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Abstract — Since the number and the amount of toxic substances handled by domestic companies have been increased,
the possibility of serious chemical accidents has become severe. According to Chemistry Safety Clearing-house (CSC),
the number of chemical accidents for the last five years has been rapidly raised. A representative example which shows
the serious impact of a chemical accident is HF (Hydrogen Fluoride) accident generated in Gumi in 2012. In order to
make effective responses for mitigating losses of accidents, the most suitable consequence model has to be selected and
implemented throughout the considerations of chemical properties and environments. Even if each consequence model
has been verified by the results of experiments, it is necessary to analyze and compare the usability of them according to
various scenarios. In this study, the Gumi HF accident is simulated by HGSYSTEM, which is the most specialized
model for the release and dispersion of HF. It is found that the ending point of ERPG-2 is about 1 km from the accident
point. In order to investigate the usability of the most representative consequence models (ALOHA and CARIS), the
results of them are compared with one of HGSYSTEM.
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Fig. 1. Present state of distribution for toxic materials [4].
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Fig. 2. Registration status of toxic materials concessionaire [4].

Table 1. Current status of chemical accidents for the last five years [7]

Human Lack of facilities Chemical transportation

error management vehicle accident Total
2011 4 4 4 12
2012 5 3 1 9
2013 35 31 20 86
2014 51 33 22 106
2015 41 54 22 117
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Table 2. Source and dispersion models in HGSYSTEM

: oot‘ﬁgv‘thH

A

SPILL Transient liquid release from a pressurized vessel
Source term models HFSPILL SPILL version specifically for hydrogen fluoride (HF)
LPOOL Evaporating multi-compound liquid pool model (Unpressurised release)

AEROPLUME High-momentum jet model

Near-field dispersion models HFPLUME AEROPLUME version specifically for hydrogen fluoride (HF)
HEGABOX Dispersion of instantaneous heavy gas releases
Far-field dispersion models HEGADAS Heavy gas dispersion (Steady-state and transient version)
PGPLUME Passive Gaussian dispersion
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Table 3. Input data for HFSPILL

Reservoir temperature 21.8°C
Reservoir pressure 3.5 kg/m?
Storage volume 2m
Stored mass of HF liquid 18 ton
Release orifice diameter 0.02m
Table 4. Input data for HFPLUME

Mass-fraction HF in reservoir 99%
Mass (discharge) flow-rate 4.59 kg/s
Release orifice diameter 0.04 m
Height of release above level ground 3m
Angle of release to horizontal 90°
Release duration 1,800 s
Reference height for measurements 10 m
Wind-speed at reference height 1.6 m/s
Air temperature at reference height 21.8°C
Relative humidity at release height 64%
Ground surface roughness 0.01 m
Pasquill/Gifford stability class B
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Table 5. Input data for HEGADAS-S

Averaging time for concentration 3,600s
Post-flash liquid mass fraction 0.9092
Fixed-size output step length 50m

X at which calculations are stopped 10,000 m
Concentration at which calculations are stopped 0.1E-6
Downwind x-coordinate of breakpoint 301 m
Cloud half-width —110m
Center-line ground-level molar HF fraction 8.559E-04
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HEGADAS-S INPUT DATA

> CONTROL data block: ct

QUTPUT CODE ICNT = 0 (no output of cumulative cloud data)
SURFACE-TRANSFER CODE ISURF = 3 (only heat transfer, no water vapour)

> AMBIENT data block: ai
AIR TEMP.AT HEIGHT ZAIRTEMP AIRTEMP 21.800 CELSIUS

REF. HEIGHT FOR AIR TEMP. ZAIRTEMP
RELATIVE HUMIDITY RHPERC
WIND VELOCITY AT HEIGHT Z0 uo
REFERENCE HEIGHT FOR WIND VEL. 20

0.00000E+00 M
64.000 %
1.6000 M/S
10.000 M

BETA
CONST. IN GRAV. SPREADING LAW CE
CONST. IN GRAV. SPREADING LAW cD

1.00000E-04 M**(-1)
1.1500
5.0000

EARTH-S SURFACE TEMPERATURE TGROUND TAP (see below for value of TAP)
> DISP data block: disp:

SURFACE ROUGHNESS PARAMETER ZR = 1.00000E-02 M
PASQUILL STABILITY CLASS PQSTAB = B
AVERAG. TIME FOR CONC.MEAS. AVIIMC = 3600.0 SECONDS
MONIN - OBUKHOV LENGTH OBUKL = -11.789 M
TYPE OF FORMULA FOR SIGMA_ Y MODSY = 2 (Briggs formula)

with parameters: DELTA = 0.22896

> GASDATA data block: pt
POLLUTANT COMPOSITION:

- HF (equivalent HF monomer) 0.99304 (molar fraction)

- extra ideal gas EXGASPOL = 6.95800E-03 (molar fraction)

- water WATERPOL = 0.00000E+00 (molar fraction)

DATA FOR DRY POLLUTANT:

- evaporation rate GASFLOW =  4.5900 KG/S

- specific heat CPGAS = 29.120 J/MOLE/CELSIUS

- molecular weight MWGAS = 20.010 KG/KMOLE

- heat group in heat flux HEATGR = 24.000

POLLUTANT TEMPERATURE TEMPGAS = 19.550 CELSIUS

THERMODYNAMIC MODEL THERMOD = 2 (HF thermodynamics)

INITIAL LIQUID IN HF HFLIQFR = 0.90920 (mass fraction of basic HF)
> CLOUD data block: cont

NR. OF SOURCE OUTPUT STEPS NSOURCE = 4

FIXED OUTPUT STEP DXFIX = 50.000 M

NUMBER OF FIXED STEPS NFIX = 5

INCREASE FACTOR FOR VAR.STEPS XGEOM = 1.2000

X AT WHICH CALC. IS STOPPED XEND =  10000. M

CONC. AT WHICH CALC. STOPS CAMIN = 1.00000E-07 KG/M3

UPPER CONCENTRATION LIMIT CU = 4.96700E-05 KG/M3

LOWER CONCENTRATION LIMIT CL = 1.00000E-07 KG/M3
STRANSIT data block(s):

DISPERSION CALCULATIONS DOWNWIND OF BREAKPOINT DISIS = 301.00 M ONLY

BREAKPOINT SPECIFIED AT DISTS = 301.00 M

- half-width of cloud Ws = 110.00 M

- molar fraction "FRAMOL" CONCS = £.55900E-04

Fig. 3. Summary of HGSYSTEM input data.
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DISTANCE CONC SZ SY MIDP
(M) (2 VOL.) M) (M) (M)
— breakpoint at DISTS = 301. m
301. 2.55%E-02 19.1 0.000E4+00 110.
361. 5.821E-02 22.1 T72.2 T73.4
433. 3.441E-02 30.9 113. 58.7
519. 1.873E-02 48.2 151. 42.0
623. 1.018E-02 73.9 190. 30.3
T4T . 5.593E-03 111. 232. 21.9
897. 3.111E-03 162. 280. 15.8
1.076E+03 1.756E-03 234. 336. 11.4
1.291E+03 1.004E-03 332. 400. 8.29
1.549E+03 5.804E-04 465. 474 . 5.98
1.859E+03 3.391E-04 646. 561. 4.30
2.230E+03 2.001E-04 890. 661. 3.09
2.676E+03 1.191E-04 1.212E+03 778. 2.18
3.211E+4+03 7.13%9E-05 1.660E+03 913. 1.45
3.853E+03 4.312E-05 2.251E+03 1.069E+03 0.930
4.623E4+03 2.623E-05 3.042E+03 1.246E+03 0.547
5.548E+03 1.605E-05 4.101E+03 1.449E+03 0.136
6.657E403 9.2887E-06 5.515E+03 1.672E+03 0.000E+00

Fig. 4. Concentration result of HF according to distances.

Table 6. Dispersion distances for each ERPG criteria
ERPG 3~50 ppm About 776 m
ERPG 2~20 ppm About 1,025 m

ERPG 1~2 ppm About 2,230 m
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Table 7. Dispersion distances calculation by CARIS [13]

Hot zone (ERPG 3) About 1,000 m
Warm zone (ERPG 2) About 1,400 m
Cold zone (ERPG 1) About 4,000 m

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1.6 meters/second from W at 10 meters
Ground Roughness: 1 centimeters Cloud Cover: 5 tenths
Air Temperature: 21.82C Stability Class: B
No Inversion Height Relative Humidity: 64%

SOURCE STRENGTH:
Direct Source: 4.59 kilograms/sec
Release Duration: 30 minutes
Release Rate: 275 kilograms/min
Total Amount Released: 8,262 kilograms
Note: This chemical may flash boil and/or result in two phase flow.
Use both dispersion modules to investigate its potential behavior.

Source Height: 3 meters

THREAT ZONE:
Model Run: Gaussian
Red : 1.2 kilometers --—-
Orange: 1.9 kilometers —---—
Yellow: 6.0 kilometers ---

(50 ppm = ERPG-3)
(20 ppm = ERPG-2)
(2 ppm = ERPG-1)

Fig. 5. Calculation result of ALOHA input data.
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