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Formula for Accident Response and Prevention in case of Leakage
of Substances Prepared for Evacuation of Residents in Chungju
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Abstract In this study, a formula was derived to calculate the damage impact distance using the Chemical
Accident Response Information System (CARIS) so that local governments can decide on the evacuation
and notification of 13 types of substances. The National Institute of Chemical Safety selected 16 out of
97 types of accident preparedness substances in 2018 and called them residents' evacuation
preparedness substances. In a chemical accident, local governments should prepare for resident
notification, such as emergency disaster texts. Using the CARIS in Chungju, this study modeled the
damage-affected distances of 13 types of substances for the evacuation of residents. Under all
conditions, the coefficient of determination R* was 0.99 or higher, representing a range of at least 0.9921
to a maximum 0.9999. The relative standard deviation between the damage impact distance obtained
using the calculation formula, and the CARIS result was compared. The minimum separation distance
was corrected considering the actual chemical accident response situation, and the range was found to
be between 0.58 and 5.97%. The damage impact distance can be calculated at the site using the
calculation formula derived from the research, and local governments can determine whether to
evacuate or notify residents.

Keywords : AEGL, CARIS, Chemical accident, Resident evacuation, Residents evacuation preparedness
substances
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Table 1. Number of chemical accidents and substances prepared for evacuation of residents.

Characteristic
Chemical substance CAS No. Boiling point [ Tgnition point Numl?er of' Chf,mical
©) Vapor density ©) NFPA Health | accident('147'19)

Ammonia 7664-41-7 -33.3 0.6 651 3 59
Formaldehyde 50-00-0 -19.5 1.07 430 3 18
Hydrogen chloride 7647-01-0 -85.1 1.27 - 3 59
Hydrogen fluoride 7664-39-3 19.5 1.27 - 4 10
Chlorine 7782-50-5 -34 2.48 - 4 14
Hydrogen sulfide 7783-06-4 -60.3 1.19 232 4 5
Ethylene oxide 75-21-8 10.7 1.49 429 3 1
Methylamine 74-89-5 -6.3 1.1 430 3 1
Phosgene 75-44-5 83 3.4 - 4 1
Trichlorosilane 10025-78-2 32 4.67 185 3 1
Trimethylamine 75-50-3 2.87 2 190 3 1
Fluorine 7782-41-4 -188.1 1.7 - 4 0
Hydrogen cyanide 74-90-8 25.6 0.94 538 4 0
Hexafluoro-1,3-butadiene 685-63-2 5.6 3 - 3 0
Chlorine dioxide 10049-04-4 11 2.3 - 3 0
Boron trichloride 10294-34-5 12.5 4.03 - 3 0

23 7I$EHE Az 24

CARIS(Chemical Accident Response Information
System)= GIS(Geographic Information System)E
7I5t0 & ZTH RO} 7 G RE FEoto] SFekata o
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Table 2. Average weather for 5 years in Chungju.

Year |Temperature (C)| Humidity (%) [Wind speed (m/s)
2015 12.67 63.25 1.55
2016 12.88 63.75 1.45
2017 12.03 63.25 1.47
2018 11.97 65.42 1.51
2019 12.30 67.83 132
Mean 12.37 64.70 1.46
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Fig. 1. Damage impact distance according to the amount of leakage.
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Table 3. Regression function and coefficient of determination by substance.

Chemical Time |Function R’ Chemical Time |Function R’ Chemical Time |Function I
10 power 0.9983 10 power 0.9962 10 power 0.9953
30 power 0.9992 30 power 0.9954 30 power 0.9957
Ammonia 60 power 0.9993 |Formaldehyde| 60 power 0.9959 Iiﬁgfieen 60 power 0.9959
power 0.9994 4 2nd 0.9998 2nd 0.9997
8 power 0.9992 8 2nd 0.9995 8 2nd 0.9992
10 power 0.9968 10 power 0.9965 10 power 0.9967
30 power 0.9967 30 power 0.9960 30 power 0.9955
Hff;figdeen 60 power 0.9973 Chlorine 60 power 0.9947 Fluorine 60 power 0.9966
power 0.9982 4 power 0.9963 power 0.9945
power 0.9989 8 power 0.9953 power 0.9959
10 power 0.9950 10 power 0.9979 10 power 0.9984
30 2nd 0.9972 30 power 0.9978 30 power 0.9962
Ethyllene 60 2nd 0.9995 Hydr?gen 60 power 0.9968 Phosgene 60 power 0.9962
oxide sulfide
2nd 0.9996 4 2nd 0.9990 4 power 0.9959
2nd 0.9994 8 2nd 0.9986 power 0.9959
10 power 0.9976 10 power 0.9960 10 power 0.9921
30 power 0.9956 30 power 0.9958 30 2nd 0.9982
Cd}.ﬂor‘ine 60 power 0.9947 Hydro‘gen 60 power 0.9941 | Methylamine | 60 3rd 0.9963
ioxide cyanide
power 0.9963 4 power 0.9955 3rd 0.9989
8 power 0.9968 8 power 0.9979 8 2nd 0.9990
10 power 0.9947
30 power 0.9960
Tr{chloro 60 power 0.9931
silane
4 2nd 0.9999
8 2nd 0.9997
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Table 4. Formula and constants for calculating damage impact distance by substance.

Chemical |Time Equation A B C D Chemical |Time Equation A B C D
10 y = Ax® 7.47920.5866 - - 10 y = Ax® 1.42640.7990 - -
30 y = AX® 4.81870.5547 - - 30 y = AX® 0.40190.8579 - -
. B Formaldehyj B
Ammonia | 60 y = Ax 4.02900.5490 - - de 60 y = AX 0.16920.8989 - -
4 y = AX® 2.59050.5313 - - 4 | y=Ax*+ Bx + C [-7E-070.0267 0.2696 -
8 y = AX" 1.90640.5215 - - 8 | y=Ax*+ Bx + C [-1E-070.01310.2334 -
10 y = AX® 0.12450.8428 - - 10 y = Ax® 9.61810.6129 - -
30 y = A 0.0927 0.8936 - - 30 y = AX® 9.4046 0.6095 - -
nggffdeen 60 v = AP 0093509012 - - Hgf;figdin 60 v = AP 8217005068 - -
4 | y=Ax*+ Bx + C [-7E-070.02750.5011 - 4 y = AX® 6.24800.5742 - -
8 | y=Ax*+Bx + C [F1E-070.01340.3721 - 8 y = A® 4.66810.5568 - -
10 y = AX® 3.19220.7699 - - 10 y = Ax® 0.72150.8280 - -
30 y = A 0967608211 - - 30 y = AX® 0.39660.8603 - -
Chlorine | 60 y = Ax® 0.61950.8442 - - | Fluorine | 60 y = Ax® 0.47450.8475 - -
4 y = A 0.28230.8769 - - 4 y = AX® 0.20010.9004 - -
8 y = AX® 0.17540.9049 - - 8 y = AX® 0.09540.9225 - -
10 y = AX® 0.09600.9169 - - 10 y = AX® 0.3460 0.8533 - -
30 | y=Ax* + Bx + C [-2E-070.01502.1300 - 30 y = AX® 0.1408 0.8867 - -
E?ﬁgge 60 | y=AX + Bx + C |-36-070.01770.7232 - szfﬁ:“ 60 y = AX® 0.0907 0.8867 - -
4 | y=Ax* + Bx + C [-4E-070.01840.1931 - 4 | y=Ax* + Bx + C [-4E-070.01690.0336 -
8 | y=Ax*+ Bx + C [-2E-070.01560.5001 - 8 | y=Ax*+ Bx + C [-5E-080.0091 0.4043 -
10 y = AX® 10.6760.7214 - - 10 y = AX® 6.86550.7373 - -
30 y = AX® 3.72300.7576 - - ) 30 y = A® 2234407817 - -
Phosgene | 60 y = AX® 3732407576 - - %}i‘)’fild“: 60 y = AX® 1.33830.8060 - -
4 y = AX® 3.47750.7601 - - 4 y = A® 0.47190.8507 - -
8 y = Ax® 3.47760.7601 - - 8 y = Ax® 0.31060.8696 - -
10 y = A" 1.25710.8060 - - 10 y = A 0.12310.7663 - -
30 y = AX" 0.69080.8318 - - 30 | y=Ax* + Bx + C [-5E-070.0204 1.9279 -
Hcyirno_ii“ 60 v = AP 0423208619 - - Meth‘(’:ami“ 60 |y = AC + B + Cx + D|2E-11 -5E-070.0173 1.0143
e 4 y = AX® 0.19450.8958 - - y = AX + Bx* + Cx + D|-4E-11 2E-07 0.0105 0.3589
8 y = AX® 0.13810.9026 - - y = Ax* + Bx + C |-5E-080.00830.2397 -
10 y = Ax® 0.0966 0.8849 - -
) 30 y = AX® 0.08960.8865 - -
Ttﬁi‘go 60 y =AY 0069209200 - -
4 | y=Ax*+ Bx + C [-5E-070.02250.2281 -
8 | y=Ax’+ Bx + C |-2E-070.01170.1209 -
3.3 224 IOcigaAg] AHAl HS 3.02, 3.00, 2.67, 3.10, 1.629] RSD B4 X5 UEr
ol e 2AE O ARGL-29] A7l w2 24 Wt Chlorine®] % A7t wat 3.87, 4.54, 5.25,
LE7129a 25 A4S CARISE 0|83t 1 4.56, 5.109] RSD B+ $2& HelH L, Fluorine9]
sdsEA T A AT vT AZsI9ith selE o] - 7% AItell wet 4.07, 4.79, 4.46, 5.22, 4.689] RSD
EY FEAZ) BUT 24D o] 4AUg oy B FAIE HERIT. Bhylene oxided] 3% Al

oF HoFFAL x| 7+ JHEZHAHRSD) Aot
#om Table 591 YeERAT)

Ammonia®] 7 ARl wet 2.54, 1.80, 1.48, 1.05,
0.979] RSD B+ A& UERHL, Formaldehyded
739- A7kl wt 4.25, 4.81, 5.03, 3.52, 4.399] RSD
Hat FAE UERH. Hydrogen chloride®] 7% Al
Zholl whet 3.59, 4.36, 4.09, 4.59, 5.189] RSD W =
A& YErHI, Hydrogen fluoride] 739 AJ7tof w2t

=
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w2t 4,98, 16.01, 5.71, 3.58, 4.849] RSD B A&
YEPAY, Hydrogen sulfide, 9] 73 Al7to] wet 3.15,
3.44, 3.13, 5.09, 3.208] RSD B X5 YeRYT]
Phosgene®] 4% A7t wh} 2.23, 3.93, 3.95, 4.22,
4.229] RSD B+ $A& e, Chlorine dioxide
o] A% A7t Wt 2.90, 4.48, 4.95, 4.63, 4.339]
RSD Ht A& YeRALE Hydrogen cyanide®] 3%
Aol w427, 4.84, 5.52, 4.60, 3.679] RSD B+t
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Table 5. Mean and range of relative standard deviation(RSD) by substance.

Chemical | Time | Mean Range Chemical | Time | Mean Range Chemical | Time | Mean Range
10 | 254  0.10~6.67 10 | 425 0.12~12.39 10 | 359 001~21.72
30 | 180  0.03~473 30 | 481 0.71~1833 30 | 436 0.15~15.90
Ammonia | 60 | 148  0.08~3.16 |Formaldehyde| 60 | 503  0.01~14.55 Hﬁmien 60 | 409 007~1635
1.05  0.09~2.18 4 | 352 omeas| 459 0.08~30.42
8 | 097  0.04~4.99 8 | 439 003~2133 518 0.34~26.23
10 | 302  0.00~7.67 10 | 387 0.09~14.62 10 | 407  049~1037
30 | 3.00  0.10~8.08 30 | 454  0.16~1235 30 | 479  0.66~17.95
Hydrogen
fluoride 60 2.67 0.05~6.52 Chlorine 60 5.25 0.46~18.12 Fluorine 60 4.46 0.37~9.17
310 0.01~5.18 4 | 456  005~13.10 522 0.09~22.81
162 0.09~3.57 8 | 510 038~1698 468  0.58~20.40
10 | 498 027~19.90 10 | 315 0.05~1048 10 | 223  0.06~11.08
30 | 1601  0.37~52.14 30 | 344  001~1056 30 | 393 0.08~14.22
Bibylene |00 | 571 006-2816 | TVUOE | 6o | 313 0031774 | Phosgene | 60 | 395  021~1435
oxide sulfide
4 | 358  0.40~1933 4 | 509  0.15~29.85 4 | 422 062~1432
484 022~27.19 8 | 320 039~1356 422 062~1433
10 | 290 020~1278 10 | 427 0.05~14.54 10 | 522 0.13~1637
_ 30 | 448  0.14~14.95 30 | 484  027~878 30 | 1281 0.09~49.32
Cd};izriie 60 | 495  040~1759 Hcyy‘:;gdzn 60 | 552 038~21.25 | Methylamine | 60 | 9.02  0.08~34.44
463 057~937 4 | 460  0.15~20.95 479 0.00~17.04
8 | 433 0.11~893 8 | 367 0.12~823 330  0.21~15.11
10 | 490 001~15.56
_ 30 | 407  0.02~1835
TYS‘;:::" 60 | 481  0.06~26.84
4 | 400 0.18~2237
447 0.05~25.90
52 eI, Methylamine®] 79 Azl] wet  FHmE71% ARGLgte] EAH: FUty oful2
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Table 6. Mean and range of modified relative standard deviation(RSD) by substance.

Chemical Time | Mean Range Chemical Time | Mean Range Chemical Time | Mean Range
10 | 238  0.10~534 10 | 381  0.12~7.49 10 | 078  0.04~257
30 | 164  0.03~3.77 30 | 527  071~837 30 | 339  051~7.12
Ammonia | 60 | 138  0.08~3.16 |Formaldehyde| 60 | 499  0.01~8.18 Pi‘ﬁ;‘r’iee“ 60 | 296  0.07~1021
116 0.09~2.18 4 058  0.13~2.12 063  008~1.12
8 092  0.04~1.82 8 151 0.03~2.89 136 039~3.04
10 | 302 0.00~7.67 10 | 347  0.09~6.74 10 | 415 049~7.34
30 | 3.00  0.10~8.08 30 | 444  021~7.30 30 | 535  0.66~8.49
Hﬂyjé‘r’iizn 60 | 267 005~652 | Chlorine | 60 | 561  046~838 | Fluorine 60 | 522 037~7.66
1.98  0.01~4.57 4 541  0.72~8.96 589  0.84~9.79
152 0.09~3.57 8 543 0.44~9.23 416 058~7.01
10 | 445  027~9.16 10 | 344  0.14~7.26 10 | 223  0.06~11.08
30 | 162 037~2.99 30 | 384  0.01~691 30 | 355  0.08~7.49
Ethylene 165 1 ggs  gosg20 | TVAOEN | gy | 147 003~573 | Dhosgene | 60 | 356 0.21~7.62
oxide sulfide
4 087  0.42~1.81 4 132 0.36~3.44 4 384  0.62~7.79
111 0.22~3.29 8 122 0.39~2.20 384 0.62~7.79
10 | 290 020~1278 10 | 397  0.05~7.86 10 | 176 0.13~2.60
30 | 396  0.14~6.77 30 | 529  027~781 30 | 083  0.09~271
Chlorine |0 | 447 o4o~742 | Tdrosen | gy | 507 038~0.16 | Methylamine | 60 | 262  0.08~7.18
dioxide cyanide
544  1.00~821 4 523 0.28~9.39 195  0.00~4.12
8 514 0.75~8.26 8 429  055~7.15 1.00  0.35~2.38
10 | 381  0.01~886
30 | 326  051~5.84
Trichloro
; 60 | 273  0.10~552
silane
070 0.50~1.03
073  0.05~2.07
4, 22 A AAG RA 099 oldolglon 24 09921
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