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Libicki %(1989) W40 i #2 T F|FH ABS |
¥ SSC BT 55 ; Thorne 25(1991,1992) % AR [
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W AR

PIvk (R, 45t ADCP i SSC IR HER
o
2) HR¥E Rayleigh HUFEIE, &5 th— R AT RO A
Fi#ET ABS AR E M SRR AR T H A, T dE
H—FhF HRLRR 2 BT (SORLAR 23 AR 15 BT ABS )
B SSC AT EMBHEAT.
1 WERE
ERIBMMFENERE T UTYE¥H
B UREUR SR B A RN SHUS KR o B P
B /INBUE HE ( Thorne ,1991) , ADCP filf & St IR
WeAe /K B4 B TERTE T AL B A B R, B
FEAERE R T, N e T B R R R L, A
7 B #) JL AT 3 Y8 1 B2 W 5 B AT 48 IE ( Urick,
1983) ,
BEFHTR TUEINTBESR
(Urick,1983) .
EL = (E-E) +20 x1g(R¥) +2aR + C
(1)
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SREELE, AR E, R ARIF IR M EU AR
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SRR R 23 R G LU B BUR R B R A 56
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BEESRRGEM XY E R R AREAT AL, KW
WRIAEERF &, LA AR et Akl
B RH, C fLEEH Bl o, = a, +a, K
PR BRI R, A o, AT AR
WRE, T LA H LA T 2520 5 2 (Fisher et al,
1977) .
a, = (55.9 - 2.37T +0.0477T° - 0.0003847%) x
107 x f? (2)
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KRN 7 1 45 i B T X A B B
me, BN o, R B 58 BE AT DL 3R 7R 9 ( Deines,
1999) .
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10 x 1g(273.16 + T) + C (4)
A IE 1 79 f5 O 9 B 0[] 20 #EA T A ] —
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e 3
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AR 5 B R B AT I EL T 2 R 15 (Clay e
al,1977) .
~ (ka) [e 1 (25; +11)] (6)
A, e ﬂﬂﬁiﬁﬂ‘%'—ﬁﬁ)ﬁﬁ‘]#ﬁ%ﬁt&gﬁ
HaHE S R EEZ L, B BT LR EE
St A -
Oy = @ *A = 77‘12901, =
2 ka)'re - - :
el te (858 @
XA ﬂﬂ%ﬁl%ﬁi%&%ﬁﬁﬁﬂo HHUME
£ 25 [RI RERL A Lo B2 LI, SR A A R O
St SRR AR FT DA LA SN U i A AT R R

hnRRSEA B Sy = ZNia-bS[

XN, AR BB TE A o, BIHU
AN BB A 5 7K SR A B 0 B PR UL AR ) U
H M N R o FIETRTURYIHKEE A M, W ZE IR
8V BIKA T, B TR RURL I B A BRI
M3V

Sy = ZNlabsi = Z 4 ,

L3P

T s

3("3@;‘)4 e, — 1 =1 ’

) 2»’ 4mpa; L 3e, ¥ (221. + 1)] e

(8)

1 B URT I, B 98 BE 7E Rayleigh 85T %44

T SRR =007 KUK E R E . B

TRAR KPS, B UL H & B B
A, B e,g,p W8, T LR HURBER R R -

I, ~ Za?Mi =a'M

R o B SCHEUETHRB ZERohiA2
[y an,

— 9
HtE, AT AR SE b 5K, 1 F LISST-100 fi il (4
B4 7 {5 B XF ADCP Firiflif) ABS #4765 1E, A
HIEBEHRE ST RN R RIER, &
BAER (4) PR Bk 2 LB IE &, BT A&
RBIEARE R
EL = K,(E - E,) +20 x 1g(R¥) - 30 x lga +

a =

2a,R +10 x 1g(273.16 + T) + € (10)

3 KBAERIHRN

BESEEBRR T KFBHERERILRA
¥e, 854 BT UIR Y i 2 R 3 ) R A 5, X
A ADCP #47 SSC W& f M & 7 i DL KB IE T
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Fig. 1 Spatial and temporal distribution of mean size of

suspended sediment in Liverpool Bay(The first 0000 denotes
zero hour on 2001/09/04 while the second on 200170905 )
AR BR TRAR RN Z A, B EURA Y
A B I JEATTD I Ll RAJH LISST-100. STl 7t
(145 A R AR i B LAY (A Bk fU R (9) R Y
M, DL ST A M 255 2 W5 B IR 14
RSP o, AT EFBE L S 80REA% @ 5 (10) 20 K,
HTRA p R T D15 407 2 1R 3 R A T
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MIOIFEL 85 , P SR SR R AT S MR Ry ADCP
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ks C y— 55 ADCP REGESHA KN R, th T AD-
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Tab. I List of data collected in Tiverpool Bay and its correction

A AT bR e ) SR WA
(m) ABS(dR) ABS(dB)
26.50 83.45 16.38
29.50 85. 14 19.53
29.50 84.38 17.68

BT LISST-100 JARM  2AaR09) B
ETFULB R LE=h nies R
(mg/T.) { pum ) (pm)
R—'i 143. 62 172.05
6.69 14499 153,84
4.18 152,24 167. 21
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, AEEWEE  LST100 WEH  AR(0) BAW
%ﬁjﬁ %ﬁiiiw ﬁiﬁiﬁ” BENEMRE TS R

(mg/L) (wm) (wm)
25.50 85.16 19.00 5.66 146.21 160. 54
30. 50 85.00 19.10 6.20 142.41 157.35
30. 50 84.41 16.47 3.66 153.35 183. 85
31.50 82.35 13.72 3.18 157.07 193.99
26.50 81.73 14.21 3.4 145.08 178. 16
30.50 85.22 18.33 5.64 142.43 169.71
31.50 80.98 13.34 2.98 154.58 179.78
31.50 82.41 14. 47 3.49 148.55 183.99
28.50 85.89 19.06 3.74 148.21 168.93
26.50 84.59 20.90 6.74 131.65 132.75

DREZBERAENESERKA = 0.639,B = -77.2 M2 B ERREMEGEA = 0.476,B = -31.8

MK 2 S LAFH, F R LISST-100 75 Kok
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BAfERHFEBTAA(9) M(10) % ADCP @il ¥ 1 SUALHNRAERIAEIT 20%

B ABS HATBIELUG, MM A RA T HAIE

R®2 HESENFRMELSHEXREMIE

Tab.2 Comparison of linear fitting correlation coefficients calculated with and without PSD correction

TRLAZ B IE B A RAR B IE A MXRRY
Gl HEHAR HXAR XA REEE(%)
P 2IE7 b e 13 0.74 0.88 18.9
Anglesey 51 1 S34 10 0.65 0.78 20.0
Anglesey 4% 2 S ¥4 41 8 0.71 0.80 12.7
B2 A1 3 B8R T AR AR (4) AR
(10) %$ 9y 75 3R 4 3|y J A T8 TS, -21
BRI IR LA 2R, o8 2 FE 3 AT 2| °8
y=0.639 x-77.2
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12:00 42001 4£ 9 A 4 H 4 12 B, 5 248 2001
F£9HAS H 128, B S 2 ADCP % 3 KEE
Anglesey Mg — 3518 /4 SSC B Al 254k Y iy

10X1g(SSC)
]
R

80 81 & 83 84 8 86
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Fig.2 Linear fitting without PSD correction
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Fig.3 Linear fitting with PSD correction
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Fig.4 SSC inversed from ABS measured by ADCP
deployed in Liverpool Bay
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Fig.5 SSC inversed from ABS measured by ADCP
deployed in the offing of Anglesey
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PARTICLE SIZE CORRECTION OF SUSPENDED SEDIMENT CONCENTRATION
MEASURED BY ADCP WITH IN-SITU PARTICLE SIZE ANALYZER

LAN Zhi-Gang, GONG De-Jun, YU Xin-Sheng, LI Si-Ren, XU Yong-Ping
(Institute of Oceanology, Chinese Academy of Sciences , Qingdao ,266071)

Abstract

Measurements of suspended sediment load are crucial to the study of dynamics of suspended sedi-
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ment. Over last decade, much work has been carried out in exploring the potential of ADCP ( Acoustic Doppler
Current Profiler) to estimate SSC ( Suspended Sediment Concentration ) , due to its commercial availability and
widespread application in measuring current velocity. One of the great advantages of the ADCP is its capability
of measurement throughout the whole water column for a long period and the combination of measurements of
vertical profiles of fluid velocities and back scatter intensities. This method not only improves temporal and spa-
tial resolutions of SSC estimates, which are essential to the study of suspended sediment dynamics, but also can
directly evaluate profiles of suspended sediment flux, and hence transport from just one instrument. Analysis of
acoustic backscatter data with suspended sediment concentrations, however, must take account of the fact that
ADCP observation may represent concurrent changes in concentration and morphology of suspended sediment
without discrimination. Detailed knowledge of the characteristics of the suspended sediment, therefore, is es-
sential for obtaining an accurate measurement. Variable nature of sound scatterers and some other physical pa-
rameters in ocean makes it difficult for in-situ estimation of all relevant parameters to inverse acoustic back scat-
ter signals to accurate measurements of suspended sediment concentration with high resolution. Accurate
measurements can’ t be obtained without particle size correction due to particle size dependence of ABS ( A-
coustic Backscattering) measurement. Based on Rayleigh Scattering Theory, the equivalent particle radius as
well as the calibration equation was derived for particle size correction of ABS. When the wavelength of incident
sound is much greater than the diameter of scatters, Rayleigh scattering function applies, which means that the
backscattering cross section is proportional to the fourth power of the scatter radius. Therefore, in the water
where scatters are widely and randomly spaced, the backscattering cross section of the individuals simply adds
to form the total backscattering cross section. Under the assumption that the scatters are homogeneous except
their radius, the total backscattering intensity can be further simplified to be proportional to the sum of the third
power of particle radius of every size band multiplied by its mass concentration. The volume concentration and
particle size distribution can be obtained from in-situ particle size spectrum analyzer. With these data, we can
defined an equivalent particle radius which could be used to correct ABS measured by ADCP to inverse SSC.
A series of field experiments were conducted respectively to help understand the acoustic measurements of
SSC by ADCP and verify the correction scheme mentioned above in Liverpool Bay and coastal water of An-
glesey, by deploying a 600kHz RDI ADCP near the seabed. Vertical profiles were obtained with a Sea-Bird
CTD fitted with a LISST-100 and water sampling bottles. Water samples from CTD-mounted bottles were used to
measure SSC by filtering a known volume of the water sample and by differential weighing of the dried filters,
while the measurements from LISST100 were used to analyze PSD ( Particle Size Distribution) of the suspended
sediment and obtain equivalent particle radius for ABS correction. To secure an accurate inversion result, time
average should be applied to ADCP echo intensities before further analysis to reduce the random fluctuation due to
the random position of the suspended scatters within the ensonified region of the water. Data analysis of those field
tests showed considerable improvements of the measurements after applying the particle size correction formula, with
the correlation coefficients growing from 0.65—0.71 before the correction to 0. 78—0. 88 after the correction.
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