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Failure probability of plant facilities subjected to tornado missiles
- An evaluation for a real plant based on simple calculation -

AR 7 0F 78 MR AT
PHIE A
HAJE 730k 78 098 HEk
PHIE A
R & NV (R S 1

1 (B a oK)

Kosuke Aizawa

Member

Yasuhiro Enuma

Kazuhiko Yamada

An evaluation of failure probability for facilities in a real plant subjected to tornado missiles was introduced
based on simple calculation. Impact speeds of the tornado missiles to the plant facility were calculated,
assuming several initial locations for them and Rankine’s model or Fujita’s model as a tornado vortex model.
Failure probability of each facility subjected to the tornado missiles was quantitatively evaluated, taking
account of probabilities of tornado strike to the plant, number of missiles and so on. The results show that we
can reduce the failure probability of the facilities by appropriate management of prospective missiles especially

at the building roof.
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Fig.1 Tornado hazard curve
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Table 1 Number and specifications of tornado missiles

Steel beam | Container Car Bus
Number [-] 164 51 388 23
Length [m] 42 6.0 4.7 12.0
Width [m] 0.3 24 1.7 25
Height [m] 02 2.6 1.8 35
Weight [kg] 135 2300 1570 15855
Aerodynamic 0.0065 0.0104 0.0083 0.0034
parameter
[m?/kg]
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Fig.2 Evaluated peak speed of tornado missiles
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Table 2 Peak wind speed of tornado leading to failure of

fuel tank
Steel beam | Container | Car Bus
Rankine’s 104 130 128 98
model [m/s]
Fujita’s Over 150 128 128 100
model [m/s]
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Table 3 Failure probability of each facility

Failure probability [1/year] FR

Rankine’s Fujita’s

model (R) model (F)
Fuel tank 24 %10 3.2x 101 0.13
Seawater pump 5.8x 107 1.1x10° 0.19
Electric power 93x10® 53x10% 0.57
supply board
Cooler for decay 7.1 %107 43x10° 0.60
heat removal




Table 4 Contribution rate of tornado missiles on the roof of

building
Contribution rate [%]
Rankine’s model Fujita’s model
Fuel tank 1.6 2.1
Seawater pump 03 0.01
Electric power 78.8 929
supply board
Cooler for decay 97.2 99.9
heat removal
4. R

NUREG-CR-4458 Frfli a2 & U7-fii5 Fika FvC 52
7T v NG L LTSRN K D aRtdEmfERD
REA I LT, ZORR, 1 HEd 72 0 OFSERBERERIT
108 A= —LUFThH Y | HETRAIMINT KX DEEERHRI R
BEETHD Z EPRENT, Fio, TVXETIMILD
HERERIL T o AT T U L D% Falb 2 & &
BNTR U2, SHIZ, B EICERE SIS,
BN & T2 XIS LTRSS ORHERERICR X < %7
BL QWA ZEam Lz, ZOfEE, mOFIILE
LR & EIRS 5 2 & T, BN E T T L
TR ORI A KR AR FTRE T D Z L 2R T,

SEXH
1] T OBEES, “RAEERRTF RO O

TR OONLIE., A N Ol oD B T B9~ 2 ARl oD fig
B, JRURELSSER 1306193 5, FRk25 4R 6 A 19 H.

2] #l. MEEIAEE, “GHREF O L eI RIS
VT
https://www.yonden.co.jp/assets/pdf/corporate/yonden/bro
chure/index/ikata_safety measure.pdf#page=9.

[3] U.S.NRC, “Shutdown Decay Heat Removal Analysis of
a Westinghouse 2-Loop Pressurized Water Reactor,”
NUREG/CR-4458, (1987).

4] JRFIHZRES, R 3EERT O R T
A R”, JFEBHHZEEE 13061911 5, SR 25456 H 19

H.

R A see i 5. o N AL CE I e sz ]
HA R (%) KOWES. INES-RE-2013-9009, 2013.

[6] REITHR—LAA—T “EEEOEMT —H _—R7
https://www.data.jma.go.jp/obd/stats/data/bosai/tornado/.

(71 S IBFERT, R K DMARDTE I - FRORART
=1— F TONBOS DB#FE”, N14002, P 26 46 H.

(8] HALRE =, “BOKRYF T/ EATO A Rl
(2T DGRBS K ORI D% EIZ Y
FTHHA KZA 27, ISM-NRM-009, A% 27 41 H.

9] AR ST U —X6, HHE)OERES)
ERGHE". 1993,

[10] W.S.Chang, “Impact of solid missiles on concrete
barriers,”  Journal of the Structural Division, Proceeding of
ASCE, Vol. 107, No. ST2, 1981.



