 28.47 30.39 28.80 29.44 30.05 32.21 26.68

2.5 3.4 16.45 16.81 17.14 16.74 14.32 16.95 13.26 15.18 15.24 15.79 15.81 15.76 18.85 12.76

3.5 4.4 8.41 8.58 9.44 8.46 7.54 7.88 6.84 7.66 7.47 6.76 7.92 6.46 9.89 5.95

4.5 5.4 3.59 4.06 4.72 3.68 3.46 2.55 2.14 3.42 3.35 2.35 3.35 2.30 5.23 1.47

5.5 6.4 1.28 1.81 2.25 1.42 1.34 0.97 1.02 1.26 1.17 0.99 1.36 0.71 2.31 0.41

6.5 7.4 0.65 0.66 0.86 0.56 0.35 0.30 0.27 0.41 0.33 0.18 0.46 0.21 0.97 -0.05

7.5 8.4 0.25 0.36 0.32 0.15 0.11 0.09 0.04 0.15 0.08 0.05 0.16 0.10 0.43 -0.11

8.5 9.4 0.11 0.05 0.16 0.02 0.03 0.03 0.04 0.03 0.00 0.01 0.05 0.03 0.17 -0.07

9.5 0.06 0.01 0.06 0.00 0.01 0.02 0.01 0.01 0.00 0.00 0.02 0.00 0.07 -0.03

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
2012
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2.2.2 Meadow grass and crops 
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ΔP[kg/m
2
]= C × ρ × V

2
2

ΔP / [kg/m
2
] 1[kg/m

2
]=1[mmAq]

C

ρ [kg s
2
/m

4
]→0.125 101[kPa] 15[ ]

V [m/s]

[mmAq] s][m PQ µ



 

C = Cpe Cpi

C
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Cpi 0

kz H Zb Z Zb kz = (Z H)
2α

= 1.0

H 36[m]

Z 36[m]

Zb Zb 5[m]

α α 0.15

C1=0.8 C2= 0.4 ΔP

ΔP[mmAq] = (C2 C1) × ρ × V
2

2

= {( 0.4) 0.8 1.0} × ρ × V
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