KIGAS Vol. 24, No. 5, pp 20~28, 2020 https://doi.org/10.7842/ kigas.2020.24.5.20
¢ (Journal of the Korean Institute of Gas)

s{stAlT meiY e welol slalx Abuolo] st o1

= +
ETFM - AZE S WYY RAS - T4

SAUE D wF, AU GARA, AU 2y
(202013 7€ 99 <, 20209 8¢ 27Y 4

A Study on the Reasonable Estimation of
Consequence of Chemical Release

Guysun Cho- Juntaig Lim* - Jeongwoo Han* -
Eunsung Baek* - Wonjong Yu* - JrKyoshik Park*
Hoseo University, 20, Hoseo-ro 79beon-gil, Baebang-eup, Asan-si, 31499, Korea
*Department of Safety & Health Convergence Engineering,
Soongsil University, 369, Sangdo-ro,
Dongjak-gu, Seoul, 06978, Korea
(Received July 9, 2020; Revised August 27, 2020; Accepted Septerber 21, 2020)

2%

B4t A O A A eSS oA S A4 87 Al EE o)A, CED Al Ed 0] -S &85l A o
2317 A B4 G EFR T v W BASAT FANLS FEA Ay Salnd o $-8.51o] A A4kt o
33 7} A By o) - -2 ue) 874 Fol| A Al F8H= KORA, 1= 37 2-0] ALOHA, 483} T2 13 FH|
2 3g] AHE 52 PHASTE AHE-319 31, CFD Al B8] 0] A& STAR-CMM+ 2 138 383513t} AMSAF 4%
oA B, AEA, 84, FAA 5L 1H T ) B4 FE2AL & S 7 FASA AL e ER
132 ALOHA 9} KORA ©| it o}-2-8, & A7 A= A5 AR as} 7] o] QbR o) A 18 g & <)
ZH YIS AAs T BH 83 A, B Q3 QA EAE H H3)sle] AR 7] ATE AHES T8F
o2 F835lEH oo E Aoz Vg E

Abstract - In this study, the damage impact range in the case of a hydrofluoric acid leak
accident was predicted using formula calculation, impact assessment simulations, and CFD
simulations, and the results were compared and analyzed with the actual environmental im-
pact report. Formula calculation was performed by using the leak source model and diffusion
model. Impact assessment simulation was performed by KORA provided by the Korean
Ministry of Environment, ALOHA by the United States Ministry of Environment, and PHAST,
which is relatively widely used among commercialization programs, and the STAD-CMM+
program for CFD simulation. Was utilized. Considering convenience, speed, acceptability, and
economics from the user’s perspective, ALOHA and KORA were the most appropriate meth-
ods for predicting the impact of hydrofluoric acid leakage. In addition, the results of this study
will help to reduce unnecessary regulations in the process of government policy development
and optimize the investment in the safety field of the company, effectively utilizing the limited
resources of the government and the company.
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Table 1. Properties of fluoric acid (HF55%) Table 2. Health risk of ERPGs
Mmw | Bp. | EF | sa. SC TWA | LC50 EPRG Provide a conseql'Jence of exposure to a sPec1ﬁc
(vapor) D-22) substance of maximum airborne concentration below
ERP which it is believed that nearly all individuals could
20.1 195 |-8353] 1258 | 0.7 0.5 342 20 G-l be exposed for up to 1 hr without experiencing or
ppm | ppm | ppm developing any symptoms other than mild transient
adverse health effectsor without perceiving a clearly
oride)7} Bol| =& Aoz Ao 74, FA defined objectionable odor
ZA52 d H, HAAd w3 7L Al dskE = Provide a consequence of exposure to a specific
AL 7R gloH, WMEA EZHZ AlTUHE substance of maximum airborne concentration below
ZQ_( _ﬂﬁﬂ]%jﬂ_ﬂ]ﬂ’ ﬂﬂ%@ _ﬂ_a @)7 = A 7]_ 23( :ﬂ_o‘:}— ERP 1\;vhich it i(s1 ?elieved thft hrrlear.l)l/] all indivi.dualhs could
P - AJELZ] (AR OF % P = 3 ) e exposed for up to without experiencing or
ke ), -‘d—ﬂ}:ﬂ gk di;;ﬁ) o G2 developing irreversible or other serious health
H Rt M dAsA A=A @ E]' =4tolut 1 effects or symptoms that could impair their abilities
TR BAF F717F v R gow oA €4 to take protective action
Zlo] = gor zhvu}
Eﬁ; g ]] g3l =l = wrol st vt Provide a consequence of exposure to a specific
=hell zl ot (7] ~ ERP substance of maximum airborne concentration below
#=730] 195 CTE 204 g4 Fiksly, & 63 which it is believed that nearly all individuals could
A}eFo]l 37](28.84 g/mol) BT} Zro} A|F{3LA| Zar be exposed for up to 1 hr without experiencing or
5= wel saksle] B3 =Y T3 developing life-threatening health effects
£ 9Y 5 ek [8]
1.4 % U5 MW x Ax P,
ERPG-2E= €3 e ] 7|Es =2 54 J&id By = 82.05x T @
e FAZ 48 [Table 213 2T [9] [10]
Rg : 5<% 5 (kg/min)
22 Atk U : ¥%(m/sec)
Z(Pool)o| FEHAA FHHE tr|itEFst & MW : Hx}ek
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Pv : 571 (mmHg)
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AQp : 9 EHANA FEE = d7 4 (kgfs) 2H =2 Pasquill-Giffordoll &3t T3t HH s ==

Ap : =9 BHm)
Py : 9| EALTA A9 F7]U%(kPa)
Tr : 9 &4 25(0)

1) ERPGE "|=4H] A8} 3](AIHA, American Industrial
Hygiene Association)ol|*] 7ldet sletad v& A &

FA e mob gl AHALs| o] HlgS- A #%o}
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Fig. 3. Site of fluoric acid release (June 2016).

Table 3. Meteorological data as of accident

Parameter Data

Wind speed (m/s) 2.1
Wind direction ESE
Stability C, D
Temperature (C) 20,4

Humidity (%) 70
Surface roughness Country
Liquid area (m2) 29.75

Vapor pressure (mmHg) 22
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20 ppm& A= °F 60 m ©|t}

Table 4. Diffusion coefficient(ay)

Atmospheric stability c d
C 12.5000 1.0857
D 8.3330 0.72382

Table 5. Diffusion coefficient(o,)

Atmospheric stability x(km) a b
C all case 61.141 0.91465
D < 0.30 34.459 0.86974

Table 6. o, according to atmospheric stability

Distance from source(m)
oz
20 40 60 80 100
c 1.59680 | 3.18727 | 4.77145 | 6.34940 | 7.92118
9568 6292 6635 6321 0344
D 1.18239 | 2.33108 | 3.44817 | 4.53557 | 5.59502
5134 607 4627 3676 8849
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Table 7. Average concentration of stability C

Distance form source (m)

C(x,0,1.5) 20 40 60 80 100
(kg/m’)

0.0001 | 3.6816 | 1.7449 | 1.0059 | 6.5212
05507 E-05 E-05 E-05 E-06

ppm 118.17 | 4123 | 1954 | 1127 | 730

Table 8. Average concentration of stability D

Distance from source (m)

C(x,0,1.5) 20 40 60 80 100
(kg/m’)

0.0001 | 6.2861 | 3.1733 1.885 1.2468
36213 E-05 E-05 E-05 E-05

ppm | 15256 | 7040 | 3554 | 2L11 | 13.96
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Table 9. Consequence range (ALOHA ver 5.4.7,

f
1o

Table 10. Consequence range (KORA ver 3.0.8,

2016) 2019)
Parameter ERPG-1 ERPG-2 ERPG-3 - End point Worse case Alternative
Stability . .
1 voint Deonc. scenario?) scenario3)
end poin
2 20 50
cone. (ppmy c ERPG-2 287 m 713 m
. (20 ppm)
stability
ERPG-2
D 287 m 99.6 m
C 223 m 69 m 42 m 20 ppm)
D 337 m 97 m 59 m

Fig. 8. Estimation of consequence range and goo-
gle mapping.
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Table 11. Consequence range (PHAST ver 8.22)

Stability Impact area |Impact distance| Impact height
C 6,096 m2 128 m 7.7 m
D 9,335 m2 196 m 82 m
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Table 12. Field data obtained by MoE
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Atmosph . F}eumgangR
re 5 points not detected iver District
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Table 13. Consequence analysis comparison ) Helght at D stablhty
ERPG-2 Fig. 10. Consequence range distance and height.
Stability | Site data| Manual | PHAST | ALOHA | KORA
v. 82 8
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