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A Study on the Simulation of Damage Distance in case of leakage of
Chlorine and Ozone Gas in a Water Treatment Plant
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ABSTRACT

Chemical substance Control Act was revised on Jan 2015 to prevent toxic substances leakage accidents such as hydrofluoric

acid leakage accident in Gumi city in 2012. According to the revised laws, companies which treat toxic substances more than

a certain quantity of chemical substances are obliged to submit off-site impact assessment and risk management plan.

In this study, we simulated damage distance, influence range in the case of leakage of chlorine and ozone gas in a water

treatment plant taking into account characteristics of chlorine and ozone injection system. According to the study result, the

damage distance and the number of inhabitants in the influence area were 299 m and 138 under the situation of alternative

scenario of chlorine gas leakage, respectively. Also the damage distance and the number of inhabitants in the influence area

were 1,224 m and 19,611 under the situation of alternative scenario of ozone gas leakage, respectively. This result shows that

the risk of chlorine gas leakage in a water treatment plant was not higher than expected, but appropriate safety measures are

required when treating ozone gas.
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Table 1 Leakage hole used in Risk Based Inspection

gt
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Table 2 Rating criteria standards of detection & blocking system

Leakage hole size Range Reference value Detection system type Grade
Small size 0~1/4 inch 1/4 inch Specailly designed System in order to obtain the
Middle size 1/4~2 inch 1 inch losskiof matzriigl in accordance with the change of A
Large size 2~6 inch 4 inch working conditions.

Diaroeter of o Appropriately Installed detector in order to detect B
Busrt type > 6 inch ameter ol pipe outside leakage of pressure equipment
(max 16 inch)
Human visual detection or Camera, C
Blocking system type Grade
L= =} A 3] Oﬂ/\ ZzdlA 4 »m
e Aol Axt A o FEE A T Automatic blocking system without interruption of A
3 F=H7E 2pol 7t A, whebA sehEd {24l ehEd human
¥ EAS 133} Case Risk Assessment’} ZR3}Th B Blocking system by human in control room or B
s 1= @ appropriate position far from leakage area
ol A s W] a] Al Alo] ARE]L EAER0] o i Blocking by manual valve C
A d QFIIA AP@:& Sl = ulslubA
7k B &kt EE 718ste] & T Table 3 Leakage duration time based on detection & blocking system
& E&590 K-water P47 W) 94 % 025
oL w Detection Blocking i .
4 Bxol g B2 JPgele] BAMoR WAks | Loetn | B Duration of leakage
Jol =& RIS Tont 9 QI ARl Tl 20 min
9o w239} (In case of 1/4 i.nch leakage)
A A 10 min
(In case of 1 inch leakage)
2, 5 AMLZE|2 MY WHE 5 min
(In case of 4 inch leakage)
B o . B 30 min
SAAEA9 FEA], FEASS st gaitds o= (In case of 1/4 inch leakage)
S S, FRlcjai e S helslor ket waAL of A B 2 min
- N I f 1 inch I
2517 $I9) FE2AL AFstoloh Fik i cone of LInh Jee
min
SHSlFE R QFA o A WFYSt ‘AT AlutE] 2 Ao sk (In case of 4 inch leakage)
&R oshel SATAL T4 oAk FFshe AeA 0 min
_ (In case of 1/4 inch leakage)
& Fore] Auteloeh oiek Ao Apstel Belstel e
of gttt Zoto] AubE| et thel §7] Ei vkl ulEA] A ¢ (In case of 1 inch leakage)
AEo] Q= AEEE Tl 108 W BF FE2E= A% 20 min
. (In case of 4 inch leakage)
& wael, A% WEY A9 Aol 5597k 108 F i
23 Aoz 713} eyl e= ok Avge T (In case of 1/4 inch leakage)
AUAoR AP0l & AR Wahe, 8710 A& B AorB 50 min
_ ) (In case of 1 inch leakage)
% HH:'_ E‘rtﬂx—?—‘ﬂ 205 TE=E iﬂi ﬂ';g]—o_]'ﬂq', 20 min
KOSHA GUIDE P-92-2012 (&€ =d= o] 3t 2|3), (In case of 4 inch leakage)
KOSHA GUIDE P-110-2012 (S}8Fa-Are] w|a)j2] s}t 60 min
. i} T (In case of 1/4 inch leakage)
o B 7|eAR) B vlar AR3Eg s AEr)nt 30 min
AAL 712(API 581)0f] W2 &3 A = S-S glg) B ¢ (In case of 1 inch leakage)
of rExAS PR 20 min
’ ~ (In case of 4 inch leakage)
B AgolN dES darls W eEAs 12 ABYold o
9] Foke] A9 ohel wjA o] MAE o] Q= EAE (In case of 1/4 inch leakage)
A EeFo] 108 W) BE REEL A3om siglon oot C A BorC 40 min
’ (In case of 1 inch leakage)
Auzlet rEgel 277} A4 9 LEEQany v % i
Z7AL 1g8sle] gaulAdS g &5ty FEA7RS u)2 (In case of 4 inch leakage)
A33etg ol YE7INEEAL 71(APT 5810l AAIgE 2
AN 2E A AE] SEE REAZLS nEEgth F5 2 FEAI7S Table 1 7 Table 2 9 Table 374 2}
2o B9, ALY 5 WAL 57, S W E 9T UG B L% S, FF L IS 5 7]
36 SIESADIHES =2 M21d, Hi2g, 2018
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Table 4 Applied annual average weather data

Temperature Humidity | Wind Direction| Wind Speed
136 C 67 % W 1.8 m/s
= AEAY 2016\ Bt 5E A-8513on, Table 48}

2 Aol A

Aol A £
Edo]o] KORA Z&
KORA mE9e ARE, %
Sol w2 say, T sl
1%'; - 958 A mE ol

A B o]0 A A8 (7867 m3/°al)°ﬂ o2
A eE FHawge] doder a1
of Fulujsizt & Aoz 01]*&?4% K-water A4244(4
7= A AREE A ellA FA7EATE ot Al e
oF dighA | e 202 HE2EE Ao 7Pgsidnt

2.1 gA71A £ AUz MY

K-water AgH39] FAFEYJAALL Astof ¢lom,
QJ Lo A] °“xﬂ FHI= A 1 ton 7EB710l A= o] Bl
AdEict ATl 6700 A A-8717F Fig. 124 o] gt
7R 7& B 370%(3 ton) WUE ARSI, ARSE1A|
e dadrle i A A F UEE 508 U R

A Qg Lok k. Fig, 2% N ELE F487)

ol 7181712 olhat] ARG Sk oAk Allolni,
Gt 71314 Z1AR 7Sk F gl A
e},

A 72 Fot] Aue] 9= wrdule] AZH 3 ton?)
AA G4t 108 Y AR FEEE Aoz /s

A 2 gk Al oA RE290A], 2 27 2

FEAIRE Aol Fasitt, FE9X]= Table 52 40l
of Abgsh= uiE F, FEA Fafbo] F AoR oy
L AR dxolpuitoz 7Pt FEEe ars o
A4 o]FuieH(D25 mm) 2] 20% =711 5 mm FE-of 4]

Chlarine neutralization system

Chlorine
injection

Fig. 2 Photograph of chlorine pipe

Table 5 Selection of leakage point

Chlorine Dilution
gas pipe pipe

Flexible Chlorine
pipe liquid pipe

Pressure 05 05 0.3 0.3~05

Diameter | D10 mm D25 mm D25 mm D70 mm

Material Copper SPPS SPPS PE

Selection 0
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=9] od/\7],/\
dS 3}oq Table20]]/l1 Hzs
o7, FEA ?a%oﬂ FYste] HA A7) 8
z2slojolsls He wEEle] AHEFe C2 7MY}

Table 39] A& 9 ATHA|AH Y| T2 =E2A|7F H&
slo] =2A7RS 60502 7RSI

Hiere, 2= AA| AlHA S E= g 285kl
= —’4 H‘_}%‘—J ﬂx*(End—Point)% 20 ERPG-2D¢]
= AlEYo]dS fIgh Al
AMEI =7 —3— Table 69} 2T},
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K-water W44 U 2229140 A48k 60

1) ERPG (Emergency Response Planning Guideline)—2 :

7} B

38 Byl mi= Azkst A7AR] geko] LERLEA] 9 ] 29] A &
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Table 6 Conditions of accident scenarios

Table 7 Selection of leakage point

Conditions Worst scenario Alternative scenario Ozone gas line | Dilution line | Ozone contact line
Capacity Chlorine, 3 TON Pressure 0.1 MPa 0.3 MPa 0.1 MPa
Risk factor Toxicity Pipe size D125 mm D150 mm D2000 mm
Weather data 136C, 67%, 1.8 m/s W Material STS316L STS316L STS316L
Pressure 0.5 MPa Selection @)
Temperature 25T
A certain size that 55% Table 8 Conditions of accident scenario
Leak hole size of total Chlorine is 5 mm
leaked within 10 min Conditions Alternative scenario
Leak duration time 10 min 60 min Risk factor Toxicity
End-Point ERPG-2 (3 ppm) Weather data 1367, 67%, 1.8 m/s W
Leakage location Indoor(200 m?) Pressure 0.1 MPa
Temperature 25C
Leak hole size 25 mm
Ozone contact chamber #2
Leak duration time 30 min
momer ___ BAvt End-Point STEL (0.2 ppm)
. . ) Leakage location Indoor(200 m°)

18A-SENE

Ozone contact chamber 21

Fig. 3 P&ID of ozone injection system
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L &7} ZoujTHDI25 mm, STS 316 1)9] 20% 37104
25 mm FEFNA FEHE AR 7HEINIT FEAIRE

2 Table 2 % Table 32 A-835l9ct o=
o] @E7kA A7) o8l A E= H& 3L2sto] Table 2
NN BEEFS BEFOE, A AEOR SEPAR
 AEe B aeelel AUERe AZ A4S
Table 3] 7% 9 Al Lwo] 2 A A E3Ho] -
EA0E 20802 A

WK, SRl A4 AMOH ZAEE 1S 486
t}. madlA o] Z4(End—Point)s ©.£0] ERPG ZHo] 274
siAlgioh STELDS) 0.2 ppme& Hgeleich. 27l 2

Ao S 918 Al Alfele ZAS Table 82} 2ok

X/\] _1_7] =

3. AlEHolM Az}

3.1 §A71A =& AlEY01M Zut

99 m, AFAAF ﬁﬁli—rﬂ—J AOHHV:‘ 2
21 980, 735W. 0.2 Al gicksrt
287 W A%E 1 ton

‘41 E—‘:r %%%‘ FE2 AN 4

2) STEL(Short Term Exposure Limit) : <2A}7} 13] 15687+
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Table 9 Simulation results of chlorine gas leakage

[l

Table 10 Simulation results of ozone gas leakage

. Leak during Worst Alternative .. Alternative
Conditions . . . Conditions .
carrying* Scenario scenario scenario
damage distance damage distance from leakage spot (m) 1,224
from leakage 8,199 2,908 29 damage distance from boundary of L054
spot (m) workplace (m) ’
damage distance Total number of people within influence 19611
from boundary 8017 27% 117 range (people) )
of workplace
(m)
Total number of
_people within | o) 7o 143,909 133
influence range
(people)

#In case all chlorine (Iton) in a chlorine vessel was leaked
within 10 min

£87] olF A HEofRt %‘4%011 Ofjt FEARAL} HAYSHA]

g2eisch AR Eee u} th] o ﬂzmm
2| zakE oo}, o}z],_, ?,il;
FE i AldE e 3

H

9 A0 Rl AT, 4 FEA B £
QrFAA Lol AFOR AR HS B

elooh fARE G4 fEAIA WA 2 9P
9t o Fobd Ao o

3.2 2EIA £& AEE0|M 2t

KORA 2713

2 BEsto] LEIA o ek At
20 ghsh AEeol 4

S}MD]'_ AlEd|o]A A3t= Table 10

S=RRADIASE =28 M21d, M2g, 2018

2y
13GHx|oput.

Fig. 6 Ozone influence range of alternative scenario

9 Fig, 63} A
L FE Uidk AluE| e Algdold A, R vl
(D125 mm) 2|79] 20% 7|2 FEo] WAL W] 1
S 1,224 m, AR FARFE ] Tt = 1,054
2 QI AF WY A] e Aelols, Jg k= A
20 Sk 19,6102 o SE|odeh et Akelesh 44k
P 2 E7EA FEARNL WAL QI obItE X 97HA] dE

=
T
o
Hro. 7/-]\ o

B

2 e

4. 8 B
Aol EHEHEQ davts 9 0EVRA w24
K-water J945749] 7 Al 549 w2208 7MY
KORAZEIHE Bg3to] Hof Autele 2 chebaute]
Lo digh deiuby 9 JFEAE St
Ba7PT) FEEE B, FoFe] Aue]| 2ol 9f )

001'
> o
L
e
z N
FE

SHgE= 2,908 mo|H, T 2wl
143,909 0.2 Oﬂéﬂ‘iiq Al AR 7RsE 241
283k et Alue]2.0] 9 TafuldS 299 molH, w3
TR e 138 e 011%1‘4‘214.

QETIA 20 A9 0ZIIAS WM o] A glo]
Aaksto] vlE EQlshe Lz Hoto] Aol uhAlst
A g o= ‘f’“ﬂ"“‘ﬁ} thet AlutE] o)A T sfEbg e
1,224 molw 3] 7l = 19,611 22 S5 Q)

919 Atz & uf, i#%Oﬂ whE AA| TR



ook 39l ST ASAE Bawr | @ Ao
2 yehgth 028 AEHA ool A 5 HRR e
HESE 2R F ot *l‘«hﬂi— YsHA] gou, oF
7h FEA] iR AdE] 2.0 A9 daviibT He ofol
FEEE RANA Farts & 1‘41°P Alute] e st Tjs]
B 9 JFHSTE 2 AOR UEih o] A9 dE
7L frefeAEAl el EgEA At 220 =4
2 wigo] AotEle A& s, by, RSl
2 A% Taf Soll ik ko] A=trh Basih

40

References

(1) 745, 2017, “sletEddeH”.

(2) Hyun-Sub Kim, Byeong-Han Jeon, 2017, “Development
Plan of Accident Scenario Modeling Based on Seasonal
Weather Conditions—Focus on Chlorine Leakage Accident
=", Journal of the Korea Academic-Industrial cooperation
Society, pp. 773~738.

(3) sttt A, 2014, “AFaL AlLhE] L Aol
g 7l A

(4) American Petroleum Institute(API), 2000, “Risk-Based
Inspection-Base Resource Document”.

(5) Sttt E Ak, 2015, “AFaL G S A #
g 713

(6) Jeong Seok Oh, Ji I Hyun, Hyo Jung Bang, 2012, “A
Study on Smart Real-time Atmospheric Dispersion
System”, Journal of the Korean Institute of Gas, pp. 44
~51.

S=RMIIHSE =28

CHI21, W28, 2018



	정수장 내 염소가스 및 오존가스 누출시 피해반경에 관한 연구
	ABSTRACT
	1. 서론
	2. 누출 시나리오 선정 방법론
	3. 시뮬레이션 결과
	4. 결론
	References


