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Study of chemical accident initial response based on

Consequence Analysis.

Byung Gon Jung

Department of Safety Engineering, Pukyong National University

Abstract

While a semiconductor, fine chemical, a new material ‘industry come
into the limelight in a high value-added industry, it requires massive
and various dangerous substances for the production of such products.
However, using of these types of harmful materials have recently
connected to huge chemical substance leakage .dccidents such as Kumi
hydrofluoric acid accident, Namyangju -ammonia accident and so on.
All recent events taken together, chemical substance leakage
accidents clearly result in secondary damage to local residents such
as toxic gas exposure, but there being no systems at all to cope
with the accidents effectively 1is more serious 1issue. It vividly
shows that the establishment of measures to minimize the secondary

damages 1s as important as prevention of the accidents by managing
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unstable status and action.

In this document, it uses CA(Consequence Analysis) of one in
QRA(Quantitative Risk Analysis) techniques to minimize damage from
the chemical substances leakage accidents in early period of accidents.
Also it studies on propriety analysis of guidance which simulated
results could be effective for helping evacuation of residents and
wearing protective equipment. This study method has simulated the
Gumi accident, -assorting the level of information by identifiable
items at the early stage of the accident. In case of unidentifiable
information as in early stage of the ‘accidents, the range of leakage
area was simulated based on worst case mentioned in KOSHA GUIDE. In
this document’; 1t suggests essential information needed at the early
period of accident-and the model of CA_performance stage at accident
outbreak. To raise software applicability, these results are based
on the simulated results, the documents which are studied on Kumi
hydrofluoric acid accident and released news, 1in comparison of real

leakage range.

Key Words : Consequence Analysis, Quantitative Risk Analysis,

initial response, ALOHA, PHAST
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Table 1 Recent major accident case
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Fig. 1 Hazard evaluation procedure for quantitative risk assessment”
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Fig. 2 Flow of Consequency Analysis
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Table 3 Diffusion modeling
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2.3 CA(Consequency Analysis) 2X E o]
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Table 4 Comparison of CA Software
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1) ALOHA
ALOHA(Areal Locations of Hazardous Atmospheres)= W] =

EPA(Environmental Protection Agency)®t NOAA(National Oceanic and

ALOHAE= 5E CASEol tste] mElals x| 9stx] ¢k=t}. Table 59

_21_
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Table 5 Hazard categories modeled in ALOHAY

Scenario/ Direct Tank Puddle .Gas.
Source source Pipeline
Vapor cloud | Toxic vapors | Toxic vapors | Toxic vapors | Toxic vapors
Vapor cloud Flammable Flammable Flammable Flammable

(flash fire) area area area area
Vapor cloud Overpressure | Overpressure | Overpressure | Overpressure
(explosion) P P P P
Pool fire NA Thermal Thermal NA
radiation radiation
BLEVE Thermal
(fire ball) % radiation Mg NA
. Thermal Thermal
Jet fire e radiation NG radiation
_ 22 _
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2) ALOHA?®] 43 4=}
ALOHAY ¥=CASE° W& =4

of g Hele o}g CASES} Fig. 3¢ ube} 23

- Direct

An instantaneous or continuous release of chemical vapors into the air

from a single point. This is the only option that allows for an elevated

release.”

- Puddle

A puddle of constant area, containing either a non-boiling or boiling

liquid.”

_23_
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- Tank

A cylindrical or a spherical tank at ground level with a single hole or
leaking valve. The tank may contain a liquid, pressurized gas, or gas
liquefied under pressure. Tank contents may escape directly into the

atmosphere or first form a spreading evaporating pool.”

- Gas pipeline
A pressurized pipe containing gas, either connected ‘to a very large

reservoir or unconnected to any storage vessel.”

_24_
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Fig. 3 Source selection chart”
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Table 6 Necessary information for running ALOHA
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2.4 ERPG(Emergency Response Planning Guideline)
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2) ERPG-2
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Table 7 Summary of Kumi accident
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Fig. 4.1 Kumi accident infographics”
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Fig. 4.2 Kumi accident infographics”
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Fig. 5 Hydro Fluoric MSDS"
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Table 8 Weather data'

[ H22A=AZE ] 20| 279 (49m) / 2012.09.27.16:30 / ZAISE 0|Al LHES

Al E (22 15| 2 TR0 2 EH 2 12 2 A ] 22 =2f1 =31 =10 [SSN0|(sZ|HEHIg
16:20) O 0 0 ] 0 0 21.6 |120.9|ESE] 0.4 |306. 9| MW | 0.7 | 67 | 1017.5
16:20| O 0 0 0 0 0 21.9 |20D.9|WSH] 1.5 |288.8 [WNK| 1.1 67 [ 1018.0
16:10) O 0 0 0 0 0 21.8 | 3447 | MNWL 0.9 |217. 0 NW | 11 66 [ 1017.6
16:00| O ] ] ] 0 ] 21.8 |307. 8 NW | 0.8 |288. 9|WNW| 1.6 | 67 | 1018.0
16:60| O 0 0 0 0 0 22.0 |270.6) W 2.0 |278.0Q W | 1.1 64 [ 1018.3
15:40| O ] ] ] 0 0 21.9 |86.3 ) E|1.0]64.2 |ENE| 1.3 | B3| 1017.6
15:30| O 0 0 0 0 0 22.3 |317. 4| NW| 0.6 |33.6 [NNE| 1.7 | B4 | 1017.3
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1) CASE 1. =323}
CASE 12 "3 ) o] 10 T FEHE Aoz Apan
Al et Thsgk BEE Fstnh AlEd A F3S fg &

Table 103} o] A A3}t

Table 10 Case 1 input data

SOURCE TZ2EY TEY TEA7H
Direct A= 18ton 10min
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Ag ol A ofgsh 2T

SOURCE STRENGTH:
Direct Source: 1.8 tons/min Source Height: 0
Release Duration: 10 minutes
Release Rate: 1,630 kilograms/min
Total Amount Released: 16,329 kilograms
Note: This chemical may flash boil and/or result in two phase flow.

Use both dispersion modules to investigate its potential behavior.

THREAT ZONE:
Model Run: Gaussian

Red : 2.0 kilometers —=— (50 ppm = ERPG-3)

Orange: 3.2 kilometers ——— (20 ppm = ERPG-2)
Yellow: 7.9 kilometers ——— (2 ppm = ERPG-1)
_ 43 _
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Fig. 6 Case 1 diffusion range
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Fig. 7 Case 1 diffusion time
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2) CASE 2. 23}

O 2 CASEC] a3 ARE Ayshd Table 113 2t}

Table 11 Case 2 input data

SOURCE T=E4Y TE% TEA 7
Direct = 10ton 30min
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Table 1104 AHelst Hr = CASE 28 S8t A= olegie} 2t}

SOURCE STRENGTH:
Direct Source: 0.33 tons/min Source Height: 0
Release Duration: 30 minutes
Release Rate: 299 kilograms/min
Total Amount Released: 8981 kilograms
Note: This chemical may flash boil and/or result in two phase flow.

Use both dispersion modules to investigate its potential behavior.

THREAT ZONE:
Model Run: Gaussian

Red : 853 meters —— (50 ppm = ERPG-3)

Orange: 1.4 kilometers ——— (20 ppm = ERPG-2)
Yellow: 4.6 kilometers ——— (2 ppm = ERPG-1)
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Fig. 8 Case 2 diffusion range
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Fig. 9 Case 2 diffusion time
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3) CASE 3. 43}(PHAST 7.1)

9bAl TESe] CASE 39 A9 AZESg|ojoA A st Ave oo 7]
Lol & gle FAAES olgste] i Rdys sty dou,
Gottetel 7tagAe) FaEw A9) 48 KZE Q] PHAST 71% &

shel Fashelet.

Algdolds  Fdsd e, AlEdHodS. TS Sl A& FE=

Table 123} #t}.

Table 12 Case 3 input data

SOURCE A & I &Y | FE2F 27| FEET
Short pipe 18ton 3.5kgf/ cm’ 20mm WH Horizontal
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rr

obelel 2t}

-

- Mass Flowrate : 0.961214kg/s

Pipe exit data
- pressure : 4.05 bar

- temperature : 63.97 degC

ERPG 1(Zppm) @ 2942.38m

ERPG 2(20ppm) : 630.841m

- ERPG 3(50ppm) : 296.967m
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Fig. 10 Case 3 diffusion range(Footprint)
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Fig. 11 Case 3 diffusion range(Side View)
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3.3 AL A CAZ-E PROCESS
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Fig. 12 CA Process in initial response
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