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Abstract This study attempted to derive an equation for calculating the damage impact distance using
CARIS so that local governments can quickly determine evacuation and notification of residents in the
event of an ammonia-release accident. Ammonia is an accident-causing substance and one of 16
substances to prepare for resident evacuation. It is the most frequently occurring chemical with 58
chemical accidents from 2014~2019. The study derives an equation for calculating the damage impact
distance according to the exposure time of ammonia based on AEGL, an acute exposure standard
applicable to the general population, which is includes vulnerable groups such as infants, children and
the elderly and designated by the EPA. The calculation formulas for each concentration and exposure
time to classify the hazardous area according to AEGL-3 and the semi-dangerous area according to
AEGL-2 were derived. A comparison of the relative standard deviation between the damage impact
distance values of CARIS revealed that is was in the range of 0~2%. Local governments should consider
the actual accident situation and apply the appropriate damage-affected distance calculation formula
derived from the study to evacuate residents near the origin of the accident or use for protective
measures such as indoor evacuation notification.
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Table 1. 16 kinds of substances to prepare for
evacuation of residents.

No. Chemical substance CAS No.
1 Ammonia 7664-41-7
2 Formaldehyde 50-00-0
3 Hydrogen chloride 7647-01-0
4 Hydrogen fluoride 7664-39-3
5 Chlorine 7782-50-5
6 Boron trichloride 10294-34-5
7 Ethylene oxide 75-21-8
8 Hydrogen sulfide 7783-06-4
9 Phosgene 75-44-5
10 Trimethylamine 75-50-3
11 Chlorine dioxide 10049-04-4
12 Hexafluoro-1,3-butadiene 685-63-2
13 Hydrogen cyanide 74-90-8
14 Methylamine 74-89-5
15 Trichlorosilane 10025-78-2
16 Fluorine 7782-41-4
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Table 2. Summary of AEGL Values for Ammonia.

e AEGL-1 ARGL-2 AEGL-3
10 m 30 ppm 220 ppm 2,700 ppm
30 m 30 ppm 220 ppm 1,600 ppm
60 m 30 ppm 160 ppm 1,100 ppm
4h 30 ppm 110 ppm 550 ppm
8 h 30 ppm 110 ppm 390 ppm
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Table 3. Accident Scenario conditions.

Classification Contents
Chemical Ammonia

Wind speed 3 m/s

Temperature 25T
humidity 50 %
Stability D

10m, 30m, 60, 4h, 8h

Release time

End-point AEGL-2 or AEGL-3
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Fig. 1. Damage impact distance according to the
amount of ammonia leakage(AEGL-2).
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Fig. 2. Damage impact distance according to the
amount of ammonia leakage(AEGL-3).
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Table 4. Regression Analysis Model Results.
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Table 5. Damage impact distance correlation.

Exposure Exposure Trend line
standards time Power function
10 m y = 5.6002x"%%!
30 m y = 3.568x""
AEGL-2 60 m y = 3.0202x%%°
4h y = 1.9109x%2
8 h y = 1.3872x>"%
10 m y = 1.9094x"%%
30m y = 14549x"
AEGL-3 60 m y = 1.2142x""7°
4h y = 0.8884x"%1%
8 h y = 0.7012x""®

Trend line coefficient of determination R*

Exposure Exposure

standards time 1st 2nd 3rd log power
10 m 0.9781 0.9935 0.9975 0.8026 0.9983
30 m 0.9692 0.9909 0.9965 0.8222 0.9992

AEGL-2 60 m 0.9665 0.9902 0.9962 0.8274 0.9993
4 h 0.9606 0.9883 0.9955 0.8381 0.9994
8 h 0.9558 0.9869 0.9950 0.8454 0.9992
10 m 0.9601 0.9881 0.9955 0.8389 0.9994
30 m 0.9566 0.9873 0.9952 0.8443 0.9996

AEGL-3 60 m 0.9549 0.9868 0.9947 0.8472 0.9998
4 h 0.9534 0.9860 0.9948 0.8493 0.9995
8 h 0.9520 0.9851 0.9938 0.8530 0.9979
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Table 8. Correlation equation for damage impact

distance applied with leakage amount
(AEGL-3).
Above the sound velocity
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Table 9. Comparison of relative standard deviation of damage impact distance(AEGL-2).

Above the sound velocity Below the sound velocity
P 5 8 1.5
Cp 0.84 1.0 0.84 1.0 0.61 1.0
D 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
10m | 146 146 253|087 169 274|021 221 281|036 226 281|434 078 091|314 013 153
% 30m | 061 1.84 191098 1.84 190|128 200 1.61]092 185 140|084 103 172|025 107 174
% 60m | 102 1.60 122|109 142 1.07|168 157 055|131 144 023|058 129 160 |0.12 168 159
i 4 h 1.14 036 1.21 | 1.15 0.13 146|085 031 235|069 077 286|138 076 050 |1.40 0.71 0.18
8 h 066 0.60 244|061 115 276|021 143 375|001 195 432|131 021 033|115 001 082
Average 098 1.17 186|094 125 199|085 150 221|066 1.65 232|169 081 101|121 072 117
Table 10. Comparison of relative standard deviation of damage impact distance(AEGL-3).
Above the sound velocity Below the sound velocity
P 5 8 1.5
Cp 0.84 1.0 0.84 1.0 0.61 1.0
D 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
10m | 081 021 040|135 091 114|134 170 096 | 0.17 1.62 150|277 132 047|246 101 172
% 30m | 028 138 099|174 1.40 063|124 1.11 055|098 096 050|119 008 056 | 1.53 041 034
% 60m | 1.03 097 042|054 060 093|052 071 0.12|0.14 046 028|199 075 003|125 0.01 0.71
3' 4 h 131 022 052]049 042 052033 034 128|067 053 156|077 013 024|157 026 017
8 h 0.18 0.74 027|036 029 028|032 044 032]029 001 0.80]009 002 033|065 088 0.59
Average 0.72 070 0.52]090 072 0.70 |0.75 0.86 0.65| 045 0.72 093 | 136 046 033|149 051 0.71
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