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ABSTRACT

This study focuses on modeling the impact of ammonia leakage from the storage tank in a combined cycle power plant’s flue gas denitrifi-
cation facility. It employs accident impact assessments and diffusion models to determine the optimal scenarios for ammonia storage tank
leakage accidents. The study considers the operating conditions of variables as standard conditions for predicting the extent of damage.
The Taean combined cycle power plant is chosen as the target area, taking into account seasonal factors such as temperature, humidity,
wind speed, atmospheric stability, and wind direction. By utilizing a Gaussian diffusion model, the concentration of ammonia gas at
various locations is estimated to assess the potential extent of external damage resulting from a leak. The study reveals that in conditions of
high temperature and stable atmosphere within the specified range, lower wind speeds contribute to increased damage to the human body
due to ammonia diffusion.
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Table 1. Accidents related to ammonia in Korea

Year of occurrence (*18~’22) Number of occurrences
2018 15
2019
2020 4
2021 12
2022 6
Total 46

Table 2. Accidents related to ammonia by cause

Cause of accident (’14~22)

Number of occurrences

Transportation vehicle
Failure to comply with safety standards

Facility defect

3
33
52

Table 3. Accidents related to ammonia by type

Year of occurrence (*14~22)

Number of occurrences

Fire 1
Explosion 2
Leakage 84
etc. 1
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Table 4. Toxicity exposure levels (ammonia)

Concentration (ppm)  Time (min) Effect
10,000 - Promptly lethal
5,000~10,000 - Rapidly fatal
700~1,700 - Incapacitation from tearing of the eyes and coughing

500 30 Upper respiratory tract irritation, tearing of the eyes
134 5 Tearing of the eyes, nasal imitation, eye * throat - chest irritation
140 120 Severe irritation, need to leave the exposure area
100 120 Nuisance eye and throat irritation

50~80 120 Perceptible eye and throat

20~50 - Mild discomfort, depending on whether an individual is accustomed to smelling ammonia
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Fig. 1. A specific plume formed due to the continuous leakage of material
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Table 5. Seasonal average data in Taean (2021)

Season

Element Spring Summer Fall Winter
Average temperature (°C) 12 24.6 15 -0.5
Relative humidity (%) 71 84 78 72

Stability class E E E E
Wind speed (m/s) 22 1.8 1.7 2
Wind direction SW SSwW ENE NE
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Table 6. Atmospheric stability classes

A B C D E F
Very unstable Moderately unstable Slightly unstable Neutral Slightly stable Stable

3.4 72382 27| 3

2 AN T2 PR Yot AR A A9l AAEH, Table 72 o] 48 A FE o] 217 2m, YH 4 m
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Table 7. Scenario source strength in ALOHA simulator

Tank Chemical contains Opening
Diameter Length Volume Contains Internal temperature Storage capacity Diameter
2m 4m 12,566 L liquid 20°C 84% 8 cm

Volume : 7 ton
Length : 4m
Diameter : 2m

Length

Diameter

D.?Em[lE.E%}I

Fig. 3. Horizontal cylinder storage tank scenario
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Table 8. Key hazardous levels of ammonia leakage

Classification Accidental consequence Level 3 Level 2 Level 1
Burnin Radiation area Potentially lethal within 60 s 2nd Degree burn with 60 s Pain within 60 s
g (10 kW/m?) (5 kW/m?) (2 kW/m?)
Blast area Destruction of building Serious injury likely Shatter glass
. (55.16.kPa) (24.13 kPa) (6.89 kPa)
No burning

Toxic area ERPG-3 ERPG-2 ERPG-1

(1,500 ppm) (150 ppm) (25 ppm)
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Table 9. Constants in the probit for formula for NH3

A (ppm) B (ppm) n(-)
Ammonia -35.9 1.85 2
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: /
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Fig. 4. Correlation of probit value and percentage
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24.13 kPa BTHAE 6.02 kPa7} EEE| Q=] H|oho] Abar AJu2] @ 0] 7390l w mdr A2 AR 2ol A 2] o] 6.02
kPag 5] Fqto] ofg Jake Mk whekeh 4= )k,
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4.4.2 SAIEO| et B

RO ARAL Ajt2] L of nEE7 A 2 Aol ofgt sl 2 tot Alute] e o it bx| 2 S Aol ofet ms g e At
T AR T2 A 7 ol WA H, 715 Level- 221 BH] f170] Sl )0 B4 712= 45 mE TS ALt
29 5 714 Z7d0] FAlR o1 5 S Q1o 7 AR ek AT Level-2 Bl Q] Heh BAFE-25.06 kW/m’
R EEE0LOH, TRt Alue] @ oF o] BArA ] ke Hlofubed oF 1:2e] B rketert.

4.4.3 /40| = I

ERPG-2(1A17F9] kgl 41248t 747%o]| thigh ko] ehA] e 231 si)ofl mgehe 2t E4 72l 1.32km
2 Ve, Al A 783 7P 7Pk A TR RO S S Eklstalrt. 24 7@ W Ae] H11 s 4l
(57.5 ppm), A19](1,310 ppm) 0.2 Blelo] E|glon], BE 2 o)A o] 54 L7t oF 5~745 o]e]] 1 Ao et &
571 5ol s Ele] Wolxl=d| 304 o] Foll= AE

_u

4.5 AL A|LI2|2 23t 2

Thet Aube] @ 0] ol Faka A At ko] -9 ‘”Eﬂol 7P T2 AL A1 & mohE T 919 2A] 71<E ©]
310] 217} 2 et ALkl @ 27 Slefl A gl sl o] 2 22 BR1gict. 121 Table 103} o] EAKo]
7 Yellow Zone: 77 m)7} 71 Sl o] 7]20]

L 4AEd T ALZ 0] 15 FF H(Red Zone: 16 m, Orange Zone: 41 m, Lo
L5 FF P E e 22 & S SIch B 54 2Hike] 739 BAME T} 1efe] gake] Hste] W2 woj ek
HRIE gRIstel e, 115 AT SH4te] M7 B =/ Sk 7120] =2 P UrE Jks v 22 2klst
A 1

k. Z2H BAS Boto] 108 59k AT 5o] B A9 A TATHB T2 5] 95-100%] Fokzon] Az
of| TR 15 2 BISHE Shelgt 2k AL A 7] 2-34 559 S G217 5] oF 108 ool o 5] S 34
72 seld 4 gl

Table 10. Constants in the probit for formula for NH;

Alternative scenario

Spring Summer Fall Winter
Max concentration Outdoor 1,610 1,330 1,010 1,810
(ppm) Indoor 24.1 41.9 31.1 84.8

Z|ofo] Aute] @ sl gk A A, 19Fe] 73-¢-ofli= Table 113} o] wls 2|7 7|5 o|oke] 2|7} e Z =] Z|o}
O] 271 sl e R o} FEARLA 0] §F 2] 0 = QIS wsir} A2 S Sl 4 U 1=l FAFE O] 739 15
FaFe] ¥ 9l(Red Zone: 11 m, Orange Zone: 35 m, Yellow Zone: 71 m)7F tiQF AlLR] @ 5 7H S22 G HAE
£ (Red Zone: 11 m, Orange Zone: 35 m, Yellow Zone: 70 m)¥}F-FARGH 27-E B Qo sHA|Th 54 ghato] 49
2] @b -FAKsHA Akl Y 7] 2|11 1027t 22 A], Red ZoneZ} Orange Zone 2] AFYEC] 100%2] A= &1
4= Ao Aol w2} ERPG-3-& a5/ e SE7 1 F-A18E 7 ©F 304 o] ol tiiE 345 = 2 0 & njolE]
SItkFig. 6).
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Table 11. Constants in the probit for formula for NH;

. Alternative Worst
Scenario - 3
Spring Summer Fall Winter -
N R 25 24 2 18 25
Radiation 0 46 45 e 38 46
(m)
Y 81 79 76 68 81
R 234 308 297 264 359
Over?;‘;ssme 0 281 347 336 305 394
% 486 546 535 512 590
R 0.895 13 12 12 15
Toxicity
0 2.0 32 3.1 3.0 3.7
(km)
Y 3.8 6.7 6.6 6.4 8.0

Led kaﬁe Point;

Fig. 6. Range of toxicity impact

& Ao FE AL AU 2.5 7Pgste] A Aot AR A o] ikgo = QIjt o] TR el B8
z'\_

ke w8l g ARG BAjalel cheat 22 Aike 9 4 Usch

() L] 9, ok AUl 5 7120] 71 e A2(0.5°C) 4 B SRPESIZFAl mE Urehio, 23 2t
2 498 kWi’ 2. EEHeIc}, 127 Fete] Alute] QoA Fig, 72} o] SHIHI 0] 459 m, 8414 5.06
kW' o1 22(45 m, 5.06 kWim?)h 2 o]/} §lgo] SHelE|lr, ol 2efuh-gmt 9] ojste] 74 L1
7hske 7230 BApde] o] & 02 AR
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Alternative {(winter)

kW/(sq m) )
Downwind : 45.9 m
5 Max : 5.06 kW fm*
) 1 2nd deg bums

4
2 pain
)

o 1 2 3

minutes

Fig. 7. Radiation change with time at 45.9 m (winter)

(3) T4l 3% oot Akl F obSo] ERPG-2 B SIS 3.2 km 71 Wglon] Hote] Altel ool
ERPG-29] B 3.7 kmZ Uehdeh. 9] ) 27 252 524 A3 528 HylorhoF305 5 37] 3o sl4slo]
355710 ppmel S F 2 SIS, mfebA, 27] AR -2 SlohA Ghmuloh T 21) A, W(tan) 437, o
] Q1 7 S, i 5 ol S0 o] BT A0 of AZIcE

(4) TRyEA, 2] 73] AP F AR S B9 A oA 1080105 A] L2 242 Fale] gt}
P o) A Ee] 95-100% et gk

Zjote] Akl QoI Te1e] 39 A O R msit Hglon], ] L7} esE HAlde] 9 UL, B

o] 5255 T SPI] o] ARS 215}, ofelet ANE ErfE ghmuiohiE Aol ot th 2 ] A)2)

2493 efsto] AR thg 2 ched A=} 2okl gk

A7 A BYSLEL ] R0} o AT A A] 25 ThSo] el et mAle] 83 4 gk Ao B

o], 5 ejol AT oo} 75 Sl Ao He] 7 HSHE Aele e fofsRhE el M2 o

A7E SYhd el 3 5 ol mgo] B A0 AR g,

|
ol
o
=
.
il
%
Il
o
BN
L
o
kd
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