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Study on the Turbidity in Estuary (I)*

Settling Patterns of Particles through
the Boundary between Two Layers

Wataru SAKAMOTO**

Abstract

A fundamental experiment was carried out to learn settling patterns of
suspended matters at the boundary between the upper fresh water and the lower
saline water layer in an experimental tank. The tank was separated holizontally
into three parts with two vinyl membranes before measuring, which were held in
place by rubber packings pasted on the tank walls. The settling velocity of
particles was measured by CdS-photoresistors.

The particles stayed at the boundary for several minutes in spite of the fact -
that they had settled gradually through the fresh water, and after a while they
began to settle again in the saline water. The time during which they remained
at the boundary seemed to be proportionate to the density of the lower saline water.

He congidered that this phenomenon was due to the difference between the
density of the saline water and the virtual density of the particles that contained
fresh water.
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Fig. 2. Schema of experimental apparatus
The upper vinyl membrane was used to separate the particles from the
fresh water (distilled) and the lower membrane was used to separate the fresh
water from the cold or saline water which has a greater density.
The upper membrane was taken off two minutes after the lower one had

been taken off.
1: Water tank 2: Glass wall 3: Vinyl membrane
4: Rubber packing 5: CdS-photoresistor 6: Bridge circuit

7: Recorder 8: Lens (f: 7.5em) 9: Lamp (4.26 Lux, 3.5W)
10: Transformer (primary Voltage 100 V; secondary voltage 4 V)
11: Stabilizer of electric-source

XBRFERLER

ERAKHEZ 008, TRCSBBREOK, 48 1400em® 2EAL, £ LBICHK
K FEK) ¥Ens, [Fig. 2.] b 5 min,———
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tf R : . Fig. 8. An example of records of the turbidity
TR RO FEOBY I L 2H change at the three system in the fresh

{t.% CdS-Photoresistor T X & 5 & watzr N

BT & oo TIUE B O RENESR B b§ e :§Zte$ ‘

NFOBEIZ L - TELT 28 &% CdS- : C: by LC, system
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Fig. 4. An example of records of the turbidity change at the three system

in the fresh water (upper) and the 8% saline water (lower)
A: by L:C; system B: by LsC; system C: by L,C, system

Table 1. The x-ray diffraction data (Original Sample)

Un- ° o 0 ° o o Water- .
T [0 ] 10006 | 200°C | 300°C | 400°C | 500°C | 600°C | VALeE | Notation
_dA) |24 320 320 319 320 3.2 321 32 | p
Intensity 12 13 12 14 10 15 10 10 :
d(A) 8.4 3.32 3.4 833 3.33 333 3.3 333 | O
Intensity 22 22 20 20 21 15 22 30 :
d(A) 3.78 378 378 875 3.7 3.78 3.78 3.78 F
Tntensity 2 1 3 2 2 3 2 3

d(A) 3.89 3.8 3.8 3.8 3.8 3.8 3.8 F
Intensity 4 1 2 1 1 1 1

d(A) 4.09  4.09 4.00 4.09 4.09 4.09 4.09  4.09 F
Intensity 9 13 10 10 11 9 8 10
B 0.Y) 4.28 4.26 4.28 4.26 4.28 4.28 4.28  4.28 Q
Tntensity 5 5 5 5 5 4 4 4

d(d) 454 4.50 452 448 4.50 4.54 4.50 450 | Mo
Intensity 2 2 2 3 2 2 3 3

d(A) 6.70 645 6.60 6.60 6.55 6.60 660 6.60 | pp
Intensity 3 2 2 2 2 2 1 2 e

aA) 7.13 7.24 7.30 - 7.30 7.3 __ . 7.3 F
Intensity 3 2 3 4 1 2

d(A) 10.63 10.90 10.63 10.63 10.63 10.63 10.39 10.39 | ;oo
Intensity 2 2 2 2 2 2 3 1 I

d(A) 14.71 1471 14.96 . 18.58 M
Intensity 3 2 1 2
Notation: M: Montmorillonite F: TFeldspar

I: Illite Q: Quartz
K: Kaolinite HH: Hydrated halloysite
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Photoresistor T&L, IV HEL FOBEMIZITENLL T, HEH 3NV EHB THEEFILEDHD
T, [Fig. 3.1 [Fig. 4.] (AH & dHMEEIZERNE TH s 2 L ITERD

HFR~NEYPEETIEATNHEIE YO Y v — L NSEOBMBBH T AN, 20% OEHKE
AL, 30 4%, 60 4, 120 47, 240 4y, 360 4y, 420 4y, 500 4y, 550 4y, o 8 ER@iz >\ T
FhENRTFEEBOHL, ZOROETEZHEL 72

RN ERE T A ARG O%EEL D 500m EH#MEAT 1000 OXRFAL, HBXETHRIER
HFERACE. ChHRTEBLTHEHEODOEE D, BREL AEEL bR 7

EERIZIEIH O L HEEK 10em FE B X ¥ TH—-RREO LD RFH- T AV, X
EIFFIZ & 0 EHERTERN LB L HRE RO HV b DB LIS Lo TREIH L
720

=R L ER

BT 0 X BEHT O B REE L 7o AT OV T, Table 1 & Table 2 iz +h ZhRT &
5 IRk R LB,

TNENDEMBEEHET L, BERLANTOREIHERTHFEL T Ce=1.810 (g/em®) %75
7zo PERIEEIRLT Ww=846 (mg) % & - T 110°C C 24 Fefljcip <€ C, Wy=16.9 (mg) &1872,

THEVEMTOBE, Cow iz (1) RANMRALT, Co=1.000 L7c5, Fig. 5 & 0 iLBEE,
U=0.07 (cm/sec) #8205, EHAT BT IBEORTOREX, ik () XXV, r=2Xx107?
(em) &70%, :

WAKOBELRIERBO T TELT, #h¥h, 20% T Cwp=1.027 (g/cm?), 15% T Cw=1.020

Table 2. The x-ray diffraction data (>5 ¢ Sample)

o ° o o o I o Hel- Water- iy
\ Untreated|100°C|{200°C |300°C |400°C| 500 C}GOO C treated | treated Notation

dA) | 8.20 3.21 3.21 8.20 3.21 3.20 8.20 3.21 F
Intensity 12 16 15 19 17 15 17 16 :

dA) | 3.36 3.3¢ 3.36 3.34 3.3¢ 3.34 3.3¢ 3.3 Q
Intensity 33 30 35 32 29 28 29 30 )

d(A) 3.55 3.65- 3.70 3.61 8.65 3.70 3.61 3.65 - FK
Intensity 2 1 3 3 2 3 2 1 o

dA) | 8.76 3.75 8.78 8.73 3.78 3.78 3.78 3.81 F
Intensity 4 5 3 3 5 5 10 5 )
_dh) | 4.26 4.2 4.26 4.26 4.26 4.26 4.26 426 |
Intensity 5 7 8 10 8 7 9 8 :
_ dA) 4.43 4.45 4.45 4.50 4.50 - MK
Intensity 3 3 3 1 2 -

dA) | 6.80 7.05 7.03 713 7.3 __ ___ 749 T3 | o
Intensity 2 2 3 3 2 3 2 o

dAd) | 10.04 9.92 9.81 9.81 10.04 10.15 I
Intensity 2 1 1 3 2 2
Notation: M: Montmorillonite F: Feldspar

I: Illite - Q: Quartz
K: Kaolinite
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Table 8. Ignition loss of particles

Grain distribution (z) Ignition loss (%)
~40 24.39
40~25 16.37
25~10 17.99
0~ 5 11.31
b~ 17.98
50—
404
[N
530 " — —O- x —9
jw J R
20 i
ﬂ A
10D+
T : T T T
10 20 30 40 (min)

Fig. 5. Settling pattern through the distilled water
Solid circles: by L:-C. system at 7.5e¢m depth
Open circles: by Ls—Cs system at 12.5c¢m depth
cross: by L,C, system at 17.5¢m depth
Abscissa: time, elapsed since membranes had been moved out
Ordinate: relative turbidity
(g/em?®), 10% T Cw=1.018 (g/em®), 9% T Cw=1.011 (g/ecm?®), 8% T Cw=1.010 (g/ecm®),
LY B EHNBETYHET ZICET IRNTOEMERE Ciw 13 B RIY, 20% Cowy21.017,
15%0 Cicty=1.0107, 10 %0 Cycty=1.003;5, 9%0 Csr21.001;, 8%0 Csty=1.000;, &7c%,
a DN L BRA-0DBENTEY L - T 20% BAPIZOL, —THEEEL7-%& VY
LTEDHOESTREFAIEL . .
NS AKRBOBER FORE Ww=845 (mg), HKDEE Vw=>52.6 (cm®) (ZHIBEKEH
3mm (ZHNT B,) & LTHIEL K,
BFOEnix

THzbNEALFNEEEERAL T, n=50x10° ¥18%, X, HIBE B% & anBHiI,
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Fig. 6. Settling patterns through the two layers, fresh water (upper)
and saline water (lower)
Solid circles: by L:-C: system at 7.5cm depth
Open circles: by Ls—C;s system at 12.5em depth
cross: by L,C, system at 17.5cm depth
Abscigsa: time, elapsed since membrane had been moved away
Ordinate: " relative turbidity by settling
Top figure: chlorinity of lower layer, 8 %.
Middle: chlorinity of lower layer, 10%
Bottom: chlerinity of lower layer, 20%.

4 2 —r3Co
amgr 8
ThdHb, KT LT 5 H, t=500(min) O a=3891x10"" 2183, ZoffE (D
KARATHL, 20% O a & t L OBERIIERINC, .
a=4.255x10""{1—exp (—0.00518)} .....evvvvrrrrnnnnnn... (21)
L1tD, BEEMIZET S a0mBL Fig. 8 257,
A1) IBBEERALTHET DL, a & ¢ LOFEIRECIT 3E/BIT,

20 % T3 a=4.255x10""—{1—exp (—0.00518)}

15 %e @=3.152x10""— {1—exp (—0.0051¢)}

10 %o a=2.049x10""— {1—exp (—0.00518)} } ............ (22)

9 %o a=1.734x10~"—{1—exp (—0.0051¢)}

8 %o a=1.576x10""—1{—exp (—0.0051¢)}
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Fig. 7. Settling pattern through the two layers, fresh water (upper)
and saline water (lower)

Solid circles:
Open circles:
cross;
Abscissa:
Ordinate:

by Ls—C. system at 7.5cm depth
by Ls—Cs system at 12.5ecm depth
by Ls—Cs system at 17.5cm depth
time, elapsed since membranes had been moved out
relative turbidity by settling
chlorinity of lower layer, 0.1%
chlorinity of lower layer, 1 %o
chlorinity of lower layer, 2 %o
chlorinity of lower layer, 4 %o
from top figure to bottom figure
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10’
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[¢)
3.0+
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2.0
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1.0
- (o}

T T T T T L T T T
100 200 300 400 500 600 700 800 .
{min.)
Fig. 8. Theoretical curve of quantity of salt infused into a particle after being
soaked in 20%. saline water and experimental values (circle)
Abscissa: time, elapsed sinee a particle was soaked in 20%. saline water
Ordinate: infusing quantity of salt into one particle, a(gr)
107"

5.0 -

T T T T T T 1 T
100 200 300 400 500 600 700 800 900 (min.)

Fig. 9. Explanatory curve to seek theoretically the settling periods in various o



19661 BE: ANRAROBERL

kB, (8) RTHELNBIEHA Table 4. Comparison of the theoretical values of lapse

BT BT ET B TFOBE time for settling with the experimental ones.
PORFORD ar BREHTT S Chlorinity | Theoretical values Experimental values
L, (%o) (mln) (min.)
20%0 ac=4.064x1077 20 600 230
159 =2.01 -7
%o acp 017x10 15 295 . -
10% aw=0.481x10""
9% au=0.091x10~" 10 25 120
8% aur=0.041x10"7 9 10 —
Lied, BENTHREt & EDiT 8 6 43

WABRVHENE ¢ TW{REI
Fig. 9 TR L7 ZOMMLBONBEHAFORTS aw X 2 E0ORHE, EH&EES
FTHLEBREE Fig. 6, Fig. 7055, HAET 2.5em ORRFR Co-Ls ORAREZERM
"HELRLDOEET S L, Table 4 (ZRT & 3 I ERE L BRMEIIZF—-BT DI LHRLN
72
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3) ETHERAE*BENTHURELEDZDIZ, NS TN EKkF~ENREL, KT
BENEKOBERE LV RELIETHAH EEL, BRAPHZEL THROHBPEELT,

4) HONTFHNORBROAEL, BERAEIBEN CHIEET 2 £ CORMENL, EIZET S
REOERME L ERMEL NF—HT 52 L 2BOEL, TNIBHOBENREL M 22k
Eﬁ‘j‘c

g F XK

1) Bz, EBEARE - HFREf - A Th - ZF . Q964). ArJIEOOKFE. 8 11 EER
THEHSEHEE 266 1 KR¥$.
8l —



2)

)]

Ly

5)

6)

()

T kX &k 2 % # [XVIL, 2

Elton, G.A.H. (1949). Sedimentation phenomena in ionic liquids. Proe. Roy. Soe. A 197
568-573.

R - RERR. (1966). FEASMEURIC BT 2EMCET HAMER. B 41 £%H
RERECERTRCBHES.

Whitehouse, U. G. & Jeffrey, L. M. (1958). Differential settling tendencies of clay

" minerals in saline water. Clay and clay minerals; 5-12 Pergamon Press.

Carroll, D. & Storkey, H. C. (1958). Effect of sea-water on clay minerals. Clay and clay
minerals; 80-99. Pergamon Press.

Weiler, R. R. (1965). Surface properties and pore structure of marine sediment. Deep-
sea Res. 12, 511-529. :

AGE—ED - P - ABEE - BJIEAR. (1962). #ik. 890. Mzt ALk,



Explanation of Plates



PLATE I
Settling patterns of particles in the experimental tank

A. initial condition

B. 5 seconds after removal of the upper membrane
C. 15 seconds after

D4 30 seconds after

E. 1 minute after

F. 2 minutes after
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PLATE II

Refloating patterns of particles which
had been jetted into 20 %, saline water

G.

2R PR = ~@

1 second after
3 seéonds after
5 seconds after
18 seconds after
15 seconds after
30 seconds after
60 seconds after
90 seconds after
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