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uiekEAl] AFHA oA FABsH= e E F-TAEEE (plume)- 3|75 we) it +59] FFEAFS Z4aA7|
X oRES et T T #Y AHEE ] L v FRAEES FTEAEY 9T, 2R, S
5 5ol 9T IS B o2} £ FF, Y] 4, 55 T E8E 2 wet 22 Al-F7HE] ¥
+ BRItk FHAREES] At HSE HskAY §39 % s 2@ A S Tetsly] flx A7)1Foln A
£ AAAZe] FoAo] 27HI gt £ ATl vitlEA] AFH A oA LA FHALEES] 24 )
o} T8 SAV] A% v FSTHEAASF, B8 =T, 99FAbel sk (1) AeAEe] .4, (2) B
H)¢] #& AT F-HUA 54 Hisgle] b 93, 3) ST B2 Al YRS FRUA) S8 S 1)
A= 9, @) 4852 I BSY Gl diF A dAFS ERelT. A2 ASTRE A3 BEA
0] & F-FAEE AR 298 AlgtEe] o), Q752 o) A gstaL A8 71T £5pi o) A HE A
3 HYE £ QIR E RNFF5AF S o2 U (multi-layer) F5ATE =33 A7E ) AEAS &)
Al = Qlth. & =7l AAE S48 ¥ 57152 uidEA] AF 2 AR A AT FRAEECl %8
o mX= e Frshs 7|2AlEE 888 -

Abstract — High-concentration plume generated by sand mining spread over several kilometers at water surface by
current, The plume can temporarily block the sunlight and destruct the food chain, seriously affecting the ocean
ecosystem. This is not only affected by the size, density, and settling velocity of suspended sediments, but also has
high spatial-temporal variability depending on the dredger types and physical conditions (e.g., water depth and cur-
rent velocity). To identify the dispersion patterns of plume and reveal its impact on the water column, long-term
field observations is required. In this study, four observation methods (direct sampling, optic, acoustic, and remote
sensing) for estimating the dispersion patterns and suspended sediment concentration of the plume generated by
sand mining were reviewed: (1) necessity of water sampling, (2) high accuracy of optic instrument and distortion
by changes in suspended particles, (3) high spatial and temporal resolution of acoustic instruments and effects of
suspended particles on backscatter strength, and (4) large spatial scale of remote sensing and limitation. Each
method has limitation in detecting the plume with high spatial and temporal variability. However, the reliability on
results can be improved if a multi-layer observation is performed that is suitable for objective of each research and
complements the weakness among the methods. It is expected that the observation standards presented in this study
will serve as a solid basis to assess the sand mining and its impacts on the marine environments.

Keywords: Sand mining(Z #} 2| 5]), Plume(E &), Direct sampling(2] 7 3] ), Optic backscatter(3F &4tgh),
Acoustic backscatter(5-31}), Remote sensing(22HAH
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HiEA] AF YN LA F-HAEEY 5 S8 2R

LA B

A R, A, Shrdel] ¥EE A T REHEAN AW
E g 29 g 53R A4AA F 5] ¥ (Hong et
al [2015]), AQENZHE o] & AL Eojdie] Eelshe WS
SAAR L 2t ol2fdt SAAMHAE BAYEE B3l 4 S8
7} 713karA 0 2 S vt @7 Sk s FAlolH,
FoE FI817] g8l 4 SALEH, vith, A, SAhedA A
%29 AF 0] aEe] 23 Qirk. 53], vl A= &
FH 0w =8 7 Q= tEAR] SALCEH (Lee ef al.[2010])
A A TFL T 9 10~30%(2011~20200)2] TAIB]E 2K
3l 9].2.%j(Ministry of Land, Infrastructure and Transport[2021])
(Table 1), ¥iEFH 3 Al (BEZ)S] 2188 SAAMFDA A 53
3 o} v E 2 TRl oet EgdEaae s
o] &2 9} G0l §-A TR/ T A AL E A E o]
N2 (Lee et al.[2010]), EAAF 3H7HAZHEAANAY A22%)
o] AHE 7Y 5 A

ui2A) AFH AN s EE F-RAREE (plume)S
AZ FHUHYEHAZ TIAF)7] wlEel 2EEEE ANZ 5 A
o} ZAAH N izt WhL FARAAIRNE A& 0= A)7)=H 1
Now offiQ ko] 2% mg HAI L Urk(Lee ef al[2010]). A
Az, EAAAE F4 HARGE ASAA xR E 24T
AM2AE Bk, o g-AFeixe] s, AR A, et

=2
=
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AL o7k FAIA] Qith B8, 1 s FAEES 75
FEIAFE A7), AEEFIEY o7 YAPIALE #is)
AlA HFHorEE AT St o] et S| FFElA met
£ X3 FA AL ) Bl ol e} AAMA Tkt S eA
vhAl =] 11 9] TH(Rogers[1990]; Cho[2006]; Erftemeijer and Lewis
[2006]; Suedel et al.[2008]; Lee ef al.[2010]; Jeong et al.[2017]).

FAREES HAES 974, 9%, IS0 ofvet =44
9] F5, dEgY 4, 2, A7, 75 Y B 204 &
£ JFE F2 v (Nichols et al[1990]), Al-FZH WFAo] =2
it FEIE verdnt ol2jd o2, HZ FRAES Al o
g AFele FARFS 7o 2 3 Eade] £E &85 7 9]
o, 45 AFEE FIN77] A8l &F, B, A4 T2 T
271301 A5FR FAAS0] AL Yot & =FoXE v}
=4 ARG NA DA AFE BHAEEY v 825
s AR AT, B8 2%, 448Abel dig F-d3s v
BRI eH, AR or ¥ ArAae I8, ¥REE S
Ado] Bt W S| At m|RE 9, BS54 4
A S EREith

2. BRAEES| &t g

viEA A e ol e 84 FUE2A] AFHA| de
AREER QI 7R B A7 oF 1 me] ¥ (suction pipe)E

Table 1. The percentage of sand mining by source (Ministry of Land, Infrastructure and Transport[2021])

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
River 29 2.7 2.0 2.0 1.0 2.0 3.0 2.1 1.6 0.8
Ocean 293 302 29.9 38.0 26.0 33.0 25.0 12.5 1.7 12.6
Forest 62.5 62.1 63.2 55.0 70.0 60.0 68.0 80.3 89.7 80.0
Land 53 5.0 49 5.0 3.0 5.0 4.0 5.1 7.0 6.6
Total 100 100 100 100 100 100 100 100 100 100
unit: %
: Dredger
Overflow
Surface plume | g BREEE Uk Q L9
Biach i 7 Turbulence
i Fin_é p.arti_ctésj ;
Flocculation
Current

Bottom plume

(1) Convective descent

(2) Dynamic collapse (3) Passive diffusion

Fig. 1. Diagram of plume dispersion generated by sand mining (modified after Nichols et al.[1990]).



212 AZG - HAE - ol E - 7%l - 3187

HAHE7A] Y& 2o e S M5 @7 AR s
2]+ 2] o] th(Manap and Voulvoulis[2015]; Garel et al.[2018])
(Fig. 1). FYF 7= FHEL §HEo] W] wjFo] siAHef =
&3 E3 50 Sl EAE @ 9E0E A olFHA . &
48 FA F 2 YAE 0.1 mm)E FATHE 53 v (barge)
ol AA = 3, oF 10%FH718)9] F-REAES FUPAA 2
A= d5el o8 €55 (overflow)e] FEIZ =k 4 T4
o= ulFFH(Kim and Lim[2009]). EFT+ T2 A& 2
717} 22 AES} HE HFE(< 0.063 mm)E TA=] glov,
HItE vjEEe YoM 1EE F-HAEES AET. AL
EES A9 20, HAE =4, 745, 92 o2
of ma} g4t 8919} 127 2R Eck(Table 2). YA 22 367
o] da2A & B3 FASsHA AR h(Nichols ef al.[1990])
(Fig. 1). (1) 54 87327 (convective descent): BFT+ 119G
9] AT} 1FE FREHER A 7] Wi, B3
o Hj3) AdjFos dert goh. €55 iES AFHA FHHY
(100~200 m o|H)ell F7& EFF G A m oS A
(Seo et al[2018]). BI=A] A7 == B¢ AFHA 74 5
T daFoZ 4 ol = A mg I'71A] F71BP1E #tt. (2)
F24A9 (dynamic collapse): 25 &S &7 257 2 o
A AFHAF AelA] diF-E A=, AFAFe=RE 2
AFE H|ASFFT FUT U= F JAET FAAHE &
A}, BRAEEES F7E oF 5 m u|Tke 2 T4 4%t (3)
&g (passive diffusion): F-FAFREEC] A 58& A4
3P, FEAAES) A, 24, vidhe) TS Wl &
2t B F7FECHKim ef al[2018]). 50] 2 dEE B, B3-S
et 5 9 mefl A § A km7HA] SAE7| = i) AAlE, 93
EEZ SAANHGA A AT F-RAESS A%, A50] e
EHe) 2A} 72w} 50 oF 40 km7HA] Ao £
3ol wad 7 Eell= E3 ol 7= o] #E$171 10 km
njgko 2 oiE 24EITKSeo ef al[2018]). F-HAIEEC] B =
37 w2t Tt 1M Y oF 120587 mEA ZH4ash
1735 =9} ¥]8| -tk (Nichols et al.[1990]).

Table 2. Characteristics of plume generated by dredging

3. BQAIEEC| BEYHo| 2Rot BB

FAEES B E W, 77U AE 2 (suspended particulate
matter, SPM) 5535 ARE3}¢] 875 = (background concentration)
o} FEF 2ARIAEE e 98] AF U XEE Qe
FEAY A & gujsid, A E, 4718, SFIE §F B
H4EAS 3Rt SAAREA A 2EE BAE R 2
o] EREIFE A ulgo] AdjF oz SAF Ae, FHUAE
A 5= FHEHE Uit AYFEE A= R A s &
£3l0] AL = o) FAls S AFS VIFE0R = 2
Fo=M FR3Ate] EElA B4, 2719 Zdel 93-S A
7] wiEel], A9E B e, HAE 24, 75)°] v &4¢0A
ks BAAREES 55 vt 7Fseht B2 dArse) o
&st FA A WA= F-HAREEY 548 vlwsh] 3 &
R o= 0|5 FEE ALESIY 9lon, oA FTEE SR
AL B5eE 710 53 2ol A AR, B
g, 5%, 44 hE 528 (Fig. 2) (Table 3).

3.1 EXr

FjekellA ge] &85 FAAl Baledle U2 A7 (Niskin
water sampler)®} 3% (pump hose)7} 31t} PVC A& 2] YA
2 AFZ1 @A 1.2~30 e A-Shae] SEx n¥r 929 &
=7 23 ZA7F dA150] AvhFig. 2a). AF719] 29 FR|7t
e deex SR T3l H, 228 ue} 5231}
= WA GFEAF)e Q3 28 FA7} 2HesH = Aol FEst
FAE Felslr] g8 U2 A7) Ao AN E F-35P)
& 39, digZ:AMA] AS- b YA A5712 FAE 2A)
E AZZ(Rosette water sampling system)S 53l o12] 3 flA
AEL AF7 = FohFig. 2a). YA A7) siFAA AR
B A7) AMe7Fs s, S3loM AgsA Aird o cke
o] Slth(Table 3). FH, FZFAE Ao EEFI7X] &
25 vg AF¢E o= BES A P o=H, YA A¢
718} Bla S o, o] BES ASsH AFE 5 vk A3

Bedsediment Water Characteristics of dredging plume

References Dredger Study area diameter  depth  Length Thickness SPM
[pm] [m]  [km] [m]  [mgl]
Mikkelsen and Pejrup [2000] - et ey Resvpec. 9 2 7-24
Clarke et al.[2007] Static dredger (Cable arm) Newark Bay 1-14  0.35-0.62 - 20-300
Islam et al. [2007] - Port of Hay Point <5 3.75-4.9 5-80
Martinelli ef al. [2007]  Trailing suction hopper dredger Adriatic Sea - 0.6-0.7 - 2.5-100
Smith and Friedrichs [2011] Trailing suction hopper dredger =~ West coast of U.S. 40-250 15 - - 5-250
Roman-Sierra ef al. [2011] Trailing suction hopper dredger Meca Sandbank - 15-20 <400 - <2
Duclos et al. [2013] Trailing suction hopper dredger Bay of Seine 63-330 20-23  0.8-6.5 12.5 10-100
Spearman [2015] Trailing suction hopper dredger ~ East coast of U.K. - 14-46  1.2-2.5 2-18  411-5518
Kim et al. [2018] Static suction hopper dredger ~ South coast of Korea > 2000 >80 1.9-8.1 20-60 0-30
Seo et al. [2018] Static suction hopper dredger  South coast of Korea >2000 >72-95 0-39.5 5-33 >8
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Fig. 2. Image of instruments used for measuring the suspended sediment concentration of plume. Images were downloaded from the official
websites of manufacturers and operators: Satellites (NASA and Korea Meteorological Administration).

Table 3. Measurement techniques of suspended sediment concentration of plume

Technology Operation principle Strength Weakness Examples
(e At oyt hemn o sl Intrusive Niskin bottle (General Oceanics)
z ) pumping ¢ No calibration required ~ Poor spatial and temporal resolution Rosette sampler
sampling filtered to measure mass concentra- . 5 ; .
g .1 Provide ground truth Labor intensive Pumping hose
tion (mg 17).
ﬁﬁcﬁr = m‘gyﬂ ;fs]fght Intrusive Necessary for conversionto SPM_ OBS 3+ (Campbell Sci.)
Optic pended part’;clﬁ:; is measured High accuracy Sensitive to particle size ASM (Argus)
(in Volt, NTU, or FTU), Good temporal resolution Limited measurement range ECO-NTU (WET Lab)
The strength of acoustic backscatter Non-intrusive Necessary for conversionto SPM ~ ADCP (RD Instruments)
Acoustic by suspended particles is measured  Good spatial and temporal Sensitive to particle size Aquadopp profiler (Nortek)
(in dB or count). resolution Limited measurement range ADYV (Sontek)
Characteristics of reflected lights . Flow intrusive (cloud) COMS
Remote from the multi-sensor and satellite G Sp Atk anil e ol Limited measurement range (surface) GK-2B
2 : resolution :
sensing images are measured through the Basieito acciss lisle Necessary for conversion to Landsat 8
different frequencies and resolutions. 4 TSS and SPM Aqua

o] gt} SA|e, AFH7Feado] HEEFe o) AstE 1, AE
9] 3A THAE Ejdleiol AT A E B 5 Y IR
Ut

AT Ao A WSS SIGBRATANRNEEN T
ARRTIA] A|2013-2303)8 wle} GSR9E B{AL FAREES} AL
Ak Al87152 4 (1) 2ol viE] FAE ST fadRel
A (GFIFYE 7]l F&3lo] @S] FEARE A

¥, Azxd ojAA|9}e] A-F FARE A AP EE APdshe
ot

SPMmg "y = (b—a) x-%-, )

71M, o= 3} A FEAFAHA FAl(mg), e o1F F #2
Afrol 1] FA(mg), V= AR F el
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AR 1990d] 2R T B4 S B3l FAESS
selsh= §55 Wol -850 Yrh(McLellan ef al.[1989]). 17
w, FAAT Aol AQ5E ARl #RAEEY A-FHE A
AR AR R I7] Wi, AT F-ALEES) S A-
< gota= 22 vl o) ch(Smith and Friedrichs[2011]). HZ
AT FENYS B0 S5 98 P EE 29
#AZAHE 87 At It (Tubman et al[1994]; Land and
Bray[1998]; Mikkelsen and Pejrup[2000]; Shafer et al[2016]).
AE E9, ¥ E 8 F%Al(acoustic Doppler current profiler,
ADCP)E 33 (echo intensity or backscatter strength, in
count)E AAREC = RUE|Fst0] FHAREES] RS AA S,
YA A57) B XA ERAEE Y] R 55992
A #=FcHMartinelli ef al.[2007]; Wood and Boye[2007]). &
oA AFHE BES B8 e STRA BSR ASEF
UsA BAsH= o ARE-Eth(Mikkelsen and Pejrup[2000]).

3.2 ZEHEH|

FlokoM BE= 59 39 AEE VR, 75 Ul L9 TS
JAEl TS W A s guEt. 8 53
= {3l E85+= FE o= Al g3 ARREE S
ZuPASE = A (optic backscatter system, OBS)SF 955 =
3 F3-&A(transmissometer)”} o0, oL EHIA
(turbidimeter)2} 53 ¥t} BEAIE 19800 56 7PE=%]
o1, ECO-NTU(WetLabs), OBS(Campbell Scientific),
Hyperion Turbidity (Valeport), Argus Suspension Meter(Argus)
T B2 Zu)7t A 382180 A5 ThFig. 2b). °]52
AN EE 0.5~30 cm & P2 A 9)A (442~671 nm)yS FARS}
o F-5371el &3t A E B 2472k8 S35 (Downing et
al.[1981]; Hatcher ef al.[2000]; Ruhl ef al.[2001]), =0] %25 HA
31517] S8 WZ3 A% (sampling volume)el| A FZFETE a2 Ak
£-3CHDowning[2006]; Ha ef al.[2009]). AZAIS} ez 717
OE #5395 C, ARIE, 237, 55 99, Volt, NTU,
FTUYE AlFsl7| dizel, S3€E g5 AuiZQl stoloh m=hA,
Sk H|uE s APATE T3l 58 AFAEE ©] 83}
o] BA&odtH(Maa et al[1992]; Clarke et al.[2007]; Fearns et
al.[2017]; Campbell Scientific[2018]).

SE5@A B AW A3AE A 3% AL, ¥R
AFEES] A3t VEEE g713 02 A1 F SIth(Downing
[2006]) (Table 3). 27 F=HHAA S B FRALs 9} A%
FAQHAEE v, T2 Wh)E 7H17] diEel, e %2
A F7t AT BARsER U 5= Qi) 8 A|e) At
W= yloly 71el YAIES] Gl vvBlEE, 4+ M mg I' 7+
A A& F-HAFEEE AT F JtH(Downing[2006]). o]2] gt
Fag)e] 282 FAAREE Akl oig AAgE a4 7Fsst
7| BFEQIT}. Fettweis et al [201112 F4A13 Q28 ¢ S§EAS
AFEOER ZH &3t F-FAREEY g4l 5% ¥sy 119

IS 81511, Capello ef al [2014F= EIEA|2] AFASO
B 7% AR 74 visE A EcEH, RYE FHY
F-FAREE U A B3 &S v a-AFe3th =3, Seo ef
al[2018}S BEAIE 843 FHXALE 58 £33 % AJole
e P 4AREES] A7 e wEsT A #50
et BRAREES) Bt S T B eA sjAE 4
T, N7 B AR E $A 22 AgE AYR e
T E59Ae BAGE, 7], 9|, £55) it 19
(Battisto ef al.[1999]). w}ebA], F-FiAlEE2] $5F RAyshk= 7
AellA oS 5 71A] 820 asfof gt
A, G5t FHAREE B9l met & WEyS Bt
(Baker and Lavell[1984]; Gibbs and Wolanski[1992]; Fugate and
Friedrichs[2002]). & ] 0] F-FAte]l FAM £ oA| §EA19
AZE7(detectonE. ZokE W, F-HUAE AlelolA] Fa=s} Az
o] I}, e FE AM S I HEsks v ARk
< ¥R g A EHE A s WA T THDowning
[2006])). EFEE FE ATE 8400M gx¢ 9L n|Ad, &
F U B3li=] = 229 F/RE, FA Hi, 985l et
2 FEHA7E SERA gt 759 50 S7RH =Y, B3R
E FrEng Ay 2 93-S ¥ ¥ ok(Buiteveld et
al.[1994]; Downing[2006]; Shao and Maa[2017]). ©] ®, 53]
F-RAFEE 710 |E g4 w82 34 3 &4 “(1) 5=
FAbeE 28] AgeA, (2) B=A19] £33 549, 3) 7
sk V12 Q% 8B A == 7t ® e, ) AF
Ate} Bdle] whe} 315 0] W 917} A% P rhDowning[2006]; Ha
et al [2009]; Vousdoukas et al.[2011]; Lin et al[2020]) (Fig. 3a).
& 54, Bunt ef al.[1999]%] AT elA= OBS7} < 10~30 g I
HejelM 2318 7, AT el g8 F-rbeks] SR
=78k Ber) ZAEE %S B ¥, Lin ef al[2020]
Aol ASMS E3PFeo] E2EA = FRE dagie] I
A g FXTE BATKFig. 3a). 1 A}, FERA FA)
A ASME 37 71s e 20 H9E 54 AS 5 3o, 0BS
© A FE9 E3EE 7t Ajo|E sk ofgf o] Sicth. Al
TN o2t A E3h= RS H-HAIEE 93
yAsH vy, 987 sj42) oFE op|di). AAIR, Fettweis
et al[2011; 2016} TATF oA 2T F-HAREEl 23l £3}
© 0BSY BEE Iz 848 AL, HEFE 49}
(underestimation)’} AT 5 152 FZE3ISIT, Lin ef al.[2020]
< FPE F3pE9 9] xol7t AA F-fAFSE WA et
TS P18 F UeE BTk
A, T-hdARe] 7] 24s) Fel9) EANE ARIEE T
7WXIZICH(Gibbs[1978]; Black and Rosenberg[1994]; Sutherland et
al.[2000]; Downing[2006]). Section 20114 Qg3 vle} o), A7
7} sPdoz wiEEE AN Q28] 2l vz 37
Hu A YA F AIEE F-5 o] #41¥ thRiemann and
Hoffmann[1991]). ©|:= F-AREE W 94k 27171 3338 0=
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(a) Linear

Reverse or maintain

Saturation

FTU for ASM

Turbidity

0 10 3I0
SPM (g I)

(b)

D

4 E'o,.ee

| Fine particles Sf})
~1um 9

Turbidity

Coarse particles
~100 um

SPM (g I)

Fig. 3. (a) Turbidity vs. SPM over the useful concentration ranges
of instrument (modified after Bunt et al.[1999]; Lin et al.[2020]).
(b) Turbidity vs. SPM for suspended particle with different particle
size (modified after Bunt et al.[1999]). Note that negative relation-
ship between turbidity and particle size for a given SPM.

g2oi= 2L 2ujditt. gubFo g 91912 Rl HRAL
TS BEE UAZE 22 APHOE ) valaAE 2=t
T2, A7} SR g 03] Ak Aol v
ERJTHFig. 3b). FUe F5 =Y @, OBSE 100 pme) 2ef 4
FollA oF 2 um®] FE AR 1o} of 5o I UAEE B
QIt}(Battisto ef al.[1999]). oli= F-FAF YA 27171 A= %
B FAME 2]9)49] sgET) oF 1~10008) 7] wiEe] wge] 74
&l vlesi AlEr} 7k Zolth(Downing[2006]). ©17]
A, QA 37] F7He A AR o= wsiks ulsiR] ¢
on], AR YAGRE, HERT] T2 FAHE EZ5{loc)?]
g 3 290t AEA QAR dAIZ B (plate) B EIZH
T8 ul3) o gl 12 ARFES FEdi). g2, ol F
g E50% g5 77 Tl wiet AR e A
gt gEe] APEHEY AL dRAE, FHAREE, &

718 §F 5 9B W] W] Rz ols) pAYEe)
WEYe) AL % 9k

3.3, SEEH|

A FA 9 Bt SRS ool A kst 71ed (e,
ADCP(RDI), Aquadopp(Nortek), HydroSurveyor(Sontek))yS-¢] 7l
5] o] $EtH(Wren ef al.[2000]; Thorne and Hanes[2002]). 53],
ForBSEololM diFH 22 AMEE ‘ADCP': E|Z g 8Hol
o] B 7]99F 9tk ADCPE AlF-(mooring) == S41%
02 324 {EARY A3 HFA S S Avlelg
(Fugate and Friedrichs[2002]) (Fig. 2¢). F3}<roll Wb #3
A7 5 9 mel] @3l fAlY 252 EiEiA g 53R A
=2 AgAe] ¥HLin e al[2020]) (Table 3). F&-2 5 &
S8 158 T St 53Rt os] el o 2
Ashe BdstE Bl SAE. wEbA, 753 HEe] A
9] 4diA v)E AT 3 S3HY FRALEES
Ao Z F4T 5 ItHLin ef al.[2020]; Son et al.[2021]).

T $28 9= E(a,) B FiAHe)l A% A
 wi2el], 1 o] 7F Aglel nlEEte] ZATTH(Deines[1999];
Kim ef al[2004]; Ha et al[2011]; Guerrero et al[2012]; Son et
al[2021)). AH &S A AsHA B %2 45, ADCPoA
59 HAFsEE AA sERg 3 22 AdigriE £ 9l
o} mEbA] 2](2) AP AR o8-8 FMRIEE AT
oo 3HH(Deines[1999]).

S, = C+10-logyo((T, +273.16)R") - gy~ Ppyy
+20,R+KAE~E,) @)

o714, Sa= HAA TS (mean volume backscattering
strength, MVBS)(dB), C%} K= ERAATAL vRRANE, T,
£ £E(°C), RS S95EAE (m), Lypnt Prpws 3=82Z0)
(transmit pulse length)®} %3 ¥ (transmit power), o, = E°1 2
& A, E9 B2 TR AT RIES 9o
gt 24 S B8 AEEHE IEAY RREE £F
Aol ©pE S =S HAsgo 2N RRAERS £XE
BastA Jepdch 22y, FAE FREE 54 5
8 7N & i ARPIEC]7] Wi, F3571 thE ADCP
ZHE A2 B33 FaRPE ekl vt Agd. o E
£, 600 kHz®} 1200 kHz ADCPE FAlo] F-HAEE 35S
AL W, BEAY RS WEAL fAEA A
Ee 255 ADCPOIA o A YePdtH(Deines[1999]). -
ArsEE HlwEl] S E 4] 3~5)¢ 2ol AR} B
H| S &83%F 371 ®Ao] I Q 5tH(Deines[1999]; Kim et al.
[2004]).
S, = 10 - log,o(SPMs) — 10 - log,oR*—2 - (at,, + @) - R

+Lppyt Ppew 3)
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S, = Kc-(E-E)+C @
SPMpcp=
C+20:log,(R+2-a-R—Lppy—Ppew+Kc (E—E,
10- exp( Z10 101)&{ pawt Kc- ( ))

®)

471X, SPMyps= AR ATl BN E B5E SPM, o= T/
JA Qg ZAAF, K8 Ce S8 FRARIE(E)S] Bl
A Alakels BA A4F, SPM i ADCP TS oA wg
¥ EAFEEES oudich A3 o2, SPM, s BT AF2]
oF 10% FGE A L3Il SPMogsdt FAKSHA A= 553
B9 #3xE Z ukd3thKim et al.[2004]). 53], SPMper= T+
&3} Aol FA=7) viZel, F-FAEEES] FHg FIsE, 2
AEE, 7579 52 Ao 2N oj52] GFINE Flste)
89 5 3lti(Clarke ef al.[2005]; Wood and Boye[2007]). %=
5, de Wit ef al.[2014F= ADCP SA#SE 3l Fd4o=
B uiEE 950 B3 2 A g 530 Mg E S
AJ8}%1 11, Haimann ef al.[2018}2> ADCP2HE] A&8 559 &
RS v Z 710 24 19A T AdF o 2 BA% ¥-f
AREEC] IS TESISTE ADCPE 8310 F-HAEE
o tigt FEe FWE 53] A= ol TR AR 1
3o} s},

w Water surface

Nz - AT - 0T - 714 - 3457

A, ADCPE 9] B4 SHE7HRPo] vt ERAF
2~of] Q1 %t 39 A 2] (blanking distance)?} vAo] ThE ZAHE G
F EE AFAAE) FH) Az e HF 7] EATCHRD
Instrument[2011]; Shin et al.[2014]; Mueller[2015]) (Fig. 4). &
WAEE M) o], S9&5E, ADCP #SEE, 4 37](cell size),
Fug, W] Z5o] o8| 2AH 1, EAAFAZRE] & emolX F
4l cm WL °|tH(Kim ef al[2015]; Chen et al[2016]). AT 2ET
7k AP =R H (side lobe)l &% ZHd@/ 3l 719181, AW
OFRE] 1~2 m 7 A% o|=E IERITH(Park ef al.[2001];
Shin ef al.[2014]). ERAFAE 20~30° A (slant angle)s- ©]
o] 238 $E351) "o, uide] T ZAEe] #I1ZH (main
lobe)Ht}h Alo|ER2 87} AA Td8tA ErhFig. 4). ©] BAHES
A S5 A NHEAIA vilE B9 oF 6~15% T AEE
2.9A7)7) uiol|, §53 AR AFTE AR
olgjgt FuA ] e} A 0 F7He] EAle BT T ASAAE
oA B VFE F-HARESS B3t Qlo] HeEe4=s
Z-2-=th(de Wit ef al[2014]). TR, SFASENY] T8t 4
Ak 23 B3l SFEIHREE F4slsjoRitt

A4, YA 54 Wzl o3 F-HAEEES] s ASE
Ak 2] 2~5) Zo] BHAE FPIIAE = SPMpers Al
Aket o], B3} F-HA}el] 28 A/dF(viscous absorption) T

Measured area

Fig. 4. Conceptual diagram for describing the beam pattern (brown) of down-looking acoustic Doppler current profiler (ADCP). The trans-
ducer depth (light red) is from the water surface to ADCP transducer. The blanking distance is unmeasured area that corresponds to elec-
tronics and transducer recovery time. The interference area indicates the contaminated area caused by the reflection of a vertical side lobe

from the sediment bed.



HiEA] AF YN LA F-HAEEY 5 S8 2R 217

—_—
jAY)
S

)
o

(=]

Sound attenuation
(dB m? kg")
=)

10°

Ry . oo
. 1
ey 10 10° » (KAD)

Ly
f?e (((0;)101 102 F‘_eque

—_
(=2
S

= Total
=== Scattering
— \iscous absorption|

pe]

Sound attenuation
(dB m? kg™)

10+ 100 10' 102 10°
Particle size (um)

100 100 100 102 10°
Particle size (um)
Fig. 5. (a) Sound attenuation by frequency and particle size. (b)
Attenuation caused by viscous absorption for fine particles and by

scattering for coarse particles at 1000 kHz. (c) The ratio of o, to &,
with different particle size and sediment concentration at 1000 kHz.

Mg alE 12 sopsich(Fisher and Simmons[1977]; Richards ef
al.[1996]; Thorne et al.[1991]; Thorne and Hanes[2002]). ©] ®,
a2 af] A vle F-{YAe] 29 3716 wet 239
(Ha et al.[2011]) (Fig. 5). 752 F=7}F F 100 mg I' #|%He] B2
7 (1000 kHz 71¥ )= 1027 A9 971 B2, ax= 7
Al 7Fs & 9 A1 o,2] 9] AulFo]thKim et al.[2004]).

= Tt S71ee met SUkeH, dE, 25, 48] 21
e} A F7] 2}e)7} LAY Eh(Francois and Garrison[1982a,

1982b]; Park and Lee[2016]). € &4, 1000 kHz Bt} & 53}
Fore gt 8l Alolell a i A FAFBEARE, 1000 kHz 12
o B3 FulreA s SAlavlEMgS0,) o2 olgke E Q1
3] sellA a7t B 2 28-8ch(Urick[1983]). ¥, AfFH el
QAT 1FE J9 (2 200 mg I oVhelME a/a,> 1 (1000 kHz
71802 ol g ZHAEIN} SAHAT. o= YA o
g} A&} At s R P ARG YA
7] =2 pm)d 25, YA} T {34 Aloel] Wx xjo)7} EA)S
A Bt o] o, HF=rol olal] B Hol FAH T, o= A=E
A=k} A Alolel] £=7HIE 2T (Kim ef al [2004]). E At
o]e] AthF Tl AASS B, AEH R A &F
2 7HX71A ETH(Urick[1948); Richards[2003]). ¥Hd, Z3IA}
TR ~ 800 pm)e) 7%, 3T Q=] A)F =714 <
3 Albdgko] AR o] YAV BL 2 7, Al o
§9] ke Avko g AHREX| 5 A} R o F Afele
Adsjee] gy Fo e AsbETHKim et al[2004]). 53], &
57} ¢F 1000 mg I'el] @8 3, a/a,> 82 F-RUAS] T E
= G A T4 olH# F-RAFs kS A=) <)%
a/a,l Aol FHAREE el SPM o/t #d 32 #4571
E 7 0SS gu) i

3.4 HZEAL

YA £33 S glol AR, Y, d7125F s}
AR = A U E ZRs] A s dide] 83
AL SAH= 710l S92 BT Aol A #5548
AEES AEFO0E AT F vk FolA dide] ¥skE 3
At 53 B o13E AFETHTable 3). HPHEHF-E <]
g AAHER S SHeh= AL dSAE@EA £
o]5)2} A4 (GOCI, MODIS, OLI, TIRS, ETM+)2] &3¢ we}t
Z}7] & Al-E3T SRS AEES Al F 3 TH(Table 4). FA
S48 Aot TUg A 8l FRFV|E s 23E A
dE dA&A 07 A Yo, o] TS FAASHAER
o @2 gololA] A7 AAEZEHT W2A| 3Ase §ed
A& A5 W2AlE vl SN BAIE A9 s
(e, 7P 34, 29 3 99)0lM FRE AR o|AE
B, BARRA, 7150, d7123)% §, S22 Y (chl-a), &
ER7NE, HHAL S dlarel £ Qs ARS8 JRE A
T} FRAFEE AFEEY AT, 7R F A4Ee] st
7t B4R At 2 FEE7] &l (Yang ef ol [2013]), ZF
A4 AAellA 400~850 nm el slFsHe NS AN A
el oflA] WA= FAALEES] 5 2 EA S 1 &
£53 9},

#gelA FfAke #5317 A 10~100 nme] 333
%, 10km x 10 km °]’3¢] £97Fs 947 2F 300 m x 300 m2]
FHEIE 20E F53NokRItH(Yang et al.[2013)]). 9] 20&
Z=31= EAQ) $IH 22 Aqua-MODIS®} Landsat 8-OLI7} 3it}.
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Table 4. Satellites and sensors used for mapping the suspended sediment concentration

Satellites Sensors Spatial resolution Temporal resolution
Landsat 8 OLI 30m % 30m 16 days
Aqua MODIS 500 m x 500 m 1-2 days
COMS GOCI 500 m x 500 m Stationary (8 images per day at 1 hour interval)
GK-2B GOCI-II 250 m x 250 m Stationary (10 images per day at 1 hour interval)
X
SeaStar SeaWiFs o %‘:‘é)) 1 days
Sentinel 3 OLC 300 m x 300 m 2-3 days
EnviSAT MERIS 300 m x 300 m 2-3 days
EnMAP HIS 30m*x30m 4 days
IRS-P6 LISS 4 58mx58m 5 days
Proba-1 CHRIS 18mx18m 7 days
SPOT 5 HRG 10m x 10 m 26 days

o] 52 o] F Aol FAIH] FiT g FHAEEE AT
8l Aghol o] F-HAIEE Aol 451 9l 48 B4,
Bames et al.[2015}2 Aqua-MODIS@GEZ 3lPd%: 500 m x 500 m)S &
F3le] NEEAQ ut £ o3 LR BRAREES] §aEg
AN 3E A4lsl T, Kim ef al[201812 Landsat 8-OLI(FZt 3
45: 30 m x 30 myE E-E-3l0] SAAF 5 SBE FHARE
o] ¢ 24 kmHA] EAHE 28 Bt} o] $ TINE Al
MEL F2 9Y9EA km vRbel $EE BAREES 35
sl7]e] "l A&t 28y, FEMIES 2 X diF-
B A7t Rrh(Yang ef al[2013]). AAR, Aquat U
ZA4 L F9sH=1] oF 1~22(Schaaf ef al.[2011]; Vanhellemont
et al[2014]), Landsat 82 1621°] 2 Q ¥ tH(Pan et al.[2018]). U
Moz RE F{EAEe| A&H 07 FFEe] FAHE A
7198 BFARE B TR 9, AR O FAAREES ARF
4 F5 F 5 AR 23004 2F=E7E it mEkA, 3%
A7t ZHFe] 7] o1 F9A0E ol83le] mEA Wssks FAAEE
o] gl S A5 el A57H8432] A7} olh(Barnes et
al.[2015]; Kim et al.[2018]).

AAAEE L T2 RS AR s s #48
F et gjEAd AAAE=HH o =24 At 13 (CoMS, 2021
d 38 FE )= Geostationary Ocean Color Imager(GOCI) A4S
galsle] F7HRIAE 500 m x 500 m oA FUF A)HE v 83
(X7 788 B=FH(Lee[2013]; Eom et al.[2014]). GOCE= Fig.
63} o] ZAYANF A HeA SAE F-RAEES B4, FA4, &
e 3L 985 2oiFE 53], BFM FRAEAEE
7t 7] £Fo] AFE wel He 99oz $iEHE= 44,
GOCIE= ak@ A3l ZAFado 2 B89 = ITH(Yang ef
al[2013]). Azt 15 F59} 3, F594 =4 GOCI-I AXE
EAIE A2k 94 23 (GK-2B, 20208 98 JHAly} &3 715
(FZHEPIE: 250 m x 250 m; AR SPIE: Wl 108 (1A1RT 7HE)e
2 #=YRE 98 1 Yok GOCLIE: 3229 At &3
710l wel NS ghe] FVRRIch= g 7Nte g €

o}, Azo] yisH] glo] JIMIE 620 nme] YANMIE ke 71FE
02 ggH 22 Al 7K guEEoR TR HFA49 F
354558 A5 (Korea Ocean Satellite Center of KIOST
[20217]):

(1) 32 B%9M SPM (R, 620 < 0.017):

SPMy; =¥ _ R, (620 nm)’,

¢, = {1.067x10°,-8.36 x 10* 5.95x 10°,-1.88x 10"}  (6)

(2) & g0 SPM (R, 620 > 0.0245):

SPMyr = ¥,_ (€iR,(709 nm),

¢ = {3.19x10',-1.10x 10°,-7.73 x 10>, -9.64 x 10°}  (7)

(3) E3t B=ollA SPM (0.017 <R, 620 < 0.0245, weight % 212)
SPMy; = ®,:SPMy7+(1—w,1)SPMyy

_ 0.0245—R, (620 nm) g
Our 0.0245-0.017 ®)

AHAPANCIER BAAS)E AR AT, B8, SFESH vl
ato] LT Y] FRAEEY FEE ST U=
ofe}. 12, AR AEE FAEEY vEe BATY
ASUAE FrYeloRtet. 759 AT 7l wet 711849 3
Tl mm ~ 5 myt AEHAR TR sEE T2
Srle] WAES F3 ARE T Fig. 62 2], €5 viEe]
o3 YA Y FAREEC] £358 we ShhLEEHE AEE &
AZ F o, AT FHAFUSN = F-HAEES 22 €4
(EFT 39 TQ EE TATLRY EF 7 1HE o7A
BCH(Fig. 6). 3L, Fae] WALEE 750 YA oF At
H(Yang et al.[2017]P]} ESEEC] w2} 1AL vlgo] Ao =
< #2571 ¢ QU] whEel], At Sk iRl vjelst B B
A& SEiAE A2 S0l e a0k g
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o Sand mining point

Fig. 6. Temporal variation of plume captured by the COMS (GOCI), near south coast of Korea (34°11.41'N, 128°24.56'E) on May 19, 2015.
The yellow square and dashed box indicate the sand mining complex and dispersed area of plume. The dispersion of plume reached over 22

km at 09:30 AM, and gradually disappeared for 5 hours.

4.8 8

vithEA] AFHGA AGA] DA = o)) SAAFH BT 3l
g vAE G 718 fE ABE e Gl
FE7Pe feHA AYS FHa] fEM BAEEY 8%
#59 Yoo AFHOE A7|E 1 k. AR ES Y
Z}e] o5y FAHF o= FAE W HAE 24, dR=, R
AEE, 75 59 AGA Aolof wel FAF HH 9 w57 tEA
yepdo), dF8E glo) 71EdTAENE B34 A, 45
F-PAREEC] St He)el Ad) & mi7A| o)zt By, AT
Axje] o5t 4lg)4de] =5 thJeong et al.[2017]). ©]2 7 AL
AL AFAY EAdo) Uigt AFRFALE vl o2 FHAEFol o
3 A9S Y A=k ol )it & AN e
vz A] AH TP e FALEE S S FHg S
S A8 v BSTHEAATF, 25, S, 431D
sl (1) AFARS) FeA, (2) Fen|e) w2 AT -7
U2 54 W3l e oF, 3) SN £ A3 IS
o} F-RdZAE S8 2 PR 9%, 4) 985S F98
EFF99) digt 33+ AEE R3St 42 #5Ee
A3 i 0] B FRALES ARk £9¢ Aee]
or}, AFEA Agsla AT E3pEL e #jt oFS A4
3 BYE QIS RFFFAT S oF-EE US (multi-layer)
5ATE AP A7) AFHGE AL 5 Uk B
=2l A SAA H #5752 viZA A A1 F

AT G vl TS e VIxAERE E8E T
At

z 7

£ A7 20219 AT QYo s eE
AERPIE7INE 3908997t 7S/, 20210427)9] A&
o} FESEH.
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