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Abstract — Numerical modelings were performed and a database was established to evaluate the impact of HNS
emitted from marine industrial facilities at the coast in Korea. Based on the database, flow-current field was built
for the detailed area where the industrial facilities are located, and water sampling had been implemented to under-
stand the actual condition of HNS in the sea area. It was confirmed that 2-propanol was continuously discharged
from the industrial complex in Yeosu. A short-term impact assessment was conducted prior to the continuous long-
term impact assessment of the sea area, and the concentration at the discharged point was estimated. The maxi-
mum value of 2-propanol actually observed in the sea area was 3.46 mg/L, and through repeated modelings, the
location of the outlet and the decay rate were determined so that the maximum value simulated in St.7 could con-
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verge. In the observed data, the concentration of 2-propanol in the vicinity of St.8 decreased sharply, but in the sim-
ulation result, it was calculated to be too high. The concentration at the discharge port cannot be investigated under
the current situation, making direct monitoring at the discharge facility practically impossible. In the future, it is
necessary to additionally verify the model for short-term impact assessment by examining the spatial distribution
data in the waters near the discharge facility and the concentration of the outlet.
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Table 1. Tide Verification Results comparing observed data and model results by harmonic analysis

Tidal Amplitude (cm) Phase (°, g) 4Error Tidal Amplitude (cm) Phase (°, g) —Error
Sta. . Amp. Pha. Sta. . Amp. Pha.
Constituent Constituent
Obs.  Mod. Obs. Mod. (%) ©) Obs.  Mod. Obs. Mod. (%) ©)
M2 2862 288.6 1372 162.1 08 249 M2 6.1 4.7 88.8 722 230 -16.6
S2 112.7 101.9 1959 2177 9.6 21.8 S2 2.0 14 1164 1212 30.0 438
T K1 39.4 35.2 304.1  314.1 10.7 10.0 Té K1 4.6 4.9 14 346.0 6.5 -154
(0] 252 26.1 2653 2803 3.6 150 0Ol 4.4 5.0 3195 3146 13.6 -49
M2 220.1 2274  89.8 91.6 33 1.8 M2 69.7 76.6 311.3 3106 99 -0.7
T S2 81.6 82.4 143.1 139.0 1.0 -4.1 7 S2 29.5 29.8 341.0 3373 1.0 -37
K1 34.4 31.7  280.7 2784 78 -2.3 K1 23 22.7 2190 2165 13 -25
Ol 26.2 237  246.8 2468 9.5 0.0 (@) 16.8 16.9 188.1 190.1 0.6 2.0
M2 101.2 1085 2592 2615 7.2 2.3 M2 75.7 83.3 281.8 2789 10.0 -29
T3 S2 47.4 482 2972 2927 1.7 45 T8 S2 33.7 349 3108 3084 3.6 -24
K1 20.2 18.5 1983 1820 84 -163 K1 24.5 24.4 209.6 2053 04 -43
0Ol 12.2 13.0 150.3 1536 6.6 33 0Ol 17.7 18.5 176.0 178.6 4.5 2.6
M2 54.4 60.7 2438 2449 116 1.1 M2 79.9 80.8 8.7 3570 1.1 -11.7
T4 S2 25.7 279 2802 276.1 86 4.1 0 S2 27.3 28.3 45.5 29.1 3.7 -164
K1 7.8 7.4 162.5 1603 51 -22 K1 19.7 20.4 2388 2315 36 -73
o1 4.3 4.2 129.8  127.7 23 -2 0Ol 15.6 15.2 207.5 2054 26 -2.1
M2 3.1 1.7 122.7 1089 452 -13.8 M2 4.5 4.7 57.8 53.1 44 -47
TS S2 0.7 0.9 1785 2089 28.6 304 T10 S2 1.5 1.2 78.6 894 200 10.8
K1 42 43 9.2 3497 24 -19.5 K1 4.8 5.1 3494 3395 63 -99
(0] 43 4.6 321.8 317.8 7.0 -4.0 o1 4.7 5.2 3109 3093 10.6 -1.6

Table 2. Tidal Current Verification Results comparing observed data and model results by harmonic analysis

Tidal Amplitude Pllase Error Tidal Amplitude Pcl)lase Error
Sta. Constituent (cm/s) ¢ 2 Amp. Pha.  Sta. Constituent (cm/s) ¢, 2 Amp. Pha.
Obs. Mod. Obs. Mod. (%) ©) Obs. Mod. Obs. Mod. (%) ©)
M2 275 269 3526 43 22 117 M2 762 574 1559 159.6 247 3.7
Cl S2 75 95 430 554 267 124 (1 S2 232  19.1 2100 2065 17.7 -3.5
(East) K1 3.0 1.5 1522 1235 50.0 -28.7 (North) K1 5.7 7.6  290.0 2642 333 -258
01 2.1 12 1061 1009 429 -52 01 5.7 53 2407 2362 7.0 45
M2 82.4 740 437 476 102 3.9 M2 56.0 63.0 77.1 754 125 -1.7
2 S2 264 279 989 1023 57 34 C2 S2 218 241 1320 1247 106 -7.3
(East) K1 5.7 46 2050 2159 193 109 (North) K1 52 6.6 2413 2300 269 -11.3
01 2.7 33 1656 178.6 222 13.0 01 4.4 46 1928 1973 45 45
M2 303 328 402 249 83 -153 M2 46.1 445 551 554 35 03
C3 S2 139 123 660 746 11.5 86 C3 S2 233  17.0 762 980 270 21.8
(East) K1 5.9 42 2400 2277 288 -12.3 (North) K1 10.1 94 2331 2362 69 3.1
01 2.0 32 1963 1944 60.0 -1.9 01 52 6.5 1894 2017 250 123
M2 39.1 457 1463 1426 169 3.7 M2 63.5 68.0 3546 3507 7.1 -39
Cc4 S2 213 186 1931 1814 127 -11.7 4 S2 290 262 542 314 97 -228
(East) K1 13.6 105 341.8 81 228 26.3 (North) K1 294 183 2348 2258 378 -9.0
01 7.9 83 3088 3348 51 260 01 194 146 1899 1933 247 3.4
M2 367 423 69.6 429 153 -26.7 M2 93 19.7 185.8 2005 111.8 14.7
C5 S2 146 162 1237 711 11.0 -466 (5 S2 4.9 88 2223 2286 79.6 63
(East) K1 13.7 13.1 3147 2843 44 -30.4 (North) K1 2.5 1.8 2579 1622 28.0 -957
01 123 106 2788 2542 138 -24.6 01 1.2 1.3 2183 1482 83 -70.1
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Fig. 1. Observed Tide and Tidal Current Stations by KHOA(Korea Hydrographic and Oceanographic Agency) used to validate the Numerical
model.
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Fig. 2. Verification of ocean current transport volume (Observed value of the Korea Strait, Seo er al.[2013]).
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Fig. 3. Correlation comparison analysis result of u, v current vectors between observed values and model results(2018, ROMS result-
Observed Buoy Data in Korea strait).
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Fig. 4. Location map of the sampling points in Yeosu.
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Fig. 5. Concentration distribution of 2-propanol in Yeosu.
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Table 3. Tide Verification Results (Yeosu, 200 m)

Amplitude (cm)

Phase (°, g) Error

Sta. Tidal Constituent

a 1l onstituen Obs. Mod. Obs. Mod. Amp. Pha.
M2 95.2 97.1 264.5 261.4 1.9 -3.1

. S2 44.6 45.7 301.8 297.2 1.1 -4.6

Galsari

K1 18.3 19.2 185.5 184.9 0.9 -0.6

01 12.6 13.1 151.0 150.1 0.5 -0.9

M2 97.1 96.6 261.3 261.3 -0.5 0.0

S2 45.5 45.5 2973 296.9 0.0 -0.4

Walne-dong

K1 18.8 19.1 184.3 185.0 0.3 0.7

o1 12.8 13.1 149.4 150.2 0.3 0.8
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Fig. 6. Comparison of Water Temperature (ROMS Model) at Yeosu Port, Buoy of Observed Data in 2020.
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Fig. 7. Primary Modeling result in 2-propanol concentration (1st figure, Fig. 7-a) and 2nd Modeling result of set decay daily rate (2nd figure,
Fig. 7-b). Red line was observed maximum concentration (3.46 mg/L).
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Fig. 8. Concentration distribution of 2-propanol at spring flood/ebb tide and comparison of monthly time series concentration change by

observed station.

Table 4. Comparison of the observed data of 2-propanol and the modeling monthly mean data

mg/L St.1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St.9 St.10
obs 1.00 0.66 - 0.59 0.13 0.25 3.46 0.11 0.07 0.24
mod 1.15 0.14 0.15 0.40 - 0.74 1.19 1.09 0.27 0.42




216 5 ed
B8l ZEZE 0.14 mg/LE SHA| E-E54cH(Table 4). St.80A =
299 gho] AA| ASpRet A4 Jehdon st.79 29
AsHAl B E Q). St.5ollA = BE A4 2-propanol”} 14
ul A8 A o2 YeRAITE, 2.2 Ao vEhA] Sk
th. AR o5 At WSl EAlske Zdolut k] R 9 A
o UiS Agade] RAe] = X olglelw waxste] F71H4
ol NSO 4 % 525 A Ul ASelA] f2A)17]= A
o7 ghe)

428 E

sho ASIA A HNS HhEe) gel AL ekt g,
AP S BB glok 1Bkl welst WEehA o)
o120 e4gkek. o] 1) HNSS] 552 3 laheAlel thit 2417}
AP ok} AEE 8 AR P FARDE o] g5 3
7Pk A5 ek ol BIAAG A Ao Al Q1 afe]
o Thgt 7} ke TES, 3 D Wl A B B
WRTHNS HEEe] e 2Ab} ool e Hrbk o
FojAlo & Aow Wt wat, A5 AR HNS BAo
Rkt ghob thee] A HlolElE M5 ek Rake A% 3
bl F5) ARH R A8k shEelM HNse] Fot 2
A% ol 2910 g W QAnIE 2a o) A AAEE
Ag3he 200 e TR TAVL RER A B TEE
SlaiAE shdsor s el F shigint.

o W] FANEE Bl WRTel et 17 FHsha, oA
AN FERES TSk ol Bal T AT

WRelx o] viE HNSE @A) 2R.v e8] sk, &
And

o rfr

U

o] ME FUREE elS3t0] 47] il 2 o)
G7hE AAlslok gk, shefe] sherEel dols A4e) &

of ofl rr

HE x|&aof & Aoyl Alek x| 9e] fEuo|E S 7o 2
7] 37} A3 Blwste], o #2142l HNS A%l tist 7}
3 = FEgjo) gk Aoz dken)

N
o
it o
2,
o
N
=
I
é

X

Wl

o] =12 20229 = Ak Al o g Sfjkatsly|ERl
Z9lo] X & ol =aE 179120210660, SFAFAAE vl =
SFalEd g7 g #e)r)s .

References

[1] Choi, M.H., Seo, H.S. and Kim, D.S. 2017, A Study on the Dis-
tribution of Summer Water Temperatures of the Central Coast of
the Southern Sea of Korea Using Numerical Experimentation, J.
Korean Soc. Mar. Environ. Saf., 23(1), 83-90.

AAE o)A -

[2] Chung, M. and Ceon, I. K. 2009, Characteristics of Salinity
Variation at Downstream Reach of the Seomjin River, The Soc.
for Environ. Technology, 10(4), 254-260.
[3] Egbert Gary, D. and Svetlana Y. Erofeeva, 2002, Efficient inverse
modeling of barotropic ocean tides, J. Atmospheric and Ocean.
Technology, 19(2), 183-204.
Egbert Gary D. and Svetlana Y. Erofeeva, 2021, OSU TPXO
Tide Models — TPXO9-atlas v5(https://www.tpxo.net/global/
tpxo9-atlas), CEOAS (College of Earth, Ocean, and Atmospheric
Sciences), Oregon State University.
Kwon, J.I., Heo, K.Y,, Choi, J.Y., Choi, J.W,, Jeong, S.H.,
Kwon, Y.Y., Kim, H.J., Park, GS., Jeong, J.Y., Park, Y.G, Jin,
H.K., Song, K.M., Choi, B.J., Kim, Y.H., Woo, S.B., Kim, D.H.,
Hyun, S.K., Choi, Y.J., Heo, C.W. and Lee, S.H., 2020, Oper-
ational Ocean Forecasting System (KOOS) R&D Status and Uti-
lization of Current Issues, The Korean Association of Ocean

—
B
—

—
wn
—_

Science and Technology Societies Joint Conference.

[6] Lee, M.J., Kim, K.W. and Kang, W.S., 2021, A Study on the
Necessity and Direction of Regulations on the Emission of Haz-
ardous and Noxious Substances from Marine Industrial Facili-
ties, J. Korean Soc. Mar. Environ. Saf., 27(6), 737-743.

[7] Ministy of Environment, 2016, Pollutant release and transfer
register (2001-2016).

[8] Ministy of Oceans and Fisheries, 2017, Ocean prediction system
maintenance for stable production of ocean prediction data —
Result Report, National Oceanic Research Institute, 11-1192136-
000344-01.

[9] Ministry of Environment, 2020, State of operation of public
wastewater treatment facilities nationwide, Water Quality Man-
agement Division.

[10] National Institute of Environmental Research, 2019, Applica-
tion standards for wastewater discharge facilities, Specific Water
Hazardous Substance Emission Investigation System.

[11] Park, GS., Kim, K.C., Lee, J.C., Kwon, J.I,, Jo, K.H., Choi, J.W.,
Kim, S.D., Kim, S.I., Kim, Y.H. and Choi, J.Y., 2013, Introduce
Study of Korea Operational Oceanographic System, The Spring
International Conference of the Hydrographic Soc. KOREA,
69-71.

[12] Seo, S.B., Park, Y.G, Park, J.H., Lee, H.J. and Kirose, N., 2013,
The Tsushima Warm Current from a High Resolution Ocean
Prediction Model, HYCOM, Ocean and Polar Res., 35(2), 135-146.

[13] Song, MK., Lee, H.J.,, Oh, S.H., Park, C.H., Jeon, Y.H. and
Bae, M.S., 2021, Prospects of Standard Analysis for Ambient
VOCs using TD-GCMS-Comparison of External and Internal
Calibration Methods, J. Korean Soc. for Atmospheric Environ.,
37(2), 355-366.

Received 19 September 2022
Revised 13 October 2022
Accepted 19 October 2022



	해양산업시설 장기영향평가를 위한 해양예측모델 구축 및 배출 HNS의 단기 확산예측 평가
	요약
	Abstract
	1. 서론
	2. 예측모델 구축
	3. 배출 HNS 단기 예측 평가 결과
	4. 결론
	References  


