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oo RS P R R SR R T A 2R

PR A Bk T UBGHEERG D -
: o ~

F i

(FH# % : Youtube £ % » https://www.youtube.com/watch?v=sl-JgyQA7u0)
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® NFPA % it gr e i % 4 28 & (NFPA 30, Flammable and Combustible
Liquids Code )
o Rf & 5% 4p 3! (Emergency Response Guidebook)
® ALOHA (Areal Location of Hazardous Atmospheres) i-#% #i 48
TR - R
¥ - & NFPA 2 R v 2 n 2§

NFPA % [ 7 el i f2R 45 0 B 2040 5 Vi 20 0 R Rt eni 4 ~ R 5

Ik

Gk Bk ehd MERgE S B YW 22 & Mot PR o H Y P,
S R g (IR AEEEAE A B AP ARREH ch MR MRS 0 4oF) 31532 477 o o
B13-123-27 5 M (IR IR 2 GE B /2 I K B L ¥
A e o 16~2> 853 AR EHAIDA R 2L AT PERTE

(Chen, etal., 1995) » b B % BE § BRERK DL § & -
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A Table 22.4.1.1(a) Location of Aboveground Storage Tanks Storing Stable Liquids — Internal Pressure Not to Exceed a Gauge
Pressure of 2.5 psi (17 kPa)

Minimum Distance (ft)

From Property Line That Is or Can Be Built From Nearest Side of Any Public Way or from

Upon, Including the Opposite Side of a Nearest Important Building on the
Type of Tank Protection Public Way* Same Property*
Floating roof Protection for exposures” Y x diameter of tank Y % diameter of tank
None Diameter of ank but need not Y, » diameter of ank

exceed 175 fi

Vertical with weak Approved foam orinerting ¥ x diameter of tank ¥ » diameter of tank
roof-io-shell seam system’ on tanks not
exceeding 150 ftin
diameter”

Protection for exposures” Diameter of ank Yy x diameter of tank

None 2 x diameter of tank but need not Yo x diameter of ank
exceed 350 1t

Horizontal and vertical  Approved inerting system® % x value in Table 22.4.1.1(b) Yo% value in Table 22.4.1.1(b)
tanks with emergency on the tank or approved
relief venting to limit foam system on vertical
pressures o 2.5 psi tanks
(gauge pressure of
17 kPa)
Protection for exposures” Value in Table 22.4.1.1(b) Value in Table 22.4.1.1(b)
None 2 x value in Table 22.4.1.1(b) Value in Table 22.4.1.1(b)
Protected aboveground None ¥ x value in Table 22.4.1.1(b) Y x value in Table 22.4.1.1(b)
tank

For ST units, 1 ft =10
“The minimum di
"See definition
“See NFPA 69,

or tanks over 150 ft (45 m) in diameter, use “Protection for Exposures” or "None,” as applicable.

3m.,

wee cannol be less than 5 £t (1.5 m).
46, Protection for Exposures.

W 3-1 NFPA 30 ek &2 % Fr IR ALEE3E -
(F# %3k : NFPA)

A Table 22.4.2.1 Minimum Shell-to-Shell Spacing of Aboveground Storage Tanks

Fixed or Horizontal Tanks
Tank Diameter Floating Roof Tanks Class I or II Liquids Class ITIA Liquids
All tanks not over 150 ft Y. % sum of adjacent tank Y % sum nl';ulj'.n‘cm tank Y% x sum of adjacent tank
(45 m) in diameter diameters but not less diameters but not less than diameters but not less than
than 3 ft (0.9 m) 31t (0.9m) 31t (0.9 m)
Tanks larger than 150 ft
(45 m) in diameter:
If remote impounding is Y% x sum of adjacent tank Y x sum of adjacent tank % x sum of adjacent tank
provided in accordance diameters diameters diameters
with 22.11.1
If open diking is provided Y, x sum of adjacent tank ¥, x sum of adjacent tank % x sum of adjacent tank
in accordance with diameters diameters diameters

22.11.2

Note: The “sum of adjacent tank diameters”™ means the sum of the diameters of each pair of tanks that are adjacent 1o each other. See also A.22.4.2.1.

W 3-2 NFPA 30 ¢ 1B %4 4p A8 efg 2R EEAE o
(FA %k : NFPA)

¥ = $ﬁ?%4%%#ﬁﬂ

?T‘ & %45 3! (Emergency Response Guidebook, ERG)®_# va%]iﬁ’ﬂi%]%fi B RE
&' % > % (U.S. Department of Transportation, Pipeline and Hazardous Materials
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Safety Administration) 7 11 < &4t & 55 & ' 4 B % ) R % 4ﬂ A3 § A

¥ EP 7 #& sa 9 I s 3 (Initial Isolation Distance, 1ID) ~ + /|- /85
2_ [ 3£ 17 ¥ pedg (Protective Action Distance, PAD) » 4= #p Fi 3 iE3E 8 %
T A R ATRLNIR BEESL o] 3-30 A R F AR Y OPEAAR 7 A

¥ OpFEHSITCE

471 4
v 4 ’J‘ e

T4

1=

LL#@

TR NIRRT b 5 A R A B AR Ri%ecdc(Evacuation)

2 e N @rEE(Shelter-in-place) - ERG #% - enpedp 3t i » i@ F F4
F M- B4 W IR ApEEs A W §_ 2550100 = ® 5 i (FEEER]

‘/I%ﬁ‘

= 'é(f'/-[‘

b e 8RR A 300 o % s X LR B P 800 O 7 o ipaE D EEAEH AT

3& &f}?mr/% i"j}. f—ra,@,’ ]?"’%"f’(fi&ﬁﬁ’]&fiﬁ&%ﬁ_o

= | =n

B EENNGA

Protectlve Action Distance
>

AT
Downwind Concentration Contours Protective Action Zone %
[¢]
?D".
Initial >
- Isolation Q
Wind Zone S
‘ o
. Maximum " Paint of =
Protective Action Distance h Allowable Release g
-t p|  Concentration Yo
Wind Direction
UPWIND > DOWNWIND
Protective .
- Distance "
[
o
[&]
Initial %’
Isolation D 3 Dist ™ °
Zone =—> ownwind Distance £
1/2 Downwind 3
- - Distance &)
=~ —
. Ty
Spill —— | \ 4

W 3-3ERG ehfgdiedgeant L ME W o
(FH %%k : Brown £ £ » 2000 ; ERG » 2016)
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PR R LES PR

- 4T ERG uEY R B e o Likgh B ACHS > bk B A4
@ {7 (Brown & % > 2000) - $4& - i E 5 F o &7 F FFEK RS TS
Fra AR A i p PSR E LY ERBREFEEERRE
E2AEGL-2) # % W1 ¥ it (AIHA) n F & B %+ & 430k &
-2(ERPG-2) » fe 12 AEGL-2 5 ik « 7 3 (F £ ppdp & 2 Jh st 1) ch o 3 JEME B
0%tk & W o F SPBEHL > 7 VL GEAET Q0% A £ 2T o 4o 3-4 4
TREF o RE IR 2EEREE TR B R TS
00%p% » % »FEHE S 013 % 2 (208 2 =) § w5 T 48 % iE 50%PF > % X R4
» 0065296 =< )ocaiEdgr g T2 MBI FPAgIHIFL @2 Bith
M %o ERG 5 R0 % > B ch Q0%E P T 5 > &bk (T L ieap s
Lipac s AR gr %A FRCTEY  RAEREAENT R R

b 47 o

1250 : , .
Chlorine .
1000 o SESSS ] Percentile
a | 3 o-50
£ 7
2 750 | [dso-70
? | [CJ70-s80
g Protective Action _
qg,' 500 Distance - [eo-s0
I 90 I 90 - 95
250 I 95 - 100
0 1
0.0 0.05 0.10 0.15 0.20 0.25 0.30
Safe Distance (mi) DBA10026

W 3-4ERG chp H (v ¥ jEdper g T F chm LW -
(F# %k : Brown & 4 » 2000)
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¥

%= & ALOHA £ 2 #3

d it I ERG A4 457 v 0 & 3T LE A e Flhod 0o SN - SR kR
BEET AN BB LR PR G F SR AT
ALOHA(Areal Locations of Hazardous Atmospheres; US EPA/NOAA, 2016) -
PHAST(Process Hazard Analysis Software Tools; DNV GL, 2017) - SAFER
(Safersystem, 2017) & #ic e = o 47 F F F a2 &P @ ¥ e T AT
Hodl F B R e S E A B AR (B F

sk TGS 400k O SRR A Y AT R LA

Z»FWF\‘S"ir_ti?—lé"fﬁK’!—s"&

FTAEBREFP LR P L1 EFORHTH E-FETFRLT T e
HRENANER ERG g WP R T % | KXY chp FEEdE s

B MR R s o

hrfEa e Y o ALOHA ¥ % Mk in% (EPA)® 2 RB s £ T 7 54
% (NOAA)#F £ | B 4 chfiCse il » BT & 5 547 VI s 2 418 s

REEP RS F R AR A L AR BN F R B

s

o

aum
-

B o AMHAﬁWﬂmﬁﬁmL%&%ﬁ\%gﬁﬁ\ﬂﬁ%%ﬁﬂﬁ%ﬁia
TE > REFFHACE L85 T HH - ALOHA g8 £ 78 1 & = B envh s~ Jhdg~ 1
RRIF s TR Y o it N T 44 2 Hope e 2 (Jones & 4, 2013) o
ALOHA #c%8 2 2 MR %% b '& rg 72+ % (Risk Management Program, RMP; US
EPA, 2018) #redzk ¢ * 2 {5 % A 474048 - 2 T i\ B h 2 e B LEk

Jﬁﬁ,T%ﬁ%&ﬂ'bﬁwﬁ{g’é&j\%L%%—jﬁé?io

Bl 3-5 5 ALOHA #ifiz fj % e eiidz > 2 ¢ ALOHA #4 % 4 = /7
KRt o 4w L Direct(E 4% 2c) ~ Puddle(i 4 ) ~ Tank(i4 1)< Pipe(# ) >
AAZFEFEN T I RCTBEHFLLENPR B RRTER
Tank(iEH) #5058 0 £ &7 ehphdt < 3207 5 T HckE o & ALOHA #ifg® 5 #
794 () 3-6) ~ Lt (B 3-7) 22 2k 4 (M 3-8)3 Ak 4] » ¥ & F "2 i 1 RuidH
)3V 38 (7 BRI o
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TR LES PR R g

BAEEALOHA
» Location Informations M3 %Y
WE8Site Data(3€4k) #  Building Type#t 21 #Y
»  Date & Time H R
— Chemical({b447)8)
438 Set Up(41) »  Atmospheric(A 5 FE{4) »  User Input(ifi #2Hi A)
> Source(fiff 5 =) - Direct(if$%)
- Puddle it
- Tank(fiH)
¥ Display (Hi75) #| Threat Zone(944i 5 %5 2EEE) & Pipe(EF )

W 3-5 ALOHA $c82 ff % & (Eim 2. o
(FH %R : Pz » 2011)
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Tank Size and Orientation

Select tank type and
orientation: Sphere

Wertical cylinder

Herizantal cylindsr

" "

Enter two of three values:

(-
g diameter
" feet @ meters
length
dimmeter
] volume " liters ® cumeters

Cancel Help

B 3-6 ALOHA #H& 55 4 2 % %o
(FH %k : ALOHA, 2016)

7~

Tank Size and Qrientation

Select tank type and
orientation: Sphare

wertical cylinder

Harizontal cylinder

)

" 0 "

Enter two of three values:

A diameter—————— diam e‘te r ’7
‘ length
length
volume  liters @® cumeters

Cancel Help

" feet @ meters

W 3-7 ALOHA #HH it 2 % 2o
(FH %k : ALOHA, 2016)
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Tank Size and Orientation

Select tank type and
orientation: Sphere

Wertical eylinder

Herizantal cylinder

- .

Enter one of two values:

diameter " feet @ meters

volume " liters @& cumeters
OK Cancel Help

(DI

W 3-8 ALOHA #HtakHf2 K 2 o
(F4L %3k © ALOHA, 2016)

fo ALOHA #iAf® » #3055 L IORF B 4 2 8 0 F E 8 218 A )
FOE G F 2 RET R L A T R R 2 R 4 S e st

V- BB LRS-

ALOHA #88 ¥ % — fBGkH & 300 e 2 2 W 8 5 f (24 iR > 1L 5

AR BB RITE A RATE < F 7 0 Ao 30 0 EE S A RGN R R
BAUF2pIFm-VREZF 2T FEERFERET %S 0 4oF 3-10 -
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Type of Tank Failure

Scenario:
Tank containing a pressurized flammabile liquid.

Type of Tank Failure:
® Leaking tank, chemical is not burning as it escapes into the atmosphere
" Leaking tank, chemical is burning as a jet fire

" BLEVE, tank explodes and chemical burns in a fireball

Potential hazards from flammable chemical which is not burning as it leaks
from tank:

- Downwind toxic effects
- Vapor cloud flash fire

- Overpressure (blast force) from vapor cloud explosion

OK | Cancel ‘ Help ‘

B 3-9 % - RN L 0
(FH %k : ALOHA, 2016)

Hazard To Analyze

Scenario:
Flammable chemical escaping from tank.
Chemicalis NOT on fire.

Choose Hazard to Analyze:

@ Toxic Area of Vapor Cloud

" Flammable Area of Vapor Cloud

" Blast Area of Vapor Cloud Explosion

OK Cancel | Help |

W 3-10 %- ML N2 BT 2470
(F# %% : ALOHA, 2016)
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oA A RS

ALOHA #:88 ¢ ch% = Mokt 4 i a2 > 28 1V 50 ok 835 -

¥
AL EE e FRET A R RN A E LS "? + LG (R 3-11) 5 F 2 0§ R
R R (R 3-12) » 1R 5 U - BB 4 RS T B LA
RS o

Type of Tank Failure

Scenario:
Tank containing a pressurized flammable liquid.

Type of Tank Failure:
" Leaking tank, chemical is not burning as it escapes into the atmosphere
® Leaking tank, chemical is burning as a jet fire

" BLEVE, tank explodes and chemical burns in afireball

Potential hazards from chemical which is burning as it leaks from tank:
- Thermal radiation from jet fire

- BLEVE
(if heat causes the tank to fail)

- Downwind toxic effects of fire byproducts
(cannot be modeled by ALOHA)

OK | Cancel ‘ Help ‘

B 3-11 % = fheEH % 30050 (3 BEH) -
(F# %k : ALOHA, 2016)

24



Type of Tank Failure

Scenario:
Tank containing an unpressurized flammable liquid.

Type of Tank Failure:
" Leaking tank, chemical is not burning and forms an evaporating puddle
@ Leaking tank. chemical is burning and forms a pool fire

" BLEVE. tank explodes and chemical burns in a fireball

Potential hazards from chemical which is burning as it leaks from tank:
- Thermal radiation from pool fire

- BLEVE
(if heat raises the internal tank temperature and causes the tank to fail)

- Downwind toxic effects of fire byproducts
{cannot be modeled by ALOHA)

OK | Cancel ‘ Help ‘

W 3-12 & = fERkH & i (F BEH) -
(F# %k : ALOHA, 2016)

2B AR LEHS

B2 AR A (R 3-13) 5 A ER WU R & § 2 R (Boiling liquid
expanding vapor explosion, BLEVE) » & &&H s 4 > & 4 L3k > fig Lk g s
BEEE o

LB AT R T - R -
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Type of Tank Failure

Scenario:
Tank containing a pressurized flammable liquid.

Type of Tank Failure:
(" Leaking tank, chemical is not burning as it escapes into the atmosphere
(" Leaking tank, chemical is burning as a jet fire

@ BLEVE. tank explodes and chemical burns in a fireball

Potential hazards from BLEVE:
- Thermal radiation from fireball and pool fire

- Hazardous fragments and blast force from explosion
(cannot be modeled by ALOHA)

- Downwind toxic effects of fire byproducts
(cannot be modeled by ALOHA)

OK | Cancel ‘ Help ‘

W 3-13 % = fEukdy 4 385550 -
(F# %k : ALOHA, 2016)
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BEBFRFF AP
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(FHXR: *FL %)

4 4-2 £ 1 ¥ F ki S

R/ | >500L & >500L 7| B | 3 ki | >500L E
R | ek | RBHEA | RS AFRE | AEHEM)
S e

7,658 294 134 58 18 | 6,210,700.0

4,483 373 211 37 24 688,150.6

1%k 12,617 182 130 36 18 497,447.6
= 3,067 274 139 44 24 153,798.5
27,825 1,123 614 175 84 | 7,550,096.7

(FHRXR: 2FT 3 %)
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B C F G H I K L M N 0 P 0 R S T U W X
| e |femEs |mEm| L LEEI | snes | sasn|AEEE s—mns |=5=g(5-=2(,. .
e e I e s i e ey i sn=saE | T amg |mea— | pan - |TEEE HEED
(EX00 s . s | ;
o |2300 N S e B L m o |GERE GRS w e
) :
BEEE o ‘ :
TERG| TS| F@E | aceE 99% Tk Bz # 1 4 36 40.7 20000L |30000L | =& EE
sres| T
B2 e = . .
3 |I=ReTL Flo2E | wome | o TREE B # 3 7 3.8 793 20000L |35000L| % FE
L e
L - j— )
4 |TEEe(TTD =& |mmeens| 100 | EE | ER E 1 187 0.96 14 7I0KG | 950kg | %8 | 2E
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W 4-1 sath FoRie
(FHRXR: 27+ %)

T CRERET

ALOHA % 47 ehmh B3k T % 2 & 5 8 18 (37.2°C) % £ i€ ? T 3ok @ (1.27
m/s) & A H#H_» M HE B E IR o
AL I B LA o - 314

FOF R IRR YR B B R RO, B RS R T Rk
WA AP AR 0 FIPL R AR R EE R E F ik ;= (Crowl £ Louvar, 2012) >
PR
EPA, 2018)#37 % el i » ho & hm o A ¥ M-GEH R BER 5 F AE 50 80% o

\m

F ookt B2 Wk FF R & P 7272 % (Risk Management Plan, RMP; US

% 4-3 R E RN IHIVE o

a4 f2(in) B H AR

BiEEE >4 200%:8 4% ¢ & F#

< BEFIL <4 27% & 4

W <27 5

(FH# %k : Crowl & Louvar, 2012)
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4-4 FHE* 2 I HRFREE

B3 AH BIHERE
AEGL-3, ERPG-3, PAC-3 (Protective
g 2RETFF Action Criteria)#¢ IDLH (Immediate Danger

to Life and Health)

TR EF 2 AL FE 60 %LEL
AZF ZRTFERE T RE 3.5 psi

PN E T HE 10 kW/m?
BLEVE ‘xk# 2 T % & 10 kW/m?
AL GE R T RS 10 kW/m?

(FRXR: 273 %)

S8 RAITERIFIHARE

F - 3 B2 ALOHA K 8 %

B R G5H 2 ALOHA frsts % £ - B/ 5 12.514m enfi ok 4l 5 o) 3 i3
BE ML 6540 A u3E ALOHA mgm;zﬂm%'rif? 2 %’%Eﬁ‘l‘ rizs?
TEEPECRTERE PR 3 fo 1% BLEVE ‘sk# 2 3
e

¥

L ABF2ETRE - 40R 42 %7 -
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kilometers
1.5
P
~
4 N
0.5 7 ——
f [ ‘,f“ W wind
0 t e ‘ q
!
0.5 S ShS
/
N -
1.5
2 1 0 1 2
kilometers

[ ] greaterthan 17000 ppm (PAC-3)
greater than 2800 ppm (PAC-2)

[ ] greater than 1500 ppm (PAC-1)

—— wind direction confidence lines

m42ﬁﬁHA?&$2ﬁ%ﬂﬁm°
(FRXR: 27F3%)

2. VRHEEFELTHE W A3 T -

kilometers
1.5
— -
;" A
0.5 —

f/ , ; /’ w wind

0.5 \\‘1, —
1.5
2 1 0 1 2
kilometers

[ ] greaterthan 12900 ppm (60% LEL = Flame Pockets)
[ ] greaterthan 2150 ppm (10% LEL)
—— wind direction confidence lines

UPERE TRV S EFES Y B
(FHRRR: 2F5+%)
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[ ] greater than 8.0 psi (destruction of buildings)
greater than 3.5 psi (serious injury likely)
[ ] greaterthan 1.0 psi (shatters glass)
—— wind direction confidence lines

Wad FH2%f TRFEREZTFH -
(FHRXR: 2FL+%)
SR T R o 4o 45 7 o

meters
150

5 0 S = o y

/ { 3 \ wind

o | Ay
50 ~

150
200 100 0 100 200

meters

[ ] greater than 10.0 kW/(sq m) (potentially lethal within 60 s
greater than 5.0 kW/(sq m) (2nd degree burns within 60 s
[[] greater than 2.0 kW/(sq m) (pain within 60 sec)

W45 Fy2gittiamisd fpm-

(FHR &R : 2EF+%)
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5. BLEVE ‘x4 I %@ o 4riBl 4-6 7 o

kilometers

2
/_F\

1 T

/ 1/ ) \ wind
\,“
1 4
2 e
7 1 0 1 2 3
kilometers

[ ] greater than 10.0 kW/(sq m) (potentially lethal within 60 s
greater than 5.0 kW/(sq m) (2nd degree burns within 60 s
[ ] greater than 2.0 kW/(sq m) (pain within 60 sec)

W 4-6 5 %2 BLEVE Yz# %3 # W
(FRXR: #EF3%)
6. %% FRERHH
FILE B R 2 ALOHA HfR % » 3425 2 2 2 FHA33Im -~ 7 %
Bas 253 4R 380m ~ RAFERE T 2B 31Im -~ s UEE S 2 B 62m
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