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5.1

6/7

K6/7

K7



K6/7
K6/7

5 1 K6/7

> =< =< > =< > > =<
m
4.2><0.3%=0.2 4>=0.1><0.1 4>=0.05><0.05 4>=0.25><0.04
kg 135 28 11 14
10 16 42 55
m/s
7 7 38 18
m/s
N 0.08 0.15 0.57+(148) - 2 52+(148) - 2
9 20 261 373
5
K6/7 51




KJ 10 21 4
K 8 3 0.55

11 12 6
cm

10 5 3
cm

17 6 6
mm

15 2 2
mm

K7
K6/7
10m
5

K7




5.3

8kJ

12cm

15mm

10cm

5.2

21kJ

17mm



Yes

No

A4
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2
1.1 / m’/kg )
> X ( )
€y @
€y
CDA — C(CDlAl + CD2A2 + Cos%)
m m
kg
1/3
1 2 3 1 1
1 2 3 m? 1
1

C 1 2 3
1/3 2.0 2.0 2.0
1/3 1.2 1.2 2.0

0.7 0.7
1/3 2.0
1.2 1.2
" Cp20.7 (FFARH)
Cp220 12 (Ip)
Ay
Al Cpa0.7 (M)
y Cr20 1.2 GEfnm)
Cp 2.0 Cp1:2.0
Ay, Bk, -ljlﬂ-i{!k@’rrw‘u:ll%f'r. Ap As 3 THE RS (6
BExEX)
Bk EPEN ==
1
3 5 11
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¢)

4m 0.05m 0.05m 11kg

2.0 0.7 0.7

CDA — C(CDlAl +CD2A2 +CosA3)
m m

CoA 1/3x(2.0x7/4x0.05x0.05+0.7x4x0.05+0.7x 4x 0.05)

=0.0087 [m?/k
m 11 [ 9l

4m 0.25m 0.04m 14kg

4, 0m
0. 04m /

1.2 1.2 2.0

CDA — C(CDlAl +CD2A2 +CosA3)
m m

CoA 1/3x(1.2x0.04x0.25+1.2x4x 0.04+ 2.0x 4x 0.25)
m 14

=0.0525 [m?/kg]



4.9m 1.88m 1.87m 2150kg

1.87m

2.0 2.0 2.0
CoA _ CCouA +CpoA +CpsA)

m m

CoA  1/3x(2.0x1.88x1.87 +2.0x4.9x1.87+2.0x4.9x1.88)

m 2150

~0.0068 [m?/kg]
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1.2

1.3

1

-1-1-3-3

40m

Om
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2

1.1(2)

2
> x< x< > x< >
(m) 4>0.05>0.05 4>0.25><0.04 4.9>=<1.88>=<1.87
11 14 2150
(kg)
0.0087 0.0525 0.0068
(m*/kg)
148 148 0
(m)
41.309 54806 38.181
(m/s)
37.642 17.298 23.148
(m/s)
0.57+ 148 52+ 148 4
(m)
261 373 143
(m)
3 15
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1.4

@ @

@

E==-M V?

¢)

11kg
172 11

14kg
172 14

2150kg

172 2150

kg
m/s

41.309m/s
41.309 2 10 [kJ]

54 .806m/s
54.806 2 21 [kJ]

38.181m/s
38.181 2 1568 [kJ]
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NDRC Degen

BRL
NDRC Degen
05
Xe . Xc _,)[12145 NdO'ZM( Vv )1'8
acd d JFe d {1000
Xc oo Xo (12145 NdO'ZM( Vv jm”
acd d JFe d* 1000
2
Xc <152 t, =a,d42.2 Xc -0. Xc
acd a.d a.d
Xc Xc
152< <13.42 t, = ,d40.69+1.29
o a.d
tr (cm)
Xc (cm)
Fc (  330kgf/cm?)
d (cm)
M (ko)
v (n/s)
N (=1.14)
(@ (] (=10)
(@ 6] (=10)
BRL
3 2
T2 _ 0.5mv i
1.4396x10° - K?.d2
T (m)
d (m
(=1.0)
(k)
(m/s)

J \




3

1.1(2)

x = > x < X
™ 4>=<0.05><0.05 4>=<0.25><0.04 4.9><1.88><1.87
/s) 41.309 54.806 38.181
/s) 37.642 17.298 23.148
(cm) 1 12 35
(cn) 10 5 23
() 17 6 5
() 15 2 3
3 5 8
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(€]

NRC
@®)
LES(Large-eddy simulation) ®
DBT-77(DBT Design Basis Tornado)®
1
2. 3.
A 4
¥
Vi Vrn
Rm
) 4
5.1
CoA (@)
3.4
(%), (6)
¥
5.2
¥
6.
( )
1
3 5 1

N\
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Vi

0.15 W
- VD

(dp/dt)nax

Vi1

V2

Vb

Vr

VRm

Rn
AN\Prax

A

END
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2.1
NRC
1978
1974 8 Ash Valley

e

3 Ash Valley

Vr

DBT-77

INFLOW
TRIANGLE

Ve

Vr

Ve

Fujita Work Book®
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Chapter6 Chapter6
DBT-77 DBT-78
B e ST REAE r=R/R,, z=Z/H, %%:Fz’b!m
bbb (|
R Vo =E(E,, NIRTI r]‘(‘ X urjl
3 AL NENENRN
F,(r)={r r<1) Fh(z)={ z (z<1)
I/r (r21) exp(—k(z-1)) (z=1) |_iojiaio | | 1 Ll
ool |1 IR
HR 5 EEE 0 (r<v) g = ™
v 2 D | Vo
V,= Hlmflo(l—v—z] (v<r<l B | | FEEnLd
=¥ ¥ ne A NERRARA
ety =D i
m%z{ —A1-z"%) (z<))
B{l —exp(—k(z—-1))} (z=21)
EREE
3 v, % s

vV =
| BexpkEo) o ke ARG
k1—7) {2—exp(-k(z-1)} (z21) -

ky k v A BIZESR

Vo

\Y,

o Loy, 1av) 1V, Y

R,r 06 R,r or H, oz z

Vin

c=0 R

Ry Rm  v=RJ/Rn Fujita®
v =0.9-0.7exp(-0.005R,) (€))
Fujita® H;
Rm
Hi = an (2)
n 1 Fujita Work Book® 6.4 1 = 0.55(1-?)
Rm=30(m) n=0501(H; 15(m))
@ 2.2.3.10 n =04
Kosiba® Hi 10 14(m)
Fujita® ko= 1/6 k=003 A=
0.75 B=0.0217
6
ko ko
3 5 2 4
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FiEz (m)

1073

10

o o>
7]‘|xlr[‘|*

&

1IITI|1

NFLOW'
LEVEL

-

cO

o5

1/6

50

10}

01
0

1/6

OUTFLOW
LEVEL

10

INFLOW
LEVEL

20

proo3t-n

a5 10 ° X} N\!’n
Fth)

1 Z0
HiE A RE HiZR A (m)
KEBTH 1~3
EC 0.3~1
HEEE 0.2~0.5
JEeEHL (B3 1m) 0.1~0.3
[ (%3 0.1m) 0.01~0.03
& M 0.01~0.05
EXEE 10-~10-2
BT 10-°~10-7

C 98
ko 1/6
5 2 5
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41 (r) /35

10

\Z

\%

R
oF
W -
~ bl
|
5
w0 S
N ok N
SEl
S,
I
=
<
oy
=
[ 4 o
~
~_
Il
N
V,.r VH VZ
 SEE———

PLILII ISP I PIT LIS PSP P IS ST IS SIS ISP SIS LSS P PSS 7 g

LSS LSS S S

R 2 s 2 R e S e s AP es
LA ST L L LSS

S R A A
T e

LS

SISL SIS LTS LSS S S

4~

mww

A

A O R
AR O NNy

3 A R I NN
R N N N [ NN
A O N e RS

R/R,

r=

TR

P

i

NN N 3
TR
Al
Al
AMAMIIIIMIMImIiIimTIiyhyy x>
RRRE LR R,
//,//////,//////./////////// SO ///////////«/////./////

V, :%Fr(")

B EE

(r<l
1/r (r=1)

Id

|

F.(r)

,A,,
s
R

N
NN AN
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1
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2.3 LES

LES
11 LES
Smagorinsky LES
%4_[)1%4_[)2%4_[)3%:_16_'34_(1/4_1/3) aZUZI +62U2I +62U2I _ fi i=1,2,3 (3)
ot X, X, 0%, P OX ox~  OX,© O
,,, ;g @)
o Ox, 0K
Ui P i Y fi i
Xi i
Smagorinsky Vs
3
Ve = (Csh)z Z 2Sij2 ®)
i,j=1
h Cs  Smagorinsky
Sij  Si=0.5(0Ui/0xj+0Uj/oxi)
LES
1 miL 1.2m
WA F

TAVOLESE (AEZSAD)
BORUEBREN

C)

LES LES

LES

LES
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100m/s

Maruyama( 1.7
160m/s
12
2.6m 2300kg,CpA/m=0.0105 100m/s)
Hi Rm=30(m)
2.1 @®
Hi *+10%
Hi 15(m 189.4(m)
183.4(m)(-3-2%) 194.7(m)(+2.8%)
25
— H=15m
£ 20 — H=135m
15 % H=165m
10
/
, \Q\
O 1 T T T T
0 50 100 150 200 250
m
12
3 5 2 9

( 6m><  2.4mx><

Hi 15(m
Hi +=10%
Hi
100m/s
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13

O]
DOE
Pantex Plant
0Oak Ridge(X-10, K-25,Y-12)
) Savannah River Site
)
NRC Regulatory Guide 1.76
[
\
LES
LES 100m/s
160m/s
[
\
z
Vhjmis]
! 9
20
85
] 80
M s
=70
| 65
60
55
%0
45
40
3%
0
2
20
15
10
5
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4.1

DOE Department of Energy
®

™10 (8 D.4 Windborne missile criteria specified herein are

based on windstorm damage documentation and computer simulation of missiles observed

in the field. . Computer simulation of tornado missiles is accomplished using

a methodology developed at Texas Tech University.

3 4
3 4 Pantex Plant Oak Ridge(X-10, K-25,Y-12) Savannah
River Site
DOE
an DBT-77
Fluid mechanics equations
of continuity are satisfied
Flow patterns are consistent with the spatial distribution of flow

observed in photogrammetric analysis of tornado movies

1978 12 3
Bossier F4 DBT-77
® (11) 12)
LES Louisiana Energy Services NEF National Enrichment
Facility DOE
NRC NUREG-1827 ¢¥
LES

Based on the review of the information concerning tornados and tornado -
generated missiles,NRC concludes: (i) the information is accurate and is from

reliable sources; and (ii)the design bases tornado-generated missiles are acceptable

because they were determined based on an appropriate DOE standard. The use of a DOE

standard is an acceptable approach to NRC staff.

4.2 NRC

2.1 NRC
NRC Regulatory Guide 1.76®
““The NRC staff chose the Rankine combined vortex model for its
simplicity, as compared to the model developed by T. Fujita (Ref. 7).”~
NRC



Simiu ®
(The NRC staff developed a computer program to calculate the maximum horizontal
missile speeds by solving these equations.)
NRC

NRC
TORMIS
TORMIS EPRI

NRC
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14 1 (
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14)
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SR g

Fo CL
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F-L,calv-v|?
L= Ep La| w ™ VYm |X'y )
p Vm Vuw [ ky Xy
A S
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FLo=

Po

F|_=

15

PoA+Po(A-S)=

P1

P1A+p2(A-S)

Pos

15

P2

Fio

14

S=

S=

FL

Po

P1

Q)

©)
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@
(6) Cia

CoA

1
CpA= g(CDxAx+CDyAy+CDZAZ)

Cox

CLa

HEHRIZEDBHE,

V'W
—) KRAR

RAMAF,
' qu T
S FEhmg

16

CLa
X Ax
16 ®
16 B
16 A
16
16 A
%,
4{\%‘\") / Fp
”~
v, l
e
7>3d
Z<3d MESRICEDBAF,
Ve TRKAAE,
inm4 gt
SHFRFR (=21, seEHE

IC&BIBENERFHICER)

16

Z<3d Z>3d
Z=z-d/2 d
3 5 2 15
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CL

a C.a
CpA/m CpoA
U C. FL
FF% pU%CLa (10)
CLa=2F./pU?
Fo q= L pU? a CiLa
2
a
U
C.a
C.a
CoA
3
3 CoA>Cia C.a CoA
CoA
d CpA=2d? d CpA=0.660" 3
C.a C.a
CoA
16 A
3
16 A B C



LT

3 CoA C.a (1/2)
CpA 1 CLa CLa
rom P sen | 1oonz 48.7ft.2 0 22 3lmis Re=28>10° 4.0>10°
! 3 f ) 8ft. ) Tft. Cia Cia
1/6
1.79m 1tg?nm 12.07m? 7.76m? @2 0 150m/s, Re=0 3.0><10°
1633k
1/6 . U C.,a
5 19m (CLa=2mg/ pU?)
. 2 2
1.94m 1.69m 14.58m 7.89m C.a CLa
2086kg
17 Re=8.0x<10° 2.8x<10*
D 2D? 0.2D? CLa
@ Re=1.3><10°
0.2DA
C.,a
A D 0.47DA Re=3.5><10" 1.2x<10°
0.05DA~0.23DA C.a
A D 0.8D 05D. 0.7D) a7 Re=8.0<10° 2.8x<10*
2
(1.3D%) ca
( Re=3.8><10*
(
A DB 0.4(D+B)A 0.167D )
) 4:3 0.167D
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8T

3 CoA C.a /2)
CpA ! C.,a CLa
0
A B D (18) B Re=2.0><10°
B=200mm, D=5mm, 0.25B
A=1000mm CLa
0.66BA CLa=0.04BL
B=71\00mmBD=15mmD @ B (20) c Re=2.2
2=300mm  ( 0.2B2 ><10°
(20) B
c )
19  Re=5.0><10*
0.66BA
» B ° | oss@wD@E) 2 | O1BH ca
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®

Dodge Dart

mph 13m/s 120 mph 54m/s

Re
3 EPRI e
92m/s 0.1m
16.5m/s
Re=3.0><10* 1.0<10°
EPRI
18

C.a CpoA/m CpA
Re 10 106
16.7 ft. 5.8 ft. 4.3 ft. 30
(16)
17
Re=1.3><10°
Re=6.0><10°
2.5m>=< 1.6m 3.0
100mm>< 1000mm
CL a CLa

17

Re 2.0>=10°

Re 4.0=<104
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0.8

Cy ‘17-0_\\0

0.6~

03

025

02

o5t
Rep - 1.30 x 10°

0.4 L/d = 1412

& 0.3f O.{
0.05

; @%% § o.1k\\q
005 1 ) ?\‘E 00 - ' _

01

f%éﬂ%"sﬁl
oD e { t.___4'%.
e

15 2 2

0 10 2.0 3.0
ERTX NV TE (h/D) nid
18 Re=3.0<10* 1.0><10°
EPRI 16  Re=1.3><10°
“)
16)(23)
d 3d
Z L
Z z di2
1 C,A 2
L=§p > Vo =Vul,, f(Z7d) (11)
f(z/d) EPRI 16)(23)
1 (Z/3d)}{1 (Z/d 0 Z 3d
tz1d)= {1 ( WML (Z/d)} (12)
0 3d Z
, d 3d
a.
EPRI (16) h/d 35
19 2 EPRI
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6.8 -

o Mpmee—

T ey i

C AfZid)a

ErHE

2.5 3 35

21

O o (1)

22

Lift Coefficient

0. in degrees

]

h/c y

Fig. 8. Coeflicient of lift at varying ground clearances for different

is 2 A0S Of DIeSIiTe tiBpinss
angles of attack. Fig. 2. Locations of pressure tappings.
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@ & g k
Vi _ 1 Co A|v —Vyu|(V, = V) - (g - L)k (13)
dt 2
Xm(t) Vum(t)
t=7 Xm(7) Vu(7) t=r+A7
A(7)
t=1
V, (t+A7) =V, (r)+A(r)A7 (14)
2
X, (7 + A7) = X, () + V,, (1) A7 + DDA (15)
A(7) t=7
X Vi
©) (13)
16 A R<O
mg<F_ (13)
d l
—_ 2 \/(VWX M,x)2 +(Vw,y _VM,y)z +(Vw,z _VM ,2)2 (\/w,x _VM,x) (16)
dvy, 1
ot 2° J Ve =Vaa ) + Moy Vi )+ Moo =Vir )" Moy =Vir ) (17)
% :% W, X _VM ,x)z + (Vw,y _VM ,y)2 + (Vw,z _VM ,2)2 (Vw,z _VM ,z) -g+ L (18)
VM:(VM,X,VM,y,VM,z) VW:(VW,X,VW,y,VW,z)
Fo (18) 3 FL
(16) (18) \Y
0
dv,, 1 C,A
X _ =+ 16~
= PTRE N YT, XY (167)
Ny _1 CDA\/\/W,X Y, 2V, %V, a77)
dt 2
3 5 2 23
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dv 1 C,A
% =2p rf;l \/VW’XZ +V, 24V, 2 XV, —g+L
16 A
187)
2 3
dv
dt
30m 92m/s
14m/s (0,-30m) (187) z
3 23
23 zZ=
10 ; -—zBERDHRHIEE
» || RERRISEEEA
B : IR
a0 | |‘.
rﬁj 20 I;
15| - 3
10} -~
| |-
ole=="" - _
0 5 10 15 20
MEE [m/s’]
23 z

0.50CpA/m=0.004 [mY], d=1.31]m]

2 24

(187)

(19)
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40m
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5.2

NRC @
25
1 XYy =(Rm,0)
4 51><51

NRCHAE (1 AEE)
OMEDILIE

EIRBDHOTHARERT

25
92m/s
Ve 14m/s
30m
5.1 CpA CoA/m(m?/kg)
26
NRC
3 5 2 26

1

R
(O]
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w I S u
« o o o

w
o

)
o

& SR ECORKARRMELE [m/s]
= ~
o] [l

[N
o

(m) (m) (m)  |Cop/m(m’
P /k
+ 478w 360 .10 210 9)0 0026
s . . . .
,—-V’ e \zwiﬁ“ ) 5,00 1.90 1.30]__0.0026
e 7w\*m§3’ = Sh BOX 0.50 0.50 1.10]  0.0036
CLS e L 3.10 1.60 1.30] _ 0.0052
w 7 244 0.65 1.20]  0.0058
® uFF(m 5.00 5,00 300 0.0083
Ty 240 6.00 260 0.0105
LinzhgEr 1.20 1.20 280 0.0113
hd ® FOLE(E) 185 1.85 26000119
4,60 2.30 330] 0012
i 5.00 5.00 300 _ 0.0153
& TamEox - BOX 0.30 0.30 040 0.0169
* & KSR 1.85 1.85 2.60]  0.0189
5 4,60 2.30 330 0.0222
* iR 1.80 0.90 150 0.0315
0.30 025 080] 00343
o = 150 1.00 015 00021
’% 280X 1.00| 210 020 0.0242
1 . 0.70 050 003 00364
L=t #4071 200] 025 004 0.0486
< AP 1.20 1.00 005 00582
0 5 10 15 20 4.20 0.30 0.20 0.0089
| O R A TR E [m/s] 1 200 005 005 00057
L= Rlm/s 2 1.00 005 005 0.0059
0.90 0.60 060 00203
26
25 4 51x<51
27
3 27
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Z

B

!

Y
X
#300m +300m
t= 2.34sec : : Ee=

P

A

I
X

-

#300m +300m

t= 4.86zec t=

1.08sec

3.60sec
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6.1

4
(69m/s  92m/s 116m/s)
5
F2
69m/s
4
[m/s]
Fo 50 69 | C@rs blown off highway
F3 70 g |cars lifted off the ground
Fa 93 116 | cars thrown some distances or rolled considerable distances
5
51m><  1.77mx< 1.31m 1814.4kg, CoA/m=0.0066 m?/kg
[m/s] [m/s] [m/s] [m/s] [n] ]
F2 69 59 10 8.9 4.4 0.1
F3 92 79 13 30 35 1.8
F4 116 99 17 51 95 4.3
3 2 30
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6.2 Grand Gulf

1978 4 17 Grand Gulf F3
@9
8 10
29
F2
8 8
6

bt

” "Courtesy of

.

HathiTrust" http://babel .hathitrust.org/cgi/pt2d=mdp.39015037472209#view=1up;seq=65 (9

29 Grand Gulf

m  9m
Pieces of pipe were scattered over the area, but none traveled more than 25-30 ft. The

pipejointsare 8 in. diax 8 ft long.?¥




6 Grand Gulf

67m/s
53.6m/s
13.4m/s
45.7m
9 inch 0.2286m
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1 < The Three-Dimensional Structure and Evolution of a Tornado Boundary Layer ”
Kosiba @ 1 5m
40m 25%
(1) 402 reveal peak wind intensity very near the surface at 5m AGL,about
15% higher than at 10m AGL and 25% higher than at  40m AGL.
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3
O 174 However, comparing radar-
measured Vd to hypothetical “ “standard” = 3-s-averaged anemometer-measured Vg is

problematic.
(1) 257

More observantions are needed over a range of vortex structures and intensities to

characterize the TBL (Tornado boundary layer) more generally.
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1 84.3cm 31.1cm
2 3.5cm 31.1cm No.
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5 35.0cm 1072 31.1cm
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(N/m?)
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167.0cm 4910 167.0cm
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