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SSC. it = Z i 2 Z (Al i %F be . (A 15 3 B AR i 5 i B 8 A 1 H R R — O 22 7k 51
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F G0 ST LI 1 = PN KR S5 & PR R R, 25 5 AR S8 SR KL X OBS A 88 AT bR e, X
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935 % WIS P O U U UL 4 X EE T 5 49

(@)KIE LA
1 e HFE
4 b
2 ¢ BUK# a
e 3 ¢« ASM-IV pid
2 4 ¢ HR-ADCP Hl
3 5 5 € AQUAscat1000
/
(o)7K AE AR 7
o [
I I
B 1 K S e A g A R
Fig.1 Instrument arrangement for the flume experiment
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Table 1 Parameter setting for the instruments
% FEJRm B/ cm AN /Hz T 05450 2 R/ cm T AE 8] /min
ASM-1V 0 1 1 156
AQUASscat1000 38 8 1 156

A KA SRR FH AR £ E A B O R E W R PER AR A R 37 pm, KRy
T ad i, e AR BEFER A AV I, 5 B S KR T 5 AR U 2 T [ 45 9~10 d.
SER KR 50 em, PWIR A T=1.5 s, B & /N EI R (10,14 F1 18 en) KM 28, B3 UK % 1R
FELAME BT 2928 21 min, 7ERE— U0 5% 14 T B 8 YROK A HUOK B[] 43 310 28 - % IR I iR
3,6,9,12,17 F1 21 min, DA R V45 15 3 A1 6 min,
1.2 OBS 1:7]_(/'@

Kineke 21745, SSC 5 OBS #ii i | BEE
ZIAFAE 3 MK Rtk X AT DL K
UKL B X CAn &l 2 B . 2tk X SSC 2R 0

OBSWAIR | BHRBESK

ol
~10 kg/m’ s (@ AIIX SSC 2 10~30 ke/m', & L
3k5) 20 ke/m' B OBS S s A. g 5|/ ENE | Ny,
b £ 01 2 1) B K {5 4 SSC B3k 30 ~ 300 &
kg/m?® I, UKL BE #icSON 5 e AN
R e . 0 10 20 30 300
SN BCHE 2 B L FE AR R SE 5 SSCE & R B YR g o

/NF 10 kg/m’* 19, SSC 5 3 B =2 [8] /2 J& T 4%
. e E 2 BiFEk R E S OBS & i e R0
Ve R0 L 7 LRI R TR M K RO B e, o
) . ) N Fig. 2 Relationship between the SSC and
FHLANE 0] 13 45 % 1) 5 3% AR OBS H i A the OBS o
e S outpust
(NTUY 4k SSC 1A -
SSC = AX +B. (D
AP, SSC HEFRVPIEE ; X H OBS Hi HIE(NTU) ;A B Ml H & %%,
ASM-TV XL 45 31 A B0 A 2 K A B I 00k ok BE (L , 77 B & ad A 8 A BEAS B S PR SSC,
B VPR E SR T b g R KR S0 bR E PR O . bR A8 T AR E SR JCTE AR E MLk E 2~ 3
ARG B S, IR A8 K DX R B9 ASM-TV B X R R 3k B 5. SR G
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AH R 3B W /NS K B A) . B ASM-TV G R FE 9 1 ) A bR E W, 353k & 5 4
— M BOKFAE B 7 ) FF R sk . () B AR A W i P o A i B — B[R] A KR
C TR EE AT, B ASM-TIV, R MAEEHm L. PS5 . B8 LR P, @
i il E SL B T A B R TR VTR R
FEA5 2 (1) B — 2 B b B RS- 2 {H 5 A0 X R 1) B — 2 A2 T DO AR U e R R R AT 2R
PERNH 753 OBS % N bR 2k . 7Kl S8 50 A5 8 2 2 T 8 00 09 IR 5 i ) B b, X & —
W IBOK B ] R AR K AR SSC 5 ASM-TV 37 [a] 2590 55 9 9k B8 50808 147 40 56 M 20 A . DT
145 B KR S 5 by M4k
1.3 ABS EER#
B DR B 7 2 0 Dy PR Y R R %) /N 5 S K A b v DORR ) o e R
B K /N IE b (Thorne ™) o 7 24 ASE8 T & 555 109 75 I A 7K b A% 4 B b F 3R i 97 82 2 A
JOT W2 WAL s 2 3 N e s PR B T VR ST R R R o 2 R PR U A L AR s R I A
W 2L (2) HEATAE IE (Urick ™) .
E, = (E—E,) +20 X lg(R¢) + 2a,R+ C, (2)
AL ECHREUR B E S ADCP G0 Sk i 0] 7 58 B 5 E, O MR 7S 5 B 3 R S B 07 ULAR W L
ST 4 RE A U R ) B RO BB AR R 1 U BE S s C S 5 R ST I BB AN R G UL R
SHAYERR A G R B, EEIEO T 0 T4 m TAER, S aEds REAMHCHY
PR N BE A [ ARk, 0T LR VR R i Y A AR R M AN Bl R S AR AL C BT LR
YER . a = o, o KK S P I WO R B, 3K o, SR T KO 75 30 A 2 e 3R B, T DA
i LLF 25628 2N E (Fisher 2501)
ay, = (55.9—2.37T+0.047 7T — 0. 000 384T°*) X 107° X 7, (3
AQU Ascat1000 WM 75 3] i) 2 A R ZR (1,2,4 F1 0. 5 MHz) 75 27 J2 (1] H55 56 0] 96 55 15 8
h TR B IR DU R L iR TR B —FR O T A SOUK AR B OKFE T Wk B KRR R
Bk IR B DL SR UK RE () B [ 55 . SRR DR A3 A il 4k A R AR {5 S il 0T Mas-
tersizer3000 JOGALEE AL 53 BT /K AL ARAT L AKRE T 1 v 32 38 o b 8 52 30 3R A5

2 # X

2.1 ASM-IV ERIREMFAKELEIREL R

KT RS ASM-IV _EARFRDE AR L B il BE (5 SSC {H 22 (R AH 56 6 R 19 22 5, 43 i) 2k
BT 52 S 72 SR EATRR E 28 . ASM-TV Y 8 PN bR 5 Joi 2 e J32 0 3ok 88 £ 4 ¢
KERWME 3 P,

SERLI 52 A 72 SHRSK MR BE(E S SSC 2 ] 1 AH M R 800 3 R=0. 999 4 #il
R=0.995 6, XA ER3L Fril ph BE Al 5 SSC 22 B AE 7EAR @& iy &Pk 56 &, £ W] ASM-
IV 8CE AT DL >F RS B s S K (R B R DO AR vk B . MNIEL 3 38 1] DU A ) 453k 15
NP EEAE S SSC A Z M AFFEARLF B AH P, 52 F1 72 5 83k 3l B2 $dls 55 SSC H 34 14
IV RBGAE] 0,995 5. BARARIE M OBS Y245 3k 76 1k 68 2 80 b T BE A7 AE 40 i 22 5+
A —1F ASN-1V 78 H T B B &R R A7 3 4 171 00 52 S 50 L 45 48 3k =22 18] A dn b (2L A AR
U —B0bE . R — NSk 1R B il e B AT St A S Al R Sk 2 R SSC =2 [7]
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Fig. 3 Linear fitting curve between the turbidity and the SSC measured with No. 52
and No. 72 probes of ASM-1IV in the calibration pool of the lab
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Fig.4 The calibration curve for ASM-1V in the flume experiment
2.2 AQUAscatl000 fREELE R
TKEE VR VDA B AE 75 38 S SSC H b AN AT/ Shy X SIC50 1 3 i 50, 43 S B T 7
PEIRAE T2t A v iy 3 A4S LR KR EAT il D8 S 30 OGRS RN AR DG H B L AR B RS
m 2 iR,
F2 KHEHEXSH

Table 2 Parameters related to the water samples

10 em B 14 cm i 18 cm P4
L% 36 [/ pm 1~144 1~186 1~160
T RLAR / pm 39.5 38.0 36.0
LA 43417 I 1l X B S S A Xt H0E 25 43 A X BUE S 43 A

LA A3 A 2 0.36 0. 30 0.34




52 woR TR %1

N T TR I A ABERGREAR B %5 1L I AV, T GOHFn I (D 4 54R
1 SHAEMEBURFE R LR 3 em JHIN (3 2830 F 2 BE LA T 5 e fig 45 75 B
KFEREE 1 em YU H (1 28U WF SR B . X 3 RO T 4 A BEfs Bl A sk 5
T BEAT R AT B BV BE A 5 KR S 0 S BE (L EAT A DG BETHARL L R IR 3,

£ 3 AQUAscatl000 FEEERELR
Table 3 The results inverted directly from the sound intensity of AQUAscat1000

P/ em 13 I I3 I M3 M V(3 V(D
Pearson tH3¢PE 0,831 0.715 0.822 0. 827 0.776 0.758 / /

10 B2 P GO 0.041 0.110 0.045 0.042 0.070 0.081 / /
BEAR N 6 6 6 6 6 6 6 6

Pearson #12CPE  0.716 0.632 0.721 0. 256 0.325 0.219 / /

14 i UMD 0.174 0.253 0.106 0.624 0.530 0.676 / /
FEARE N 5 5 6 6 6 6 6 6

Pearson tH3&PE  0.974 0.976 0.887 0.875 0.733 0.723 / /

18 i 2 P D 0.005 0. 004 0. 045 0.052 0.159 0.168 / /
PR N 5 5 5 5 5 5 5 5

Pearson #2¢PE  0.931 0.930 0.762 0.783 0. 289 0.329 / /

SR B ORI 0 0 0 0 0. 260 0.197 / /
FEARB N 16 16 17 17 17 17 17 17

/7 ik R R

X F 45 S IV 54 e 45 Ab BT B 09 B R UORR ) T R O L AE 10 em BERARIETE
B 10" g/Lo7E 14 em W@ &0 FEUR N 10 g/ L, 78 18 em i 45 1 T 8 2
h 1 g/ LB e S L K AN IE A R ARG [ 05 43 B, PR IV 5 482 8 2% (0. 5 MH2)
WA AN RE FH o Sz 38 A 2 5236 45 1 R A Y SSC . 3 i 35 P A LB B i AT LA I R
2598 .

DPER i SSCUR KA 10 g/ ABEAM T, 1 SH#Haeas (1 MHz) #9154 2] 19 2 72 T
TPy o o e B 2 3 4 IR e e 2% v B 47 L A DG R ERAE 0. 716~0. 974, BV HH &
PEREH 0. 926,

2) % F7E b B 2 S T B S5 S SSCE I L BR T 18 em B AT 1 (3) 550
SSC fHA XM R B /NTF T (D, Hifl 10,14 M1 em W & F L (L T ORI (5
S SSCEAIM R BII KT T (DL T (OHAII (D . K IL7Eff AQUAscat1000 7 5
T SSC A £ 11 13 iy 28 i A 75 ZEAE BOUK DRI B 3 em (3 )2) A9 508 BUAS - 246 L J5 A
FEBUKEA T ERA 1 em, (HABUY AKRE T RK A H T LT 28K,

DEETF UL EArHr B L (3) Y7 5 S i SSC £ fnsc i SSC #4717 X% kb, an &l 5
N IR N HILE R E RN

S SSC = 0. 364 3 « 1 (3)SSC + 0. 267 6, (6)
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Fig.5 The linear fitting curve between the measured and the 1(3) inverted SSC values
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KA SEH 1L K R 50 cm, 7 A AN 042 2% 1 JE SR BE IS 38 om, ol 25 75 2 AR 4R Sk
Ui B X5 em 5 AN A] b A T A I R B FRIE R 33 cm (9 X8, S 1 TR L. OBS
Bl A 1 U IR 2 BER IR 33 om B9 X IR
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T fid 8
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B
)
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Fig. 6 Eight vertical SSC profiles inverted by using the ABS and the OBS data obtained under

the condition of a 10 cm wave height
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R BT R A U A T LT S 2 AR R B L b K AR AT 2, U B 7 R
T B ER AT LR Bl SSC 2 [ 43 A5 [ AR HLAE

M 6 AT LA SRR 1 em 9 SSC {H# KT ik 6.6 g/L.OBS 5 ABS i i) SSC
eI A 1~2 D32 ZEE P 3,6,9 F1 12 min DL S AE 3 45 1F 3 #1 6 min, £ 1
ANBZ A5 REAE RIS IR 10 em &b, 7638 5 DL B4 ABS i SSC{E Fe OBS I i ik Ji {5
K TESE S LATR BB 4 W AR 52 s 7E 7 9% 17 F1 21 min. A P38 5, KEERE SR 6 cm Ak AR
JER 1 em &b, 7EBE IR 6 cm DAL ABS i SSC {5 K F OBS K, 7E KK 1~6
cm, ABS R ) SSC /N F OBS . ZEH K 1 em 4 ABS & 19 SSC fH XK F
OBS SV BEAE . MBI IR AT LU Hh 7S 2 AN B 7 1) A 205 SRS POl 2 S i 25 SR ) Wb

BT H o —SE R,
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condition of a 18 ¢m wave height
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Eight vertical SSC profiles inverted by using the OBS and the ABS data obtained under the
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B 7 Af LA AR 18 em PO A& T L BEJKIK 1 em 4K SSC e KT ik 9 g/L. 7E
W 3 min B, SRR 4~12 em ABS i A9 SSC A/ F OBS 2 i A . H A7 & ABS
F2 3 ) SSC {H KR T OBS 3l ; 76 8 % 6 min B, 52 ER 3~6 cm ABS 2 9 SSC {8
/NF OBS K AE , He & B 3 min B A9X — X IR E /MR L s A8 9% 9,12,17 Al 21 min, 7E 3
A~ 1) 1) 1 B ABS S SSC E KT OBS S {E ; 1 P45 1k )5 3 min, PR 7 ik 523
SSCHRETE 4 cm ZbAH A AL A8 s LA B34 ABS i ) SSC H KT OBS I A, &2
SCDLTT UAH 2 5 38 45 1R J5 6 min, BR T d5 5 T K 2 B0 25 SR DL AR A B 3
Sl

X P A R R VR DO FR ) R A PR BT T 00T o A M A B RS 2 S ) SSC — H
A NERS, A S 33 H A @k OBS Hl ABS W bl i 2 7 T B ) 5 ¥k B8 X
i FEAS R B AL T, 7E S50 & B W) 5 400 T B IR DUB U B R B A T
AN TR 5 25 AT S 56 7K R WA T o 2 A v B o R R ) T O X 3 R [ R B Ol
FE ) TR T A0 AR A 25 SR AT TR XTI, BT ABS IS5 R A 4B g
K 3T B KR B DL K e e AR S TSGR AT .

XFEE DA B B DL b 2 R B A F T ABS JE [ SSC A5 OBS S 1 J5i 1 vk Ji {H 1Y ¢
.UM H LT 458

D FEIK B ) F5 R LA 55 L 5 TR VR FH B I L 45 09 19 50 » ABS Y SSC {5 OBS
S SSC A H #2230

)X FE i 10 F1 18 em PFPIE AL, 7E KM SSC #AKB/INCONT 1 g/L, AR 240
NTU) GG PR 7 245 2 SSC B AR X H 842230

3) I8 TR AR FH IR ) B L % B K A T ABS S SSC B 5 OBS iz j {5 A 22 #0Kk
HCJECPR ] i 2 ok TR A R 5 S UK AR SSC AR K. A SEPRERAE b A v BE B L)L K SSC
B R B K A b AN [ Z2 A 22 U LA FR E K RE % 33— X I8 9 OBS, 45 511 & ABS i k47 8
Ak L, B8 R R DG 1 R 2 B AT

3 4% #

AR SR AE AR R 00 B i SSC LI Je s AT 3k 9 g/ L) M &4 Tl i i 2k £ i 2
OBS X #8 (ASM-TV) FI Z i ABS X 2§ (AQU Ascat1000) XF SSC #E 47 /N0 FBl i K5 13 1 WL
WA FE A5 a0 F 4538 .

D OBS {U#F ASM-1V | AN [ G248 3k (B 5 SSC aT LAk FH [R] — A 2k 4 6 56
F s 7EK RS2 R, OBS By ih B8 (i 5 5290 SSC{H B9 AH X R 5N 0. 960 9, WK T % W5 &
b I A DG R K 0. 996 AHARSRAR 5 L B A% /5 RS B M S i A ) SSC I,

2) 16 R T S2 B0 - DA B Bl 4618 F L ABS AL 25 19 4 DB AE 28 . 1 MHz Byt
Al B 000 5 1) P R BSCHR  3  E (1 5 92 I SSC B A M e 1, AR G BB M 0. 935
0.5 MHz f 4 B8 & F 0 75 14 7 5 25000 2 8 v B8 (1 55 55 SSC A AH 22 8 K, AH 25 LA
R

3)FEXT ABS S ) SSC fH 5 OBS J2 vl {E 1) 3 ] 2k V7 IO FR 49 ot v B8 30 1 A7 % L
% B . RATFEK 8 ) 2 L B 59 L 50 TR AR FIsF IE) L B 0 i 1 50 ABS I 1) SSC i 5
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A Comparative Study of Suspended Sediment Concentrations
Observed With Acoustic and Optical Methods

HU Jie, XU Ji-shang, NIU Jian-wei, DONG ping, QIN Kuan-kuan
(College o f Marine Geosciences s Ocean University of China , Qingdao 266100, China)

Abstract; Based on the principle of the estimation of suspended sediment concentration
(SSC) by using optical backscatter sensor(OBS) and acoustic backscatter sensor(ABS),
the suspended sediment concentrations have been measured and recorded by using OBS
instrument ASM-IV and ABS instrument AQUAscat1000 under the conditions of high
sediment concentration and different wave conditions in a water flume lab. Both the OBS
and the ABS measurements are first calibrated with the water samples collected during
the water flume experiments and then inverted to obtain the vertical SSC profiles with
high accuracy. The results show that the turbidity and the SSC determined with differ-
ent optical probes of ASM-IV can be described with the same linear relationship, with a
correlation coefficient being as high as 0. 996, indicating that the vertical SSC profile can
possibly be inverted with a high accuracy (vertical interval 1ecm). For the silty bottom
and wave conditions in the present flume experiment, the detection accuracy is lower
with the ABS instrument than with the OBS instrument. The values measured by using
the acoustic transducers with different frequencies can vary over several orders of magni-
tude, and the correlation coefficients between the inverted and the measured SSC values
vary from 0. 716 to 0. 974.

Key words: multi OBS array; multi-frequency ABS; SSC; vertical SSC profile



