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ABSTRACT

This study describes the damage effects modeling for a quantitative prediction about the hazardous distances from
pressurized chlorine saturated liquid tank, which has two-phase leakage. The heavy gas, chlorine is an accidental substance
that is used as a raw material and intermediate in chemical plants. Based on the evaluation method for damage prediction
and accident effects assessment models, the operating conditions were set as the standard conditions to reveal the optimal
variables on an accident due to the leakage of a liquid chlorine storage vessel. A model of the atmospheric diffusion model,
ALOHA (V5.4.4) developed by USEPA and NOAA, which is used for a risk assessment of Off-site Risk Assessment (ORA),
was used. The Yeosu National Industrial Complex is designated as a model site, which manufactures and handles large
quantities of chemical substances. Weather-related variables and process variables for each scenario need to be modelled to
derive the characteristics of leakage accidents. The estimated levels of concern (LOC) were calculated based on the Gaussian
diffusion model. As a result of ALOHA modeling, the hazardous distance due to chlorine diffusion increased with increasing
air temperature and the wind speed decreased and the atmospheric stability was stabilized.
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Table 1. Physical Properties of Chlorine*'" (CAS NO.7782-50-5)
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Figure 1. Accident rate by cause of substance reported to RMP®.
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Material | Molecular Formula | Molecular Weight | Specific Gravity | vapor Pressure | TLV-TWA | IDLH Boiling Point
. 1.424 5,830 mmHg o
. o ’ o . -34.03 C
Chlorine Clh 70.91 @15 C @25 C 0.5 ppm | 10 ppm 34.03
Table 2. Human Influence on Chlorine Exposure Limits"" (Unit : ppm)
Atmospheric Exposure Levels Degree of Influence on the Human Body
02 -04 Nose Odor, Odor Limit (Odor Generation Recognition Decreases over Time)
1-3 Mild Mucosal Irritation, Allow up to 1 Hour
5-15 Slight Irritation to the Upper Respiratory Tract (Throat)
30 Acute Chest Pain, Vomiting, Difficulty Breathing, Coughing
40 - 60 Loss of Consciousness During Breathing, Life Risk after 30-60 min, Toxic Pneumonia and
Pulmonary Edema
430 Death Within 30 min
1000 Death Within Few min
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Table 3. Average Meteorological in Yeosu in 2016
Month
ot 2 3 4 5 6 7 8 9 [ 10 | 10 | 12
Element
Average Temperature (0.1 C) 25 43 90 145 189 219 253 277 230 183 114 64
Highest Temperature (0.1 C) 142 159 183 248 292 290 329 344 292 267 202 186
Minimum Temperature (0.1 C) | -89 -41 -39 87 114 166 206 177 172 84 16 -29
Relative Humidity (%) 51 46 57 63 60 76 82 67 74 66 55 52
Average Wind Speed (0.1 m/s) | 49 49 36 35 30 28 28 34 42 44 43 47
Synthetic Wind Direction NNW | NNW | NNW | ESE SwW SSE | SSW E E ENE | NNE | NNW
Average Cloudiness (1/10) 48 40 45 60 54 72 62 27 68 68 38 36
Salt
—tl ' Hlectric
‘ — — OXY-EDC
Refine | | | I I
Chlorine | | ;‘E
] Ethylene I | VCM
e Decomposition Shipment
— — x[] EDC  furnace VC.M
v ; Refine
Reaction/
Shipment NaOH Enrichment Electrolysis Chlorine Shipment Refine EDC/HCL
(33% — 55%) Dry/Liquefaction Separation

Figure 2. Chlorine Production Process and Chlorine Injection Diagram of VCM Process.
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Table 4. Worst Accident Scenarios Input Parameters

SITE DATA:

Location: YOSU, SOUTH KOREA

Time: May 17, 2017 1344 hours ST

Building Air Exchanges Per Hour

0.26 (Unsheltered Single Storied)

CHEMICAL DATA:

Chemical Name: CHLORINE

‘ Molecular Weight: 70.91 g/mol

ERPG-1 (60 min): 1 ppm ERPG-2 (60 min): 3 ppm ERPG-3

(60 min): 20 ppm IDLH: 10 ppm

Ambient Boiling Point

340 C

Vapor Pressure at Ambient Temperature

Greater than 1 atm

Ambient Saturation Concentration

1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind

1.5 m/s from SW at 10 m

Ground Roughness

Urban or forest

Cloud Cover 5 tenths

Air Temperature 25 C

Stability Class F (user override)
Relative Humidity 50%

SOURCE STRENGTH :

Leak from Hole in Horizontal Cylindrical Tank

Tank Diameter / Length

2.0 / 3.6 meters

Tank Volume

11,310 liters / Tank contains liquid

Opening is 0 Meters from Tank Bottom

Internal Temperature 25 C
Chemical Mass in Tank 11,385 kg / Tank is 72% full
Circular Opening Diameter 1.0 inches
Model Run Heavy Gas
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Figure 4. Hazard distance according to the worst case scenario.
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Table 5. Alternative Accident Scenarios Input Parameters
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ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)

Wind

4.0 (3.0, 5.0) m/s from SW at 10 m

Ground Roughness

Urban or Forest

Cloud Cover 5 tenths

Air Temperature -9, 20, 35 C
Stability Class D(A.B.C.E.F)
Relative Humidity 60%

SOURCE STRENGTH : Leak from Short Pipe or Valve in Horizontal Cylindrical Tank

Tank Diameter/Length

2.0/3.6 meters

Tank Bottom Height fromthe Ground Level

0 m

Tank Volume

11,310 Liters/Tank Contains Liquid

Internal Temperature

Ambient Temp, -20 C

Chemical Mass in Tank 11,385 kg
Circular Opening Diameter 1.0 inches
Model Run Heavy Gas

Table 6. LOC Distance According to Wind Speed and Air Temperature Change (LOC, km)

) Wind (m/s) vs LOC (km), Elapsed Time (min)
Alr LOC 3.0 mis 40 m/s 5.0 mis
Temp
Hazard Distance | Elapsed Time | Hazard Distance | Elapsed Time | Hazard Distance | Elapsed Time

ERPG-3 2.5 25 2.3 17 2.1 11
9T IDLH 3.7 30 34 24 3.1 15
ERPG-2 7.1 53 6.4 36 5.8 28
ERPG-3 33 28 3.2 20 2.9 13
20 C IDLH 5.0 39 4.6 24 4.2 15
ERPG-2 8.8 55 8.5 38 7.9 28
ERPG-3 3.6 30 3.6 20 33 14
35 C IDLH 5.3 38 5.2 26 4.8 17
ERPG-2 9.1 55 9.3 39 8.8 28
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Table 7. Release Duration and Hazard Distance According to Changes in Air Temperature

Air T 3.0, 4.0, 5.0 m/s . H: Di
£ smp - - - Storage Tank Temp (C) azard Distance
(©) Release Duration (min) | Max Average Sustained Release Rate EPRG-2 (3 ppm), km
-9 28 437 kg/min Amb. Temp 7.1
20 16 754 kg/min Amb. Temp 8.8
35 13 926 kg/min Amb. Temp 9.1
-9,20,35 39 317 kg/min 20 C 6.1/6.4/6.6
Table 8. Due to Changes in Ambient Stability of Hazard Distance by LOC (km)
L Atomospheric Stability Class (Air Temp 20 C, Wind Speed 3.0 m/s)
LOC Division
A B C D E F
ERPG-2 5.0 6.1 7.3 3.3 101 101
IDLH 2.8 34 4.2 5.0 5.4 6.1
ERPG-3 1.9 2.4 2.9 8.8 3.6 42

Table 9. Scope of Damage According to LOC of Alternative

LOC Damage Scop (km) Applicable Facilities Within the Scope of Damage (Population)
ERPG-2 8.5 Public facilities and roads: Dopco, Yeosu National Industrial Complex Road
(3 ppm) Myododong (1288), GSC (1300), LG SM (100), Sannam (254), Part of Samil Dong (100)
IDLH 46 Yeosu Power (170), Uhan Technology (84), Hye In company (9), Wiscom (77), Yukil c&s (6), BK
(10 ppm) Chemical (3), Daeshin Plant (48), Chemical Rescue, Jewon Industry, Yongho Machine etc.
Public Facilities and Roads: Yeosu National Industrial Complex Road
ERPG-3 19 Hanwha Chemical (856), YNCC (889), Lotte Chemical (772), Keumho Petrolum (216), Dow
(20 ppm) Chemical (31), Daelim Industry(361), Polymirae (149), LG Chemical (NCC, 553), LG MMA (132),
Changshin Chemical (15), Hoil Plant (27), Jaepyeong Plant (14), Ewha Industry (3), SPG
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Figure 6. Hazard distance according to alternative accident scenarios.
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Table 10. Probit Value by LOC (30 min Exposure)
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n = 4% BB gael A%

te = & F2(=E) AlXE [min]

Pr = At + Bt In (Cnte) = -8.29 + (0.92) In[(C2*e)] (9)
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LOC Division Probit Value Possibility of Death
ERPG-2 (20 ppm) 0.35 none

IDLH (10 ppm) - 0.94 none
ERPG-3 (3 ppm) - 313 none

Table 11. Probit Value of the Point of Interest According to the Change of Wind Speed and Atmosphere Stability, Ambient Temp 20 C

Wind Speed Stability Max Concentration Exposure Time Probit Value Possibility of death
3.0 m/s D 132 30 3.82 12%
4.0 m/s D 124 30 3.71 10%
5.0 m/s D 120 30 3.65 9%
3.0 m/s A 72.7 30 2.73 1.5%
3.0 m/s B 105 30 3.40 5.5%
3.0 m/s C 120 30 3.65 9%
3.0 m/s E 156 30 4.13 19%
3.0 m/s F 231 30 4.85 44%
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Table 12. IDLH Hazardous Distance Due to Changes in Atmospheric Stability (km)

Atmospheric Stability Class (Air Temp 20 C, Wind Speed 3.0 m/s)

Division A B C D E F

Hazard Distance 2.8 3.4 42 5.0 5.4 6.1

Elapsed Time 23 25 33 40 43 57
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