38 4 Vol.38, No.4
2007 7 OCEANOLOGIA ET LIMNOLOGIA SINICA July, 2007
*
1,2 1 3
(1. 200062; 2. 200062;
3. 310012)
2003 6 14 —22 LISST-100
, OBS-3A
98.0 ul/L 39.8 um 1173 kg/m’ 1.14 mm/s 708 pl/L 64.4 um 919 kg/m’ 2.32
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, , 10—30 min, 30—50 min;
, 50 cm/s
; 75 pl/L
, 75 ul/L ,
75 ul/L ; )
LISST, , , , ,
P731
, (Fennessy et al, 1994, 1996, 1997,
Sternberg et al, 1996, 1999),
Sequoia
LISST(Laser In Situ Scattering and Transmissomet-
, ry),
: (Agrawal et al, 2000, 2001) 1999
Owen (Owen, 1971) LISST
, (Mikkelsen et al, 2000, 2001,
(Gibbs, Mikkelsen, 2002; Voulgaris et al, 2004; ,
1981) 20 90 , 2004) Xia (2004) LISST
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(He et al, 2004, , 2005a, ,
2005b) )
0.1°  20° 32
0.03 mm( , 1995), , Mie (Born et al, 1975),
0.032 mm , 0.032—0.016 mm 32
90.5%( , 1985; , 1996), , 32
4 min  Smin,
, 354 303
“« ”, 120.8° . ]2!.2° . 12!.6" 12?.0° 122:4°E
| )
Sequoia B 25cm LISST-100,
26 h
’ 1 (A: )
Fig.1 Field measurement location in the Changjiang (Yan-
gtze) Estuary (A: Xuliujing sampling point)
D&A OBS-3A
1 , 5 min
11 ’ ’
120°57.70'E, 31°47.90'N 045 pm , 105
(1 12h OBS-3A
SonTek 500kHz  ADP
' 20 , 1
’ m, 5 min,
, lem/s  0.1°
’ : 25 m, 4
| 110km, Skm, ™ 120t ADP
’ 10 m 0.5 m , LISST-100
1.2 OBS-3A 1 m
LISST-100 (
1m) , 2003 6 14 13
09: 00—15  11: 00, 2003 6 21 131
01:00—22  03:00 LISST-100 OBS-3A ;
1.46—230.14 pm, ( Dy
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SSC =0.002154- NTU —-0.01830 (D) , 5—10
(1) ssC (kg/m’), NTU 71.1%, L 11 4 28.3%,
OBS-3A , R’ 0.9
0.039— , 6 87.2%,
0.629 kg/m’, 0.039 kg/m’ 6 12.8%
, 0.629 kg/m’ 2.05 m,
4 h 16 min, 8 h
1.3.2 8 min( ,2001)
, Ap ADP 1 )
(Fennessy et al, 1994; Mikkelsen et al, 2000), 1, 2a 3a)
SSC 29 cm/s ,
Ap~—— (2)
VC , 101 cm/s
(2) Ap (kg/m’), SSC 79 cm/s , ,
(mg/m®), VC
(nl/L) 1.3.1 ;
1.3.3 ( 2a 3a),
( , 1983; , ,
1998) 657 295°, 115°C 2b);
( , 1983), 0.308, , 285°  115°(  3b)
0.003, 0.110, 0.5, 2.2
0.16—0.17
(1992) (1994) ,
( 0.08—1.00),
D? . Ap-
18-n > K
3) o (m/s); D, ’ ’
(m); Ap (kg/m’); g ’ ’
(m/sz), 9.81 m/s*; g
0.10—2.00 ( ,
[kg/(sm)],
1995) ,
25 0.000890 kg/(s-m)
2 2.3
2.1 253 pul/L,
, , 29.4 ul/L, 98.0 pl/L;
28 700 m’/s, 4.330x10% t 152ul/L  19.0 Wl/L  70.8 ul/L
1
Tab.1 Comparison of current velocities between flood and ebb, spring and neap tide
(cm/s) (cm/s) (cm/s) (cm/s)
148 101 106 65
146 43
148 58
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surface water during spring tide
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( D,
2d 3d , ( , 1996)
, 97 cm/s, 58 cm/s,
, ( ,
,2001; ,2003) ;
( 2d 3d) ) >
, 10—30 min,
30—50 min s ,
( , 2001; , ; ,
2003) s
2.4 ,
39.8 um ( 2a
64.4 um, 39%, 2e 3a 3e), 50 cm/s
14.9—78.1 um  29.5—86.7 um
) , 50 cm/s
( 2e 3e), , , 50 cm/s
Xia (2004)
4
(1991) ,
s (D ( 2d 2e 3d 3e)
, , (Willem et al, 2000) ,
( , 1983); s ,
; (2) ,
( , 1987), ) Willem
) ; Willem

3) )
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Fig.4 Relationship between flocs’ mean diameter and
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Fig.5 Relationship between flocs’ mean diameter and
flocs’ volume concentration during spring tide and neap tide

Fennessy  (1994)
500 kg/m® 900 kg/m’
Hill  (1998) Glacier
Sternberg  (1999)
30—1600kg/m’ ,
Manning (2004) Gironde ,

27—120 kg/m’,

140—160 kg/m’ Mikkelsen
(2000) ,
41 pm 109 pm 1283
kg/m’ 686 kg/m’,
478 kg/m’, 1411 kg/m’
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, s a
( 1 650 kg/m?), 2.6
: 10°
4 , lum
0.067—0.218 , 4
kg/m®  0.033—0.147 kg/m’(  2c 3c), , 0.01 mm/s
B 25cm LISST-100 (Manning et al, 1999) ,
, 2 ,
1 429
kg/m’, 778 kg/m’, 1 173 kg/m’; 3 , ,
1 279 kg/m® 689 , 2.91
kg/m® 919 kg/m’(  2f 3f) Voulgaris (2004) mm/s, 0.19 mm/s, 1.14 mm/s,
0.75—1.25 mm/s;
540 kg/m’, 100 kg/m’ 3.18 mm/s 0.68 mm/s  2.32 mm/s,
1.95—2.75 mm/s( 2g 3g)
, ( 2), 0.002 mm/s, 8.94
mm/s,
Willem  (2000) Dollard
Ap D, ) )
(McCave, 1975; Fennessy )
et al, 1994; Hill, 1998; Sternberg et al, 1999;
Mikkelsen et al, 2001; Xia et al, 2004) , ,
McCave(1975) Apx D, , 2
a —0.50; Fennessy (1994) Tamar 3, ,
a —1.084; Hill(1998) Alaskan a
—0.54; Sternberg  (1999) California ,
a —0.46; Mikkelsen (2001) , R
a -0.86—-0.33 ; ,
Xia (2004) , 1999 64.4
a -1.58,2000 a -1.71— pm, 39.8 um,
—-1.18 , 1999 2000 a
-1.52; ,
-0.368 —0.646

wg=a-D b (Fennessy et al, 1994; Hill et al,
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1998; Sternberg et al, 1999; Mikkelsen et al, 2001; , , ,
Xia et al, 2004), 3

a 0.0000228—0.00820 R b
s 0.290—1.632 )
> > 10—30 min, 30—
> 50 min
(2)
3 39.8 um 64.4 um
B 2.5cm LISST-100 ’ 50 cm/s
, 50 cm/s
) , 50 cm/s
, (3)
(D) 98.0 R
ul/L, 70.8 ul/L
2
Tab.2 Flocs’ settling velocity in still water from different researches
a)g(mm/s) Dm(um)
, 1988 2.88—8.94 — 1978 8
, 2000 1.81—4.26 — , Rouse 1994
, 2003 2.14—4.38 — , Rouse 1994  9—10

Sternberg et al, 1999 0.09—8.13 130—740 1995 9—11

Mikkelsen et al, 2001 0.01—1.00 22—330 Horsens Fjord 1999 6 ,9

Xia et al, 2004 0.049—0.240 1.25—100 1999 7

Xia et al, 2004 0.002—2.000 1.25—200 2001 1

Voulgaris et al, 2004 0.02—0.20 25—75 North Inlet,South Carolina 2000 6 —2001 2

,2005a 0.70—5.62 30.0—98.8 2003 6

( ) 0.19—2.91 14.9—78.1 2003 6

( ) 0.68—3.18 29.5—86.7 2003 6
3 (R )

Tab.3 Regression statistics for the relationships between flocs’ settling velocity in still water and mean diameter from

different researches (R*: correlation coefficient)

g = a-Dmb
a b R’
Mikkelsen et al, 2001 0.00026 1.529 0.856
Sternberg et al, 1999 0.00020 1.540 0.610
Xia et al, 2004( ) 0.003 0.420 0.246
Xia et al, 2004( ) 0.0003—0.0018 0.290—0.820 0.510—0.855
Voulgaris et al, 2004( ) 0.00124 1.389 —
Voulgaris et al, 2004( ) 0.000228 1.553 —
,2005a 0.0065 1.418 0.942
( ) 0.0027 1.632 0.879
( ) 0.0082 1.354 0.818

ws D, mm/s pm
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75ul/L , 24(1): 18—23
s , D Eisma, 1996. -
(4) ,27:138—144
1 173 kgm® 919 kgm’® ’ - 2001
,29—31
’ , , . 2003.
,6:45—51
, ) , ) , , , 1995.
Apx D, ;
, 17(5): 65—72
a 0368 —0.646 ’ » 1983, o :
82—108
(%) , , , 2003.
0.19—2.91 mm/s , 1.14 mm/s, ,22(5): 86—91
0.68—3.18 i , , 2005a. LISST
mm/s, 2.32 mm/s , 1t
: 33—39
, , , 2005b.
, 14(4):
ws =0.0027- D, %3 ws =0.0082-D, ' 460—464
, 1987. ¢ ). : .
398—468

, 1994, . ,
12(1): 72—76
, , , 2004.
ADCP
, 35(5): 385—392
, , , 2005.
,36(9): 1029—1034
, , , 1992.
,3:54—59
, , 1985.
,3(4): 141—151
, , 2001.
. ( ), 3: 68—73

, 1991,

,5: 46—49

, 1988.

. ,4:10—22

, 1996.

,1:67—73

, , , 1995.

, 26(6): 633—637
, 1998. :
, 46—55

, 2000.

Agrawal Y C, Pottsmith H C, 2000. Instruments for particle
size and settling velocity observations in sediment
transport. Marine Geology, 168: 89—114

Agrawal Y C, Traykovski P, 2001. Particles in the bottom
boundary layer: concentration and size dynamics throu- gh
events. Journal of Geophysical Research, 106: 9533—

9542

Born M, Wolf E, 1975. Principles of Optics. Pergamon,
NewYork, 808

Fennessy M J, Dyer K R, Huntley D A, 1994. INSSEV: an
instrument to measure the size and settling velocity of
flocs in-situ. Marine Geology, 117: 107—117

Fennessy M J, Dyer K R, Huntley D A et al, 1997.
Estimating of setting flux spectra in estuaries using
INSSEV. In: Parker Burt N R, Watts J ed. Cohesive
Sediment, Wiley, 87—104

Fennessy M J, Dyer K R, 1996. Floc population charact-
eristics measured with INSSEV during the Elbe estuary
intercalibration experiment. Journal of Sea Research,
36: 55—62

Gibbs R J, 1981. Floc breakage by pumps. Journal of
Sedimentary Petrology, 51: 670—672

He Qing, Cheng Jiang, Wang Yuan-ye, 2004. In situ estima-
tes of floc size and settling velocity in the Changjiang
estuary. Proceedings of Ninth International Symposium
on River Sedimentation. Beijing: Tsinghua Publishing
Press, 416—422

Hill P S, Syvitski J P, Cowan E A et al, 1998. In situ observ-
ation of floc setting velocities in Glacier Bay, Alaska.
Marine Geology, 145: 85—94

McCave I N, 1975. Vertical flux of particles in the ocean.
Deep Sea Research, 22: 491—502

Mehta A J, Partheniades E, 1975. An investigation of the
depositional properties of flocculated fine sediment.
hydrology Research, 92(C13): 361—381



313

Manning A J, Dyer K R, 1999. A laboratory examination of
floc characteristics with regard to turbulent shearing.
Marine Geology, 160: 147—170

Manning A J, Dyer K R, Lafite R et a/, 2004. Flocculation
measured by video based instruments in the Gironde
Estuary during the European Commission SWAMIEE
project. Journal of Coastal Research, SI 41: 58—69

Paris, 27—37

Sternberg R W, Berhane I, Ogston A S, 1999. Measurement
of size and settling velocity of suspended aggregates on
the northern California continental shelf. Marine
Geology, 154: 43—53

Sternberg, R.W, Ogston, A, Johnson, R, 1996. A video
system for in situ measurement of size and settling

Mikkelsen O A, 2002. Examples of spatial and temporal
variations of some fine-grained suspended particle
characteristics in two Danish coastal water bodies.
Oceanologica Acta, 25: 39—49

Mikkelsen O A, Pejrup M, 2000. In situ particle size spectra
and density of particle aggregates in a dredging plume.
Marine Geology, 170: 443—459

Mikkelsen O A, Pejrup M, 2001. The use of a LISST-100
laser particle sizer for in-situ estimates of floc size,
density and settling velocity. Geo-Marine Letters, 20:
187—195

Owen M W, 1971. The effect of turbulence on setting
velocities of silt flocs. Proceeding of International
Association of Hydraulic Engineering and Research.

velocity of suspended particulates. Journal of Sea
Research, 36: 127—130

Voulgaris George, Meyers Samuel T, 2004. Temporal
variability of hydrodynamics, sediment concentration
and sediment settling velocity in a tidal creek.
Continental Shelf Research, 24: 1659—1683

Willem T B, Van der Lee, 2000. Temporal variation of floc
size and settling velocity in the Dollard estuary.
Continental Shelf Research, 20: 1495—1511

Xia X M, Lia Y, Yang H et al, 2004.Observations on the size
and settling velocity distributions of suspended
sediment in the Pearl River Estuary, China. Continental
Shelf Research, 24: 1809—1826

CHARACTERISTICS OF SUSPENDED FINE SEDIMENT FLOCS IN
CHANGJIANG (YANGTZE) ESTUARY

CHENG Jiang"?, HE Qing', XIA Xiao-Ming’
(1.State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai, 200062;
2.Department of Environmental Science, East China Normal University, Shanghai, 200062; 3. Second Institute of
Oceanography, State Oceanic Administration, Hangzhou, 310012)

Abstract

velocity (ws) of fine suspended sediment flocs in Changjiang (Yangtze) Estuary are studied. Temporal changes in

Natural physical characteristics, such as mean diameter (D,,), effective density (Ap) and settling

D,, and volume concentration (VC) of fine suspended sediment in surface water during spring and neap tides were
measured in situ in June of 2003 in Xuliujing with a laser particle size analyzer(Laser In Situ Scattering and
Transmissometry, LISST); and suspended sediment concentration (SSC) with an optical backscatter (OBS), from
which mean Ap and mean @y of flocs were calculated in the field. The observation showes that average VC, D,,,
Ap and wg at the surface water during spring tide are 98.0 pl/L, 39.8 um, 1173 kg/m’ and 1.14 mm/s, whereas
those during neap tide are 70.8 pl/L, 64.4um, 919 kg/m’ and 2.32 mm/s, respectively. Results show that flocs’ V'C
and D,, at the surface water were closely related to current velocity; and the peaks of VC lag those of the current
velocity. The lag variation during ebb and flood tides is 10—30min and 30—50 min, respectively. Current
velocity at 50 cm/s is a turning point of D,, vs. vertical average current velocity, before the point, D,, increases
with current velocity, and decreases after the point. Similarly, V'C at 75 pl/L becomes a critical point in the surface
water, below the point, D,, increases with V'C, and above the point, D,, stabilizes. Ap is D,, dependent, larger flocs
have much lower Ap than smaller flocs. Both D,, and Ap of flocs affect ws. In the surface water during spring tide
and neap tide, a power exponent relationship exists between Ap and D,,, and @wg and D,,.

Key words LISST; Flocs; Grain size; Effective density; Settling velocity; Changjiang (Yangtze) Estuary



