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LMC@inu.ac.kr Abstract >> Consequence analysis using an ALOHA program is conducted to cal-

_ culate the accidental impact ranges in the cases of hydrogen leakage, explosion,
Ei\fzzzd 2:8323;,22523 and jet fire in a hydrogen fueled combined cycle power plant. To evaluate the ef-
Accepted 3 November, 2023 fect of weather conditions and topographic features on the damage range,

ALOHA is executed for the power plants located in the inland and coastal regions.
The damage range of hydrogen leaked in coastal areas is wider than that of in-
land areas in all risk factors. The obtained results are expected to be used when
designing safety system and establishing safety plans.
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Fig. 1. CO; reduction rate with respect to H; fraction in fuel

Table 1. Properties of hydrogen and methane'®*"

Property Units Hydrogen Methane
Chemical i H, CH,
formula
Density kg/Nm® 0.09 0.72
LH
v MJ/Nm’ 10.7 39.08
(per volume)
LH
v Ml/kg 120.1 49.3
(per mass)
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Table 2. Environmental options by regional accident scenarios

) Environmental option
Title -
Inland (Sejong) Coastal (Ulsan)
Building Sheltered Unsheltered
surroundings surroundings surroundings
Ground Urban or forest Open water
roughness
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Table 5. Schematics of risk source options for the worst and alternative accident scenarios

Regional options
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Overpressure 70 kPa 21 kPa 7 kPa
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Table 10. Accidental Impact range of risk factors for the alternative scenarios
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----- : wind direction confidence lines (toxic, flammable, overpressure)

Vol. 34, No. 6, December 2023

Journal of Hydrogen and New Energy <<



B i

L~ o2 oo do
1
i3
<

H o
r
i)
[¢]
o,
]

il
o ol
ol
=z
)
o B

2 ox

2

# QoA B S4o) sl g s 2t
o= A NIgEEA L WHSA Sk o]

2 9J3) slol(24h Aode] Abm Alte o2 Thare
2 o] HE 271X 2 3lo] d]¢t2] ‘open water’
2} Y59] ‘urban or forest’?] ZZACE CA 9IA
WIS AL T AT B Aol A Telg
AT iR Y8 208 s Ha|dg
7 ¥ 2 Ak sekat s 8o njet 3
AL 99le) Aol vlA L Bl 5 A
(D& o] &3}t ‘Open water’ o] 4] ‘urban or forest’

2 97 B4 242 UHRE o) dute] wake

H28)= ]\l’ F%aL, Fig. 3 Z[eta} tiqke] AfaL
Aug el FRE(Fae)E UE it
Il Alternative Scenarlo [l Worst Scenarle
e l--m:ﬁﬁa
§ e --=EE=
] -40.6
(3]
[T
-
o
Thermal Radlation NO Reduction

50 40 30 20 Ao
Reduction rate [%]

Fig. 3. Rate of reduction in an effective distance for coastal
power plants when changing region conditions from ‘open
water’ to ‘urban or forest’

> SRAAUMO|LIX/3tE] =27

EDu‘ - E‘Du 0
7 + 100(%) (1)

w

Reduction rate = — (

ED,: The effective distance of ‘open water’

ED,: The effective distance of ‘urban or forest’

et 2| 9] ‘open water’ ZAxtof H] WF A
9] ‘urban or forest’ oAl § F-& T3|IFHL 7} AF
SH=l, A TRl =A AFol HAE 5
Folzel s A7 grol A1, 7] FF7t
7¥sto] w2 4 7RV wad| LOC ik Ve
ol = 34 %7] wlzolth Fig. 3o w2 37}A]
A3 Q4 (toxicity, flammability, overpressure)o] T
3 A o] wsto] whet 16.6-41.5%7H4] Aigho]
745 =1, thermal radiationS djjot | &}t U=

Aol 9 e Axpglol LA ol= o=
FE HEEs BARE ofuAl= ti7] Tkl o
e AA| R vlu|slA] w7] go|n, o]
Aol AT} F7)9] §-EoF IA %lo| radiation ofU]
A7F Q1A B AR, Az sl e Fa= UeRHoh

CA 914 H7F Al Zof} tiqhe] ARl Aluhe] e
£ 7Pkl W gFH NS A=t olu 2ot
AR AU o=t 7P B9l Ay e oju|st
o FAll w7t 7 2 ARLE wWEt: SR =
WollAl Al dicke=2] PSM Ahzof Zofe] Akal
AUl e 242 A8 E4% A3, Be WHas
didoem 2t Aol 2 EAe eshAl o2 A
‘urban or forest’?] X FEHS
& el Yok o
‘open water’ A|EHET d 9|7
weba) Feke] Abn Al e A

& 4 9l

¢

olN r

o
[}
i
2L
rE 12
+
>,
i
i)
to
i
fd

sfo] CA 9184

H34H HMez 2023 12



B ool B & 4 Uk BOR ¥ AT P
5o BYAIAL W FAARY AFS 0T 2
Ao 95 QH Hlolelo] 25 Pk, ok
] A % 0y S AR $YS BE 2a
FF A28 O AA A 7% ARE BE K
¥ Ao sl

for
N

O] = 20239 = FR(AFGFAAAFE T Y A
2 U714 BHEe A 9E ol 4
A47¢](No. 00236869, 300 MWH{HE] 7}AE]Hl 50%
<

G Eh AT 1S T B AD)

o

References

1. Y.Joo, M. Kim, J. Park, S. Park, and J. Shin, “Hydrogen enri-
ched gas turbine: core technologies and R&D trend”, Jour-
nal of Hydrogen and New Energy, Vol. 31, No. 4, 2020, pp.
351-362, doi: https://doi.org/10.7316/KHNES.2020.31.4.351.

2. A.Ursua, L. M. Gandia, and P. Sanchis, “Hydrogen produc-
tion from water electrolysis: current status and future trends”,
Proceedings of the IEEE, Vol. 100, No. 2, 2012, pp. 410-426,
doi: https://doi.org/10.1109/JPROC.2011.2156750.

3. Ministry of Trade, Industry and Energy (MOTIE), “The 1st
hydrogen economy implementation plan”, MOTIE, 2021.
Retrieved from https://www.motie.go.kr/motie/ms/nt/ann
ounce2/bbs/bbsView.do?bbs_seq_n=67130&bbs_cd_n=6.

4. Y. Hames, K. Kaya, E. Baltacioglu, and A. Turksoy, “Analysis
of the control strategies for fuel saving in the hydrogen fuel
cell vehicles”, International Journal of Hydrogen Energy,
Vol. 43, No. 23, 2018, pp. 10810-10821, doi: https://do-
i.0rg/10.1016/j.ijhydene.2017.12.150.

5. Y. Manoharan, S. E. Hosseini, B. Butler, H. Alzhahrani, B. T.
F. Senior, T. Ashuri, and J. Krohn, “Hydrogen Fuel Cell Veh-
icles; Current Status and Future Prospect”, Applied Sciences,
Vol. 9, No. 11,2019, pp. 2296, 2019, doi: https://doi.org/10.
3390/app9112296.

6. G.Romeo, E Borello, G. Correa, and E. Cestino, “ENFICA-
FC: design of transport aircraft powered by fuel cell & flight
test of zero emission 2-seater aircraft powered by fuel cells
fueled by hydrogen”, International Journal of Hydrogen
Energy, Vol. 38, No. 1, 2013, pp. 469-479, doi: https://doi.org/
10.1016/j.ijhydene.2012.09.064.

7. S.H.Park, C. Park, S. Lee, and C. Kim, “A study on the com-

Vol. 34, No. 6, December 2023

11.

12.

15.

16.

bustion characteristics of a generator engine running on a
mixture of syngas and hydrogen”, Transactions of the Korean
Society of Mechanical Engineers B, Vol. 35, No. 7, 2011, pp.
693-699, doi: https://doi.org/10.3795/KSME-B.2011.35.7.
693.

. M. Hussain, A. Abdelhafez, M. A. Nemitallah, A. A. Araoye,

R. Ben-Mansour, and M. A. Habib, “A highly diluted oxy-
fuel micromixer combustor with hydrogen enrichment for
enhancing turndown in gas turbines”, Applied Energy, Vol.
279, 2020, pp. 115818, doi: https://doi.org/10.1016/j.apene
rgy.2020.115818.

. W.H. Cho,H.S.Yi, S.J Lee, and E. S. Kim, “A study on the

in-cylinder injection type hydrogen fueled S.I. engine”, Tr-
ansactions of the Korean Society of Mechanical Engineers,
Vol. 19, No. 7, 1995, pp. 1702-1708. Retrieved from https://
www.osti.gov/etdeweb/biblio/378479.

. Korean Electic Power Research Institute (KEPRI), “2050

carbon neutral strategic technology-fuel transition”, KEPRI
News, Vol. 302, 2022. Retrieved from https://www.keei.re.k
r/web_keei/d_results.nsf/0/ECA152A4463C693F4925884
800196265/$file/ef2203.pdf.

A. Hernandez, “5 hurdles facing Europe’s hydrogen plans:
Building a hydrogen economy is going to be along and dirty
process”, Politico, 2020. Retrieved from https://www.politi
co.eu/article/5-hurdles-facing-europes-hydrogen-plans/?
utm_source=rss_feed&utm_medium=rss&utm_campaig
n=rss_syndication.

Federal Ministry for Economic Affairs and Energy (FMEAE),
“The national hydrogen strategy”, FMEAE, 2020. Retrieved
from https://www.bmbf.de/bmbf/shareddocs/downloads/
files/bmwi_nationale-wasserstoffstrategie_eng s01.pdf?_
_blob=publicationFile&v=2.

. European Commission (EC), “A hydrogen strategy for a cl-

imate-neutral Europe 7, EC, 2020. Retrieved from https://
eur-lex.europa.eu/legal-content/ EN/TXT/PDF/?uri=CEL
EX:52020DC0301.

. Ministry of Economy, Trade and Industry (METT), “Japan:

basic hydrogen strategy”, METI, 2017. Retrieved from
https://policy.asiapacificenergy.org/node/3698.
Committee on Climate Change (CCC), “Hydrogen in a low-
carbon economy”, CCC, 2018. Retrieved from https://www.
theccc.org.uk/publication/hydrogen-in-a-low-carbon-eco
nomy/.

S. Bruce, M. Temminghoff, J. Hayward, E. Schmidt, C. Mu-
nnings, D. Palfreyman, and P. Hartley, “National hydrogen
roadmap: an economically sustainable hydrogen industry
in Australia”, Commonwealth Scientific and Industrial Re-
search Organisation, 2018. Retrieved from https://www.csi
ro.au/en/work-with-us/services/consultancy-strategic-ad
vice-services/csiro-futures/energy-and-resources/national

Journal of Hydrogen and New Energy <<


https://www.motie.go.kr/motie/ms/nt/announce2/bbs/bbsView.do?bbs_seq_n=67130&bbs_cd_n=6
https://doi.org/10.1016/j.ijhydene.2017.12.150
https://doi.org/10.3390/app9112296
https://doi.org/10.1016/j.ijhydene.2012.09.064
https://doi.org/10.3795/KSME-B.2011.35.7.693
https://doi.org/10.1016/j.apenergy.2020.115818
https://www.osti.gov/etdeweb/biblio/378479
https://www.keei.re.kr/web_keei/d_results.nsf/0/ECA152A4463C693F4925884800196265/$file/ef2203.pdf
https://www.politico.eu/article/5-hurdles-facing-europes-hydrogen-plans/?utm_source=rss_feed&utm_medium=rss&utm_campaign=rss_syndication
https://www.bmbf.de/bmbf/shareddocs/downloads/files/bmwi_nationale-wasserstoffstrategie_eng_s01.pdf?__blob=publicationFile&v=2
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0301
https://www.theccc.org.uk/publication/hydrogen-in-a-low-carbon-economy/
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/energy-and-resources/national-hydrogen-roadmap

17.

20.

21.

22.

23.

24.

25.

26.

27.

>>

-hydrogen-roadmap.

N. Tekin, M. Ashikaga, A. Horikawa, and H. Funke, “Enha-
ncement of fuel flexibility of industrial gas turbines by deve-
lopment of innovative hydrogen combustion systems”, Gas
for Energy, No. 2, 2018. Retrieved from https://www.kawas
aki-gasturbine.de/files/Hydrogen_as_fuel_for_GT.pdf.

. D.S. Kim, “Review on the development trend of hydrogen

gas turbine combustion technology”, Journal of The
Korean Society of Combustion, Vol. 24, No. 4, pp. 1-10,
2019, doi: https://doi.org/10.15231/jksc.2019.24.4.001.

. H.L.Yip, A. Srna, A. C. Y. Yuen, S. Kook, R. A. Taylor, G. H.

Yeoh, P. R. Medwell, and Q. N. Chan, “A review of hydrogen
direct injection for internal combustion engines: towards
carbon-free combustion”, Applied Sciences, Vol. 9, No. 22,
2019, pp. 4842, doi: https://doi.org/10.3390/app9224842.
Y. Shin and E. S. Cho, “Numerical study on H2 enriched NG
lean premixed combustion”, Journal of The Korean Society
of Combustion, Vol. 26, No. 1, 2021, pp. 51-58, doi: https://
doi.org/10.15231/jksc.2021.26.1.051.

R. C. West, M. J. Astle, W. H. Beyer, “CRC handbook of
chemistry and physics,” 64th ed, CRC Press, USA, 1985.
D.]J.Jang, S. Y. Kim, and M. C. Lee, “Property based quantit-
ative risk assessment of hydrogen compared with methane,
ethane, propane and butane”, Transactions of the Korean
Society of Mechanical Engineers B, Vol. 46, No. 2, 2022, pp.
109-114, doi: https://doi.org/10.3795/KSME-B.2022.46.2.
103.

S.Y.Jeong, D.Jang, and M. C. Lee, “Property-based quanti-
tative risk assessment of hydrogen, ammonia, methane, and
propane considering explosion, combustion, toxicity, and
environmental impacts”, Journal of Energy Storage, Vol.
54,2022, pp. 105344, doi: https://doi.org/10.1016/j.est.2022.
105344.

J. W. Lee and C. S. Kim, “A study on the risk assessment for
strengthening management safety of hydrogen fueling stat-
ion”, Journal of the Society of Disaster Information, Vol. 18,
No. 3,2022, pp. 520-531, doi: https://doi.org/10.15683/kos
di.2022.9.30.520.

N. Khakzad, F. Khan, P. Amyotte, and Valerio Cozzani,
“Risk management of domino effects considering dynamic
consequence analysis”, Risk Analysis, Vol. 34, No. 6, 2014,
pp. 1128-1138, doi: https://doi.org/10.1111/risa.12158.

M. S. Yarandi, M. Mahdinia, J. Barazandeh, and A. Soltanz-
adeh, “Evaluation of the toxic effects of ammonia dispersion:
consequence analysis of ammonia leakage in an industrial
slaughterhouse”, Medical Gas Research, Vol. 11, No. 1, 2021,
pp. 24-29, doi: https://doi.org/10.4103/2045-9912.310056.
N. S. Anjana, M. V H. Nair, K. S. Sajith, A. Amarnath, and
L. Indu, “Accidental release of ammonia from a storage tank
and the effects of atmosphere on the affected area using AL-

rot

F2AYNOIL{RIHE =2 T

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

A XG9E 2 £9 0| 7]H510

OHA?”, Indian journal of scientific research, Vol. 21, No. I,
2018, pp. 1-7,2018. Retrieved from https://api.semanticsch
olar.org/CorpusID:198418759.

H.E. Lee,J. R. Sohn, S. H. Byeon, S. . Yoon, and K. W. Moon,
“Alternative risk assessment for dangerous chemicals in So-
uth Korea regulation: comparing three modeling programs”,
International Journal of Environmental Research and Public
Health, Vol. 15, No. 8,2018, pp. 1600, doi: https://doi.org/
10.3390/ijerph15081600.

R. Jones, W. Lehr, D. Simecek-Beatty, and R. M. Reynolds,
“ALOHAG® (areal locations of hazardous atmospheres) 5.4.
4: technical documentation”, National Oceanic and Atmo-
spheric Administration, 2013. Retrieved from https://respo
nse.restoration.noaa.gov/sites/default/filessf ALOHA_Tech
_Doc.pdf.

R. M. Reynolds, “ALOHA™ (areal locations of hazardous
atmospheres) 5.0: theoretical description”, National Ocea-
nic and Atmospheric Administration, 1992. Retrieved from
http://calliope.dem.uniud.it/ CLASS/ENV-TRANSP/ALO
HA_Theoretical_Description.pdf.

P. Patel and N. Sohani, “Hazard evaluation using ALOHA
tool in storage area of an oil refinery”, International Journal
of Research in Engineering and Technology, Vol. 4, No. 12,
2015, pp. 204-209. Retrieved from https://ijret.org/vol-
umes/2015v04/i12/IJRET20150412040.pdf.

J. A. Havens and T. O. Spicer, “Development of an atmosph-
eric dispersion model for heavier-than-air gas mixtures”,
U. S. Department of Transportation, 1985. Retrieved from
https://apps.dtic.mil/sti/citations/ ADA171522.

T.E. Son and E.J. Lee, “Dispersion model of initial conseq-
uence analysis for instantaneous chemical release”, Journal
of the Korean Society of Safety, Vol. 37, No. 2,2022, pp. 1-9,
doi: https://doi.org/10.14346/JKOS0S.2022.37.2.1.

Korea Occupational Safety & Health Agency (KOSHA),
“Technical guidelines for selection of worst and alternative
accident scenarios (P-107-2020)”, KOSHA, 2020. Retrieved
from https://kosha.or.kr/kosha/data/guidanceP.do.
EPA(Environmental protection administration) & NOAA
(National Oceanic and atmospheric Administration),
“ALOHA User’s manual”, Seattle, Washington, 1999. Retr-
ieved from https://response.restoration.noaa.gov/.

D. C. Thoman, K. R. O’Kula, J. C. Laul, M. W. Davis, and K.
D. Knecht, “Comparison of ALOHA and EPIcode for safety
analysis applications”, Journal of Chemical Health & Safety,
Vol. 13, No. 6, 2006, pp. 20-33, doi: https://doi.org/10.1016
/j.jchas.2006.02.003.

W. Brutsaert, “Evaporation into the atmosphere: theory, hi-
story, and applications”, Springer, USA, 1982, doi: https://
doi.org/10.1007/978-94-017-1497-6.

Korea Meteorological Administration (KMA), “2020 ann-

H34H HMez 2023 12


https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/energy-and-resources/national-hydrogen-roadmap
https://www.kawasaki-gasturbine.de/files/Hydrogen_as_fuel_for_GT.pdf
https://doi.org/10.15231/jksc.2021.26.1.051
https://doi.org/10.3795/KSME-B.2022.46.2.103
https://doi.org/10.1016/j.est.2022.105344
https://doi.org/10.15683/kosdi.2022.9.30.520
https://api.semanticscholar.org/CorpusID:198418759
https://doi.org/10.3390/ijerph15081600
https://response.restoration.noaa.gov/sites/default/files/ALOHA_Tech_Doc.pdf
http://calliope.dem.uniud.it/CLASS/ENV-TRANSP/ALOHA_Theoretical_Description.pdf
https://ijret.org/volumes/2015v04/i12/IJRET20150412040.pdf
https://doi.org/10.1016/j.jchas.2006.02.003
https://doi.org/10.1007/978-94-017-1497-6

39.

40.

41.

42.

ual climatological report”, KMA, 2020. Retrieved from
https://www.kma.go.kr/download_01/yearbook_2020.pdf.
Korea Testing & Research Institute (KTR), “Technical guid-
elines for the selection of accident scenarios”, KTR, 2021.
Retrieved from http://reach.ktr.or.kr/gnu/bbs/board.php?
bo_table=law&wr_id=582.

E Pasquill, “The estimation of the dispersion of windborne
material”, The Meteorology Magazine, Vol. 90, No. 1063,
1961, pp. 33-61. Retrieved from https://archive.org/details/
sim_meteorological-magazine_1961-02_90_1063/page/n
1/mode/2up.

Korea Gas Safety Corporation (KGS), “ 2021 gas accident ye
arbook”, KGS, 2021. Retrieved from https://www.kgs.or.kr
/kgs/abca/board.do.

C. G. L. Salcedo, L. Whitehead, J. L. Perkins, S. Upegui-Rin-
con, J. Guarguati-Ariza, R. Quinchia, and C. J. Espinosa-
Guerra, “Management of acute exposure to toxic gases in the
oil & gas industry -a practical approach”, Archives of Envir-
onmental & Occupational Health, Vol. 76, No. 7, 2021, pp.
385-392, doi: https://doi.org/10.1080/19338244.2020.186
0875.

Vol. 34, No. 6, December 2023

43.

44.

45.

46.

Technica, Ltd., “Techniques for assessing industrial hazards:
amanual”, World Bank Technical Paper, No. 55, 1988. Retr-
ieved from https://documentsl.worldbank.org/curated/en/
557481468740681645/pdf/multiOpage.pdf.

Department of Energy (DOE), “ Protective action criteria
(PAC) rev. 29a based on applicable 60-minute AEGLs, ER-
PGs, or TEELs (chemicals listed by CASRN)”, DOE, 2016,
pp. 1-186. Retrieved from https://edms3.energy.gov/pac/
docs/Revision_29A_Table3.pdf.

W. Hwang, “A study on the prediction of damage ranges by
leakages of seaport-stored substances”, Journal of the Kore-
an Society of Hazard Mitigation, Vol. 21, No. 2, 2021, pp. 23-
31, doi: https://doi.org/10.9798/ KOSHAM.2021.21.2.23.
Y. C. Shin, H. S. Yeo, S. Y. Park, D. H. Choi, and K. W. Park,
“Estimation of radiation heat flux in open pool flames for
application of fire protection walls”, Fire Science and Engi-
neering, Vol. 36, No. 6,2022, pp. 22-38, doi: https://doi.org/
10.7731/KIFSE.921a0c62.

Journal of Hydrogen and New Energy <<


http://reach.ktr.or.kr/gnu/bbs/board.php?bo_table=law&wr_id=582
https://archive.org/details/sim_meteorological-magazine_1961-02_90_1063/page/n1/mode/2up
https://www.kgs.or.kr/kgs/abca/board.do
https://doi.org/10.1080/19338244.2020.1860875
https://documents1.worldbank.org/curated/en/557481468740681645/pdf/multi0page.pdf
https://edms3.energy.gov/pac/docs/Revision_29A_Table3.pdf
https://doi.org/10.7731/KIFSE.921a0c62



