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Abstract — This study is to improve the method of calculating the risk of liability that arise from release and dispersion
of chemicals outside the plant in process industries such as chemical and petrochemical plants. To achieve this goal, the
correlation factors with the risk of chemical release accident is derived by simulating release and dispersion of
substances (14 types) designated by Ministry of Environment as preparation for accident, analyzing the cases of chemical
release and effects of plant life damage. The method of calculating chemical liability risk was modified and supplemented
based on the results obtained from the study. The correlation coefficient between the probit value of 14 chemical types
and the liability risk by EURAM (European Union Risk Ranking Method) was —0.526, while the correlation coefficient
with the modified chemical release accident risk was 0.319. Thus, the value from modified method shows that they
appear to be correlated. According to modified calculating methodology, the correlation between ERPG-2 value and
liability risk of 97 chemical types was —0.494 which is 19 times higher than existing liability risk correlation as absolute
value. And the correlation coefficient of corrosion risk was 0.91. The standardized regression coefficients () value of
correlation factors that affected the increase and decrease of risk were derived in order of Corrosion Index(0.713),
ERPG-2 (0.400) and NFPA Health Index (0.0680) by values. It is expected that these findings this study result will also
enable the calculation of reasonable chemical release liability risk for existing and new chemical, and will help use them
as quantitative liability risk management indicators for chemical plant site.
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Table 1. 14 chemicals applied for simulation

Chemicals CAS Number
Hydrogen Fluoride 7664-39-3
Chlorine 7782-50-5
Hydrogen Sulfide 7783-06-04
Carbon Monoxide 630-08-0
Ammonia 7664-41-7
Benzene 71-43-2
Ethylene Oxide 75-21-8
Nitric Oxide 10102-43-9
Toluene 108-88-3
Acrylonitrile 107-13-1
Hydrogen Cyanide 74-90-8
Carbon Disulfide 75-15-0
Methanol 67-56-1
Propylene Oxide 75-56-9
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Fig. 2. Variations of dispersion concentration by distance for 14 chemi-
cals.
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Fig. 3. Variations of dispersion concentration by distance for the
region represented at Table 1.
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Table 2. Simulation results and concerned data of 14 materials at about 100 m

Simulation Data (100 m) Concerned Data

YR Toviepose Conconmarion (U FIORRRE O e PN YIRS O e
Hydrogen Fluoride  1.83072E+008 35,186.14 10.41 1 20 4.5 0.69 0.89 4 5
Chlorine 1.47694E+010 1,120.97 6.90 0.97 20 3.75 245 3.17 3 4
Hydrogen Sulfide ~ 2.95505E+016 1,689.44 8.16 1 30 2.25 1.18 1.52 4 1
Carbon Monoxide  1.16468E+005 1,956.44 4.46 0.29 350 5.25 0.97 1.25 3 1
Ammonia 8.14631E+007 1,720.28 2.01 0 150 4.5 0.59 0.76 3 4
Benzene 0 0 0 0 150 5 2.69 3.23 2 1
Ethylene Oxide 3.86824E+005 14,127.12 6.72 0.96 50 7.5 1.52 1.82 3 1
Nitric Oxide 1.11153E+005 1,858.37 28.46 1 10 3 1.03 1.24 3 2
Toluene 2.29990E+009 2,166.51 2 0 300 6.75 2.69 3.23 2 1
Acrylonitrile 1.86339E+006 6,188.8 6.92 0.97 35 7.5 1.83 2.20 4 2
Hydrogen Cyanide ~ 2.59292E+009 1,621.24 17.61 1 10 2.25 0.93 1.12 4 1
Carbon Disulfide 1.74505E+005 5,934.22 3.68 0.09 50 6.75 2.63 3.15 3 1
Methanol 1.68739E+005 8,095.3 1.64 0 1000 5.25 1.10 1.33 1 1
Propylene Oxide 2.77065E+005 11,004.31 5.52 0.7 250 7.5 2.00 2.40 3 1
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Fig. 7. Variations of EURAM and probability of fatality by varying
Probit numbers for 14 chemicals.
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Table 3. Correlation coefficient Analysis of 14 chemicals by Pearson method

Contents Probit ERPG-2  Corrosion Index NFPA_Health Index  Vapor Specific Gravity Vapor Density EURAM
Probit 1.000
ERPG-2 -0.419 1.000
Corrosion Index 0.104 -0.299 1.000
NFPA_Health Index 0.442 -0.782 0312 1.000
Vapor Specific Gravity -0.407 -0.088 -0.308 -0.334 1.000
Vapor Density -0.410 -0.100 -0.271 -0.319 0.998 1.000
EURAM -0.526 0.193 -0.240 -0.268 0.467 0.436 1.000
Table 4. Results from the accidents both HF and HCl
Contents HF HCI Remark
Release Amount 8,262 kg 87.23 kg
Release Duration 30 min 32 min
ERPG-2 20 20
Release Distance 1,000 m 336 m
Number of the deceased 5 persons 0 person
Loss Amounts 38,012,483 Thousands KRW 172,790 Thousands KRW

Damage Percentage (Personal: Physical) 100% (2% : 98%)

100% (2% : 98%) Excluding of health impact tracking expense
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Table 5. A detail for damage of the release accident of hydrogen fluoride occurred at Gumi

Loss Amount (Thousands KRW)

Contents based on compensation provided Composition Cost Remark
Corporate Damage 17,839,460 46.8% Building, Stock, Facility
A Small Merchant 164,017 0.4% Closed Loss
Vichle Damage 1,204,632 3.2% Painting Damage (1,958 vehicles)
Building Corrosion 779,761 2.1% Corrosion
. Landscape Damage 1,740,961 4.6% Leaf Damage
Physical Damage . .
Agricultural Damage 5,286,050 13.9% Agricultural Damage
Livestock Damage 3,720,329 9.8% Livestock Damage
Forest Damage 4,139,032 10.9% Forest Damage
Waste Disposal 2,505,884 6.6% Waste Treatment
Disinfection Fee 24,233 0.1% Disinfection
. Health Examination 235,874 0.6% 12,243 persons
Personal Injury ..
Support for Living Expense 372,250 1.0%
Sum 38,012,483 100%

Table 6. A detail damage of the release accident of silicon tetrachloride occurred at Gunsan

Loss Amount (Thousands KRW)

Contents based on compensation provided Composition Cost Remark
Corporate Damage 0 0% Building, Stock, Facility
A Small Merchant 0 0% Closed Loss
Vichle Damage 68,906 39.9% Painting Damage (12 vehicles)
Building Corrosion 0 0% Corrosion
. Landscape Damage 9,882 5.7% Leaf Damage
Physical Damage . K
Agricultural Damage 90,553 52.4% Agricultural Damage
Livestock Damage 0 0% Livestock Damage
Forest Damage 0 0% Forest Damage
Waste Disposal 0 6.6% Waste Treatment
Disinfection Fee 0 0% Disinfection
. Health Examination 3,449 2.0% 179 persons
Personal Injury .
Support for Living Expense 0 0%
Sum 172,790 100%
ATEAL, A4 B Ae] e T 7t 0%k 60% olGTh. AR B4 1A stk Ak el wEe AETe) v
WA ) 5O AR A% A Aah ok 4 dalet A[201E BRI Table 7 SEHERIRALS] 54 43 8
B 38 YL AAS 2 ekt RS @A S8R SRAGE)Y TR hE A GFET B4 golt o714,
FEAT IR P T A O Salel] 240l BE AE JFEE HHEA wEFE, wE3AF Y oF A9E 0
of Zthe 2ol BANE Selha glek. A9 sk A ket o s, BER FANARS A% TS A 87
e A ] ui A Rl A 1Ak Ago] d st W AE A 3ESATE GHS (290, 314, 315, 318 | 319) 2 DOT
the 2g 2. B2 AR g wie R Age wAY A Xt A7 IHAS 59
A AR F2 QL] Al S AT, AT 0.628E L
3-1-3. /ﬂ 23] 3] oﬂﬁl—_,_/d E]J;}\l—p]_
spetE o] HA A9 et FEAbaL v | Ao}
Table 7. Plant life damage from exposure of chemicals
. Exposure Criteria Plant Impact Degree/  Exposure Result
Chemicals (Concentrztion, Day, Receptor) Corrosﬁon Indix (dll?ied up ratio) Remark
Hydrogen flouride 2.5%, 14 days, Bean Leaf 5.60/5 100% The hole bean leaf'is dried up
Hydrogen Chloride 2.5%, 14 days, Bean Leaf 5.60/4 100% The hole bean leaf'is dried up
Ammonia 28%, 30 days, Bean Leaf 0.25/4 50% The 50 percentage of bean leaf is dried up
Nitric Acid 3%, 14 days, Bean Leaf 4.67/4 100% The hole bean leaf'is dried up
Sulfuric Acid 1%, 14 days, Bean Leaf 14.00/5 100% The hole bean leaf'is dried up
Toluene 75%, 14, Bean Leaf 0.19/1 100% The hole bean leaf is dried up
Formaldehyde 5%, 14, Bean Leaf 2.80/4 100% The hole bean leaf is dried up
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Table 8. Regression analysis of dependent variable (correlation factor)
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Fig. 8. Correlation of modified liability rate with ERPG-2 and NFPA
health index.

Model Nonstandard Coefficient (B) Standard Coefficient () P-Value
Constant -0.369 0.000
EURAM 0.122 0.142 0.000
NFPA_Health Index 0.122 0.068 0.000
ERPG-2 0.489 0.400 0.000
Corrosion Index 1.000 0.713 0.000
Table 9. Correlation coefficient analysis of 14 chemicals with Modified Liability Rate by Pearson method
Models Probit ERPG-2 C(;g((j)es;on NFPA_Health Vapgrras\gf;lﬁc D\:i?:y EURAM Modlﬁfg1 tI;1ab111ty
EURAM -0.526 0.193 -0.240 0.467 0.436 1.000
Modified Liability Rate 0.319 -0.602 0.892 -0.233 -0.200 -0.243 1
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Table 10. Results of application of Modified Liability Rate to hazardous materials (97 species)

At - vie)

O 1

St

Number Hazardous materials (97 species) EURAM Rate* Modified Liability Rate
1 Hydrogen fluoride; Hydrofluoric acid 4.5000 7.7255
2 Sulfuric acid 3.0000 7.5687
3 Titanium tetrachloride 7.5000 7.2625
4 Methyltrichlorosilane 6.7500 7.2604
5 Dichlorosilane 7.5000 7.2261
6 Formaldehyde; Formalin 7.5000 7.1191
7 Trichloroethylsilane 6.7500 7.0694
8 Methyl vinyl ketone 4.5000 7.0145
9 Bromine 5.2500 6.9998
10 Phosphorus trichloride 4.5000 6.9852
11 Fluorine 4.5000 6.9530
12 Chlorine 3.7500 6.8934
13 Nitric acid; Aqua fortis 4.5000 6.8745
14 Chlorosulfuric acid 4.5000 6.8745
15 Boron trichloride 6.0000 6.8163
16 Hydrogen chloride; Hydrochloric acid 6.0000 6.7866
17 Bromine pentafluoride 2.2500 6.7562
18 Cyanogen chloride 4.5000 6.6665
19 Silcon Tetrachloride 3.0000 6.6392

20 Trichlorosilane 2.2500 6.5876
21 Trichlorovinylsilane 2.2500 6.5554
22 Formic acid 4.5000 6.5325
23 2-Propenal; Acrolein 4.5000 6.5211
24 Methyldichlorosilane 1.5000 6.4921
25 Silicon tetrafluoride 1.4999 6.4910
26 Ethylenimine 6.7500 6.2346
27 Acrylic acid 4.5000 6.2139
28 Hydrogen peroxide 4.5000 6.2139
29 2,4-Diisocyanatotoluene; 2,4-Toluene diisocyanate, 2,4-TDI 6.7500 6.1847
30 3-Methylphenol; m-Cresol 1.5000 6.1655
31 (Chloromethyl)benzene; Benzyl chloride 7.5000 6.1191
32 Diborane 5.2500 6.1095
33 n-Butylamine 3.0000 6.0304
34 Phosgene 4.5000 6.0260
35 Phosphine; Phosphorus hydride 4.5000 6.0260
36 Potassium permanganate 4.5000 5.5689
37 Ethylenediamine 3.0000 5.5384
38 Phenol; Hydroxybenzene 6.7500 5.4891
39 Ammonia 4.5000 53752
40 Methylhydrazine 6.7500 5.2947
41 Triethylamine 4.5000 5.2672
42 Phosphoryl trichloride 6.7500 5.1559
43 2-Propenenitrile; Acrylonitrile, Cyanoethylene 7.5000 4.8876
44 Nitric oxide 3.0000 4.5687
45 Thionyl chloride 0.7500 4.5427
46 Sodium 4.5000 4.4352
47 Nickel carbonyl 7.5000 4.4007
48 Arsenic hydride; Arsine 7.5000 4.3930
49 Germanium tetrahydride 6.7500 4.3067
50 Acrylyl chloride 1.2500 42658
51 Trifluoroborane 0.7500 4.1413
52 Methylamine 7.5000 4.0889
53 3-Isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate; Isophorone diisocyanate 6.7500 4.0626
54 Sodium cyanide 7.5000 4.0583
55 Chloropicrin 4.5000 4.0318

Korean Chem. Eng. Res., Vol. 58, No. 3, August, 2020



stz setea rEAbel g wakael 3 Abg 447
Table 10. Continued
Number Hazardous materials (97 species) EURAM Rate* Modified Liability Rate

56 Methy] ethyl ketone peroxide 1.5000 3.9915

57 Chlorine dioxide 4.5000 3.9037

58 Trimethylamine 4.5000 3.7219

59 Vinyl chloride 7.5000 3.7016

60 O-Isopropyl methyl phosphonofiuoridate 1.5000 3.6672

61 Pentacarbonyl iron 4.5000 3.6663

62 2-Propen-1-ol; Allyl alcohol, Vinylcarbinol 2.5000 3.6393

63 Allyl chloride 6.7500 3.6099

64 Hydrogen cyanide 2.2500 3.5992

65 Oxirane; Ethylene oxide 7.5000 3.5808

66 Zinc phosphide (Zn3P2); Trizinc diphosphide 1.5000 3.5285

67 Nitrobenzene 3.7500 35114

68 Carbon sulfide; Carbon disulfide 6.7500 3.4891

69 1-Methyl-4-nitrobenzene; p-Nitrotoluene 4.5000 3.4244

70 Tetrafluoroethylene 7.5000 3.4012

71 Hydrogen sulfide 2.2500 33113

72 Hydrogen selenide 1.0000 3.2373

73 Sodium nitrate 4.5000 3.1509

74 Vinyl ethyl ether 7.5000 2.8872

75 Sodium chlorate 0.2500 2.6924

76 Methyl acrylate 7.5000 2.6342

77 Ammonium nitrate 3.7500 2.6297

78 Potassium perchlorate 2.5000 25171

79 Potassium chlorate 0.7500 2.4986

80 Methy] oxirane; Propylene oxide 7.5000 23258

81 Silane 5.0000 2.3161

82 Benzene 5.0000 2.3141

83 Nitromethane 6.7500 2.2444

84 Potassium nitrat 2.2500 2.2020

85 1,1-Dichloroethylene 6.7500 2.0170

86 Toluene 6.7500 1.9904

87 Carbon monoxide 5.2500 1.8437

88 Chloromethane 6.7500 1.7031

89 Hexafluoro-1,3-butadiene 1.4999 1.6708

90 Isoprene 6.7500 1.5807

91 Hexamethy! disiloxane 0.7500 1.5790

92 Disilane 0.7500 1.5790

93 Acetic acid ethyl ester; Ethyl acetate 6.7500 1.5786

94 Methanol; Methyl alcohol 5.2500 1.3973

95 Tetramethylsilane 1.5000 1.1266

96 Methyl ethyl ketone; MEK, 2-Butanone 2.2500 1.0281

97 Hexamine 0.7500 1.0000
*EURAM Rate = HEX x HEF x a (where ‘a’ is a coefficient of application and applied as ‘1”)
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