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m m
22 RT A—H T,
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=0.0068 [m?/kg]
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4.1

KENZBT D7 P HET VOB

7 VB ET ORI

KET RV F—4 (DOE : Department of Energy) A& PRI 2 T R/ L X — BEE i 5% 45 2 5w
T HIEOITBNT, EERRWIEE, R S OREICT VX ET V& AT RR R ME
AESNTWNA@WO (7R (8) ™ D. 4 £i : 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.) o

ZORETIE, MRRICERSNDOMRILICHT AV 0725 4 £TH ﬁb BT =AY 0~2
IR RGN, T AV 3, 4 IIEWEfERYE 2 B ) 5 fi WHEND, B4
U3, 413549 Bl & LC, Pantex Plant, Oak Ridge (X-10, K-25,Y-12), Savannah
River Site WZEIF HAL TN D,

7 VOB BT VO E M OREEIZ OV TIE, KE DOE EfEDr— L2 R - UNET[EH
MFEFTHREEWICTCEED LR TS, ZOREETIE, 7V ¥ET/)VDBI-TT %o /aiH
WET N LB LTEY, MADFoEGEORZME TS5 (Fluid mechanics equations
of continuity are satisfied) Z &, BT /WML, REOMALSHT TE LN DTN O 2L
A7 L #5595 (Flow patterns are consistent with the spatial distribution of flow

observed in photogrammetric analysis of tornado movies) Z &ZEZF& & L CTHIF T
Do

£, EROFEGIIGT D7 PFETIVOMEEE LT, 19784 12 A 3 RIZKELA VT
T Bossier i THAE L7z F4 BHEIZ L 2HEM ORKIZONT, 7V X E7 /0 DBT-TT THEL
L7725 © Rm— Lo R« U T ESIAF AT S 10 UK E KRG 2 Uk 2 I fill =
TV 2D,

723, K[E LES (Louisiana Energy Services) DiEfhtizx (NEF : National Enrichment
Facility) TI%, _LFC0D DOE fisk DIAEIZ IS & MARKY (Slgk/ A ToRM OWE) 2k
ELTHRY, KE NRCIFAFMBI 6§ 2 227 s S % (NREG-1827) 9 Dt TRAFOK
WIZxtd % LES OB 22 LT\ D,

(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 HA R TOHEAFK

2.1 Thl~7eBy, 7VFETNVIRROEERESZETT /ML LT &0 9 K[E NRC
DEFHEEZIT TERINTZHDOTH LA, KENRC Regulatory Guide 1.76%TlX, 7V X%
T T OWT  “The NRC staff chose the Rankine combined vortex model for its
simplicity, as compared to the model developed by T. Fujita (Ref. 7).” &b 5T
BV, HIZEAOMS S 2BBIZT VX UMET ANEESN TS, £/, NRC A¥ v 7H
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B CAKFEF M ORI HE (Simiu b OB HRAY) 25HHT L2727 7 2B LTWD
(The NRC staff developed a computer program to calculate the maximum horizontal
missile speeds by solving these equations.) Z & AHHEL STV 5,
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TORMIS 1%, >KE®D EPRI THH¥E S, [+ IFEEFTOMEY) - Bids~ D # B O
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REICIE, R t=dZ 381 DR DALE Xu(2) & HE V() ZBEF & LT, W t=e+Adl s
T AR DEEE L ALE AL FORTRD D, 72771, AT EES HRR DAL
T HRZ =BT 2 MEESZ ML TH D,

V, (t+A7)=V,,(r) +A(r)At (14)

2
X, (z + A7) = X, (7) + V,, (1) A7 + DOAT (15)

A(DFHEIZIE, FAt=dlRB T 5 HES b LETH D, W AICALET 2 #E&EO T
D08 x il L2 BENEEE Vi TBEIT 5 Z L2 RE L TR Y, EEORZTO RS % BRIIK
DONDTD, FRMEE - fEZHEET 52 LR TE D,

(6) TkPoiER R (13)R) Il 5B
M EmEoOME (K16 OIREE A) 237 B4 2120, HE D ORI MK (R<0, DF Y
mg<F) TAH&METELEL, ®E#ZIE, (13)XEpkrRR LT oMKy oEE) HElIC

e T 5,

dv
d’\tﬂyx :% CDA W,X _VM ,x)2 + (Vw,y _VM,y)Z + (\/w,z _VM,Z)2 (\/W,X _VM ,X) (16)
dv 1 C,A
- =5P \/(wa VM x) +(wa VM y) +(sz VM Z) (VWV My) <17)
dt 2 m
dv,
% :% w.X _VM,x)2 + (Vw,y _VM,y)2 + (Vw,z _VM,Z)Z (vw,z ~Vu ,z) -g+L U8

Z I, AERMIEE Vv=(VmxVmyVnz), FEEEUE V= (Vux,Viuy,Vuz) TH Y, 05 1 B3
WP Fo OIEE AR L TRV, (18) X405 3 EAMmZh R X 585 F ohnEkE
ERLTVWD, EROKXT, WEBEIEL T DR (EFRO(16) ~ (18) THREKWHE Vi
Z0) ZIRETHE, UTORERD,

dv,

% - %p%\ﬁ/\wz +VW’y2 +wa22 XV, (16> )
dVM,y 1 CDA 2 2 2 5
=2 p?\/\/w +V,,, 2 +V,,2 XV, a7 )
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dvVy, 1 C,A 2 2
Mz _ = +V,  “+V, “xV,  —g+L (18" )
dt 2 10 m \/Vw,x w,y w,z w,z g

TYHET TR, MRS M BICH 256 (K16 OIRRE A) TIE EFEEITE ek <,
W Tl L WA AESRM AT 5 EREEITIZIEEr Th o7, 18 ) DFHNFE 1 H
AL 2, 5 3 HITHAATIED N/ ES il e, LN L B0 YR & A 2Bk
WS RVAC RV

dv

M,z

~—g+L
a9

(19)

FlE LT, @R T R 30m, REFERORKERE 92n/s OFERNFAIINME L x FAN
14m/s TEEIT 254, 800, -30m) 2B 218" ) 0FNE 1 EOE (z JFIRHi (FRiEdt
7)) X BIEEE) L 3THOM (Mmsh iz X5 INEE) %K 23 (2T,

23 L0, HimkE (z=0) IZBWTIE, z FRHTUIICEDIEEF /&<, Mmeh R
W LD TINNEEDFEN K XN ER 0D,

40 1 — --zHAOHRNIEE
o || —ENRICESEA
r : IEE
30 | \
|
Ex '.
1
U 1
o 20 ,|
15 :
’/
10 k- ‘,4'
g _”__/,,
0 B i | 1 i
0 5 10 15 20

MEE [m/s’]

23 M ORKMIAER T 5 2 F i ONnEE
(R DR = 0.5pCpA/IM=0.004 [m™], d=1.31[m])
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RE, mSFEORFENEBINTORNT X UROSAIE,  EREGEN AT EGED
#J60% b ET H72, Hif A HIFBLFER RO H 3T 5, Hud 2 R T i OAF/EIS
E o TK BB EAHE CER - HEET 22 LICE > TELDIZ LD THDD, 7 oF i
O JRH Gy T M DA EEIZ K> TR D ORI R E < ZbET, M RITW BRI FE
BLIZ W, X URET NV E AWM B W COIShE T I K 5870 L 240

LTWRuy (X24)

A AF,
3 >
‘/' libm
VlV
40m
&R
+° \\:\3\\’
R \
\\\ ///, y_’):\'sk
/ l Ehmg
Vw

X 24 T 2% U mOEGGE ORI OEETE T L ORI

Ekl 3—5— Rk 2—25
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5.2

HERDBIRIZE 2 2 HEIZET 5 A fEEMEDOERE

HAAIC X o TIRECT 2 MR OFRIHECHREREEREX, R LEENTH > THWEOZIT 5 E
W (R R S HALEOERBE) Lo TRELSLHT L, TORBELSNEHRT D120,
KENRC H A R@ (ZR# SN TWD HIE WEo 1 GEE) &, WiEE S S8R Lizhe
DIFRAGHE DN 2 LT 5, BLEDENIZOWT, K25 1277,

| SR OSAE, FEME (EEEITHMOBEEEROME (xy) =(Rn0) (WK1 H%
RET D, ELAEMEOLAY, BEPERO AGOEFIROMEKIC 51 X561 HOY k%
BET 2, O LETRERSETMED O L, RbHENPKREL Lo DE L OYIROREKIR
EET 5,

EEDLFEYIZ25 X 255 BRET HES

eoesdocoo

seoedossooe ,.v\:l >

i 4 / NRCHAK (1 SEEE)

. _ | ongpmE

! e :

e ceasennat ]
EI3RBEDHOTHMAERT

4 25 FRRYFAM 1T 5 & & RO E R R

AR E LT, EERORKEEEZ 92n/s &L, 7TV ETIVOMEEEE AV THLED SR
gL LT5, £z, VA FOGEHEH LV EEROBEHE Vi & 14n/s, AT Rn &
30m 95, MEESEDLMAD T A—4 L LT, R HIEEEEEOTHEMNFTHREEZDIC
B# SN TV RO RITEE (5.1 D CpA ZE & THI-72fH : CoAIm(m¥kg)) =MV 5, X
26 |\ ZH R R 2 ™,

KENRC THWHN TV D 1AFEOTIEE i L, ZaHElE O TIETIE, RITEEDOK
TUVIEDL N 1 AFREICH R TRERAKEE L 70D, ZRERET L2 6T, 2oEE
JEGEIGZ 31T B R KRB (B KRR R & R 07 M EGE DX 7 VRIS ERBE 7 H & H D
) EZTDEMENETL 5720, ZOX Rk ol EZLND,

L7eido T, MiRE L SBEET 2 2 21X, EE» LT 2 EHICET 2 et 4 B E T
XHHDEEZONDTD, KRFHIBIT D HEE L TEATLZZ 295,
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w 5 B [0
« o [} o

w
o

)
o

¥ A RIE CORAARMEEE (m/s]
= N
@ «

=
o

RATER
Mmixg R&(m) | m) [E&m) [CoA/m(m?
o g ko)
M 4=k 3.60 1.10 2.10]  0.0026
& p’ 7%7?5@ r5vY 5.00 1.90 1.30]  0.0026
R e EiRe 38 K 12BOX 050 050 1.10] 00036
SO . EYiEd 3.10 1.60 1.30] 00052
WL T EY IEEH 244 0.65 120 0.0058
& T F(E FLNTINET 5.00 5.00 3.00[ 0.0083
ST aTF (%) 2.40 6.00 2.60] 00105
ATPEL SOOI 1.20 1.20 280 00113
¢ ¢ FoLTE SUnThES 185] 185 260 __0.0119
FLNTINES 4.60 2.30 3.30 0.012
TLINTINEA(ZE) 5.00 5.00 3.00[ 00153
& E3BBOX EEEBOX 0.30 0.30 0.40] 00169
¢ e BRI SLnIhEs @) 185 1.85 2.60] 00189
TLNTINE6(Z) 4.60 2.30 330 00222
& kiR WE 1.80 0.90 1.50]  0.0315
E5 0.30 0.25 0.80] 0.0343
¢ = a ) —hiR 1.50 1.00 0.15]  0.0021
’; 280X e 11.00 2.10 0.20] 0.0242
7 SEB A BUE 0.70 0.50 0.03] 0.0364
I=8t )41 EXA 200 0.25 0.04] 00486
ot ABEH ARV 1.20 1.00 0.05| 0.0582
0 5 10 15 20 B M 4.20 0.30 020/  0.0089
1 SRECO RATIMEE [m/s] /341 2.00 0.05 005] 0.0057
/8472 1.00 0.05 0.05|  0.0059
FSLE(F) 0.90 0.60 0.60[ 0.0203
X126 1 mBLERE & 2R BLE RO R KAOCRYEE Dtk () &
MR D NZ A =5 (F)

ATE DX 25 [ZRTIRO L SR E (FEE LD 4 [EOIEHF AR OEIKIZ 51 X 51 fHO Pk
ZELE) ZOREEE L CEA L2, ZOFEE, WEOE LICEELREIETEY, &
BRSO RHEEMIC SN T O EE LT-RE L 72 5,

B 27 (770 UIRICBET T B % b, IR EICRET B EBIC L B TIRO MR A A —

P ERY, FEROEEICHEE

&, EmEILE ﬁ#%%%uko<ﬁbiﬁﬁﬂﬁiwﬁWﬂL

Lol wikoiE

i@%bm%%%ﬁié:&ﬁ&éo

&R 3—5— Rk 2—27

TORU (L TEENHEAEL T LET256%) 25815

%éh”ﬁﬁﬁézkmﬁéo

EEARESHELIRELT DI LT, EROEERIC

DI & i LT,
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i

e K

P T
T R e e
/,;%7‘\ """" B B
ST B OB B
e B
= ; B

e
S

FEER
B
e
G

e
BE
EE =

ET

o
e

< BRI 0 R
MRS 5,

- MR DA LIS BRE SN
FAEL, LD D,

* ReKJEGH IR SRS D
MRBTFES D,

PIRIE L2847 58I KD WIROREA A —

4 27 WpIRICHET T S M L M IRE RIZRAET DR OB A —VIN

= O E S B B IR L, BB LR S5 A AR S 2 EITEY,
PP ZOBRIC L B BARAEIR S N DMENRAET ST, BESWIKICE 2 5 HED T
A SIS 5D L RTES LB DR,

5.3 FERMFHIIED £ Lo

D D L« RELET MICEBNT, EBEOFERERLY % ELOTWREERET S 2
LT, BRICHET A REEEEZ BB TED LI RBRELT D,

F70, WREZAEEE L, TOMKRE ETEENBET D EVIRELMAGDOESLZ L
2k 0, ERBEGN TOENZ T HREORHEENELEZEL, TOEBIZBWTRKRERD
FRAGHENFHECX 2 L o eikE LT 5,

PLbizky, 7027 O TR ORBCHERHEZ1T 2 HE T, E&ICKL MK
B DO RNHEEMEZ B L IR RSO N0 LB b D,

7k, 2E L LTI 28 ICARGBIORUREIZL D, WIEKORHA A —TERT, [ UMIKRT
b, ST DGR Ko TR E S REBARIAE D DERT 0353702 D
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—~+100m

#300m #300m

—+100m

#300m #300m
e 2.34sec : : = 3.60sec

-100m

~+100m

#300m #300m

= 1.86sec t= 7.08sec

28 FERIZI DMIROREA A —
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DFEECRILNZ RS D MRk
NE, TV ET NAORESE O DB, R AIT ) ETEB L TWAE

HEIZOWTOBHTH D,

KEITlL, 7 X EFTILOREESC, RifiOFR

katiis 2 Em M Lz e

NTRYRFERE R D00 E ) DOWGEETT O

6.1 T7IVHRAT—/)LL DR
T UL A=) L, EBEFEORMIC LY RBE LR E O EFRI D, YRFOE

BRHEELHEE T D720

B SR T 4 1R T,
T, KA — ST AR OREGE (69m/s, 92m/s, 116m/s) ZHAWT, 7YX ET I
X2 B EAREINTE2IT O, TOMRAEE 5 ITRT,

T OB ET T LD H BRI ORE F I

&, FEEROEFIFIZL

WCERINTIRETH DL, ZOTIPEZ A — )L TREINTWS HEEO

, BAT—=THIET D BB O ICRDL &

BUORAKZ LWL EEZLND, 2B, 7/%/ﬂ%TW%%wt BlX, F2 fHY o maE
(69m/s) T L CH RELSIET 22 L0, 7V X A — LV DEFROBLEN HITIEEIC

PRAFRIRIER L 72 %

Fad TIOH A=) TREFLTWD HEVEOTRECIR

TN A

JRGH

SN
| s B B DRI,
cars blown off highway
F2 50—69
(BB EREE»LZEND)
F3 70—g9 | cars 11ft<3d of f thi’ground
(BB ENE N OE ET5)
F4 93—116 cars thrown some distances or rolled considerable distances

(BBHENH DMz RITEND, T, 27 OEBEZEEAS2)

(AEHE O : B X 5.1mXIE 1.77mX & X 1.31m,

#F5 TUXETIVCK DB ENE OB S R

& £ 1814.4kg, CbA/m=0.0066 m2/kg)

TIH SN A AR AR R

L OXHS [m/s] [m/s] [m/s] R [m/s] [n] T;]
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
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6.2 K[E Grand Gulf 7 HFEBEAT~O A HE ]

1978 45 4 A 17 BIZKED R v v E—IZ TEERHE T O Grand  Gulf JiHFBHTIC F3 OE
B L 7-V, Tl L LT, BERTOBHBENBICERE SN T\ 7 U — i LiA
HBHADT U— U EEL, WMEABEO—HBBE LI EngTFond, £, EEICLD b
— T —MNENLHBNBE LT-Z &0, HES~10 A ' FORBITN-FHELHERINTE
D, K29 1%, EEICK DR ORBCIRRDERINT SN D HEFE LT, BMEESHO AT
DIRBARIA A R LIZb D Th D, 723, BMROMEERIIF2 Tho7c B LTS, Z
DA FFar 7 ) —h - g, B8 74—, EHE (W) X84 FTholz,

@A%7@ﬁﬁﬁﬁ HHLT, ZUVHETNAHDLWVIET U F ARET VA REE E L CHWN

KRN AT o T2y ZOFHAEFMTBEOFGFIZHESETER6D LB 95,

l "Courtesy of HathiTrust" http://bdbel.hathitrust.org/cgi/pt?id:mdp.39015037472209#vieW:1up;s,eq365 (19

X 29 Grand Gulf Jfl1- /IR EITEMIE X521 5 /31 7 OHGELIR DL

PeF IR s SA TR LIRS (—H X R ER) (3% BT L, 1 72 E
Tm~9m |ZHEL,
(Pieces of pipe were scattered over the area, but none traveled more than 25-30 ft. The

pipe joints are 8 in. dia x 8 ft long.?)

&k 3—5—RIfk 2—31
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# 6 Grand Gulf R HFEEATOEEIC L DA TIRMOFHZ T 5 L TORRESMF

RS BX P A Al 67m/s
e R BERR R 53. 6m/s
V22 B e 13. 4m/s
o7 45. Tm
kSt | BRE (OME 9 inch (0.2286m)
WikE S 0. 229m
B E 1700kg/m?
AT E L CoAlm 0. 0080m?/kg
W B - Wy R(E%L 51 X 51, EE RO 4 55— LT HIEHEN (X, y=[-2Rm, +2Rm])

(S T PR A

cREES Im (O TN STV TEARFED 2 BRE R TRLE S LTV 72k

%?FE\H/:E’O )

FIREMRER TIRT, 7VZETNVEREY & LI2GEE, A TR E A EREET, KR

FEDMEINT

98
22

THL T~ &b DRI E BB REEL TN,

B, BEL LTI R UMTETIVCIME L2858, TREREEC R K AR IR & ZEn
NV, EBRORE Ll U ORISR AR 3RS 5 & 22 D,

37 Grand Gulf JJi1 IFEEFTD /A 7 OFEEEFHEREF

. . HIEIR AR R
B SET v . ” - :
R TR = &2 | R RO E
TR ET )L 1m 1. 2m 0. Om 4.9m/s
SR UmET L Im*! 42. 6m 0. 34m 30. Tm/s
S U URmETIL 40m 227m 0. 34m 40. 9m/s
Wk TR BT T BT O BB AR TEX TRV, TUXETILD

HEREE OREUERE) LA T 5720, 7OXETIERSMHET S,
%2 FIHAMIRE XD OTREUE X,

Ekl 3—5—RBI% 2—32
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6.3 4= M T o H AR H A

2006 4F 11 A 7 BIZALHBEMEE ST BRI AE LizEs (LLF MERRER] Ev),)
LD, 4t Ty 73 AmBE L2 L BRRESNTND P, IR A K 30 12RT, 2
OFEFTIIPRRFIC 4t T v ZIZRB 2 4NFRELTEY, 4t b7 v 7 OYIINLE L BB
BRDPo TS (K30 £ EEiBo@), /-, 4t b7 v 7otz 2 O HBE (X 30 £k
HEO@L®) (22T, HIHINE & REOBENLEN 5> TND, ZOX I ITHEENS
T4 CHE S OALE ST 2> T D EFIIMD CENTH D, 2B, EERKYOHHG
BIE, EEMEETOIKRETHIFEACEMSNTWRY, ZOMBEE LTI, REL - EE
DOHEBFEZFEE X FH - HEH T2 2 L BAREECH 5 Z X ABHSEOBBFIZ O E SR
B2 G BN SN2 ERFET NS,

dtr3vY
SN (F)
IFMER
2HE (8)

BHI1 fORRECRY LT
BNERSE (D)
e

@ (x) FHeORAHI-RY LF-FLRAROHEERT
20 b3 v DBWERITE 40m

o GoFKRAEOBRER T4 60m (QORBEBI TY v/ v/ \—HH%E)
@RUSIZEMSEUIE tOMBETH) 77T
FEVRAREZFSvIORICBEL TV L Ebh, &K (C) METOEBEREITH 50m

BB KEHEAHANES: 11 A7 BBE

EH3 BREOHMICBHLTVESVEAE (©) EH4 BBLE-EFESFOKRR (Oi&-‘f-tli%h%hﬁﬁ(bfﬁ!%‘r?’)

¢ 30 fER#ES (2006. 11.7) 12X 280K (LHFFEITE N O Hmgh ) ©
(3CHk (25) TREN TV D EARPED % ) Thi)

ZITE, ZUFETAERESE LCHWEET (4t N7 v, EHE) OFREGHE AT
VY, FEEOPERDLE LR TRURER LR D0 E D hOMREITH, ik LTE, Fieo
2180 ET5,

- EBRHECRKEY (4t N T vy, FBHHE) OREBLEMICERE LI-5HE O BT

- FAIRA 7 56 BE TV 3 3 2 TR AL IS X 2 MG
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(1

PR TR ORI & LB E L 7= G O R EURMT

4t N7 v 7 OIRESENT

BT O E LT, ARARERT —Z P KSE, SHN LB 2 O D EaRE
SRR (4t FT v ) OFRMERID L HICHRET D, UIHREBEBOSEL LT, &
EEEBILIEE L, EENEFNOITSRUREE LTS, £z, EE 60m/s LT T
T ELARWRE L 2o TS, £ BT, EEE OEMZ5HA M bat, &
e [E S O PR ELME 2 fERR T 5,

Hl & AL & OEREE 18 m, 20 m, 22 m & L7-3A OfNTHE B2 % 9 RO 31 (2
AR, HL OB IS 0 & OFRLERRICBUR TH 528, £ 7— A L bRBIT M
KEOBE S EBBHREH L TRY, RFRCHW & EEPLE OFZ 20m & Lz —
Z 2 TIIMEIEHE D IBIF EMICHBE SN TWS, 20X, Z7VF4ETFT L2 mEsEE L
ToRRESRNTC, RO DI FICERE S AR O ORI DN HELTE 5 2 & DT
x5,

#£8 HEMEED 4t T v 7 OB

B AR R A R 92m/s
e AR B 70m/s
BaEhd 22m/s
o 7 R 20m

KN | EREAHAOREYD, =S5 | EEEE |8 In

Z 9 PA-FK71D OfEAk% | wfmiig 2. 24m

BRI S | 2 6m
H ] 4000kg
AT EEL CoA/m 0. 0056m*/kg

WIS B - W RfE S 1 fE

- EEITET ORI < Y, B 60m/s LLF TR B L2
- X E R S Om

#£9 ERMMEERETD 4t bT v 7 OFREGEHERE

fEAT H & AL E D AHHEAER (T2 ET L)
T2 P FEERE | R S B ROK A
22m 45. 4m 2. 8m 25.8m/s
2 20m 35. 5m 2.3m 22.2 m/s
3 18m 25. 9m 1. 7m 18.8 m/s
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b.

X 31 TVHETIMIED b T v 7 TRELD HELRETRE R

e A O T HLARAT

AT (1230 0O) ORSHBIERE L LT, Wik% 1 L S0k cilk
KT 5% B B

AW ORI SV T, % 10 157,

10 {ERM&ERO AWIEFAEOFE LM

AL | F 8 LA
U HlRS | 4.40m
ka2 —o LN 1. 70m
11K 5|7 £ e
AW S RE o som
TRATESEL CoA/m 0. 0097 m%/kg
- W REEL 15
A B E c EEITIET ORI 28, B 60m/s LLF TIEEFE E L2
« BXEE S Om

FIE A L &L E OE#EZ, 18m, 20m, 22m & L723HA OTHE R 43 11 KO
32\ T, MEEEEZ W Ty — 2 1 TRBEBLRAHL TV 5,

B U DN TIE, RO LAAIZBBHREHE L TNDE 00, RENRERMIC
FZ2DOTNAAECTND, ZHUIFHE (1) PEWICIEE L CHEL Wz, =
DR OBEE DB L S TR F R OTIRNECTZb D EHEIND,

¥, ROFEHHE (K30 DO) IZHOWTEHE L725E1E, wE&ET.LE OIREN KRS W
DRI LRV AR & 70 D, 72720, EBRICIE, ROFEAHEIISE - R L7 LT
) (RESEIE 2 T, 30D A) OES FHMNCEEL TRY, ZOREOMEL
ST HIIBEIL-bDLEEZ6ND,

Vikk 3—5— Bl 235 147



F 11 MBS CO BT BEORBEHRRER

fEHT AR & m HEER(ZVEETIL)
= D & DR FrEH R e FeHE S i ROKER
22m 51.9 m 3. 6m 28.9 m/s
2 20m 43.5 m 3. 4m 24.7 m/s
3 18m 34.7 m 2.9m 21.1 m/s
&
%
¥
0%
o
5
et
F3”
by
o | N |7
e Sy
SAl S (S
rEEERY:
B0 %Y %D
e BEE ¥E

X132 7 UHET LD HAVE BB O BT R
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(2)  AEMEN P ) 38 FE TV 3 F 5 2 AR FHMIAIC K 2 ek @
T TR, ARIRDNP S A7) FE FE RT3 9 D SRR R A O RS - MR IR SR
THRIEDEAMERICRBIT D 4t 8T v 7 KOAWERMEOWEKEFFIZFHE L, oM Es
TORBEOHICRI (BEREES) & OfRZ BT 5,

a. 4t b7 v 7 OREEBIRNT
FHRSRIFICOWTHE 121087, LM & LTL, BREHEEORKNRESL 92 n/s & L,
ZOMDFFHERIZOWTIE, A RITHIR STV D FIEICHEY, BEREE Vi % 14 n/s
(R REHED 15%), BEEIT YR RnZ 30 m &5,

F 12 AAIRXP R B AT S RSk R A O R R 4

MRS FX At rE s 92m/s
e AR B 78m/s
BaEhd 14m/s
o 7 R 30m
Rk | & 8 L Flkk
WL - WpR(EEL 51X 51 fl, MEEERD 4{EE—DETHEHEN (X y=
[-2Rm, +2Rm]) (Z % [H]FRfC &
- B EE S Om

F 13 (CEBOBICRIL L, RN R 1 J1 38 BT IS 38 9 5 TR AL OFE R o bt
Baamd. iz, KISIHRED 4t T v 7 ORWZE T,

TR ET L DTREGHEFE R E LT, 4t b7 v 7 OFRKITREEYIEE X 36 n/s, K
PR S0 3.6 m, O RAEHGEREIL 63.4 m & 725,

FEED 4t N T v 7 REEEEEITR 40m TH Y, T I XET T L D IRHEREREEO FEMRE R
Ik RS, F7o, R SRR RKFEEEIZONWTIE, EEOLEKIITERNnE D
D, 4t FT VI DORB 2ADFEMTHT-Z &, WRED 4t bT v 7 BNFIETOINEE
EEDTND Z LEND, FRAP R ) 5 BT A 3 2 TR FAT L TR A L
THATYH, EBEOWSORILE I L CRY AR LRI DO EEZLND,

nEB, B2FLELTAROBGEZ 7 o F U MET AV THHEMBLTEY, TrFlET L

IZ K DRI T, SRS S, BORTREEREE & b ICEER O SOIRIL & g LU CIEHE IR
SFHENREIWVEER L7225 TV Z RS 5,
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F 13 SEREEOPSCRIL & TR - 158 B HT O TR R A 1
L OEROtE: (4t bT v 7 OBE

RS T L TREER PR TR < *2 e ROK s
T BT 36. Om/s
63. 4 3.6

(Hh 1) n " (F715 130 kn)
Z X AmET IV

e 193. Tm 11. 7m 43.9m/s
TLXRAMETV | s om 11. 7m 43.9m/s

(40m)

4t N7 w7 OFEBEIC
FeH L CWIER 2 40
TV A TR &
T, RS oIFEbE Tl E
ESUNZ NI F40m |V FREICIS T TEDY
@WK LT 4t bT
7 DHiE 2 513 3. 6m LA
EomPimLE T LR
35 212,

St HIZIFE T D Hh
BaLEHTND D
EARENTERY B,
FE B D TR K W o 1
IR T b T
RIEKHREE (K 130
km/h) ZEMNZTES
bHOLHLETE D,

HRekl @ 7 UF BT T LTI AT OS2 TE TRV, TVEET
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1. ‘The Three-Dimensional Structure and Evolution of a Tornado Boundary Layer’ (22T
& O MR AT IT O BGE /A 1 BI 3 2898 & LT, Kosiba & W%, {1 il Y Hi k& 549 5m
(ZH1T 2 BREE I b &5 40m [THATHY 6% RS RER BRI SN2 2 L2 HE L TVWD, (X
mk(1) @ 402 4T7H T---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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I #ib&mESE Ny 7T —

LrL223n, M1 T ESmEE 3n 3Bl 217> TR 6T, L—FIZLD Ny 7 I—

HE IR ORI B 15 6N 2 BEEHAE CTh 2728, [RMFFRHE ClEEBEE O 3 F %)
W & DOHBIZIIMERH D L LTWD, k(1) o 1744TH THowever, comparing radar-
measured Vd to hypothetical ¢ ‘standard’ ° 3-s—averaged anemometer—measured Vg is
problematic. | )

Fiz, RGO/ @mE LT, MEBmIEOEEFEE LT DI101E, HHESCHEIC
DNWTRERRDFEL DHEBIZOVWTERDBENLETHD L LTS,  (CCHk(1) D 25717 H
[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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(K &7 HP: https://www. jma. go. jp/jma/kishou/know/toppuu/tornado2-2. html)

M 1L, EEE Ry 77—V —FEHNCTHELLEHE (Fy 77 —H8E) 2RrLTEY, K
> 7T — L — X ORI FH R OEERR S DA B E NI b DO TH D72, EFRITHAEL Tz E
WETRR D BDOEBRIL TWZ LT 5,

KK6/7 OFREFF A HEEZIC BV TED TZaFHES 92m/s IR EHE TH Y . Tz K
v 77— L= THE LIEHAEITIE, B2 D (hawy) #ENMIIEND Z Lk b,

FEREORES L Ry 77— =X TORBROZELTET 572010, RENLESELZEEL, =
DEBEOREE Ky 77— —FTRAE LI, YOXo27 Ry 77 —EENIESNDNE
RS %,

SRR 72 @B OS5 LCiE, TR IS D H 5 2012 4F 5 A 25 HIZ Kansas SN CTRAE LT
BRI L, UGS 225 L LTRIOEBVFE L, B, BESET v E LTI
UHETNVE W,

ERF 3-8RIk 3—2
207



F 1 R 2B S

HEBRRE T A —H RE SR
B KTEEEGE, 1, 50 m/s
B KRR R, R 50 m
A= S 15 m
B, V., 10 m/s

Ky 7T —L—FDOMEE L TE, TR ICEREHDOH D Ky 77— —F (RSDOW) & &R 1
OEE (K3) 28512, FHEROESIE3n &5 L & HICK 4 1R TEEZER L O IE
ELTHRE L, BEMELFALE LIZEAED Ry 77— L — & O S (120m, 50m, 3m) (2532
E LT,

3 SCER (L) TEIHI SN RICBIT D Ky 7T — 1L —4 (RSDOW) & &R D BEf%
(FHAIBHAGIZ@0241 3 CTH Y | HFHZEUT U 7= FEEEIEAI 130m)

(Xobs’ Yobs» Zobs)

V., —
X4 (M eEE () & Ry 77— L —FN@E & OMRLERFR

B 38— A 33
208



Alf_f.:(XGbS’ Yobss Zobs) 0:{34‘[%‘#5 }\\“‘/703\——]/\——&\\75‘3?/%26/%(/\7; ¥ Z)@ ]\\“\/703\——3%};“:63::?&:(1)
TREND, (KN TIE, MERHMERRE W Ry 7T — L —Z Mo Faz ks % T 2,)
D=—(Vw-* X)/|X] (1)

ZZTC, XIIHE 5 oKk TRT L D ey RL X =(X-Xobs, Y- Yobs, Z‘Zobs)i(f\ Vw@i){—i(X, Y, Z)
TORERY M zFzT, K612 ERROFMHITBIT D7 VX ET LOREES(Vy, Vy, V)G 26
NDHEEDEFEITO Ry 7T —HEORKNE & K/IMEZ RT,

1)\/ (xobss Yobs Zobs)

(X, ¥, 2) "

o Vw

/) \\

0 \
> X
- ]
/
|
V,, e—

5 xENTRICBENEHE V, TBETLSEEL Ny 7T — L — X OMERR

o O<ES (&)
s aEc MBED (B ME)

50
40 2 :
E 30 E -
U - '
& 20 :
10 1
0

60 -40 20 O 20 40 60
FodZ2—RE (m/s)
6 (URIREEED | v 75— DR S H 1T

Bk 3—8—RIHk 3—4

209



IEMT T OB TR DA (R RAE) 13 16m O SITRRE LA, Ry 7T — T
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TW5 Ry 7T —3HEOMKEPLT L EEOEEDOM K & —BH LRI & E2RRT5E0
TH D,

S AT
Kosiba B, 3Tk (1) DAFRLAKEICSCHL (2) AR L TEBY, Ek©2) Tk, MEES Inic
BT DML, #EmS 20~30m ICBIT D Ry 7T — V~&Tﬂmbtﬂ@ﬁf@m%ﬂ%
HDH] EHELTWE,  (CCEk(@2) T+-+-the 1-meter AGL wind speeds were ~60%-70% of the
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(1) Karen A. Kosiba and Joshua Wurman, 2013: The Three-Dimensional Structure and
Evolution of a Tornado Boundary Layer. Wea. Forecasting, 28, 1552-1561.
(2) Karen A. Kosiba and Joshua Wurman, 2017: The TWIRL (Tornado Winds from In-situ
and Radars at Low-level) Project: Part 1: Project Overview and Combined Radar—in

situ—damage analyses, 9th European Conference on Severe Storms.
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