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A Study on the Analysis of Chemical Leakage Accidents Using CFD Simulation

Su-Bin An * Chang-Bong Jang' * Kyung-Su Lee" * Hye-Ok Kwon?

Disaster Scientific Investigation Division, National Disaster Management Research Institute
'"JCB Solution Co., Ltd
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ABSTRACT

Objectives: Chemical accidents cause extensive human and environmental damage. Therefore, it is important to
prepare measures to prevent their recurrence and minimize future damage through accident investigation. To this
end, it is necessary to identify the accident occurrence process and analyze the extent of damage. In this study,
the development process and damage range of actual chemical leakage accidents were analyzed using CFD.

Methods: For application to actual chemical leakage accidents using FLACS codes specialized for chemical
dispersion simulation among CFD codes, release rate calculation and 3D geometry were created, and scenarios
for simulation were derived.

Results: The development process of the accident and the dispersion behavior of materials were analyzed
considering the influencing factors at the time of the accident. In addition, to confirm the validity of the
results, we compared the results of the actual damage impact investigation and the simulation analysis
results. As a result, both showed similar damage impact ranges.

Conclusions: The FLACS code allows the detailed analysis of the simulated dispersion process and
concentration of substances similar to real ones. Therefore, it is judged that the analysis method using CFD

simulation can be usefully applied as a chemical accident investigation technique.

Key words: accident analysis, CFD, chemical accident, consequence analysis, 3D modeling
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Table 1. Physicochemical properties of HCI

Properties Value
CAS No. 7647-01-0
Molecular weight (g) 36.46
Boiling Point (C) -85
Vapor Pressure (mmHg) 35.424 (25C)
Vapor density 1.268
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Figure 4. 3D modeling of accident scene and importing to FLACS
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Table 2. Input data for FLACS analysis

Input ltems Value
Maximum time: 3600 sec
Simulation CFLC: 20
and output CFLV: 1
control NPLOT: -1
DTPLOT: 10
XHI: Wind
XLO: Nozzle
Boundary YHI: Wind
conditions YLO: Nozzle
ZHI: Wind
ZLO: Nozzle
Characteristic velocity: 1.6 m/s
Initial Temperature: 25T
conditions Pasquill class: D

Ground roughness condition: Rural

Table 29 Zom, 7|24 7144 dolglg ol&
shct. oh, F3F] 9ol R0l YIRS AFdTA|
o A 59 AFxo| wt 7147 dlolEle} Adolgh
F5o] Q1& & Q7] "o, Atal FA] CCTVOlA &
A 7kA A Bkt oozt SRS P44 VIRe R
90°E A-85tATt.

A= AlEYold ATt 7P E dFE vAE &
A& F SPUE, FLACSOA = 5429 4o o

tHGexcon, 2019). o|&]gt EA AR}
2} 3D FAE 1S AlE ol P2 XF 400 m,
Y= 450 m, Z= 100 mE & A& 18,000,000 no
ojm, o] F7t FH AAE #FLHsmooth)t &
“Hstretch) 7152 2-835t0] Table 33 Zo] HFH o
2 608,58070] A& A3/dot3ict.

Table 3. Grid information for FLACS analysis
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oAU A71AQ AFIFE Y& 5%, AEGL-32 ™8
9] YI¥ E= Aol BT & e = FoEH
(NRC, 2004), @3}=ano]l thgt AEGL 7155 %= Table

Grid ltems Simulation Volume Sizes Configuration of grid generation
X Y z for 3D geometry
Simulation Length (m) 400 450 100
No. of Control Volumes 126 138 35
Min. Control Volumes, Sizes (m) 0.5 0.5 2.0
Max. Control Volumes, Sizes (m)| 25.36 24.90 9.74
Total No. of Control Volumes 608,580
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Table 4. AEGL levels of hydrogen chloride

Exposure time Concentration 10 min 30 min 60 min 4 hr 8 hr

AEGL-1 (ppm) 1.8 1.8 1.8 1.8 1.8

AEGL-2 (ppm) 100 43 22 11 11

AEGL-3 (ppm) 620 210 100 26 26
49} Zet, AR AT AT Al Aujs AE w2, dskhas AZE AR £4e Sk 2
(12 FRIEY 9 ARE RAEO], 2 dAFoA= oF IR AW Wers ST Folut SAgst
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Figure 5. Results of dispersion simulation based on human damage

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(3): 346-354



100 sec

CFD AI23014S 2ES Slel2E FEAMLL 240 et 21 353

Figure 6. Results of dispersion simulation based on environmental damage
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