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& AollME FY LNG 714l s = el o5k &bA|(8Y) lalwhe] w84 54 3 84k E (DO,
Dissolved Oxygen) H3}5 FALSIGITE A A Wl Wi 27190 Casel(10 m® sec') 2.2] A3}, Wyulj4=7} 23wt
9] E8]7 54l nAl= e vl vinlskglem, DO M3} Budt =] gkttt 2.0 27191 Case2(100 m® sec)
ol A3}, W W 0.5 km HElollA G20 oF 1T 7433t Case3(1000 m* sec ol W5+ ¥4 0.5 km
HelA] Gr20] oF 4~5 °C ZHAakgl o, Wnl=rt 2Rt A sl 0w GAlstict, Whls e mE 2 (e
PEA(Potential Energy Anomaly)$t DOE S7M71 2122 UERTE PEALT AAl-7FE S=2ofA] o 23.2 J m™,
DOE= 5% <AqtellA Hl 1.0 mg L' S7Feh= 210 A5H Ut 7] Atz Qullrt bl 2afeke] o
WA= G wg vvEe ERIsHATE 5, WhlrE A4 a9l ] Wiakhaed] sfdef] &8 S e Hlow

71t

Abstract — The changes in physical properties and DO in Jinhae Bay by cold discharge were investigated. The
results of Casel(10 m® sec™), the actual cold discharge condition, showed that the effects of cold discharge on phys-
ical properties and DO in Jinhae Bay were very limited. The results of Case2(100 m® sec), simulation condition,
showed a decrease in water temperature of ca. 1 °C with the 0.5 km radius from the discharge outlet. In Case3(1000
m’® sec™), the water temperature decreased by ca. 4~5 °C within a 0.5 km radius of discharge outlet, and the cold
discharge spread throughout the Bay. The PEA and DO tended to increase according to decrease of water tempera-
ture. it was predicted that PEA increase up to 23.2 ] m™ at the Geoje-Gaduk channel, DO up to 1.0 mg L' at the
TongYeong coastal area. From the above results, it was confirmed that the effects of cold discharge on the environ-
ment of Jinhae Bay, in summer season, are very limited. Moreover, it is expected that cold discharge can be used to
improve the hypoxia water quality.
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Al Aks] €] Ajistel] whet olufA] =27t F7FskaL 9low, 1o
e 8 QA e AL Qle Al B @9 et
© 71 oA e tiAleh A 7 st e f1al A7 (NG
Natural Gas)oll =53k Qltt. &2 =] A A= ek b
A DI 15 Aol A RE B e ANl
HAA7IAL QAL 9o 2 e AA Ao F AHu E]—(Natlonal
Council on Climate and Air Quality[2020]).

A7)t B2 Zo)7] 98] Askel Abe)z 7)ol A g]n,

ol °“§]-?< 937]-/\ (LNG, Liquefied Natural Gas)g} 3ttt =23 Z9]

NG 33& §l8A= LNGE A7|spA Aok s, o] 3pefA] 5
H '6HT§ Farato] el = ARS-SHE AR Sl o]

A4 ART) oF 4°C 71k sk o] thA] 9ok =0 vk
H}, W58 845 WYul4(Cold Discharge)2t 3HH, o] W5+ 3l
o] g WA= o or 283t 287} QthKim
and Kim[2001]). Z=8F, Kim[2011]2] 7ol n}=H B LNG7|A|

oA HEE = WHjZr) AREZegE e FEake] ofFhe n)x]=
210 %2 LpERE oM, Kim[200019] oﬂ;Loﬂm I HO%E ol
T Wk 9 Ak el F o
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W5 WA (density profile)ys WSIA|7] 11 UE 452 &3} vk
] gl?lo] AthDoney[2006]). U= d5-2 dlFe] H=8H4, 4
A, 318H4 QRlEel WAleHAl ofslo] Qltt. WA g Rkl A 3F
AQl AFz5 5ol 3t 45 A2 AEZHIEY 77 wxst
LSS W31 (Son er al.[2012]), SHAIO] BAD A5 A
9 714 219 A Wt 543 2 st SAI7E AAtkSeo

[1998]). T3t U 52 12 E5tof| oJ3) WAysh= A= 5}eH2]
(biogeochemical) g el gt ljF Hh-&-(oceanic response)ol|714]
3 &S 1) ZIk(Yamaguchi er al.[2019]). 3HH | djoke] 24 S
I=(DO, Dissolved Oxygeny= S, 927} -2l &= wh=t}. &
G TR TR AAE] REE AT, o= 23 DOV
Hhge] Al 9l 2Jw]$k(Fondriest Environmental[2013];
Wetzel[2001]). o]¢} 7 "lw AJ=o] vl o013l ¢1x] &3to] ok
= AT Ak 1S fEste] Rk HE A ZICH(Park
and Ra[2014]). o]A7 gullsrel] 23t 39 <] & Fhie= e 4
7 DO°l F3E v 927} QLo ool Tt A= v gt
A7olct.

# AT elME T LNG 71AolA BFE= Bl 2t 3t
Al AaRke] 284 54 4 DO H3lE ARSI o] & 3l 3
2 f-5 F4 POM(Princeton Ocean Modely= ARE-3101 5 4711
Wl 0, 10, 100, 1000 m* sec)ell tht Rsfnte] E2]]
EA@E, T2, G, ASH5) |3lE B9t o] ¢ ndlo]
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Fig. 1. The map showing study site. (a) Isobathymetric map of Jinhae Bay. (b) Location of river (R1~10, @), observation stations for tide
level (TL1, ), tidal current (TC1~3, 4) and temperature, salinity (TS1~33, O), cold discharge outlet (%) and open boundary (OB; red

dottend line).
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& AINAE YHAEE slo] Whlg Wil 1 DO ¥stE o
3171 918l 7F-AIRE 7 8] (Gaussian Process Regression,
GPR)S Z3y3I3ict.

A

2. X2 2 Hi

2.1 POM(Princeton Ocean Model)

32H Bl FAIRER] POM 9 =& 19k shrdelle
A g 7hsste] Alo] kL At el A dE] ARE-E L itk
(Choi[2009]; Oey et al[1985]; Yoon and Kasai[2017]). POM 2]
ARt A S RER S ARRSto] =) QR ES U
a1 9k 33R) WR-E S CFL 239 71%3 71 Az 114 S 3
gop7] wiell REReHS u8AQ] Sl a8l 7o
2 H71E a1 9JtH(Simons[1974]; Madala and Piacsek[1977]). $12]
2= sigma(o) FHFEAE ARSI AT BAIE Aol 7HEAl

AFskaL otk

=
CFL Z7& 133t At AZF 742 9 F YH-rso dis) 2
=

7} 0.8, 24 sec= skl 11d7H2018%) E2SHATHA (1)~(2)).
1 1 |12
Atp<=|—=+— 1)
10x~ dy
1|1 1]
At < =—|—+— ®)
e 5x 6y2

AWM, 19} 1= Z17F S, U AIRE XMA, €= 2(gH) P+ Uy,
Upiz AUl 5=, Caiz Holl Ui S99 $525 ov|sitt 2 7
Ak o] Aol 1dzke] /M3t 717 AX BEE AT o] &
5 At #3 AAF A7) 500 mol v, Az ¢
87x74x10% & 107]°] o= L3I oo sliaiell 77k
T R ZeS viprdshl AsISitke = 0.000, -0.014,
-0.034, -0.074, -0.130, -0.210, -0.332, -0.468, -0.604, -0.782, -1.000).
NZAAE TG -AA T2} AA 7 27 1= 2 7
Al ] 28+ 22t =3 =AM (Korea Hydrographic and
Oceanographic Agency)?] &% Z#AF549) 7THE 2HAFA
tolHE & 367 wx® Zshialelo] vt o] ARl Ee R
FAREHE (3)).

b

>

&) = il H, % cos(w,t—k) 3)

e Bde] AAA it 71dEe 27 ek sl
‘3| %¥2h7 7 B = (Marine Environmental Information System)’2}
71743 8] 7R N E (Korea Meteorological Administration)” o]
A F53to] ARESISITE B rigiEac®2s F 10719 3kde] &
HE A RIAFSH, R2EAH, R3:§9H, Ra:ZF2|H, R5:Z1A
A, R6FEH, R7ATH, R8EA, RO, R1071E ), 51
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Table 1. Cold discharge conditions

Condition Value Remark
Temperature deviation 4°C Kim and Kim, 2001
) Case0 0 Unreleased
Discharge Casel 10 Verification
volume Cased 100
(m’ sec’) ase -
Case3 1000 -

L Tank ModelZ AHE31SITH.

Wafa=e] vl 2712 0, 10, 100, 1000 m® sec'= 4719] CaseE
TelEIRton, Al 242 A% A, T3 W e,
g 2 Hxks ZE Casedll Uldl] 4°CE 427313l on, gull
S0) QU 272 A5 el S TETTable 1), AFE
Z791 Casel®] W3 # ¢ & Hxk= #5 A& AKY

© 2 AFECHKim and Kim[2001]).

23 MEUE

2 AelM e e ASHEE YEhZ] $131 Simpson et
al[1981]°]] &J3ll 2QFE Potential Energy Anomaly(PEA)E A3
3lSItE PEAE AZo] F4E 57t ehdEdte=u Bas of
YRS UERY, ol BAE 45 A=) vtk (MacKenzie
and Adamson[2004]). PEA: =3|¢] AA W et 3zo] we} v53}
2o ARFETHA (4)~(5)).

PEA = [%j;(p'—p)zdz @)
o =L s )

A7|N g5 TEHUKEE, He 74, o 7Y HE, pE 93
Hote UE on|sitt, PEA gtell whet sl ] A453hert vt
PEA=0Y 7% & &35 (Complete mixing), PEA7} 254 7%
H]’d < (Destratificationys 2wt} PEA7} o A9-oll= A
(Stratification)0] FAE-S 2n|he dTo] 5 =& PEA #
< zteth

2.4 Gaussian Process Regression(GPR)

£ AFlME FEREe] DO E=F YI53h] $l8l GPRS AME-
3tglom, GPRY 7AIEEY sl alkdd el slloret
=27 HloEl7F ARE-E QAT 3]913A €] F5¥9 DO ol
5% (feature or input vector)® == TS 23S 30714 9] 4
o]} ARSEIRITE. 7] GPRS YRSl A3 FE w2y
7152 WE] (weight vector)2} #A #E](latent vector)E EHE ¥
TE2 7PdETHA (6)~(8)).
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»(x) = wipx) B Y= ow (6)
P(w) = N(w|0,0 1) (7
P(Y) = N(Y|0,K) (®)
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weight vectors 21| 3te}, 2] (8)ollA] o] Ak Ad 3= K=

X input vector, Y= latent vector, @ design matrix,

R, k0] 2 whe} GPRE] W] ARHM, B Ao
A= AL FE ARSSIITHA (9)~(10)).
K = k(x,x)) = Oj?exp(fé) ©)
r= =% (=) (10)

©17]A, o, signal standard deviation, o;+= length scaleE 2|
ulsh 7 H4E Y < K| Hyper parameterst} 3}, 3152] 2
5 Eéﬁ Hyper parameters”} 274t}
ofl g7} el A o2 AR Fholn AR
oAl &5 3FaLA} Shi= Target vector?l T Y9} ol #f(gaussian
noise)d] o2 AAHE 3t 79 FEHEF = ‘Law of Total
Probability’ ol 2]l A = (2] (11)), ©]& ©A] Multivariate
Gaussian distribution®] S5 =gk whe) ofel] 2] (12)~(13)%}
o] A2 Eth(Simon[2012]).

=

P(T) = jP(T|Y)P(Y) dy = jN(T|Y,ﬂ“1N)N(T|0,K) ar (11)

K
P(TIV)P(Y) = P(T|Y) = N(Y 71(0 0 )[K . +KD (12)

P(T) = N(T(0,(Bly) ' +K) = N(T]0, C) (13)

3714 C= T2 3-4H(Covariance matrix)S 2Ju]dtcl, GPRO| =

AL dy, ol NS 1,5 78R= ZlolH], o= Aolx] RE-HE T

B3l Pty | Ty= 2 202 JPsET). Py | TyE T3] 9

A by S Ty 2218 B A4 283 F HHe] AR

ool gttt 1, 8] WAL T HE] FRAR 7,0 S S8l
T T AT (14)~(17).

57w 9 S Wil oS 109
P(Ty, tyi) = P(Ty.) = N(T10, Cyuy) (14)

Cy Ky
Cyur=| " " (15)

kye1r ¢

T

kN+l = (Kl(N+1)K2(N+1)"'KN(N+1)) (16)
c=Kypwinth a7

A7 = 1@ FAY, ke T ke k@t Ty BB SRtk
o) gt AP EREE o] 2el| 23] P(ty| Ty a3} o] o]
HThA (18); Eaton[1983]).

Pltyi|Ty) = N(tys 1|0+ Ky 1, Oy (T = 0), ¢ — ks i C oy ) (18)

al
=
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3. 241

31 /73 2 HE

Wullar BLejoll SkA FrE BEle] 24

AZES ].Mr/]. 1/\4 z_lerg], T8 AR5 A0
I o R g e
Z91E vlasle] HE
el A7} Afol= 0.5~7.4°, HPZX} X}Olt 1.0 cm OME
A2 BATHFig. 2(a)). K9] 2R W37} 2w
= JE}(Hong[zolé D). olell whep qkels ZOl

Z2XHF A IR AT A,z
W= e H%Bl ﬁ]*&%bjr H53ke] # %‘Xl Iy
(Fig. 2(b); Table 2).

TGS 2l ARG 250
R o] 753t B8k, TSI1, TS1S, TS27 ZL8] 1 TS30014]
L) )\]ﬁ]oeﬂ H 7S 3] AA A& HAS §J—O ].Oﬂ;]_ EFH?Y]‘/‘L‘
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Fig. 2. Comparison between observed tide level(a), tidal ellipse of semi-diurnal current(b) and calculated ones.
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Table 2. Comparison between observation and calculation for tidal current harmonic constant at TC1~TC3

major (cm s™) minor (cm s™) inc (°)
Obs. Cal. Err. Obs. Cal. Err. Obs. Cal. Err.
TCl M, 83 10.1 1.9 -1.1 -0.6 0.5 133.2 119.6 -13.6
S, 2.9 5.5 2.7 -0.4 -0.3 0.1 127.3 115.0 -12.3
TC2 M, 23.5 31.9 8.4 -0.2 -1.9 -1.7 143.6 141.3 =23
S, 10.7 19.5 8.8 -1.2 -0.6 0.6 149.0 139.3 -9.7
TC3 M, 12.0 10.4 -1.6 -1.6 -1.1 0.5 36.4 34.8 -1.6
S, 4.1 4.7 0.6 -1.3 -1.0 0.4 324 24.7 -7.7
30 ' (a) Temperature (b) Salinity
Y 35
—~ oo “ u""" * =
O ‘ 2
§ : 5.
T 15 ‘g;" ®
3 3
= o
O . ?- 4 2 8 0 Ay
) R?=0.96 29 o7 R=o74
ol ‘ 8§8=0.99 ‘ . S8=0.93
0 15 30 29 32 35
Observation (°C) Observation (psu)
Fig. 3. Scatter plots between observations and calculations for (a) water temperature (p<0.05) and (b) salinity (p<0.05).
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Fig. 4. Time series comparison between observations and calculations for water temperature and salinity at TS11, TS15, TS27 and TS30.
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Fig. 5. The residual current vectors of Case0 and deviation for Case0 of Casel~Case3 in Aug.
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Fig. 6. Water temperature distribution of Case0 and deviation for Case0 of Casel~Case3 in Aug. (°C).
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Fig. 7. Salinity distribution of Case0 and deviation for Case0 of Casel~Case3 in Aug. (psu).
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[1981]). SS& 07} 1 Afe]9] k& 7EH 19l 7Ph&55 Allakat

BSgke] 2 AR oulsitt, -8 A5 A, Fo &
A= R=0.96, $S=0.990]7, ¥~ R?=0.74, SS=0.93°.F L}

ER} 2o AEAgS sls }oﬂu}(Flg 3). AAIE Wl A3, 2

Ao A=A s 2 dASSITHFig. 4).

32 95 7Y Hy

Wl W) o st AT 9 DO Wshke sgellA 7 2
UEeRstT. oel whe) Wullg WRE Qe Aajvke] AR, 2,
A& M3k 8¢ A= Fig. 5~70 YeRYQIe) =
= dlz227] Az A3 Jepdigler, JakR=
7107 oF & Ik §5-8 Al7F AR T X
ot 2 Ave] xR 2R, HS, 9
ghetet, Wl W7E 21218 Casel~Case39] AvR= wWH{x11

!

Q1 Case07}e] AJeh#|Ql Ak ER it
8¥ Case02] %% AT AA-7FY F2lA oF 10~20 cm
sec'] FEHYE W UYR RO TES Helow, B AA =

oAt T 9l

YE3x o] ojgko g
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Fig. 8. The PEA distribution of Case0 and deviation for Case0 of Casel~Case3 in Aug. (J m™).
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