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Accumulation Mechanism of Suspended Matter on the Interface
Between a Freshwater and a Saline-water
Layer in a Meromictic Lake
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Department of Geophysics, Faculty of Science,
Hokkaido University
(Received March 19, 1983)

Lake Abashiri is a maritime coastal lake with the mean altitude of 0.35m above sea
level. It is situated 7.2km upstream from the.estuary of the River Abashiri, which discharges
to the Okhotsk Sea. Its morphometric features are : 32.8km? in area, 16.4m in maximum
depth and 6.1m in mean depth.

The salinity contents of the lake water have been increasing since around 1935, as
shown by values of Cl~ in g/!/ of bottom water ; namely, 0.1—0.3 (1916—1927) ; 8—10 (1936 —
1938) ;9.2—10 (1947 —1950) ; 9—10 (1958 —1960) ; 10—11.5(1963—1967). As the lake water has
become brackish increasingly, animal and plant organisms have been transformed from the
freshwater to the oligosaline type year after year.

It is observed at present that the saline water of a high salinity which has intruded
into the hypolimnion of this lake is stagnated in a high degree of meromictic stability during
the summer.

Abundant observation data collected all the year around include the vertical profile
of contents of suspended matter. It is found from them that the markedly obvious maximum
contents appear at a depth of about 10m, at which an interface between a freshwater and a
saline-water layer exists during the season when both layers are formed.

Let us examine the following three possibilities of physical mechanisms causing the
accumulation of the suspended matter on the interface : 1) intrusion of a turbid current into
the interface, 2) a rapid decrease in settling velocity of grain particles into it, 3) retention
of settling particles by a shear stress which acts on it.

First, the suspended matter in the turbid current may very possibly be uplifted
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sediments from the bottom of shallow Memanbetsu bay during a period of severe wind waves.
But it becomes obvious that observed values of bulk density of turbid water from the bottom
are far from attaining those of the interface water.

Secondly, the depth where the settling velocity decreases rapidly does not always
coincide with that of the interface. So, it also leads to a negative judgment as a cause of the
mechanism.

Thirdly, as a result of an examination of a shear stress on the interface, it is
concluded clearly that the friction velocity is sufficient to keep the settling particles on the
interface. In this connection, it is often pointed out that a thermocline in a fresh lake is
capable of accumulating suspended matter. The same mechanism may be developed for the
elucidation of the mechanism in question, because the shear stress acts on the thermocline
under a turbulent layer.
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Table 1. Morphometric parameters
of Lake Abashiri

Area 32.8km? R.Abashiri
Maximum depth 16.4m =
Mean depth 6.1m
Length 12.0km
Maximum breadth | 4.0km
Development of 2 18
shore line :
Altitude 0.35m
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Fig.1. Outline and bathymetric map of
Lake Abashiri. Water depth in meters
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Fig.2. Vertical profiles of temperature, electric conductivity and extinction coefficient on
the cross section along central line in Lake Abashiri (July 28, 1980).

KE & TROEANR & #8557 28 LIRRSERE AT 5 Z &5 1979 ELLROBENTRE T
MrHLNTWE, 7, BEWEEIZNERBOTEICBWYWTERKEZRLTWS,

2. ZFRKTORH

WIEEKIREEIC A 5 1981 453 H 18~19 Hiz, KE 41~45cm k8- T, Kil, BRGE
BE, MHEUREEZBIEL 2. oY, EENIREMERCHZ ), XEORKEKITH L. K-
T, B on@mNEHELAL, 7.2kmOME2E L THOBRRE LB LI TEINS,

Dz, ERADESBEIEFICRNTCEC, BAIZEE, 41.4X10° « mhos/cm(Cl™ 2
7 16.9g/l ML) #RTHS, HESKRE C, HBRELIRRERIITFLEL .

—fkic, ROk L 2MIBIR, RIS & AL, BMHBREBR T 2 L RS ¥ 5. THEIRE
e, EFICHNTHERBAE LS, BKIIBATYL, 4B, WEEROTEEZ KL, P8
CREBWBENEE LBRIIRED SN, KL, EBAICHEARIHEE)2# ET 5 BC, #EIT
L TRz & 2 5 B HEARE 10 m™ O ABDTFAET 5.



HIRE T 3517 5 BB B 5

inlet March 19, 1981 outlet
0
I N S S, T
T s \\'5“76‘;*\ ST : >
£ ] N R . L o=
£ ] T s 5=
o 3 0 : .
] ] 6.0 :
o 104 .
] :>60
temperature : +—6.0
154 (°C) : §<s,o
0 -
N T
-~ ST : :
£ ] : : 10 :
m N
o 10 +
Jelectric conductivity
( x10’ pmhos-cm™ )
3
<
a
[+ }]
o
extinction coefficient
(m')

Fig.3. Vertical profiles of temperature, electric conductivity and extinction coefficient on
the cross section along central line in Lake Abashiri (March 19, 1981).
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1. BT oOREIH

BB OBKAR S 1172 10 mBTERILL 22 K%
JeEBIRETHTERIC & ), RIESH 2 WET 57,
RKEZDFEEHMT 5 ICIIBEHBE»HEARE
5. ZNHEKEOLLu NI R 74 NVT—T
WL, BEREESETKPICHVEREEE, #L
TREDRKZIE- 72, S FIC DOV TE
HERLRE, MR Tl a#E AT 2R TH



8 R ORRER AR Z BB OHF EFE L@ o4 M oA

Table 2. Parameters on grain-size distributions of suspended matter at site of maximum
“ depth in phi scale ‘

Sam%l;rtlg Sdzglr)ltphlzrr:lg); P16 | Pso | Pae M¢ | o Granulorﬁetric analyzer
July 1979 10 6.1 7.0 8.7 7.4(5.9u) 1.3 Light Transmissometer
Oct. 1981 10 6.7 8.7(11.3| 9.0(2.0) 2.3 "

Oct. 1981 10 7.0 8.1 8.6 7.8(4.5) 0.8 Coulter Counter

Oct. 1981 13 7.3| 8.4| 8.7] 8.0(3.9) 0.7 n

. KEESHTO #5843 Table 2 iR L 72, S AHELE, IR | Mg = %(¢w+ Boa), FHAKLEE |
Mdé = ¢so, THUE ; Os =%(¢s4—¢w) TK®, én 2 BMEM% phiscale(d) NHETH
5. 1979 7 HOWERiZES.9u (7.4 ¢) Ik, 19814810 HiZ, 2.0 (9.04) &, »%& Y
MRLE 2D, WKL B, FRE LY, BEoobKiorld THRIboBEmISEING, %KL, 2o
BRLIGEBEC L 201 TR, BBLLE7 4 Ly —FoBEWEBETRICHITC, KRBT FIE
DI, GENT2HIEL 2T 5,

Z 2T, 1981 4 10 A, BB TR L 7238KIC DT, I BB E T L B A
THETH 5 LMEERFKEF IR KB 7e/iak o Coulter Counter R 582z L 0, FE,
RIFESTHT 2 EME L 72, A2 0.3 T, RERERIC, 79> 7 P EBEMNZ 2720, 1% %
BfRlc 7o aRLak MLz, '

10 mEDMER T OEHRIEEIT Coulter Counter Bz LU 4.5 70 1), ERETR, R
HKYER D BB CREERN T BB S 1, bkl 72&Z2 5N 5,

2. BREYOLGYEE

1981 £ 10 RIC#RAK L 2RSS BT 2 4 mB L U 10 MAFENRAKZ I VK7 74 LF—T
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EHY, Geigerflex D—9C T, FBAZAMMA - THMEEDLE & WA S € T il 120,

ZORER, 4 MBITOWTIZ, Quartz 2558 {, kT, lllite, Halloysite, = & iz, Gmelinite
@ﬁﬁé%b%ﬂb.it,mmﬁfﬁ,&ﬁamﬁmﬁﬁgf;kw?A@mU,é%uﬁ&k
DHEEFEDHLND,

R A XOLICORE R T 2 AREINEEOBRA % Tuff 58T, Qurtzii= hic
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75, L, THh6OMTEWIZ 10 MBIz 3 & nie v, lite, Halloysite o E/ER L, 5
BMEICBURT, CIrBE2 g/l TRICESEERIMATIZ EFMLN T2,

RAEBDBARE T Clm WEIZ 0.58/I BETH 555, 8 10 moBRE i3, Cl BRI 7 ~ 8
g/LE ), IN LMK FIIERIG CREL, RELTF L NAMICHELZ L £ N5,

* 72, 10 miRod Sulfer (3K M L 2Rk 2s, BRBICA CBETRE*SUEBA L&
Y25, HEVFEBPICERTOBEL G L THEBL2LNEEZ LN 5,
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DEEDFIAK D bulk density py i kX TKDH LN D,

0r=(1—C+107%/0s)pre +C-107°, (1)

22T, C:BBYWRE (mg/l), ps BERTEE (g/cm®), 050 0 COFMEE (g/cm®),

EESE FFRONEOREL LT, C=50mg/l, ps=2.5g/cm® & LT, 10 mMRNHKIE 11.
TCx525%, p,=0.9996g/cm® &% %, - T, ZOEHETIZ 10 MBEDBERG~DEHEE
KEARENE#, FLOREWRENCEAZHATLZ i3k L v, #ic, BRB~NEA
R LzHICE, C=1.8X10"mg/I BENFEKE &), BEMTIRMTHAZIICTUL, #
ZEE,

2. RIFEBEE CERET » BBMOER
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_ =37+ 99? +gr 2o:(ps—pr)(0.015476+0. 198417)
B 0-(0.011607+0.148817)
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700 0 CIZBT DHMRE, o, B ZNLNESRETEIT 2EE, 6 K.

Miyake & Koizumi (1948) 13EBRWIC, 70, @, BOMEEXED, RELETBRELER LT
LHMEHNBEREZREL TW 30T, ZoFRICL > THEREE KD,

Fiz, WRKOBEIKIE, ED, KEOBEHTHE. ZI T3, KEDHEZESRL, o %,

d:(pf_l)X]-Osv

(4)
LEHTDL, 0ok OCIEBITA o -T2,
ge=e+(00+0.31324)[1— As+ Bes(00—0.1324)], (5)
Wil Cl (%) & o6& DRI ROBEY S 5,
Go=—0.069-+1.4708 C1 —0.001570 C12 +-0. 0000398 C 12, )
T2, 26, As, Be 3FNFNIEEDLADEE T,
51, —_ (8-3.98)° _6-+283

0=~ 7503.570 0+67.26 °
Ao =0(4.7867—0.098185 6+0.0010843 62) X102,
B,=6(18.030—0.8164 6+0.01667 62) X10™°.
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* estimated from Cl~ contents and Water tempera-
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Fig.10. Relation between reduction rate of settling velocity and extinction coefficient,
solid circles (®), open circles (0) and triangular marks (A) indicate the values
estimated and measured respectively in July 1980, March 1981 and October 1981.

B L OKEBERB?E LICBCRELZ 198047 HOBITR S &, BERERIKKEOTEHD 8
mRh 5 ¥ E TREICES L, SEEORAE (%) ORKIZBEYRELEA L %2 10 mEE
12, 1T, —ELTEY, —RLT, 10mETHBEWR TOEE L AL ELIRICRZ 5.

L, 7HERERIC, 10 mMBCEELBBYBEORAD RS S 1981 4 10 Hizid, 3K
BAfICG ), BARLIRRER P OZRBEEITET 5, MR RLPE L 52 5 KEE
b, Thbb, KEERBIBIZEAEHEHEL TS, 352, hBEEREICIZEE L TRERED
8B, BETCOZBIIEITH B,

&5 T, 10 mEH SLBEICE - T, 4 CRENKEBET L%\ 10 ARDOBRBE Tid, THE
ENRIEL NS, BOENRA L LD RER 10 mOBIBWIRES A S 7 5 HRE L —8e
T, R0, T, JAOBITIE, BRSHEE, KEEBOVWTHLFEEST, HEBEEELL
BEBENEESA & DMICHEE L BRITEH B,

L EoREHRED LHN LT, HREENEEERIC L > THAB~OBREWR TOEL v
AR % BT 5 2 LB v,

3. ERBREICE B EEIENIC L 5 BT ORES
BRI P L CRET 21555 5 &2 L ¢, Middleton (1976) &3, EEREIC,
w/us=1.0, (7)

R, 22T, we  EEEREE.
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F 72, Bk LB ER N2 RKE & HBEFE D uv 13 Manning OREERE 7 & DRI K
DBIRHILT 5.

n=hs/yz (@ ) (8)

12721, h: YOKIBR, @ Bk OFEIRE. .

WEBTIE, Luwbdignz2EERDLZ LRk LhL 712, 22T, Otsubo & Fukushima
(1960) ic & B EFIN THROMEABOBBIRE RS 5, WKRERE T n 2%/ (Table 3) 5EK
B, AN TR OS5 3 kmBEE FRICE 5 &, ¥ 3MBEDKKE L 20 TDIEAE &4
BELIERERIC L > THEWIN TS,

MR FORKRBEREOMERE L LT, AFNOFHE 2 =1.57X107%ec/cm™ £ 7z, &
72, WAKBOEEE, h=950cmiz5 2z, it c gs &¥5Lk,

ux=1.57%107%4, (9)

X5,

BAKBOFELREND B 113, MOFRBOOT ¢ THRICH 2 KHBIAFT (FREE 1,352
km?) DOWEEMEINETH LY, 2 F THITOBBEHIRA T CERL KBk
V. F T, #2549 10 km B EIRRART (FURE 824 km?) DR £ WO 1.64 151
THW7,

¥ 72, WOERICBIT 2 IRAKBORMIL, ER9.5mMT, IRIIBARSLHEE DEBERE,
2.25km & L Tkodrz,

1981 4 10 A& fleriz, #=0.14cm/sec T, (XL Y, u, =2.20X10%cm/sec £ % 5, =D

Table 3. Estimation of roughness coefficients in Manning formula on boundary
between fresh water of upper layer and saline water of lower layer
(Data from Otsubo and Fukushima, 1960).

e o h u o n
(km) (cm) (cm/sec) (cm/sec) (sec/cm3)
6.0 273 55.7 0.812 1.19%x107®
6.5 283 46.7 1.105 1.94
7.0 288 34.8 0.812 1.92 »
7.5 293 29.8 0.917 2.53 »
8.0 299 25.7 0.424 1.36 »
8.5 305 20.2 0.424 1.74 »
9.0 310 24.2 0.714 2.45 n
9.5 315 37.7 0.500 1.11 »
10.0 320 30.7 0.400 1.09 »
10.5 325 34.8 0.480 1.16 »
11.0 326 39.6 0.387 0.82 »
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FEVEREE & 5] U ILMR I & Fr ORI T £ THRFEE LD,
@R % ricowWTERETHUE (Gibbs et al,, 1971),

0.055804 w’p, + v0.003114 w*o? +2(0s —0,)[4.5 nw +0.008705 w® os] , w0
g(os—por)

LB,

ZOB, 9.5 MOBERED pr =1.006 g/cm’,
7=13.29 X 10 %poises, ps=2.5g/cm® T, (O3
b, w=2,20%10"%cm/sec i xt{ BB FREL
KDLND, ZOEBIETIC L > TREFSNSIR
FRFEELI6.0u TH5,

—#, Coulter Counter iz & 0, BRBIZ BT
5 BB ORESA & IEHMERK L (Fig. 11) 12
ALz, U g, BIEBR T, 6.04 DR
FRFEELU TR FHHIT 72% % &, 13T,
RIS & B RISRM LR L T 2. ‘.7

95

80

50

28%
e InRIEeEELSr

Cummulative Percent (% )

o

zA. ol 11 % |
V. # o 30 20 08 6 4 2(p)

WERTIE, B33, H10mELEE LT, . e = < o(P)
TRicERaOEARMER L, LB oikK s HE Grain Size
LERIPERL TS, ZOHIKERICE L WHRIE Fig. 11.  Grain-size distribution of suspended
L g N S matter in interface between fresh and sa-

= R e Y e T 1 BRI T T B line layer (10m depth) in October 1981.
BEEE LT, KO 3ONYEHER,EZ NS, 1) BKER~OILRKENEA, 2) HiK
BRICB 2R THRBEE S8 D, 3) WIESERmEIcE < BIEIE I & 5 BRI F R+
Thb.

ELERE AN TEEMIC DWW T, ELBRREZRAEZ 2B KNEFIMHRIEE LT, BERICSE
B EiFETHOBRBENEE HITrEz N5, RL, MRERICBIT AHEEEEIIRE (, A
B L BEESEE EFIc L > TEL 2EHKOBERE T3, BENLEFR~DEAIZREY BT,
B E L THET MR ROBREWMBREOMKAZ2HHAT 5 Z L i3k v,

F72, RTFEREIRRER CREICEA L, 22, TERRTFOEMEEL LS ERFTL
fz. BABRZAKIREENE, BB HICRET 2 7T AOMER T, M FREEERSENBA &
HRLC—HL T, BIoRECY 5 10 A RXKOBIE T, METREEEIIHE T, SRl
BBEHBEDE L BAIFLET 2L 206 T, KEERBIERC LN, 13EAEEEL T

a2z ricBEL, MFRBEERERAELNSC, Fh, MALLZI2RELHERBERI VB, 2
Dl LHKL T, WHEEEENEKEIC BT AR KB OBEWEE LRI 28
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X3HoTH, BRAICEEWREOBRKLIEL FERTIIE.

Z2C, L EAR EERT T 20K & OBREICE  BERIEN 2 RIS &, ZOEE
ST, MRE I B L 2 RBWRL T ORI i b R T, MAMICHET 213 LA L ORT %,
RS L TRIFHRD Z ML L o 72, 5T, RPSERIC REL BBk T S &
AU ZERRIERTICECBEBIGN TH D LR L.

B, BOKBICHTH, KNEBRBTORKEIZE~NT, EELOKE %A FKE & DM THOERIG
HhEEzuE, KRRBIC B 2 BEWERIC L IEomskiik 5.,

#EE REOE, W27 bR BB BB D RFBEE B & U
g, KRAEF(ESESR), @AORE, RERA, BEEERY, HEXRAOHEKL LT, MIT
(¥SFHEME, HER—KE, 45, BNSKEGMOSSIEERICR COERRL 7.

% 7z, W@k T o Coulter Counter i & ZKIEESHTH & OF XAREEFIC & 2 SiREICERL T
13, ALHEE KK FERALPEKEE T R ORI Bl 4 b & IR SRR E O H- KB
BICHESE 2 S E T inz Bio, SEOBRMELHEBIR 1272072, #EERMBEENG AR
ICIHABMOERA L E SCNERLH > Tl lfni, RN HRZICERCERBL Y. b,
MRND—ERIFHETRER EOERKBOMFE » EAS, FRREE ik E) s
ERRRZHRE (I OBERIC BT 2 EBRENIFR) 124 - 7.

Bbhic, FHEFR> TRV BRETIACERHEELET.
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