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£ A7elME g8l EEZ SAAH 9] F-/AF 2 2 i SAS gelstr] 913514 201395E 20164714 &
B9 475 L B/AAE 2AF 239} 2011697E 20166714 299 94948 AE(GOCHE 54 B8}
A AFAA EF 02 F2HE 97T FHAFEEE 656-36,094 g/m*E UERd on, SAAFH A= F1E
FF EfAbs = 57BRe 93-S Jehith. BASE 2418 94948 AR (GOoCHE T34 49 F-fAt
Ak ot 9ahd, A BEdel= tiupdie] Qo R iR BgAl EEo] BEFeIgon, 95 1aAt
o A FAANH T 92 EFoIM Ao 5L FEE e, AFR G o 2R Ho|AFE X-F 4
59 F57t AR S Bt dividRe] Qo] eRlA= di2r] Aol F-AF E8el Ao
F2 U= AFgsiglon, BFeA aFEe] M7t S7HRe g Btk 449948 AR (Goc)e) $3 49
of oJatd, FAMF £ FAP BEFo R Ao oF 58 km7HA] BAEE BEZ BT A A A 2
2}k B SAMNHA Y 207 g 53 v 40 QEjA A9 HER SANF F 2AHE F
FAbel 28 FRFE A48 SACAN SANH A= &8s} AE FIAANH A7) AA el g AESF E.
g Ao 7 Algdd.

Abstract — To understand the characteristics of the suspended sediment (SS) generation and dispersion patterns
during dredging operation around the EEZ sand mining zone in southern sea of Korea, the previous survey results
about the overflow SS as well the SS tracking from 2013 to 2016, and the satellite images were collected and ana-
lyzed. The concentration of SS flowing out to the sea surface during dredging was 656-36,094 mg/L, and this con-
centration increased as the dredging capacity increased. According to the spreading pattern of SS by SS tracking
survey results and satellite image data (GOCI), most of SS plumes headed northeast in the direction of ebb due to
the influence of Tsushima Warm Current (TWC). A relatively high concentration was observed in the surface layer
near the dredging vessels due to the out flowing of SS to the sea surface, and far away from the dredging area, the
concentrations in the surface, middle, and low layers became similar. When the influence of TWC was weakened
during flood at spring tide, SS plumes headed west following the direction of flood, and the high concentration
range was increased. According to the overlapping results of satellite image data (GOCI), SS spreaded up to 58-km
northeast during the dredging process. Since the characteristics of the SS generation and dispersion patterns depend
on the dredging condition, as well as the specific ocean current and wind circumstances in the area, therefore in
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order to minimizing the environmental impacts caused by dredging, it is necessary to review the mitigation of

dredging capacity and appropriate operation timing.

Keywords: Overflow suspended sediment(2 5 AP, Suspended sediment dispersion(F--1A} 24, EEZ
sand mining zone(EEZ S A |5 74), GOCI satellite image(GOCI 9/d %3/ ©]v] X)), Dredging(EA215])
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sFEAANHE 1947] FHE o|F7H AlFEg oA, vk
1970t 21494138 528 S71E Q8 Jge] FA5-20)
7 HT S A Fae] F5aA- wet 1980
Bl Y SAZ 1 FEES T HUTHK-Water[2014]). -
gyt Galisl A8 iR AAF S EEZ) S 20043 F-E] SA]
A7} A &= %2 1 (Cho[2006]; Kim and Lim[2009]; Lee et
al.[2010a]), S8 2R EAITH-E H8] 2008°] s SAAF
9x|7} 24 &A= TH Yoon et al.[2017]). B3l EEZ ZAA5 ¢
A& 20089 9ERE 20208 827 A -EFH F AHAFS
64,400x10° m’o |9, x| ZAAHALGAZL A A=] ] AH7} F
2E Aot M3 EEZ Sl9elA = 2008d 3€5-H 20184 12
L7 2zt e A SAANHGA} XA -G =0 F AT
58,500x10° m’o] 9, Al7+ X4 FAAF Aol diaiA] 2020 11
LHE FAAHZL A3 Feofl AU

SFFAAFHE AR FFHolRs AR 9] g
HHd, S FE A Eoldhe A EHE duEAdS Ay gt
AFEAANAZ QA AR B S| AEHKim et al.[2005]; Kum
et al.[2010]), A EZE7 Wzl 7|08 AMAE 74 vd 2
AElA 734 A 5HMin[2004]; Yu et al.[2006]; Son and Han
[2007)), -8<4EAF 7H4(Cho and Chang[2003]) 52 EA7} A
& 07 AZ|H 1 it SFEAAAZ Ae HAH] B}
= AAAGY] FAA B delX A3 o= s, B-AL
of] 8%t 7% F7s= B A W el gisl A3 Foll AFH
o] @7]F oz vtAsh} uEAQl FAANF Y F DAY= F
7 g7dgo) M= ar tk(Lee ef al.[2009]; Lee ef al.[2010b]).

gjoFel A SAAFH diet FF Wk T FAEIHE o] &
AL AP ASE FEIA clFelAn leEE Br |
Al BHAL a4 52 PaeMo] (&HoZ 9P T 9]
O™ (Jeong et al.[2017]), °1& H3A = B5 Am 71¥ke] FRAL
4 gl gk B4 9] mlete] Moo} i}, S SAH L 2
< 4 oA BAEE F-/AL] AT FES AFHTH, AF
g A8 B4 Tl 2JsiA 5= (Pennekamp ef al.[1996];
Fettweis ef al.[2011]; Manap and Voulvoulis[2015]), &4, ZF,
vlg Foll A8A 4 km7H] 4 4 9127 (Pennekamp et
al.[1996]; Teeter[2000]), B9 4352] A2Z QA ¥3le] 234 o}
£ FR{AE 2 e YERATHSeo ef al.[2018]).

AN ) W2 JF HES] EF o7 ARIFAZE, 3
FHFPIYRAL G0 89 TH7T T §90] AL 1o,

A 9o SAAH F LFT FHAL ZAL FRAE A ZAL
T2 B3 TR 2 AT B delks A8 HIE Alsstn
ot 2y difE 7] 2AHE I F49 397 B4R -3E
o] ZAAF sG] FRAE 2 F Bt AL sletsh=t
ole}go] wpect.

38l EEZ SAAAGAE= 20209 889 o)F ZAAFGA7} A
AejA =] AFH7 FEE Aejolut, A8 EEZ sjHuc} B %
o] FAP} AN AT ZA] F2AF e FA4% AT
o7 Fola 2 o]/} HUUTH Yoon et al[2017]). ¥ &7
A @3l EEZ SAAF HY9E ddez +3E SAAH F9
255 9 F-RAEA AL 29, Ta8la 94994 AR(GoCHE
FHH o8 FA-EA31] did MG FRAL S | i A4S
gelsigict.

2.2 X

2.1 9K % BAMXlE

IS FHREe] giSgel AA % AT BEYEE EXER
5 g gake 2 oF 50 km ©]%)S 227} 2 m oW ¥
T2 24 BAE 2= HYoldkFig. 1). YR O R F2F{=
HA WL YR S5 NE)FHKim ef al[2011]). T}
ZF2 H(S) = A WS Aol $Ask, B feldas
0.5°14] 1.5 m®|t}(You and Park[2010]).

g 9 diupdiel fHEAET 122 ofAlo} Bzl o]
AZF2] 93E FA ¥H=rh(Oscar[1982)). BHoll= S5 TFeh=
et Aol Bteha 22 ARta e W) dE
of 73t Aol a3y AR, i Fhe e BAF 9
3] AR FAEHEA JFo] G EFFe] AR
(Oscar{1982]; Lee et al.[2007]; Kim et al[2014]; Lee and Choi[2015]).
AW BFEAEL T2 22 Y e, 9739 F7)E
A vgE A4S 2HAA = 54S RUHCho ef al[1999];
Chough et al[2000]; Lee et al[2008]; Jung et al[2012]; K-Water
[2013a]).

ol EEZ SAAIAEAS] F SAANHZ2 200871 985E 2020
d 89714 64,400x10° m* |9, FF 3H, 3L, 4E, 4G 372 A}
o7 EXAFH7} ol FFTHFig. 1, Fig. 2). 20104 10856 =
3 8 A7 3H31 379 464G STl APAZ SAAF
7t elRejzon, 4G BT F FAAFF 21,354x10° m’E. A
3T 5 7P B2 o] YeG @A SAAHFS 33%). 1
9] 3F, 3H, 4D, 5G, 5H 37°lA 3718 ol5ke] A2 A5
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Fig. 1. Map showing the study area with bathymetry, annual field observation locations, and dredging complexes(3F, 3H, 3I, 4D, 4E, 4G,

5G, and 5H).

Table 1. List of review reference and data

Reference

Observation date of overflow SSC for review

Observation date of SSC tracking for review

(data no.) (data no.)
_ “August 27, 2013(L01)
K-Water [2013b] .A“g“"‘bze}zzso 1230({);’(204) -August 28, 2013(L02)
December 25, ‘December 25, 2013(L03, L04)*
‘December 5, 2013(P02, P03)*
Chonnam National University ~-ugust 24, 2014(P06) . -August 24, 2014(L06)
December 27, 2014(P08, P09)
[2015] iaacia SaE L P March 14, 2015(L09)
June 22, 2015(P13, P14)*
"March 24, 2014(P05) "March 24, 2014(L05)
K-Water [2015] September 27, 2014(P07) September 27, 2014(L07)
‘ "March 7, 2015(L08)
K-Water [2016] March 7, 2015(P10) Reibaah o (i
_ "March 12, 2016(L11)
K-Water [2017] September 24, 2016(P15) e

*Indicates that the observation was conducted twice a day
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7} olFoiFict, A @ ojnEL] vHiE 2017 285E 2019 Pl FE-EAE 0K Table 1). 018 T8 FAAFH ) W F-7
A 6971 SAAF7E FaEIgeH, T AZIE 71E0E €% AIAEA U SAAHAA A2 A EAat 548 sleEin
T FAANAZFE FAANF FEAE 638x10° m*o| ot ZA  #} &%k T3, Sl AE N ARE AFEE 201195 H
A3 A Fells 173x10° m*2 FH Y 27%2 s 2016374 Y494 AHR(GOCHE ©]8-3510], ZAAS o F4
£ AFelxe gall EEZ SAAE el 539 AFEEA 1 FR/AF T oPde ¥AEIg £ a7 AE 713 20114
AE, YV RFYZAL G0 499971 5o ARleIM =2E HE 2016371A] ¢k 6dolH, 3G 7IEe] FANNHFL 48,437x10°
FAARE AF AR H, SAAF o A EE 2 n’Z, A SAAFZ] 75%° ST HFig. 2).
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Fig. 2. History of marine aggregate extraction in dredging complexes of study area. 3F, 3H, 31, 4D, 4E, 4G, 5G, and 5H represent dredging
complexes (see Fig. 1). Light red shading means the review period.
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EEZ 3|9 2] SAAFE SAANFA] 2L ZefellA sjA el
FUEE AFAR F F2= s} FAF Al AR W
2oz 34, o}uﬂ A% n@H B3 A7 oA FHAPE
gt A5 nehd A BB A4 HAE el 2% ¥-f
AR S olusta, B3 9F= SAS §A AAE A5 SA
AARE AAA FFALE BRI AHE BEFA uiEHE AL
oJu|g}. viEE EFT B-HAE 9 sl AN 349 3
7 L& AXEA ERA8) OE dss) FE S4S AA 2
ot uglA] g FoE REE FHAL AEE 2 SAE delst
£ ofg&o] we.

2 a7 e SAAH F TS 548 welslr] §5t
o, SR K27 4, F 3457 A AH €75 A A
Fe izt =9} Y58 A=Y €5 A AR 2013
GRE 2016d7H4] F 213] FAH%0H, o)F IAAFH PR
T AP 39 AR AR, AHAE AHFE SR
¥ 1571 A=) disiA 418 335t Table 1).

Table 2. Summary of overflow SSC observation results during dredging

2.3 EMAFNS £2o| BRAL =AM EY

AL FEZARE 24 AFA AFAeelr] Dk = €
T2 g BiAL EEE B350 RIS 451N A5 W
P& T3 59 AL FEE AR @5l 2
AFelrE SIAMHA AFAEE 71 0E HRAle] 8 2 &
2 g BAS 5AA AR 71xste] AFAH 0= weks] ¢
3o 2013956 20169714 & 1239 AA F3€ F-7AL 53
A ASE FAScKTable 1). tldafie] 5242 2F 80-90 m
o] H9jo|H, A FAZAM] FHAFSE 42 201349 RALE
A 2)spd @8t 1, 5, 10, 20, 40, 70 m)E FHEIC F-H
AL A 18] ZARN] AQAZRE H4 5084 Ho A1 1022
2 I}

AL FHZAR 24 AFA TASh= AR S8 35
2] BZo] oJEs)y] wiiEe] Ao ) wlg- Fosict 71 =
ez 59 Aok Ryl ojeed FEst 34 AP E715
I Tl ® FAE HRAR Fhahgee 1@ 4 ol AL
EAE) £ A7 E SAAE F AF A T2 A A

Dredging information Overflow SS
Data no. Observatino Dredging Dre‘dging Dredging Concentration Ave. composition Ref *
date Area amount  time  capacity ~ Min.  Ave.  Max. Num,of Sand Silt Clay Num.of
[m’] [hour]  [m’/hour] [g/m®] samples [%] samples
P01  Aug. 27,2013 3I 3,477 3.22 1,080 3,950 6,319 9,095 14 60 35 5 3 @
P02 Dec.5,2013 3H 3,311 2.94 1,126 4,144 4,569 5,176 3 <1 61 39 g @
P03 Dec.5,2013 3H 3,782 3.21 1,178 1,387 4,374 17,360 2 <1 61 39 2 @
P04 Dec.25,2013 3H 3,477 4.64 749 2,629 4237 6,631 23 18 68 14 4 @
P05  Mar. 24,2014 4G 4,147 4.39 945 925 3,420 5,124 26 19 74 7 4 @
P06  Aug. 24,2014 4E 3,782 3.32 1,139 4,194 4,385 4,680 3 <1 59 41 3 @
P07  Sep.27,2014 4E 3,689 5.02 735 3,069 5,021 8,198 26 20 64 16 4 (6)]
P08 Dec.27,2014 4E 3,205 3.10 1,034 3,574 4,789 6,745 5 <1 60 40 5 @
P09 Dec.27,2014 4G 3,477 4.71 738 3,434 4456 5909 5 <1 61 39 ) @
P10 Mar. 7,2015 3H 2,120 3.27 648 830 3,345 5,646 17 5 77 18 3
PI1  Mar 14,2015 3H 4,410 6.84 645 2,498 2,623 2,796 3 <1 77 23 3 o)
P12 Mar. 14,2015 4G 3,574 4.34 824 656 725 762 3 <1 67 33 3 @
P13 Jun. 22,2015 31 3,574 4.76 751 2,349 3,172 4,382 3 <1 60 40 3 @
P14  Jun. 22,2015 3I 2,977 3.86 771 2,125 3,011 3,612 3 <l 60 40 3 @
P15  Sep.24,2016 5G 3,954 2.26 1,750 2,304 23,260 36,094 14 10 59 31 14 ®

% Reference (see Table 1) : O K-Water [2013b], @ Chonnam National University [2015], @ K-Water [2015], @ K-Water [2016], ® K-

Water [2017]
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Fig. 3. Time-series of overflow SSC.
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78] GOCI LB1 ¥/4& AE3IIcE Mejet sidd5$d AsA
2 A2~ H)(GOCI Data Processing System, GDPS)S 53l & -
EZ(L2A_TSS) A5F AE310] @3l EEZ SAAH #F2] F-/
AFEE FHEEE ERIsIgoH, 80| AR R Hoj tidsl
g B3 #5e] F-fAFsE 2o 7hsstn SAAF o ow F
AL T Fdo] FElg 914 S sk AR F 50
A £E 2 B E AESKIG
3.2 3 aF

3.1 EMAE & FRAL R &Y

2013956 201697H4] ¥ 213 2AME €/ F-AAbs = A
5 F ZANH FEEFT AP 88 AR AH A, A
AL, AHFYE FEE 1570 AEE AEsle] SAAH 207
9 975 BRAFEE Y] 312 AESgY

/T F AR B4 €75 AP 4 28], A 26
3lof] 24 A=At A5 LFRT F-HAFEEE 656-36,094 g/m’®]
WS E, A= 5,989 g/m’e]tH(Table 2). AN 2utell= 4
Ao ¥ FEF ey, e 255 Svlsta %
HHE2 458 s M-S A Fig. 3). 950 HAE
U= 242 20139 89 2799 ASAE(PO1)E Asd, 2
S diFE 20% ©l5HE vER, B3 2, AE, FE
ke 717} 9, 62, 29%=, AEZ} 7FE 322 TS VERITHTable 2).

HFT FAF ES5A1Y 13T SAANFHZFE 2,120-4,410 m?, &}
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AR AGAES} 9FF F-HAFsE 11 AEdA 24 3
Tof| o3t (Fig. 4), =AAF ZLYZAE7F 600 m'/hr 073 =
95% A F| Tzl A ABAS 0.829) TGS 7HAH AFH A=)
715l wet BF5 FRAREST) ke e UERiTH
2012A%E 201637k41] SAAH FG LA £4 Ao 9
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T AP REERL, 71E 35S T ERIE sERT 2
S 25T FAPE 2AERE Ao Addn

3.2 EXAFN 222 B RAL EA EY

FRAL FR AR P SAAFAS 71822 ¥ 10 km W]
o] W9jel A =g o, oldf AL FE SHL gV SAA
HA AT A FHL 71F0F 108 U9] 9] 7+ 0 F o] R Fr}.
F-AE FH2A R dslg e F98hs 9% 5585k divid
Fr 543 fALSH dif-de] B5 -5 wio s FyPHAYG
(Table 3, Fig. 6). &, 2016 393} 9¥(L11, L12)°] F-fAk= of
FE29] AL Al tha e FHE BofeH], ol AL BA
GAIFQL FA = AFA ks sl 35 FHIE w9 ZoR
RSl

4 A3 AYASAYE 1.6-10.6 km, AjBESAZ A2 &
= 5 07-140 g, B FAFEEE 3482625 gim’ W,
AAF =5 I AFFEE TS HAT A E 4%
CH(Table 3). 0] F-RAS] 4t ffle A BA &7, 87 5
T L 3] W ofF 9 Falel] AT IS LoH, F3
ZAR) WEko] B&e] 79tet B At el oJsi FEA F
AZo A 2] B-AL o) FRIE ukIE 4 q] WEo s wate)
ZAL AR Felrl= 2015a 3808, Lo9pll Al =517 8 km ©]
74O 2 B ZAL AZ]O] WIS ZA JERg e, oW] #5 FEE
7| YEFsTH(Table 3, Fig. 6).

F-iAbs T30 2 dlFel met olFshd Alzke] Adel] ut
gt FAFOE A7) o] BF ARV o1RAE FAA
FHA AT FAAL 5= ditd o s B3N E31, AN
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Fig. 5. The relationship between dredging amount and time(a), and percentage of dredging capacity(b).
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Table 3. Summary of 88 tracking survey results

3719 - 22

A

&3

LR

Dredging information

Survey results

Observatino date

SSC at the point of max dist. Observed Ref **#

Data no. (time) A Drcd[glir&g ];;tilount gmm:llg ntit; Sur;'i\;cy MTxk;::]iSt [g/m’]** Max. SSC
; Sur. Mid  Bot. [g/m’]
Lol ?1‘;%'533’ ;33 3H, 3 16 5 NE 72 16 s : 34.8 @
R e R 2 7 NNE 16 17 - ’ 2625 @
L03 ](:ng%?i i%g 3H 22 7 NE 39 2.8 - - 60.7 @
me  Gorals am 2 7 ENE 53 07 - : 2307 @
L05 ?’li;f'lg‘:‘i 82:‘;10‘; 4E, 4G 11 3 ENE 21 29 35 " 64.0 ®
L06 ?0“6%'5?1' 12:2:)‘; 4E 4G 33 1 NE 72 34 41 35 82.8 @
Ly RN 4B4G 30 10 ENE 78 27 42 41 464 O
L08 (1:‘33‘2; ’1?;?;3} 3H, 31 18 7  ESE 85 45 44 41 511 @
L09 ?g'sclfi'i%s) 3H, 31 28 10 ENE 106 140 1L6 135 1281 @
L10 (S(f;b%){-)i 32‘1105; 31 18 7 NE 60 35 30 30 423 @
Li1 ?g;;(lfi i‘ﬁg 4E, 4G 37 1 SW 39 16 55 38 44.1 @
piz  Sep24 2006 L gy 49 15  WNW 72 §5 43 39 467 o)

(12:40-17:40)

“The underline is the location of the reference dredging ship for calculating maximum distance.
**Sur, mid, and bot mean 1, 40, and 70 m below the water surface, respectively.
***Reference (see Table 1): @ K-Water [2013b], @ Chonnam National University [2015], @ K-Water [2015], @ K-Water [2016], ® K-

Water [2017]
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oM -5 AT F57F FAEH Yebdth(Fig. 7(a), Fig.
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GE A= ThFig. 8). 2012 9 642 S)A Gl Slshd,
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ks S JERTHFig. 8(c)). A ol F e Aol 2
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=] 7H¢ ofet 210 % ¢ A 312 (Miita and Ogawa[1984];
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