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Study on the Turbidity in Estuary (L)

Observations of coagulation and settling processes of particles
in the boundary of fresh and saline water

Wataru SAKAMOTO

Abstruct

The essential difference between granular materials and colloidal ones in an
estuary lies in the property of flocculation. The former remain regardless of the
condition of the flow, while the latter flocculate in interaction with the sur-
rounding fluid. The particles in colloidal suspension do not coagulate in fresh
water because of the discontinuity of electrical potential between a particle and
fresh water, the so called “electric double layer”.

Particles coagulate when they flow into the sea water because their surface
charges are neutralized.

The vertical settlings and coagulation processes of three clay minerals,
montmorillonite, illite and kaolinite were observed in an experimental tank
containing both fresh and saline water.

These coagulation processes were considered in three steps as follows:

1) Suspended particles in fresh water were neutralized by adsorption of diffusing
ions of saline water from the lower layer, thus reducing the force of repulsion.
2) Neutralized particles aggregated taking in surrounding water into their chinks
and began to settle. .

3) The particles stopped settling when they reached the area where the densities
would be larger than that of particle. The increase of virtual density seemed
to be caused by the diffusion of salt into the fresh water which contained particles.
During the stopping period, the particle grew larger and made large flocks.

The size of the flocks settling into saline water seems to depend on two con-
ditions. One of them is the difference of densities between coagulated particles and
saline water, and the other is the concentration of suspended particles in fresh water.

If both the concentration of particles and the difference of density are large,
the flocculation size become very large. (Plate II)

When the concentration of suspended particles is very low, and the difference
of density is very small the final size will be very small, because the increase of
virtual density is faster than flocculation.
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Fig. 1. Diagram of experimental apparatus LTT® T 0
1: Camera  2: Travelling microscope
3: Electrode  4: Conductivity meter Fig. 2. Sectional view of experimental tank
5: Experimental tank  6: 500w flood 7: Cock 8: Plastic plate - 9: Vinyl
lump membrane
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Fig. 3. Mean particle diameter of quarz Fig. 4. Montmorillonite, mean flock size and
settled through 40 em dispersed granule diameter
o : fresh water only Flock,
e : fresh water/30%, saline water o : fresh water/30%, saline water
o : fresh water/ 5% saline water o : fresh water/15%, saline water
x : fresh water/15%, saline water o : fresh water/ 8%, saline water
Line : theoretical diameter settled Granule,
through fresh water (15°C) o : fresh water/30%, saline water

according to Stokes’ law

x : fresh water/15%, saline water

a : fresh water/ 5%, saline water

KENADEAIVEOBBU S TELDABR LN,

—F, ERMSTERTS L0, BASRTRESESEL TW220, ETHBOAIKREMH
&5'—'*@3) 2 T:e

23, EETESNIRTOVHREIIEKBEC L h Rz 2H5, 30% T 156 H%iTid 30s 40 5
#T 8y, 120 3LMfEIR 4~1p BIRD OB ZENRFLBONI, X, 5% T 16 3ET 154, 30 4
%0 8u, 12043LMEIZ 3~1p TH D, TROMKLBEANER/NIVRFOILBRERNLITho1,
i) BRAEOMEGEMICKITTEE

EREREBR TR L T BRI 50BRO—ME LT 30% FoEr Y ny 4 NEEDE
H Plate I-LIL IIT 25RU70H, — IR TROESBESENTE L 2 b, BEHOHLRT L
ﬁ;ﬁb’ﬁ 7:.0

TrEYud 4 P TREBSEHKICEAR, 30% T154, 15% T 30 MEICEMEITRIME X
hie

— 320 —



1968] FAR ¢ FNFAROBERL 11

100
2%
&
®
5
[<] o @ ° ° °
g ] @ oo
é [ ] [ ] ®
< ]
x x o .
x X 3 g
! L 1 1
60 120 i180 240 300
Minutes
Fig. 5. Kaolinite, mean flock aize and dispersed granule
Flock,
o : fresh water/30%, saline water
o : fresh water/15%, saline water
o : fresh water/ 5%, saline water
Granule,
o : fresh water/30%, saline water
x : fresh water/156%, saline water
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Fig. 8. Illite, mean flock size and dispersed granule
Flock, .
o : fresh water/30%, saline water
o : fresh water/15%, saline water
e : fresh water/ 5%, saline water
Granule,
o : fresh water/30%, saline water
x : fresh water/15%, saline water
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Fig. 7. Relation between flock mean diameter and salinity
o : Montmorillonite o : Kaolinite x : Illite
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Fig. 8. Turbidity exchange of montmorillonite measured 1 cm upper from the
initial boundary
o : fresh water/30%, saline water
x : fresh water/15%, saline water
o : fresh water/ 5%, saline water
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Fig. 9. Turbidity exchange of illite

o : fresh water/30%, saline water
x : fresh water/15%, saline water
o : fresh water/ 5%, saline water

R, AXYVF 4 LTI 30% T54, 15% TIEMMEEZNFREEMME LN,
BRE L lom OWSOBEL{L% Fig. 8, Fig. 9 iR L, Zhd & Fig 4 5 Fig 6 24
BT2L, RBEOHR2EL L TREVORBENRKEILZEL5TH S,

= %

PARPIBRL T 2R FREMICRIEKIFERON RO AT MOIEL, BEATIR
HFOS50bLBfTbh T30 :Bbh3, LOOMTERKEOERAEHE CIREINTE
BEBERINTONS L ELTEL,

—RCHE IR P TRITFORMIIAREEL, 2 DENEEHNE, EOEMNBAFOR
EEHELTE Y LA, BROZEEEMRL TOE1:0, HBTI83, BESh—BgL %
DIMENTHETET 5 IEHE & ORI RESHEMN 245 LE0 5T 399,

COXSRBTRBITFIRIIPCEEBELD > TEBT AL EHBTEARVRTD 305, BRRER
FRAS EHFREOREL TOIEA 4 2 BBIRTOBA T o bRRTH L S e T, HT
REOEX—EMEEMT 5 & 52, EVORFRAO0 0 A TIISERET s RIBIRs 5,

C O THKHICIHE L TIOR8 HUKH 2 TR L D DIREMIC 12 » THT B 2 S BB HEL
TEBELTAHL S, Fig. 10 B2 DRELERMIERLIZLDTH 5,

a) E—PE

R D OB FH TEORAD SHBMLU T 2BA4 > 2TREL TEEL T 22 5 Rk,

b) BB

— 323 —



it ok Kk E & ® [XVIII, 4

Fresh Water

+ « 7
+ T - + +
[¥ -
- S 1 +
e - s A
=F¥ o,

[

[
- . The First Step

' - Q
2B,
%- é% I ‘.‘Q:TheSecondStep

The Third Step

Fig. 10. Xlustrative sketch of flocoulation processes
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11. Example of salt diffusion, fresh-/30%, saline water
o: the top 1.5cm 4 : the top 3.0 cm
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Fig. 12. Example of salt diffusion, fresh-/15%, saline water
o: thetopl.5em a: the top 3.0 cm
x : the top 4.5 cm o : the top 6.0 em
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Fig. 13. Example of salt diffusion, fresh-/5%, saline water
o: the top L.5em 4 : the top 3.0 cm
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Fig. 14. Salt diffusion at each level after several minutes, upper figure is fresh-/15%,
saline water
1: 8 minutes later 2: 36 minutes later
3: 99 minutes later 4: 212 minutes later
5: 202 minutes later
Lower figure is fresh-/30%, saline water
1: 5 minutes later 2: 49 ‘minutes later
3:124 minutes later 4: 222 minutes later
5: 375 minutes later
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Explanation of Plates

Plate 1-1, II, III.
Montmorillonite flocculation process in fresh/30%, saline water
I: 5 minutes later

II: 20 minuntes later
III: 40 minutes later

Plate 1-A, B, C.

A: Bettling and floceulation form of partieles through some boundaries
1: fresh water layer
2: 5% slaine water layer
3: 15, saline water layer
4: 30%, saline water layer
5: 60%, saline water layer

B: Enlarged at 30% and 60%, layer

C: Flocculation example in two different saline water densities upper is 5% and
lower is 50%,.
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W. Saxamoro: Study on the Turbidity in Estuary II
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