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Abstract : Leakage accidents in businesses dealing with hazardous chemicals can
have a great impact on the workers inside the workplace, as well as residents outside
the workplace. In fact, there were cases where hazardous chemicals leaked from many
businesses. As a result, the Chemicals Control Act(CCA) was enacted in 2015, the
Ministry of Environment introduced an Off-site Risk Assessment(ORA). The purpose of
the ORA is to secure safety from the installation of the design of the workplace facilities
so that chemical accidents of hazardous chemical handling facilities do not cause
human or physical damage outside the workplace. In general, the ORA qualitatively
determines where a protected facility is within the scope of the accident scenario.
However, elderly who belong to the sensitive group is more sensitive than the general
group under the same chemical accident effect, and the extent of the damage is serious.
According to data from the Korea National Statistic Office, the number of elderly people
is expected to increase steadily. Therefore, a quantitative risk analysis considering the
elderly is necessary as a result of a chemical accident. In this study, accident scenarios
for 14 locations were set up to perform emergency evacuation due to toxic gas leakage
of Cly(Chlorine) and HF(Hydrogen Fluoride), and the effects of exposure were analyzed
based on the evacuation velocity difference of age 20s and 60s. The ALOHA(Areal
Locations of Hazardous Atmospheres) program was used to calculate the concentration
for assessing the effects. The time of exposure to toxic gas was calculated based on the
time it took for the evacuation to run from the start point to the desired point and a
methodology was devised that could be applied to the risk calculation. As a result of the
study, the relative risk of the elderly, the sensitive group, needs to be determined.

Key Words : hazardous chemicals, off-site risk assessment, toxic gas leakage, elderly,
evacuation velocity, relative risk
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Fig. 1. A flow chart of a methodology.,

J. Korean Soc. Saf., Vol. 34, No. 6, 2019



HHM'

2.1 tim| £ Ak

200het corfle] A | LEE A Sl
AN Azt e Aw T weAlsEgRl
A AAR 20159 SRARLREANE st
ol SARANA 7 A ARZ ATkl e A
o= ol 50 m ge)] V%S BANOR HolEy
Utk 20T(19~29A4)2F 60TH(60A] ©]/%)ol tht 50 m
ge)7] 71Re diw pre 7 720 dat B
oz ey 52 Feio oy £E8 Agsiar
of Itol thigt i £k A A= Table 1~
Table 33} Zt}.

>

Table 1. 50 m running records for adult males®

Age Time(second)
19~24 8.0

8.2
25~29 83
60< 11.6

Table 2. 50 m running records for adult females®

Age Time(second)
19~24 9.9

10.2
25~29 10.5
60< 13.8

Table 3. 50 m average running velocity for adults

Age Time(second) Velocity(nvs)
19~29 9.2 545
60< 12.7 3.94
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Fig. 2. Accident & position scenario,

Table 4. Scenario conditions

The alternative-case scenario

Wind velocity(nvs) 3
Atmosphere stability D
Temperature( C) 25
Roughness Urban
Relative humidity(%o) 50
The worst-case scenario
Wind velocity(nvs) 1.5
Atmosphere stability F
Temperature( C) 25
Roughness Urban
Relative humidity(%o) 50
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Table 5. Probit parameters for the toxicity of a substance™

Substance k, k. n
Cl, -4.81 0.5 275
HF -8.62 1 1.5

Table 6. 50 m exposure time for adults

Age £ oxp(Minute)
19~29 0.236
60< 0.295

B BE2T ¢ kY o]gA) U APGEHE(%)
< 209} 602 Uiro] A, AR FIL A (5)o] g
ato] gt f,& 60t o] gt A P E H] S factor 2
g ejgttt.
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texo = 5g |t T " 3
Where, k;,k,,n : Probit parameters

C : Concentration(ppm)

tep : EXposure time(min)

t, : Reaction time(s) = 5 s

z,—,_; : Running distances(m) = 50 m

u : Running velocity(m/s)
B Y—5 | Y—5|
P=50[1+ |Y—5|€Tf NG) 4

Where, Y : Probit factor
P, : The probability of a fatality

f, : The fraction of a relative risk
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Table 7. A fatality of a Cl, exposure depending on a desired distance

(02}

Alternative-case scenario

Worst-case scenario

Discﬁ(a;/g:) rate 200 m 400 m 600 m 800 m 200 m 400 m 600 m 800 m
Age 20 Age 60 20 | 60 | 20 | 60 | 20 60 20 | 60 20 | 60 | 20 | 6 | 20 60
05 030 | 042 | 038 | 053 039 054 039 | 054 | 563 | 701 | 630 779 @ 636 | 786 | 637 | 787
1.0 203 | 264 | 244 | 315 | 249 | 320 | 250 | 322 | 2661 3037 | 2821 | 32.06 | 2832 | 32.19 | 2835 | 3221
15 522 0 651 | 607 | 751 | 616 | 7.62 | 618 | 7.65 | 49.02 | 5344 | 50.75 | 55.16 | 50.87 | 5527 | 50.89 | 5530
2.0 939 | 1139 | 1068 | 12.86 1081 13.01 | 10.85 | 13.05 | 6634 | 7029 | 67.83  71.69 | 6792 | 71.78 | 67.94 | 71.79
25 1414 | 1677 | 1581 | 18.63 | 1598 1882 | 16.02 | 1887 | 77.99 | 81.13 | 79.15  82.18 K 7922 | 82.24 | 79.23 | 82.26
3.0 1924 | 2242 | 2121 | 2457 | 2141 2478 | 2146 | 24.83 | 8559 | 87.96 | 8645 88.72 8650 | 88.76 | 86.51 | 88.76
35 2409 | 2767 | 2632 | 30.06 | 2654 | 3029 | 2659 | 30.35 | 9042 | 92.17 | 91.06 | 92.72 | 91.09 | 92.75 | 91.10 @ 92.75
40 29.14 | 3305 | 3154 3557 3177 | 3582  31.82 | 3587 | 9355 | 94.83 | 94.02 | 9522 | 94.04 | 9524 K 94.04 | 9525
45 3410 | 3825 | 3661 4085  36.84 | 41.09 3690 | 41.15 | 9556 | 9651 | 9591 | 96.79 | 9593 | 96.81 | 9593 | 96.81
5.0 3854 | 42.84 | 41.12 | 4548 | 4136 | 4572 | 4142 | 4578 | 96.89 | 97.59 | 97.16 | 97.80 | 97.17 | 97.82 | 97.17 | 97.82
55 4274 | 4712 | 4536 | 49.77 | 4561 | 50.02 | 45.66 | 50.07 | 97.80 | 9832 | 98.00 | 9848  98.01 | 9848 | 98.01 & 98.48
6.0 4697 | 5138 | 49.55 | 53.97 | 49.79 | 5420 | 49.84 | 5426 | 9841 K 98.80 | 98.56 | 98.92 | 98.57 9893 | 98.57 & 98.93
65 5102 | 5542 | 5355 | 57.93 | 5378 | 58.15 | 53.84 | 5820 | 98.85 | 99.14 | 98.97 | 99.23 | 9897 | 99.24 | 98.97 | 99.04
7.0 5440 | 5876 | 5690 | 61.20 | 57.13 | 6142  57.18 | 6147 | 99.13 | 99.36 | 99.22 | 9943 | 9923 | 99.43 K 9923 = 99.43
75 5772 | 6200 | 60.17 | 6438 | 60.39 | 6459 @ 6044 | 64.64 | 9935 | 9953 | 99.42 | 99.58 | 99.43 | 99.50 | 99.43 | 99.59
8.0 6055 | 6475 | 6297 | 67.07  63.18 | 6727 6322 | 67.31 | 99.49 | 99.63 | 99.55 | 99.67 | 99.55 | 99.68 @ 99.55 | 99.68
8.5 6345 | 67.53 | 6576  69.73 | 6596 | 69.92 6601 | 69.97 | 99.60 | 99.71 | 99.65 | 99.75 | 99.65 | 99.75 & 99.65 | 99.75
9.0 6603 | 69.99 | 6829 7213 | 6848 | 7231 | 6853 | 7235 | 99.68  99.78  99.73 | 99.81 | 99.73 | 99.81 | 99.73 | 99.81
95 6843 | 7226 | 7059 | 7429 | 7078 | 7446  70.82 | 74.50 | 99.74 | 99.82 | 99.78 | 99.84 | 99.78 | 99.85 K 99.78 | 99.85
10 7064 | 7434 | 7272 7627 | 72.89 | 7643 | 7293 | 7647 | 99.80 | 99.86 | 99.82 | 99.88 | 99.83 | 99.88 K 99.83 | 99.88
Table 8. A fatality of a HF exposure depending on a desired distance
Alternative-case scenario Worst-case scenario
Disc?kagv’:) rate 200 m 400 m 600 m 800 m 200 m 400 m 600 m 800 m
Age20 (Age 60| 20 | 60 | 20 | 60 | 20 & 60 | 20 | 60 | 20 | 60 | 20 6 | 20 | 60
0.5 0 0 0 0 0 0 0 0 | 1.68 | 285 | 355 | 567 | 410 | 645 432 | 677
1.0 0 0 0 0 0 0 0 0 | 1392 | 1943 | 2221 | 2934 | 2420 | 31.62 | 24.99 | 32.52
15 0.01 001 | 002 004 002 005 | 002 | 005 | 3173 3999 4380 5261 | 4638 | 5521 | 4738 | 56.19
20 0.03 006 | 008 | 018 010 | 021 | 0.1 | 022 | 4841 | 5721 | 60.95 @ 69.13 | 6343 | 7139 | 64.36 | 72.23
25 0.0 | 020 | 025 | 049 | 030 057 @ 032 | 061 | 6139  69.53 | 72.87 | 79.68 | 74.99 | 81.48 | 75.77 | 82.14
3.0 0.23 046 | 057 | 1.05 | 067 | 121 | 071 | 128 | 7134 | 7837 | 81.14 | 8654 | 82.86 | 87.90 8348 | 88.40
35 047 | 088 | 1.07 | 189 | 124 216 | 131 | 227 | 7864 | 8451 8671 | 90.89 | 88.06 | 91.92 | 88.55 | 92.29
40 0.82 147 | 178 | 301 204 | 341 | 215 | 357 | 8400 | 88.80 | 90.55  93.76 | 91.61 | 9453  91.98 | 94.80
45 132 | 228 | 271 | 443 | 308 | 497 | 323 | 519 | 8797 | 91.85 | 9322 | 9567 | 94.03 | 9624 94.32 | 96.44
5.0 196 | 328 | 387 | 612 | 436 | 683 | 456 7.1 | 90.81 | 93.95 | 9504 9693 | 95.68 9736 9590 | 97.51
55 275 | 448 | 524 | 806 @ 586 893 | 6.1 | 927 | 9295 | 9549 | 9634 | 97.79 K 96.83 | 98.12 | 97.01 | 98.23
6.0 369 | 586 | 679 | 1021 | 756 | 1124 | 7.86 | 11.64 | 9457 | 96.61 | 97.28 | 9840 | 97.66 | 98.65 | 97.80 | 98.73
65 475 738 | 849 | 1249 | 940 | 1367 | 975 | 14.14 | 9575 9741 | 97.94 | 98.82 | 9825 | 99.01 | 98.35 | 99.07
7.0 596 | 907 | 1035 1491 | 1139 | 1624 | 11.80 | 1676 | 96.67 9801 9844 | 99.12 | 98.68 | 99.27 | 98.76 | 99.32
75 729 | 1088 | 1234 | 1745 1352 1893 | 1398 | 19.50 | 97.37 | 98.46  98.80 | 99.34 | 98.99 | 99.45 | 99.06 | 99.49
8.0 873 | 1280 | 1444 2007 | 1575 | 21.68 | 1626 | 22.30 | 97.90 K 98.80  99.07 K 99.50 | 99.22 | 99.59 | 99.27 | 99.62
85 1027 | 1481 | 1661 | 2272 | 1805 | 2445 | 18.60 | 25.11 | 9833 | 99.06 | 99.28 | 99.62 = 99.40  99.69 | 99.44 | 99.71
9.0 1191 | 1691 | 1886 | 2542 | 2041 | 2724  21.01 | 27.94 | 98.65 9925 | 99.43 | 99.70 | 99.53 | 99.76 | 99.56 | 99.78
95 1358 | 1901 | 2111 | 28.06 | 22.76 | 29.97 | 23.40 | 30.70 | 98.91 | 99.40 | 99.55 | 99.77 K 99.63 | 99.81 | 99.66 | 99.83
10 1534 | 21.17 | 2340 | 3071 | 25.15 | 3270 | 25.82 | 3346 | 99.11 K 99.52 | 99.64 | 99.82 | 99.71 | 99.85 | 99.73 | 99.87
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Table 9, A function of a relative risk of Cl,

Function : f,=a « D,
A desired | Alternative-case scenario Worst-case scenario

distance
(m) a b R’ a b R?
150 1.314 | -0.096 | 0998 | 1.154 | -0.12 0.998
200 1297 | -0.094 | 0998 | 1.145 | -0.116 | 0.998
250 1291 | -0.093 | 0997 | 1.142 | -0.115 | 0.998
300 1280 | -0.092 | 0997 | 1141 | -0.114 | 0.998
350 1.287 | -0.092 | 0997 | 1141 | -0.114 | 0.998
400 1.287 | -0.092 | 0997 | 1.140 | -0.114 | 0.998
450 1.286 | -0.092 | 0997 | 1.140 | -0.114 | 0.998
500 1286 | -0.092 | 0997 | 1.140 | -0.114 | 0.998
550 1286 | -0.092 | 0997 | 1.140 | -0.114 | 0.998
600 1286 | -0.092 | 0997 | 1.140 | -0.114 | 0.998
650 1286 | -0.092 | 0997 | 1.140 | -0.114 | 0.998
700 1286 | -0.092 = 0997 | 1.140 | -0.114 | 0.998
750 1.286 | -0.092 = 0997 | 1.140 | -0.114 | 0.998
800 1.286 | -0.092 | 0997 | 1.140 | -0.114 | 0.998

Average | 1289 | -0.093 | 0997 | 1.142 | -0.115 | 0.998
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