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Jebi typhoon hit Japan
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https://www.uttarakhandleaks.com/typhoon-jebi-kills-at-least-9-in-japan-boats-move-tourists-from-flooded-airport/
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%£FU.S. EPA’s RMP #7424
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Line release

Vessel

Cloud

Vessel
Fragments

Instantaneous or catastrophic release
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Released material
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l Released material
Pipe
Expanding
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Rupture point

(flashing) two-phase vapour-plume
centre-line

droplet

trajectory

point of rainout

spreading
evaporating
liquid pool
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ERROR
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:'}-L_.I EE A ( Swiss Cheese Model )

In 1990, James Reason and Dante Orlandella at the University
of Manchester developed what is commonly called the Swiss
Cheese Model
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T T TR T

Pipeline Significant
Incident 20 Year

Trend

Fi5 SHE ST 28 R EEEE

1998 295 21 81 177,637,649
1999 275 22 108 181,501,952
2000 290 38 81 262,267,142
2001 233 7 61 80,500,887
2002 258 12 49 126,935,438
2003 297 12 71 167,179,722
2004 309 23 56 320,479,579
2005 336 16 46 1,504,761,913
2006 257 19 34 160,282,112
2007 265 15 46 151,288,365
2008 279 8 54 603,710,095
2009 275 13 62 184,034,185
2010 264 19 103 1,887,768,213
2011 286 11 50 455,473,279
2012 254 10 54 238,343,108
2013 303 8 42 361,306,244
2014 302 19 94 310,979,755
2015 329 10 51 348,336,583
2016 308 16 86 316,093,864
2017 296 8 33 222,733,121
L 5,711 307 1,262 8,061,613,207

PHMSA ' All Reported Incidents

Pipeline and Hazardous Materials Safety Administration, DOT / USA

T EEATER
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PHMSA ' All Reported Incidents

Pipeline and Hazardous Materials Safety Administration, DOT / USA
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(Preliminary Hazard Analysis) Control  Suppression

B ¥ EEZFLR (Relative Ranking)
B 81272t 3R (Checklist Analysis)
B IR-ZM{a] (what-if)

B RRENEZES Automatic
(Failure Modes and Effects Analysis, FMEA) Quench

m EEHEOEFEEST
(Hazard and Operability Study, HAZOP)
KR (SRR ) 2

(Fault Tree Analysis, FTA)
B S92 Event Tree Analysis, ETA)

m REA-EBRSH

(Cause-Consequence Analysis - CCA)

B ARUSEESN

(Human Reliability Analysis - HRA)
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Manual
Quench

Safe shutdown
Safe shutdown
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Plpellne and Hazardous Materlals Leakage
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Pipeline and Hazardous Materials Leakage
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P|peI|ne and Hazardous Materials Leakage
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N :t N Late Ignition Explosion Owerpressure SAFETI Professional Yersion 5.1
Release Duration 600 sec Study: HZ3

250 Material: HYDROGEN 10000ky

T+ Case: h23
S ’? D 150 4
my 6 )< / i
R 4

Weather. D 2.0 mfs
t 504
a

\

#R (

n BREY  DE  ATET
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m EHER . —BE NI RRNYEER -
o NEREE BEBARE  REMEE |
IFAAETRES NS - B HEE B 0

- BRI - Q%E@ym%¢w Ey —

/— |E|;| Claud Footprint SAFETI Professional Yersion 51
/ l =] H Release Duration 600 sec Study: CL2

)Efﬂ

\
/

M

KEY

I 0.1000 bar(g)
B 0.30 barfy)
0.50 bariy)

+ Release Point

Material: CHLORINE 5000kg
<< N = /7 > === oo+ Case: cl221%.1
o KK >ﬂJY< EHKNE -~ KIK - |EX |

Continuous
Concentrations (Mol%)

( <<
I 020 Area=14950.00 sq m
I 0.40 Area=B921.00 sq m

o LJ\ X"E REFIE - VIIEMEIEIE BR[| O
F,I_E ﬂ/ HE;—?Z:‘__‘;X,J\ X/IE 'I' EEI/J\ X/IE ) 1,00 Avea= 111400 s m

H%*E%%$1¢Z¥qAE~E‘ZEQ1EZ$2% *il,f-sF_ N LJJ:: N 0 @ Wt a0 2
s ) ERNERANEERERZUEEI ( Effect —
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Cloud Footprint PHAST Professional

stucy: [ INEGzG

Material: ISOPROPANOL
2 tanks rupture- 4 kgfem2G
Weather: D 3.0 m/s

Instantaneous

Time (s)
—— .000 Area=568.8 sq m
7.72 Area=8472. sqm
—— 15.4 Area=.1686E+05 sqm
— 23.2 Area=7327.sqm

Concentration (Mol%) 2.0
Averaging time 10.00 s

Distance inm

154 s

Os 7.72s 23.2s TS BHHHRR

al Tecrenlogy
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| stucy S
450 ——i Material: ISOPROPANOL
T 2 tanks rupture- 4 kgfcm2G
o 200 : Weather: D 3.0 m/s
i T Instantaneous
S 150
t 1 Time (s)
a +i — .000 Area=1575. sq m
b,

n 0 T 99.8 Area=.1476E+06 sqm
Z 1 —— 200. Area=.2717E+06 sq m

-150 -
i -+ Concentration (ppm) 4.00E+02

T Averaging time 10.00 s

N 300 4 Ine
m

-450

I I I I I I I I I I
0] 100 300 500 700 200
Distance inm
Os 99.8 s 200 s

B )

B TEELs:
Temporary
Emergency
Exposure Limits
(15min)

I%&mm%ﬁ

al Techenlogy
ﬂccrtr ~atitute

Copyright 2018 ITRI L 1liffFEkR



TRiELlLERE 28R
fe (d0KAR ) BREEE
@(Wﬂ?é%ﬂi)

] ﬁ%\_ﬁ[ WINRVRESE - EE4R
PABREANTEEFERE  1&
i N E AR TRA G PRI
Bz i’@%_F:I: P ER i

%" CHLORINE GAS LEAK NEAR
S8 | < £arIGHT-TRAIN SOUTH OF ST LOUIS

Copyright 2018 ITRI L 1liffFEkR



o B 1 75 O B R (R A IR DL AR B

——— S R B s S e P —
T T R T YR o .
= F ot
| ! s . il
1 ] R . o - =

H 800

m 1,500%

H 2,000

TREMAZR

Isdustfial Techaalogy
Aczearch Fatitute

Copyright 2018 ITRI T 1lnfff 75553



iﬂﬁﬁﬂﬂﬁﬁﬁﬁﬁ?

JT
o N

BR
RERIRRERE

. 2ERIEMERIE

. ERBERENRE

limUt
(1LY

-buul\)!—\

Copyright 2018 ITRI L 1liffFEkR



(7 1% (3] LNGER:

AR EAT % 2

1. INBLNGE R ES - PRk

=5

2. NCREUSEEEZATKEZS - BIEBERE
E @ _EEAY

3. NGREES FRILERE - G

4. LNGERKE®RR  RREMEHS
(EEZEHFR(E

Xl =

2EEAT

nzﬁflﬁtﬁﬁ'l:}ﬁtﬁ&?,.aﬂl

AR

mbEB - ERHE

I%&ﬁﬁ%ﬁ

rrrrrrrrrrrrrr

Copyright 2018 ITRI L 1liffFEkR



IV %%J‘Z:%z%
. SR

(KW/m2)
37.5 HiEFRERENESE - BENGE 1 7EZBIEES 100% -

25.0 EERAMRGHIRE N e DIMRAM R REEESE -

15.8 BRIEERANSFEL RN IRMETE (AW mEEf ) 2
IR E -

12.5 REIRBEIAARM « ISR EMREZRIREEE - IREIGRE 1 piE 2R
FEEE 1% -

9.5 8 MR ERIBMBIR ; 20 MBS _ RS -

4.0 R 20 WNEZRZERHYER - HABELUEREB ; %
MoJEEEBEBER ( ZHRNIS ) ; BIEERR 0% -

1.6 REBRERAZ S A ERK

Iﬁﬁ’iﬁﬁﬁﬁ’%ﬁ

Copyright 2018 ITRI L 1liffFEkR



)

|

) e SRR AR

x,, G\""

" RERE ﬁﬁ?&ﬁa%@km%%“% 2
ok SRS B 0 © e B D (m)

Radiation Zones for Pool Fire PHAST Professional 37 5 kW/m 2
T Study:.- i
15 Material: ISOPROPANOL %]L %EF?_ S ES AR
2 tanks rupture- 4 kgfcm2G
1 Weather: D 3.0 m/s
iD ° KEY «J\ %H_J' FlEﬁl EEZEXZ%%
f °T 4.0 kWW/sq m 100%
a . W 13 kWisq m
n T Il 38. KWisqm
Z + Release goint 12 5 kW/m -
7 ,151,\\7|<7|<7J BIEERBEFR
| E=7eRBE=
m REREL1DE IR
-15 + 1%
Distance inm 4 O kW/m 2
20 NEEIEM N E &
5m &
8.5 m Y R RS (&S
14.8 m B, FE Shiarn
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0.02068 barg

Late Ignition Explosion Overpressure Zones z:‘,ij Professional “ﬁji\f‘tﬁ %ﬁ " (EJJ:I: 1E 9#%95%
Material: ISOPROPANOL SN AERAESAEREES) ;
so0 | Bt o ee 5 (R HBIR ;
0 " 25 A R AR BB 4RI
] 10%RY & FIKIB KA
t 2.07E-02 bar(g)
"o = o) 0.1379 barg
- % Reme R = BN EIE KB 2 ) 5315
| (FE 55 7KE)
. 0.2068 barg
| T s S 1% 5 (30007)
0 SZ/VETHEE ;
- YIRS 45 e A AR
Distance inm BN BN IE B E SN
|E
246.8 m
274.3m 621.4 m . it
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d Study: [NEG_NG o

i ©0+  750m Material: ISOPROPANOL iﬁg):?’_ SHEEHEMIBEE .

&l - 2 tanks rupture- 4 kgfem2G EE' H__f F'Eﬁ 1 f@ 25&%%

: 3% T Weather: D 3.0 m/s

0 30 | WEATHER 100%
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| 15 | 144.0 m ZE__'fEEﬁEE :

N BB 8 BT E1%

" 257.4 m
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Burnt cars and gas storage tanks are seen at a gas facility of Pemex in Reynosa, September 18, 2012.
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Early Ignition Explosion Overpressure Zones PHAST Professional O ] 1656~O ] 8411 b arg
Study: NN — - .
100 - Material: ISOPROPANOL 1~99% A EH SRR
2 tanks rupture- 4 kg/em2G
3 weather: D 3.0 s 1.0686~1.9994 barg
iS 50 KEY 1~99% A E 3L
t 0.17 bar(g)
a Bl 1.1 bar(g)
n 0+ X Release Point
c
e
i =50 +
n
m
-100 +
| | |
100 0 100
Distance inm
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~105 m . TR
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150 + =
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s 1
t 50 0.17 bar(g)
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n T X Release Point sy
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+ ? 504 KEY
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N 150 \ iy
1 : 0 > Release Point
m [
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Risk cannot be justified
except in extraordinary
circumstances

Unacceptable
region

10" “/year
Tolerable only if reduction
IS not practicable or its cost
is disproportionate to the
improvement gained

The “as low as
reasonably
practicable” or
tolerability region
(risk is undertaken
only if benefits

Tolerable if cost of
reduction would exceed the

Y isdesired) improvement gained

-6

10 /year
Broadly Necessary to maintain
acceptable assurance that risk stays
region at this level

Negligible risk
Incredible
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FIGURE 9.1: CUMULATIVE BIP INDIVIDUAL FATALITY RISK
LEGEND:
0.5 x10* per year
1 x10® per year
5 x10® per year
10 x10” per year
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(YR
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Consequence UNLIKELY UNLIKELY UNLIKELY POSSIBLE PROBABLE REGULAR
Category

5 -EXTREMELY

SERIOUS
4 - MAJOR
TOLERABILITY
3 -SEVERE BAND
(ALARP)
BROADLY
2 - SERIOUS ACCEPTABLE
1 — SIGNIFICANT
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Plastic/FRP exhaust duct FIRE

EFME vs BRBERE :

Building loss in excess of $400 B Estimated $1 million USD cost of
million USD, exclusive of fire damage to this waste water
production and downstream treatment plant (FRP duct system)

interdependency losses.

A contributing factor to the spread
of the fire was the use of plastic
exhaust duct.
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