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s G HAE AEF 23, GRYL kel o3 4 f1@A 0] /M A el 3], Azt
BUol A& wE AR G It £4 A, dRY o A% B o] FAI 2K O RRE FEE QT 54
o] Hlg) e A3 ngEe BA ASS o}ﬁit} AFH T E FojE *J%ﬁl#ﬂ LOC-1, LOC-2,
LOC-3°] Z}7} 0.991, 0.987, 0.989= 98% °|¢e] &2 #-& UEdlen, A& A<+ LOC-1, LOC-2, LOC-3°]
Z}7F 133, 70, 292 W F& 7EYFE dEYol T3 vl g wE Hg) JFo] FUHES FRlsATh

Abstract - In this study, a quantitative risk impact assessment is performed using an ALOHA program to
identify the risks when applying ammonia as fuel for combined cycle power plants as one of the solutions of
climate change. The worst and the alternative accident scenarios are established for the Sejong combined cycle
power plant and the effective ranges are calculated in terms of flammability, thermal radiation, overpressure
and toxicity. The analysis results show that the toxic risk is the most critical and the effective distance is highly
proportional to the mixing ratio of natural gas and ammonia by showing the Pearson’s correlation coefficient
over 98% as 0.991, 0.987 and 0.989 for the Level Of Concern(LOC)-1, LOC-2 and LOC-3, respectively. In ad-
dition, the coefficients of linearity for LOC-1, LOC-2 and LOC-3 are calculated to 133, 70 and 29, respectively
so it can be confirmed that the effective distance increases as the criterion decreases.

Key words : natural gas, ammonia, quantitative risk assessment, ALOHA(Areal Location of Hazar-
dous Atmospheres), combined cycle power plant, damage impact range
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AL = ARV &S 247kl tig A7t
48 QA sl A FLds} gl 7] % 917] o) tl-&-317]

=Eo =R V|EHslF ok NEAA H 92]F
A A & B3 A=7H - 7 247~ 45
Ag e 4 g o] -& 333 ot S-EvhE =5
20503 71A] Eran| &S 002 w27 93 <2050
kA (Carbon neutrality)” A=E A AT} o
71 F 247 TEE AEAT] Y8 AAAE #
Z 2R A oA A T oA A 7] E=E&
W FolH, o] F 3k AR AR Fo7] Y &
gty 4 Y GRY ol 22 FEaA
EE F&ote ieto] Al Ve R AR AT et
A 7129 4 ARSl A A7 2 (Natural Gas, NG)
9} 4, AR Y oLE E§Et AHETHE As R
4J o] 9l+=(Fuel flexible) 7}~E ¥l A 47] o] 7d A+
TS EE] 1 Fol, olo Uigt 87 F43] &
g dvgdoltH1-3].

EaltglEad o 7|2 AR Z AFSEHENG 98
2O Feti ARE FEUE Fa4]9} &
FYol= A8 T AE T EHAE X3ekA ol A
& A SRS HESHA G Aol Atk FAE o
Zuol AR @ Uit FA =7} Sl uhel, 1
of ik A AR[5], &7 48[6], BAA[7] Toll gk A
T} 23] A3 JTH89]. E ATl M= Y
g B UA, A} FRYOLE dAVtmet £
3l FF ol o] FUIFS LA FA s
Z0A F4 T dryole] 8 U EFHES
W3S o, o] k3l EkA 7488 Fig. 13 o] H]
StATE o714 olitgteka TAES dAvtaT

ALANFALS W v EE = o4t ekA g tin] 4
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Fig. 1. CO, reduction rate with respect to NHj3
and H, fraction in fuel
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2.1. ALOHA 2(EN-7|

ALOHA= V|19 3|9t 7]=(National Oceanic
and Atmospheric Administration, NOAA)©] 7]'&3}<]
3+7d B 5 % (Environmental Protection Agency, EPA)
I FEOE FEste HafdS T2 IMOR AL
Z 7+ (Consequence Analysis, CA)7|H o] tH{14-15].
ALOHAE 71e] ALaAI ] 2 5 A she] A &3]
Atal a9 e Bl Avld digk b A A
A FE T WIo R &gt AFGA W
EAE XFsto 2 A Y TR A& H A5
ot} 4k mdg] 7hko 2 YnkA Q1 74-9- Gaussian &
g, 37| HT AL 7k EE FA L Tk 4
73-¥ DEGADIS ‘F& EdS& AH8-3lo[16] 252 &
2 5Z29 s ¥ E Asta, 2494
Google Earth®} Z8-5}e] Al & H QS A =/l

2|7 EZ5to] 71415 & 5 9ITh ALOHAE ¥, ¥
&, /1A=, R ALY 59 ) gEaL 1w
3to] A& 4230 24 B AMEZQ e
FHIE HAY 5 Ut ¥4 D FFL Ao o
S e we 5 QA W, 2ol A W WEA = o
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5 A& A NG/NH; 480 & 93 93a ¢ 24

H3hA] ethe dAE =S EA|3TH17]. jEde
ALOHA Z=213o| AH o= SR T A & o]
A A F5 HEZEIL F7H o8 QU 0| Edt= T
ARG HsEQ =2 O 0 7 H Aol Hrh B
T FHLAA FRYo} F= ATt BT A5
A4 QI RE WX = AEFS 7]z wet Az
slste] FAAY =2 AAE E&317] 98 ALOHA
2 IAE A AT

23. ¢zUo} E2[ Y

FalststEd el Azl wel =y ol
= Aldin|Edo|x FHuly giul & 1650 &
SHOH19). Al Edolst A 2 F4 54 5
o] Zate] At A o 7he g o] AU AL LAY o]
a8 Rt F Aoz SEEE - AP ER ]
o g EYols 37RO 7P 7R o] HH
w2 A kst 912 dssiAl Do20]. & AR
DAY Ry of 7hxol =& 79 AA o A3k
A7) Gk m ATk A2 At A 714 e =
EA3H WA 94| 35ppme] A=A Q0 WAE 71
A7 0, T 7hs o] 9l TR0 v 21 &
BUol= 3¢, Qs o) 72 7tEE A 0
Aol AT 7t 7] Wil HF 2 AR
oAlX g, 293 Y 34 o2 HE ok 3ty &
I} HEF3A G =5 3l oF FHri22].

Table 12] NFPA 704 Z =& 1)< 2134 (National
Fire Protection Association, NFPA)| Al SF - Al
=29 AP S T8 A% FFEAI SRR, o]
=5 Fel A AP S AL FAEE AH
913 A (Health), {13} (Flammability), ¥H-&“3(Insta-
bility)# 71EHE ¥4, A S 0~49] AFE &
718 Aot} o] Z=of 2 g yole] AP
L35HOZ WS A2 A 222 IANH T
T A S o718 4 7)ol Fo) & Q2 gl
AL 15FCE 5o 22 ytdsof w3l
EZZ Q13- 0] 93.3°C o] EH | 3| g3, vt
£40 05707 370 =EHojx YukA o7 9F
Ao, B3 1h-3-31A] & 548 7FRITH23).

Table 1. Hazard identification code of ammonia
and natural gas according to NFPA 704

Gas Health Flammability Instability
Ammonia 3 1 0
Natural Gas 0 4 0
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Ht} Zb vl ke] #3213 o] Sl 3LolliE= PSV(Pre-
ssure Safety Valve)E X3} 1L, ¢4=7](Compre-
ssor) ¢} 713}7](Vaporizer) & ©]-83t] =Yool
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9] FEAALE WA SR Thge b AE U
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T A Aot EdF= FelddEEd S A &
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Fig. 2. Process flow diagram for ammonia supply
system
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ALOHA Z2719& 388 S350 o] gr]o}

2

5 A& A NG/NH; 480 & 93 93a ¢ 24

Table 2. Tank source options with respect to ammonia volume fraction in fuel

NH; fraction in fuel 10% 20% 30% 40% 50%
Puorking 12.5 barg
Volume 50 ton
Chemical mass 2.47 ton 5.34 ton 8.71 ton 12.72 ton 17.60 ton
Leaked Diameter 4 inch (100A 80S)
Total Amount Released 2,241 kg 4,844 kg 7,902 kg 11,539 kg 15,966 kg

Table 29} Table 3= &R U o}e} AATFA 4 A
A8 B AV 29 dEFkolth. ALOHA 483k
£ KOSHA Guide, 5 X2 Ed e 2 AAe)79] T+
A LR 4 6] A Zof o] A5t AT &
Tyol &4 Hjgof wg ok R Yol A
&St AR 9 AN S ALletaA) 3FH o,
HA7 2~ gl Ry o] 10~50% E4AE 71431
23 -FHFS A5G T o= EF 100% FE U o}
HAAE 93 dryol & A A8 FZof 9lof uf$-
8% YO, Table 29| Eigo T FELo}
ol g e 2 )~ el wt AA st AT

X, T Xvg =1 )
VA’H
Xy =+ 3)
e Vg, T Ve (
VVG
Xve = T @
Vin, t Ve

A7, Xyp: NH32 E28()
Xyt NGO EE-&(-
Vi NHz 2l A 2 %F(Nm’/hr)
Vye: NG| A 2 -f 2(Nm?/hr)

HVypy = Vi X LHV . (5)

NH,
HVye= Vj\'GX LHVy (6)
HV,,, = constant (@)

A71A, HV,,: NH3| g FMI/Nm’)
HVye: NG 2 #H(MI/Nm?)
HV,,,: Total ¥ &F(MJI/Nm’)
LHV,,: NH39] A 9% A FMI/Nm?)

Table 3. Atmospheric options of the worst and alt
ernative accident scenarios

Atmospheric option

Title
Worst Alternative
Wind speed 1.5 m/s 3.0 m/s
Wind direction SW
High 10 m

Ground Roughness Urban or forest

Cloud cover 5 tenths

Air temperature 40°C Mean of annual
temperature
Stability F D
Humidity 50%

(2) ke Ak Ayl 2 A3

ke Al AUl oE @AF o E B A
o] & A F Argoly A o HIX| = G ol
HoiQl AL Ay &5 A sEE TH27-28]. TIES]
APl AYE 2+ gR Yol FE EF d A
T D A Z0-E AL AR L2 At o,
ol FH Ef I &2 oA 2P
£ ¢EYol RH EYYEe &S5 7RISR 3l
18 ton &2 A3t o1 7}-8 -8-7F-2 Property Risk
Consulting Guidelines; ©] X Z[29]) wie} = ujo}
7 FE Ef Y oA BF 7 JeER FE
Efdy A= A 85% AL3SATE whEhA
15% A=2 F7] S 119 153 ton &2 AAI3A

o,
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(3) At AlE1 9] 71 H 3 A 2 A

A2 Al 2.9 714 278 Table 49} 7o) AR
St Hot 9 dijke] At Al 2.9 7)1 22
KOSHA Guide P-107-20203} XA MZF 2|9 =21
(5%, 345, A8 5)& 18t 2339 Fete
AP AR 25 10 m Eo)olA 23 1.5 ms9] &
O Z AATReH, 7| HF = SHNM=40 C, F
SHOE 71 21S AAEAT itk Ao Al
Uzl 2o 10m =oldlAd =3 3.0mis=E 24
stdom, 7|EEE 25 C, DSFoE, Ho
AR Al Q6] HIF) Fo] mEY 2=t W
2] 7] HAS J|FoE FTk

e 2 AL T 21 dF G S aE e
2 7% St g S 535 A SR LA Al
A A b A Y] @] Fool] m) X = PGS FA T = 9l
e 344 =2 4948 =&3519th

ALk gk Aol SAE & Je w2 =4d
$1% 849 LOC 7|&2 o)l & AT+
At G e o) Qlo], Table 40 AAIE SEY ol
g A3 5 ¥ AEE AT 4 AP es
o] F3F W9 7L TR R FTe] KOSHA
Guide P-102 X3S EE A9 TH30].

=4 (Toxicity) 2] 9 B4 44 7|FL& nj=4k]
$] A8 %](American Industrial Hygiene Association,
ATHA)OA 253§ 7|ZFo 2 nAt)SAZ+YAA
(Emergency Response Planning Guideline, ERPG)<
71&2 & gt} ERPGE #4 9 +4¢4, A5 %
A7 7L 2 A B4 A9 gkt gl A ALE] ¢
HAOSAIE S Tyt o AHgEs AFo=,
7] 2| s=o| W} ERPG-1, ERPG-2, ERPG-3
o2 FEIH31]

@ ERPG-1: oFF 7k & 7heia 34 o

=
ttlo
N

Y
T UE T A Ha =
@ ERPG-2: A7) +& &
7w Azt EIGRRG
oA il wEE ¢ 3l @ AR A
-c
o 4

@ ERPG-3: AWl 9192 F& 47 £4<€ 3
A g wEd 4 ole @ e A sE
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QIstge] & B4 44 71&S = Yol UEL
(Upper Explosive Limit), LEL 100%(Lower Explosive
Limit)?} LEL 60% = LOC v5E AA3te] 13|
P HAE BT A3 s d&F Hel=
LEL¥ UELY| &% He WA FZ=m, o] B4
Yol =23 74 dsl B9)7|9F 8 7Fsido] A
g}, 7k F7)0] BakE A 3] F A8
TEE dYsA &A =Y, ol T5U} B ol
Ql G} FHt o]kl FHo] wAgt) o] A& Con-
centration patchinessZ}1. §t} F=7F ILE2A] go}
P F5 o] dF YYLEL 60%)°14 Flame
pocket©] F4JE o} webA LEL 100% ©13<1 LEL
60% FEoNME sA] B Ziko] 9J3Ado] EAlstng
olel gk T3l P&k HAE A AT

Fete] & B4 A 712 At 9k T8
g2 7|F 2 E 7,000 Pa, 21,000 Pa, 70,000 Pa®
TEEC

Felo] di w= vu g 3
@ 21,000 Pa: AFE] H FxEo| &4

71zl A old, Al Rg =S|
@ 70,000 Pa: tF-E2] AFE0]

BApge) 9F B4 4 /)Ee BAL g%

QA @ Au] 9IS 7|FOE 4 kW/mE 125
kW/m?%, 37.5 kW/m’E FEFt}
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@ 4 kWjm? 20% ol B
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Table 4. Level of Concern(LOC) for ammonia

Toxicity | Flammability |Overpressure };h;::ilz;
LOC-3 (l?ggijm) (280,0U($0Lppm) 70,000 Pa |37.5 kW/m?
LOC-2 (FSI({)PSI;i) ( 11;(];:,]60(1)021;7;) 21,000 Pa |12.5 kW/m®
LOC-1 (];?i)Gp;) (9]6516063?@ 7,000 Pa | 4 kW/m’
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ALOHA =z 21315 83 Hghaf et 4 W) iy o}

=1

2

F A4 A NG/NH; 280 u}-2 J)3|d 9] 24

Table 5. Impact range diagrams and distance for the worst accident scenario with respect to volume
fraction of ammonia in fuel

Volume fraction
f NH; in fuel
10% 20% 30% 40% 50%

Risk factor

Effective | I 1N | ’
range | = ] — ’ ] | ‘ = ‘ ‘ = ‘ —

Toxicity diagrams

Effective
distance

Effective ‘ y ‘
range ‘ = ' = ( = : l ‘ - ] =

Flammability | diagrams

Effective

. 128 m 161 m 184 m 202 m 220 m
distance

Overpressure N.D. N.D. N.D. N.D. N.D.

Effective ‘ V- ‘ ‘ i | ‘ \
range w‘ ‘ ] = ‘ = ‘ ’ = ‘ ‘ = ‘ =

Jet fire diagrams

Effective
distance

Effective | / |
range = T 1
Fire ball | diagrams {

Effective

. 92 m 118 m 137 m 155 m 171 m
distance

32. Foo| Al ALfE|@ HE WHe 2A 71#EE nig e 23 54, Q184 9 BAFE (Fire ball,
Table 5+ FHHo] ALaL AU 05 T 0 2 51 Jet fire) 2] E4 H]& F7}ol| ;2 3} F=0] & Fig 39
AA7F2~9) ek o} E4 H]EE 10~50 vol%7HA] TP =R FRAISIETE FEHFS A w2
Z7MNAES 1 2] ALOHAS 53] EAEHE 54, 2 Al JeRH[32], tRU L] EAgo] T o

3, Ik, BEALE S Ao FEF ielolth Aot 3 2 ALSL FF HAE A R SIS AEFS B
g B A9=1.0C 1-3 7|F = BF =254 At 22} AT A Gof v X = ] G 2
oo} &k M 97} =25 R 2o} N.D.(Not Determined) 71e =4, 34, AL (Fire ball), BAFE et fire)
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Fig. 4. 20% NG/NH3 Mixing rate Google Earth
visualization of worst case scenario
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Fig. 5. LOC of alternative accident scenarios

Table 6. Alternative accident scenarios impact range
of based on LOC standard

LOC-3 LOC-2 LOC-1
Toxicity 1,300 m 3,100 m 6,200 m
Flammability 118 m 176 m 235 m
Jet fire 10 m 24 m 70 m
Fire ball 65 m 158 m 292 m
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Table 7. Alternative accident scenarios

Toxicity Flammability Jet fire Fire ball
Effective range i - | L ‘ = [ T i o,
diagrams = . ’ % | W / IR~ Al
Effective distance 3100 m 176 m 24 m 158 m
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