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Abstract

As the chemical industry becomes more advanced, the awareness of chemical accidents is rising, and

legal systems for chemical safety management are strengthened. In this study,

assessment of liquid chlorine leak was conducted.

quantitative risk

Risk assessment was performed in the order of frequency analysis, consequence analysis, and risk

calculation. The individual risk was presented in the form of contour lines. The social risk was

expressed by the FN curve. The risk of day and night was in an unacceptable area, so it was required

to mitigate risk. Therefore in—building, which could trap the pool, was selected as a risk mitigation

measure. As a result of the cost benefit analysis, it was concluded that this measure should be

reasonably implemented.
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F &= et D).

regulations in UK

Regulations Year PEF
Control of Legionellosis
1990 2.6—8.5
Regs. And ACOP
Gas Safety (M t
as Safety (Management) 1996 La—17
Regs.
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) ) 1996 5.4
Licensing
Confined Spaces 1996 1.0-2.2
Railway Safety 1999 | 7.1-10.5
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<Table 4> Maximum downwind distance

by leak hole in weather condition

Maximum downwind
<Table 2> Release frequency data Leak hole distance (m)
Leak ) Day Night
hole (mm) Rellezse dreaienty 5 546.742 2250.17
5 6.28E—04 25 2069.41 8415.31
Piping 25 6.88E—05 100 7478.63 11108.20
100 7.60E-06
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25 1.31E—04 315 s == 4 919 ¥
valve 100 1.10E—05
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<Table 3> Rain—out fraction according to

leak hole by weather condition

Leak
hole Rain—out fraction (%)
(mm)
5 61.37
Day 25 64.92
100 69.99
5 62.00
Night 25 65.53
100 70.95
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[Figure 3] FN curve
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<Table 5> PLL according to weather condition

PLL (per yer)
Day 1.81E-03
5.25E-03
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<Table 6> Risk mitigation measures and

effects

Risk reduction
No. Effect
measures

Diffusion is inhibited.
Pool vaporization is

1 Water spray

2 In—Building )
ignored.

4.1.1 Water spray

1986  NTS(Nevada  Test  Site) oA+
Goldfish seriesz} sh= BAEIF4A TS =
6% sl 1RFE 3W7AE 54952 gt
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<Table 7> Result of water spray effect
Downwind | No water Water
distance spray spray Effect
(m) (ppm) (ppm)
1,034 36~49%
300 2,028 )
~1,298 Reduction

B A= Goldfish seriesolld] =9 A= &
gz, el A4 = 3t Water sprayd
295 =&tk vl s 98] CRC Handbook?] &
o R A0 8315 (Solubility) ak2 A EH
<Table 8>9} ZT}H8).

<Table 8> Solubility of hydrogen fluoride

and chlorine

Solubility Qualitative
(g/100gH-20) Solubility
Hydrogen
Y ,g - VSHQO
fluoride
Chlorine - sIH20

A o w7 et 25T Eold 1 ked 5
T 549 goz yehd 4 glon), o]ys A
#H(Quantitative solubility) o] 8753814 &
- A f31=(Qualitative solubility) & %3
T ATH9).

B34 dldsl= Very soluble’ & 1 mlL &
of 1 golde] Edo] =& F s Kot 5, &3
5 gko] 100 g/100 mL o)dels Sesir} a4 &
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Eslrasle] el Aolzh digk 100w o) deo|m®
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<Table 9> Fraction of rain—out according to

leak hole by weather condition

<Table 10> Change of contour diameter in day

Contour diameter (m)
Day Before After
mitigation mitigation
1.00E—04 161.29 71.98
1.00E-05 388.54 153.73
1.00E-06 832.78 282.97
1.00E-07 1142.19 443.21
1.00E—08 1379.18 611.73
1.00E-09 1619.64 695.29

<Table 11> Change of contour diameter in night

Contour diameter (m)
before After mitigation i

Leak i et er mitiga Night Before After
hole mitigation mitigation
Indoor | Outdoor | Indoor | Outdoor 1.00E=04 395.51 212.96

eyl w | @ | : : '

. m m m 1.00E-05 885.60 488.67

5 250 325 100 125 1.00E-06 1799.72 916.80
Day 25 225 500 250 350 1.00E-07 2421.33 1491.27
100 275 825 250 350 1.00E—08 3317.29 2184.87
5 825 1,075 450 525 1.00E-09 3970.00 2586.46

Night 25 675 1,175 825 1,325

100 650 2,025 825 1,325

2] 3°] FN curve: [Flgure 419} 2}t 93lo]
H ALARP Yol Sol&

3}

St A APgAE 422] W3S <Table 12> W
otk JPLLE 93A7EX AZe] PLLY xlo]
53t o)F olgste] ¥ A mvks s

A$ 54.2%, ol A

0.001
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0,0001 2. = Maximum criterion line
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[Figure 4] FN curve after risk mitigation

measures
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<Table 12> PLL according to weather condition

Effect
APLL . .
of risk reduction (%)
Day 9.81E-04 54.2
Night 4.20E-03 80.0

5. HI&HY -4
5.1 PF 5l VPF

FAEL0)S TAZES ahiEe] oSl PR kS
1.75 AEslal, VPFE 20902 AAsiith &
AolA= Ad AqtellA YdFs Aot <Table 1>
9] Gas Safety (Management) Regs.ol|A AHA|sH=
S v R PRE 142 Al w3 A3 o
TollA] zElst VPF gholl <Table 13>} o] 4H|zk
=7F AE Rkgete] HFEH R 2395 VPF #ho®
A7kt

<Table 13> Monetary value calculation from
2009 to 2016

VPF(2016) CPI
2,284,000,000

VPF (2009)
2,000,000,000

1.142times

5.2 18Rl tiFt Hl§ 1Y

2 ArellA A et dnle] Adist vle> 6em W
spH o] FAYE ARE 7o oF 3% 39wk 84wt
o= sPgEant =t JIgysvt sk vg-d
o] A4S flEl 229 22 FY=10)0] AAgE 1]
LA 21 (ICAF, Implied cost of averting fatalities)
< o]gsiglth L& wie] > yER™, Crmms

A=A EE S

5.3 AP A=ZA ol izt n]gHE] 4

sto] A9, 213 Lol vl AP, A 4)
9} o] =% PF k& 1.4%t} 2}

33,849,696

ICAF = 7421,150,176,555
30 % (9.81)x 10
............................................................... A (3)

pp_ ICAF _ 1,150.176.555 _ . A

VPF  2,284,000,000

wel A9, A6)9) ol Hlg-S AFIAL, 46

[

o} o] =&¥ PF gh T3 1480} ) i A
Hlo] Auishe gEldo® olgslofol sk AHEA|
2 ke
ICAF = — 50849090 __ 960 645 351
30 < (4.20) < 10
............................................................... /L] (5)
pp_ ICAF _ 268648381 _ ., . 26)

VPF  2,284,000,000

6. 22

2 AFeM s daTE diEl] A AP Bk
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AAskGleh T7far vlE-
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= Al IR A U ©94:¢] Rain—out BlES 7
39 AP EF4E B, B4 78 Fage
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AR H7E Ao, APsee Wy v B 8 B
Ao Qlo] EEH el tisl] APAATAZ ]
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o] ATt ol A9 54%, Wl A9 80%
2 UERT

o]%, A=Al gl ALARP] ¢&]E ©]83
o] Bl EHEAS 3T} PF 32 1.4%2, VPFE= oF
23907 MAslo] B8 Ay}, 2 A= FEEd
Zlow deE et

T )= [e) =) =
Hel #4s &3l AEAE
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