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Abstract

Among 382 domestic accidents for the recent four years, the leakage of storage tanks and facilities accounts
for about 19.9%, which is relatively risky. A suitable dike should be installed around the tank considering
the height and diameter of the tank in order to prevent chemical spills during the discharging process to
outside. Considering the fundamental function of the dike, it is essential to physically block the spills and
obtain smooth diffusion with the air. As the safety system is recently advanced, both detection equipment
and automatic spill treatment system are used to reduce treatment time and diminish the toxic effect on
the human body. This study scientifically confirms the improvements by measuring the probability of human
damage using a Probit model and comparing the automatic fluid treatment system inside the dike with the
current dike in the case of massive spills from a Hydrogen fluoride (55%) storage tank.
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Table 1. Statistics of chemical accidents for the recent 4 years in Korea

(unit: cases)

On-—site Off—site
R (8 ©
Year Total Sub total Lack of facilities | Sub total Lack of facilities
(B/A) Human Error management (C/A %) Human Error management
2013 86 66 (76.7 %) 35 31 20 (23.3 %) 9 11
2014 105 83 (79.0 %) 49 34 22 (21.0 %) 8 14
2015 113 92 (81.4 %) 36 56 21 (18.6 %) 14 7
2016 78 57 (73.1 %) 25 32 21 (26.9 %) 13 8
Total 382 298 (78.0 %) 145 153 84 (22.0 %) 44 40

% Source: Chemical safety clearing—house, 2017,
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% Source: Improvement on the Risk of Spill from a Storage Tank of Nitric Acid(Shin & Park, 2016),
Figure 1. Installation diagram of storage tank and dike (Left : current system, Right : advanced system)
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Table 2. Comparison of the specification for the two cases
Type Tank volume Type of Pump capacity Spill duration affected
Case (L) spill treatment (L/min) (min)
Case A 25,000 Pump from outside transport vehicle 100 430
Case B 25,000 Pump equipped in a dike 100 250
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Table 3. Each constant of Probit equations for HF
U.S. Coast Guard (1980) World Bank (1988)
Substance
A (ppm) B. (ppm) n A (ppm) B: (ppm) n

Hydrogen Fluoride —25.87 3.354 1.00 -26.3 3.35 1.0

% Source: Guidelines for Chemical Process Quantitative Risk Analysis, 2000,

Table 4. Conversion from probit to percentages

Percentage Probits (n applications below)

(%) 0 1 2 3 4 5 6 7 8 9
0 - 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66
10 3.72 3.77 3.82 3.87 3.92 3.96 4,01 4.05 4.08 4.12
20 416 4,19 4,23 4,26 4,29 4,33 4,36 4,39 4,42 4,45
30 4,48 4.50 4.53 4,56 4.59 4.61 4.64 4.67 4.69 4,72
40 4.75 4,77 4,80 4,82 4.85 4,87 4,90 4,92 4,95 4,97
50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23
60 5,25 5.28 5,31 5.33 5.36 5.39 5,41 5.44 5,47 5,50
70 5,02 5.55 5,08 5,61 5.64 5,67 5,71 5,74 5,77 5,81
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23
90 6,28 6,34 6,41 6,48 6.55 6,64 6.75 6.88 7.05 7.33
% 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
99 7.33 7.37 7.41 7.46 7.51 7.58 7.65 7.65 7.88 8.09

% Source: Guidelines for Chemical Process Quantitative Risk Analysis, 2000,
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Case B 250 20 5,000 2.70 2.23 > 1 > 1
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Table 6 Conversion from probit to percentages

Ty Pump Capacity T, C T Probits (Pr) Death Percentage (%)
pe (L/min) (min) (ppm) | (ppm * min) | 'S Coast Guard | World Bank | U.S, Coast Guard | World Bank
Case B—1 70 357 20 7,143 3.89 3.43 12,9 6.9
Case B—2 80 250 20 6,260 3.45 2.98 6.0 2.8
Case B—3 90 200 20 5,566 3.05 2.59 1.2 > 1
Case B 100 250 20 5,000 2.70 2.23 > 1 > 1
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