HOKKAIDO UNIVERSITY

Title FAERNCE D ERRDREEE
Author (s) 04k, #A; CHIKITA, Kazuhisa; BaAY, ERRR B
Citation JLEERF IR LAF IR E, 49, 291-300
Issue Date 1987-03-30
DOI https://doi.org/10. 14943/gbhu. 49. 291
Doc URL https://hdl. handle.net/2115/14176
Type departmental bulletin paper
File Information 49 p291-300. pdf

kaido
\;\0\‘ U”/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




JeHRE R MR S PR
Geophysical Bulletin of Hokkaido University, Sapporo, Japan
No. 49, March, 1987, p. 291300

FARBMICE D (ELER O AEHE

o4 oA
A R YR
BN B B
RRBFBIERE T
(B 614 11 A 23 HSH)

Dynamics of River-Induced Turbidity Currents from Field Measurements

By Kazuhisa CHIKITA
Department of Geophysics, Faculty of Science, Hokkaido University
and
Yasuaki OKUMURA
Faculty of Engineering, Osaka Electro-Communication University'
(Received November 23; 1986 )

Observations on dynamics of river-induced turbidity currents were carried out in Katsurazawa
Reservoir, Hokkaido during a snow-melting period of 1982. In order to measure the turbidity
currents, three recording current meters were underwater moored at two longitudinal points. And
one portable current meter was in sit# used to obtain profiles of their flow velocity and direction.

Continuous measurement data from the recording current meters show the fact that there is a
constant time difference (2 hrs) between the twe points in variations of flow velocity. This could be
attributed to longitudinal propagation of turbulence by a kinematic wave of constant velocity,
assuming turbidity currents to be quasi-uniform.

Vertical profiles on dynamics of turbidity currents were obtained with a portable current meter,
a thermister thermometer and a water sampler. The velocity profile can be reasonably fitted to
formulas of a uniform flow, offered by Ashida and Egashira (1975). Application of autosuspension
model (Bagnold, 1962) proves that net flow energy of the turbidity currents is consecutively supplied
by downstream movement of suspended silt and clay.
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ZHZEDL, 1982 £ORMEL, JLHREMEREK
e, FWEFTERWERKEOBREERL 2. *
DFER, BMTEHKIC L > TEHEETIT LN, EER
DFRBEREIZONWT, SLDRMAIBLNLZNOTT
ZICHET 5,

II. EAl> X5 LADEE

ELIRBENEANZ, 1982 4 3 — 5 A DB SN
L7z, Fig 24z, Zo@ifis (A, B, CHui)
B & OFRFERERN N OKTBOBMHE (Di#E)
EARY., k BEAGBET, EXATREERS» L 3 —
20m¥/s DEERKL DY), BMEHRICHELE5 2
7z, Fig. 34z, #FREKiMicBEd 5 1982 £ EHAM
DKRLHBEERT. MEHAKNEMGIE, 3A30ET
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AEHAKATH 3 A 27 H, kEX DEML 2, A
2B 5 REFHORBES Fig. 41oRT, ERBLD
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&, WEEA (b)), A(2a) 22NZPNH/EL
7z. BHisUCIE, WEEFA (b) rREBOEBET,
10 ecmFRIC 1 HEHRELL. B, B FEs
12, EHEH—A, B (1977, 1979, 1983) HfEsL
ik 2T, WETEERIENE 1.8 cm/s, HES
BRE 22.5 DHERE R RO, AU, 60 BEINFHRK
HEBFORMA 10 2T L iclEE NS,

Fig. 5ici3, HEMrFmoERSAH & SR EnfL
BREEZEZRYT, Mo b, A, BHUARR, #HBTLY
DENFNHEBEB L HEBICMEL TwasZ &
Mhh b, B, EXMSMEICE, 200Xk, B
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Fig.3. Daily hydrological records of Katsura-
zawa Reservoir during the snow-melting period
of 1982.
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At B point, one recording current meter was
underwater fixed in the same way as the cur-
rent meter A (b). Water depth above the
upper buoy changed from 7. 1 to 30. 3 m with an
increase of water level (Figs. 3 and 5).
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Fig.5. Locations of the points A, B, C and D in a longitudinal section.
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Fig.6. Flow velocity and direction measured at A and B points. The current meter A (b) had no records.
The variation in flow velocity can correspond to that in total discharge from D and E points.
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Fig.7. Hydrological records of Ikushunbetsu River (D) and water discharge from a power plant (E) during
the period of April 5—8, 1982.
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RBOK&IY, 1 REPEHTELTHWS,

Fig. 72 58 5o k5 iz, WIFRER B RiciE, 1SEBEEAL V), MEHKEENIEEH 2L D,
BEWEBED T UCHIG L B2 xRL, 4H6,7, 8 HOXH, BIERA (1,600mg/1) 28z, Wi
BYRHET 5 6 BRERMRICEDS LT 5,
 ZoO#IMO EHUEETOKIE, 7N Y 7k -0, BRTCREYRIBE 40500 mg/l, KIE5—9C

T, %EHN)] EEHEOERER L2, T2, BOKEORAMIX, 4 878 212280 17.6 m%/s TH -7z,

f5, BEEHKETD 3 A 12 BOBE T, FFkikiz, ARSES CIEREWEIEE 20mg/l, KiE3TC
ThHY, ZKEEIZ, BEHANE THEREING, Tz tid, Fig. TOEEKEICCEEELTYH, &
AKAS 400 mg/l LI RS EIBE 2 T3, £ bulk density (3, FFAKBEKRE D EICKENZ L 2E
%33, ks b, Fig TI2RTHRAKIE, 485 84%» 5, £E0% R EYWHRE DN L KIENK
TFiz & » T, bulk density 7*—8& L ChAMEKE V& &b, 23, 2NUBTRBREREER (Fig. 1-
OMERENIZ L 2E®RT S, 48, 4A5H3 - 8BICALN L BEWEBENERLELZ, BE
FoTHHIcLsEEZ LN 3B,

BHUEDRIFELGE, RMOMTHKICHIEL T3 A 308, AEnZzhid, FiEstA (a) T4HS
HTh-7: (Fig.6), I bWornkiic, A(a), BoWEZ, 4R 6 B, D, EMENAE
AR BEWEREORIRIC & D 2y, BHEY BES2RY. U, ZOERA (SW) »71EE 4L (Fig.
OB L —HT B L5, BAREDOBBICH) BENOEBIEEZ LN bE, ZOEENE, RABIHL
FErtA (a) T2 — 36, WHEFIBTO— 1RMNBREDL D, I, TRLDBEESF—2 0 b,
MABNE LIC»ob 6T, EEA (2) OBRMNT 2:BIERMF—E (2 T Lirbdr b,
i, ERESTRT T 26, HMFRANDENDREEEF—ETH B I L2ERT S, oo
B, Bkl iz, BKENHEEEAT LI L THETES, 2, FWHEETA(a), BOREREGICH
TOMARN, ZHENL4.6mYs, 4.0m%/s T, ZNEREZ 5 L ERBESTERE %5, T, 0
BIETRE 2 FERARICHIET 2 KB, SLBHKROLAE (interface) #%, HIFt> YV —EIIhiE
TH5ZehERT 2 (Fig WoRAR), &b, FEOBKRMEI, MEHA (a) T4H6H 228354
7 30.1cm/s, FREFB T4 A 7 H 2285 657 29.4 cm/s Tk - 7z,

4A7, SHOFHRMAREZREICHML 222, FEFA (a) T3 7H, WEHBTIR8HIZ, #1
CHIBT 2 HEDERBRD LN L 72, FLT, A(a) DfEIZ, 4H 8 AFEBEEREE L -7
iz, ELRENEBICE - T, v—f— i EBOIRTFHHRB L L tER N5, BE, FHEHH
WNFEETIE, v—F—WIC 20 g BENOLR FHHBMAEL Tz, 742, FEHA (2) ofmid,
ZOPEE NG E L B#ZRE o7z, THUE, N—VICBY»rETE-2otBbis,

Fig.8i35 A5 H, CHiaRERTE 5 2 -8R E R B DS THOXKILES L VEREORKEZ R,
BRIC & » TRIE 2 RE I 1, CHULRERRIRE, #EFFI RS & FEWEIBEILX, 5 m¥/sH» 5 16 m¥/
s, 1,000 mg/1 %5 2,000 mg/l Nk ZNZFh BBz 8L 72 (Fig. 8—b), %72, ZornkiRR, 7T
THREBELL T 72,

CHUCHEL TRELERERIE, 20OWA7T0 7 7 AND s, BAEICHE-> THRTL, CHALES
LizZ kb 5 (Fig. 2), 2R HBENRETEL, BE7 097 74095 438mg/l THY, B
RMEZETRD 600 mg/l THEH, TN Eh b, FEWEIRE1,000—2,000 mg/l, K& 7 CHRAKI,
WO T, & NER (5C) D KtKERBEFRL, 2%, GLERICBITLZ L2025, 2y
b, MAR Qun, ELEROMEQ LT, Q=(1+1)Qn %5 r 2EBAE L ERTIUL, MOBTOHREE
EELTC, r=2~3&7%5.

ZOWESFL L, EURROFTRBEREAZER LN 1.2Tm&EicH ), 8§ cm/sBETH L. ZOHFMHIC
KL, BEEFECER-THE (1975) oX»BATE % (Fig. 9), E@»LNE S zom 2 51 5 H# (cm/
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Fig. 8. (a) Turbidity current observed at (3 point on May 5, 1982 and (b) the hydrological records at D
point. Bulk density ;e was obtained from p =ps (1—Cx107%/ps) +Cx 107 (p : particle density (g/
cm?®), os : water density (g/cm?®) at 6°C, C : sediment concentration (mg/1)).

s) zu(z) LT 10
u(z) :_1_ In Z +A< U*bkb > - .
Uxb k! kb v g 12 4 +—— Interface —I— -]—
(0=2zsh) () 2] . ,
[:13
@) e 1o B+k, 8 14 h l
L Ut kz ,3+k2(h—z)/h2 % - l '
(h=zsh) @ e ———" i
o= {(o—~p)ghml/p}"? (3) 0 2 4 6 8
u (cm/s)
wai= {(pu—pr) ghol/pu}”® 4 Fig.9. Velocity profile (solid line) of the turbidity
current of May 5, given by the Ashida and
ZITC, W, Usxy - FNFNEEBB LU LERE T Egashira’s formulas.

DEEEHRE (cm/s), k, : von Karméan ¥ (= :

0.4), v EHEERE (cm?/s), Umex ! BAWRE (cm/s), ky I HMEFE (m), h, h.: ZhZh, ER
P LEATMEEE T, BAIESS L EREE THES (cm ; h=hi+hs), p, pu ! ZNZNL 0, b/
NHF#) bulk density (g/cm®), p. : BFAKiske) bulk density (g/cm®), 1. EFESE, k., B EHK, g
ENMEETH 5,

Py Pus Pr, vid, FEWERELKENEETHY, Fig.8NFEBE 707 7 4 L5, p=1.000356¢g/
cm?®, pu=1.000225 g/cm® p.=1.000063 g/cm®, v=0.01515cm?/s &KH LI SH, ZNb b, h=127cm,
h,=300 cm, 1=0.00836 #5-2 % &, (3), W&X» 5 uw=0.553 cm/s, ux=0.632cm/s ¥ /5N 5. &1,
ERENLEIL, WET 27 74 NAd b, FOEMMAERAL. £, [0fER, ZofETHMEEE
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PLEL N, CHSTHOREMBEYOFIREZ 0.00194cm TH Y, ky=0.00194cm & LT, Uwks/
v=0.0708 2* 6, EIIKEZHEEROREICH 2. 750X T, Aluwks/v)=1/k In(uwks/v)+B
(B: ) LEPTE 2, EREMDENTESHD» 5, £=0.068 THN, B=—5.62, ky=0.1, Unex=8.
53em/s 25252, Fig 9NERNE itk b, 72721, B, k, MEIZ DN TIL, 4HBREFTOLMIH B,
B, V4 /X Re=th/v=1.7X10° WE7 N — Fi#& Fr=6/{(o.—p)/p-gh}*?=0.659 (4, p
EFNZTNER ~ EREEOFHFES & o bulk density) Th ), EELOERNBNTH S = E25hh
5.

Iv.

B

1. Kinematic wave |z } 3 ZL. i EiE

Fig. 6 Tid, ##EFTA (a), BOWEN BEEY, BRAROEMC»2H LT, —ERE (28HE) #
TNEARLTENTT 22 2R L2, 2, BB S8BT 2ANKEEHATICKS T, £HET
ANDIEBEREEN—ENRHEEZ LD, ZIZ TR, BKEN—IETH 5 kinematic wave N E—F{
Bzt ->T, A, BRithE CEEREI—ETHEI L 2HLPIIT B,

Bz BUSEHEE 2 2L, 2oWEREIE (U) 13, kX Chezy Ric k- T5 26N 5,

U=C(RD™ (5)

22T, C:Chezyth¥k, R:E®R (=A/P, PIHE, AWK TH53.
CHALDAKET L ETNE, URANDADEETHS., 2nts, Q3KE (=AU) L LT, B
nRiL,

Lett 166.0m MSL  Rignt

Flow Rate (m¥s)

0 T T T T T T T -
0 500
Cross-sectional Flow Area (m?)

Fig.10. Application of a kinematic wave to longitudinal propagation of turbulence with constant velocity
(Fig. 6). A slope of Flow Area-Flow Rate lines shows the constant wave velocity (e =dQ/dA). Itis
assumed that bottom parts of reservoir water are filled with suspension of turbidity currents (figure in
the square). It is plotted at every 0.25 m depth where interface of turbidity currents is located. (see text
for more detail)
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2A , dQ 2A

dA 9x

%%, Tk &, kinematic wave NRBEE (0) i3, 0=dQ/dATEZLNE. @ "5 (@) T,

OFXDEI LD &iF, @b T, A QP —ZBTHEILE2EKRTS. ¥2%, HEETQ=wAA=00
B Q=0) THN, A-—QHEBRHIERTIEE @bFEL VI & 2REIT L0,

Fig. 10 i3, Z0#ER%2RT. KRWERIZENE 0o=14.5cm/s T, A, BHuSRHEH 1,047m & 208
IR 2 BRI 18 S 7z, A, BREEICKTT 5 Chezy 28 C i3, Al ¢ —E L L, #NFN0.827,
1.50 EkH s, ZofER, EUEROFMISESDERLEE b5 & L (Fig. 10 nEAR), Fu#Ei
A(a), BoznenoBlEbaiAR 4.6 m%s, 4.0m%/sicxfl, BAEr =2.55 2.20 # ZnENS
Z, BEADLLEKHTWE, ZnE i, A, BBEOWEERE L CEERIE (£ 21 1 =0.0070, 0.0028)

, FEBIRC & D HERAEOREE (Fig. 10 8L Fig. 5) 2HwTw3, Fig 103 EoEz v,

FREICEKLTELLTC, A, BRUSOKERICHL, 0.6 MRILDHP, AlLDWT7wy bLE
HBRTHL, FHEFTA (a), BEIn—EERERRIZ, Fig. 655, EURENHKEIZNEFN 16.3-90.
9m/s, 12.8—8L.9m*/s nEFN L EBHLNS,. Fig. W7oy ba b, ZoO#HE CEMBIRED
Lil, ZOEEIIZ, A, BHaEIZOWT, FNFN14.5cm/s, 14.8cm/s T, icERIE 14.5cm/s & &
C—%T 5, /2, T2 THEIRBAER, Fig 8 TRL2r=2~30&HEICHN, A, BH&ETE
nENTY =2.55 2.20 £I13T—BT B &h 5, BUSHOEMIHRI IO & E2RT, Llbss, ik
Fic BT 2T HEADENDIEEIL, kinematic waveit kb &2 55,

2. Autosuspension model ®iEF
TR ARNDBER D 5, Fig.8—a nERHIL, FEMICSIEVWEELLZRINTH 5 Z LA HEE L 72, BELIRRD
RENNFFEIT, ZEROWMM L EEHEONEIC & » TiFkik E DRICEEZESEL, Uk - GES)
IANX—HRFENTWHZ L ThbH. Bagnold(1962) 12, FEWENZEE*EE L2, ELRRN RS
1233 5 A N¥—INFETF /L (autosuspension model) Z#IRPEL /2. ZHEFTII% Fig. 8—a N ELER
ICEAL, ZoOWEMREZAL;ICT S, SLBRAIRE TH 5 2N %&ML, Chikita (1980) HEER%
Hw3{,

(0s—p6) ghCu sing = z,u, -+ 71 +(0s—ps) gh=Ciw, (7)

THEZLbNB, ZIT, ps | BB TFOBRE, 0o KOBE, C ! 3HKFo h MFEREKERE (=Cax107/
ps, Cn i hIEHBE (mg/D), =, = FNFNER, LRETHOEAMEN, W, u: FRZF
h, FOFHHGE, v h MPHEE, C: ! BT LR EEMEN O FAEEEBE, w, | SREHEFEF P
FRFEHMTFOUREE, ¢ BEEESATHS. _

(NRANEBIZ, BRI TFHBHEE U 2B 2200l »TELZENDZ ALY —, F0%—, ZIEK,
Wi w,, WEMERFTLONTRNX—, EZIHIE, HMTORERELZHRTLIOCLELZANX-T
H5b,

2T, BiofEEEv3 &, sing=0.00836, h=427 cm, 7,=piuw’=0.306 dyn/cm?, 7= pute’=
0.400 dyn/cm? u=6.04 cm/s, u,=6.76cm/s, u;=6.14cm/s TH D, F 72 ps=2.6513 g/cm?®, ps=1.
0000 g/cm® 52 L3, HLE=IHN I+ =C.wiiz, Fig. 1155, Tablel ok 5ic i HB N ZRIEH
EAlic C, w: 2 ROFEE N, 4, Fig 1lhs, BEWE & BRT 3R TFOW 0%t (d<3.
91 ), #20%A b (3.91<d<62.54u) THBZ Edbrb

#BE, RNEEIZHGL T,

5.64>2.07+2.46+0.129=4.66 (CGS)
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Fig.11. Grain size distribution of suspended sediments which

Micron

the turbidity current of May 5 contained.

Table 1. Depth-averaged sediment concentration (C,) and
volume concentration (C,;) for each grain size interval,
obtained from Figs. 8 (a) and 11. Settling velocity (w;) of
the median size was given from the Stokes’ law.

Grain Size

cm C. Wi
Interval (u) (mg/1) i (cm/s)

<0.3 27.30 1.03X10°° 1.33%107°
0.3—0.4 16.84 6.35x10° 7.26%107°
0.4—0.5 36.44 1.37x107° 1.20%10°°
0.5—0.7 43.96 1.66%107° 2.13x10°°
0.7—-1.0 25.90 9.77Xx10°° 4.28%10°°
1.0—-1.4 31.86 1.20%10°° 8.53x10°°
1.4—2.0 26.62 1.00X10°° 1.71x10™
2.0—2.8 44.23 1.67X107° 3.41X10™
2.8—3.9 87.35 3.29X10°° 6.65%x107*
3.9—17.8 72.52 2.74%107° 2.03x107°
7.8—16 10.44 3.94X107°° 8.39%107°
16—22 3.99 1.50x107° 2.14X107
22—44 1.42 5.34 %1077 6.45%1072

SCw:=1.86%X1077

DBESRY 3L,

Pbsro, CHATEES MBI
13, TANLX—IRENC RERIS I A Y,
ELIZTHEE CREL TR Z & F
b5,

V. & &®

1982 4 3 — 5 R o@EH, JtimEsEiR
Brokitiic BVC, ELRROWRENCEIY 2
F%IT- 72, BEAREFEHET % Hv
EGBRD 5, BLIRROEIL, HERT
Az kinematic wave {2 & D{RI& L,
ZNEER, ELRROWHE - MEICK S
T—ETHHI LD bh Tk,

F/2, 5H5BIHELELREICEET 3
TuT7rANd b, EORETHICFE
-8 (1975) HRAYBRHTEZZ L,
B & 8, Bagnold (1962) o auto-
suspension model # W, $BNiFiE
WEDTFED, L, ZDOREDRSD TEHE
L7ziREBlchH B & 2Rz,
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