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STUDIES ON TURBID WATER FLOWS IN
STRATIFIED RESERVOIRS (2)

By Kazuo Asuipa and Skinzi EGASHIRA

Synopsis

Inflows of turbid water into reservoirs during floods cause sometimes stream pollution of
long duration within the reservoirs and in the river downstream of the reservoirs.

Laboratory experiments are carried out to investigate the behaviors of turbid water in a
nonhomogeneous densimetric flow field. Under experimental and theoretical considerations,
two dimensional mathematical model for the routing of the turbidity in thermally stratified
reservoirs is presented. Velocity distribution, diffusion coefficient and boundary conditions
for the simulation are also discussed.

The turbidity of outflow water and turbidity distribution calculated by the predictive me-
thod show fairly good agreemet with the experimental results and the data observed for a ther-
mally stratified reservoir,
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Fig. 1. Sketch of experimental equipment. The lenght of channel is 23 meter
and the width is 0.385 meter.
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Table 1. Experimental conditions.

B No | fg | @) | | @ | @ () Rix
6-1 1.85 4.5 7.0 20 35.6 19.0 (41 min) 4.80
6-2 3.15 ” n 37.2 24.1 (36 » ) 4.04
6-3 4.20 ” ” ” 38.2 26.6 (30 ~ ) 2.81
6-4 1.85 ” n 35.8 19.2 (38 ~ ) 5.20
6-5 4.10 4.5 7.0 2.0 38.2 27.1 (33 » ) 3.20
7-1 1.85 4.0 3.3 35.6 18.0
7-2 3.10 ” ” 37.0 20.0
7-3 4.20 ” ” 38.2 22.6
7-4 4.20 ” ” 38.2 23.8
7-5 3.10 ” ” 37.0 23.4
7-6 1.85 4.0 3.3 35.5 21.9
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Fig. 2. Velocity distribution measured by hydrogen bubble method.
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Fig. 3. Distribution of turbid substance concentration changes with space and time.
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Fig. 4. Variation of turbid substance concentration in the themocline and in the lower region.
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%7, | REEECE A EEERS ERXTEbasM 3120, | REBMERIN TV 3354, COHEE
B BB S R THESN 5 60%2 %2 3,

LBERRD ¥ B e LD TIE, Webster™ ORFAZBOERNAEHSEHEL T, BBIKBNT
BRLHE5A0C L, MOEHRKBNTOETORECSEDLD, e<e, BIERMNHEE ShEZ, LiL
BHL, FKICEY 2 BEDHEOBBHICELT, ¢ OWEHRER, IEHRERELEBLTVED, T
TR, SEEIKBNT, RRNEAOTHET 3T 5,

LS &, e (16)

Sk KB BOTEENERSM TV 3 EA0BERERBICE T2 ERNBRITEEMIREN T,
SEERRE RO © EB ORIt 31 2RI OV Tk, RETHN 5B,

4 BEDHEONYE - HEBECHITIHREYIiv—-Yay

41 % B}

FIEORITFREERCERT 5 BROMES LUESOHTICET 3MES. 20BBORELYR
Rk EIR ORI AR B S ICER(L T 2 40BN B & & bic, ZOFBRICEY 3 RERED
BEEEE IS HITT 2 0ENS 2,

BEONEDOHREICEL TR, BEWSICL > TH - Hukic s 5 BB FHPHABIC B 2 #TEEEL
FHRODBER SN TV B, T, EELEHED BT, HKKHERIC B 3 turbulent entrainment
& ZBBOETBELM Ulco RKBHZEF LRI TTR S BRBIZBO TR, JKBICETLE
BRI, 2o%BERRMEOETNENCEh5EL T, BEOETIEL T, turbulent entrainment (T
LB bOMFRUBBEISZEPHEREING, COXS BELALD, BROEBTIKEYT 3 3EOERE
ZRULBASED ON, BIFTERESEONDDH 5, /2, BEOEIKELTE, BEECESY Y
B OWMOWEORMEE SBEL T, W - BukFh s LCHALEFOHNICE S BERBORBERRICHE
TEEENLETHY, 4BROKREUHERETH 24, F—FMICRHEEFTHTH 3,

DFIC, REOKKILOLES L UCREEROBESTCET 2BRBERESZCLT, Bk LREO
FARDERAbB & T DFEIRIC 313 BT FEHIC OV TRRTBL o

EROFKICENT, 2RBENSERISNTO Z2ERE, BENFAKRE XD ME LD FRBTH
D, ZOMEXY - FHRBCEN TREHEREFCREL > B BELRT, $7abb, EREficsy
Tk, —~BOBKBANTAON S &5 BILEMHEHIERIN B, FANERS/NS Vi dRERAH
FBRICTRONBEE DI, BERRMWNS VD | REBOEBERL &, BE-BRITETEUSh R
EATEOURSN B T EMHRIND, T/, COHEROFUKS TR S LUKEOEZ, ETORAEE
$ick-T, RRADESKEbLEINBZEDLET 3B,

H=H,(1+hX™), (O<X<Lg) e an
A=A(1+aX"), (O<X<Ly) e (18)

TZiT, Hy, Ag: frokith LHiRIC 31 3 kB E L OWKKER 5 A e : KBRSV TRES T 5 EH
Ly : kit EFSOES, X fiTES, ©6, ERCBOT, m=1, n=2 BFOEFKIHBEO LI TH S,

LROZ Ep b, BEARRS (17), (18) RTERINBHKMERFCHOT, BEHEOEHE K
EAHHFEREANTEDT ERRD LS55,

8, QaCc 1 4 AC\
50+ ao%— 4ok (AKX 55) a9

2Tk, Q: e, Kr: SBHE. Kx &, HHEEEIMEELBL, RRO LI WERTRLEN S,

= HQ ........................
Be= o 60725 nCHTED (20)

ZZiT, ko AHMHEE,
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(19) RITBNT, TIORKIOEEEMH o 5 RSRE S HE Sh, X=0 BLO X=Lv CE 38
Rafhid, zhen, FAE~ORABEOLHES XUBRIERTERSN 3,

CDESI, kb ERBOFREEEL S HEOS BIEAE, MECTHL 2 REBIERSN TOBHE
BOEFMoSHR ((7) ) &, BUTHEIE XUBESEEL, TERO BRSO TEEY
BEORMEENSE L BB LIRERENLBTINIIS B,

4.2 EBRERORIF

z T, MEOHFEERNNT, KB THRISCEY 2HBEBES L CEENECSY 3 BEATHCHYT 5
HESRERL, EREREOLRERFTS,

HASEHEL, ol B X OHLRE © % Fig. 7 —EIETE TS
DxIICHREL, (1) R&EHEYURCERLT .

Flabhiz, FEICHVONI-#ERIE, Table 1 1

HRENFADE Table 2 LFRTEDTH B, KE 2 7”* % % A

KEWT, EECH RIEREVAVLOH, BEBOE ! e AL

X hy—hy 1%, k-dp/(0p/082) LFDbL, k=3~4 & Velochy Tem;‘:erurure
(= Turbidity

LTEBOLNTWVES, 3 Coefficlent

F1, (7) ROKMR, C=C; (0<4,0<2<h) &
LTRAVYLN, (14) RiLBF 3 fi IKiE &7 oR
MHEAIN TN S,

COXIRLTHEES N MBBELERIEEZ
BLI:bOH Fig. 8 I RINTHBD, Fhk, 2ET

;
i/
h
'
Diffusion ‘
1
i
H
i
i
a

Fig. 7. Distribution of velocity and of
diffusion coefficient used for
simulation of turbidity routing.

Table 2. Hydraulic conditions prepared for simulation.

h hi h, dp 0p/82
Exp. No. (cm) (cm) (Clil) (g/cm®) (g/cm®/cm)
6-1 12.66 19.0 25.33 1.65x 1073 0.315x 102
6-3 23.0 276 32.2 1.81x » 0,755 x »
6-4 12.8 19.2 25.6 1.73x » 0.560%x »
1.0 (o] MQ_‘“‘T’Q o)
o
— mo (D
£
CiA
0.5
E © Measured
O |'|||’T—|1|\l||||lll'!ll|]"||ll!ll(lllll|II!IIIIllIlIlI]l‘l
o 10 20 30 40 50 60
Time (Min,)

Fig. 8. Variation of turbid substance concentration of outflow. Vertical axis is
normalized by turbid substance concentration of inflow. Coyt @ Value
from simulation of turbidity routing. (O : Measured value.
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— Measured

© 14440,
28 o ) © 24 "
. o 355 - 51 <
oe® ® 50 =0
3zZ2-—T—T—TrTrTTrr 6 T—TT T T T T T T T
o o2 04 06 08 1.0 o 02 04 06 08 1.0
Normalized Concenftration Normailized Concentration
(a) Exp. (6-1) (b) (Exp. 6-3)

Fig. 9. Distribution of turbid substance concentration changes with space and time.
Curves in this fig. are values from simulation.

BRLALCAD Fig. 4 KERENT S, Fig. 9 (a), (b) K, RECHESAHLELEL b DN
RERTH B,
HHREOHEBETBNT, HR h<z<hy KBOTHEEDS L ERSFTEULTO S0, BED
FRBIUCERDHICENT, BECHEENAW PP RMANERL TS, %/, BEOWBEHIKENT, &
BEMNNS S BEbh 201}, BRICBYAFHAFEOEECMELEZZ >N 300, BEEEL TTHAD
HEENERCHEMSN TS DRSNS, COC L}, Fig 9(a) KBIIHMEOHEKLAON B
k5, BRERCBOTHREEOFRPEYRENC LS bHESN 3, Fig. 9(b) WRTFHEMER,
BED (5) RTERELILLIL, WED 2 RO HHEERLT, o =0008cm/sec (0<z<hy),
@y =0002cm/sec (h<z<h,) &L THEISNIZ6DTHY, w/=const. L LTHEINZHDLD b,
BEAROBREORKENELN L EbEIh T3 X3 KBbh 3,

ZO X3, HEMBEERELEBERFLAER HTOMBARD 2, MERZZEKOHERER
LTHh, BRFEOZSEIRINLIDOEEL OGNS,

4.3 BKECHITIBENEEDORBEV I ab—vay

Tk, BEREKCE T2 BHORKE®ROFEEL JOKE - BEARCRAT 2BHERESECL
T, - BKBES XCBRCE T2 BEMCELTIESIC4 1T TR FECIOHEY I 2
—¥ a2 VETRY, BREREOMBREIETEI. 9, YIab—va VOZHROEDLS>TH B,
WANE (Q) ORMMEI, %BRD Fig. 10 IL~BIFNBRTRINTED, 0~100hr KBOTHA
BLERELVERESL LAEROY — 2V TiTEbh, Zhllkid, RE»OK 2m OMBEIS 31
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KO 5% 60 m3/sec~40 m?/sec DHBEIUKHEFAICTROA T3,
WAKBER, BEYEE L THEI 70 vRITEELT, EROBEKEN S, C;=00677Q1% 7154
BERAVLN, BWKRARINREERELIEBEAT CG=0 L&h T3,

WHESBICOVTE, /- AR EOEROMITICHN - DOLEL L OMAN bh, REIUKKI
BOTR, BAEEEBECLT, RKATRINBHHEMAO ST,
_ {u,,,e'“"’r)z/z"z, (0<z<hy)

Un{l—(2—hs)/(ho—he)}, (hs<z<hr)
T ZIC, ks : BUKODAE, o: EHERE%E, o=h/a

! 9
L+r\/2‘ﬂ;—a h‘ Ehl
2 %2a kg

Upp =

S"’ e~ - hdE20% 0,
~‘,:—————— ,  (4=3.5, 0999<7r)
g S e h? 20 gy

-co

y =

B, 1 REBELEELT, MECRLASOBOORERVTEESR, 2OMOHEERI>&¥0
3 RHDBHNLNTNS,
Ly=75km, A¢=1400m?, H,=15m, =099x10"%, Kr=267x10"4(PlLk, (17) (18) XBR) ;
Lp=55km, B=180m, h=4m, h;=50m, #h=5m, h;=6m, h=42m;k,=10cm,
@0=0.065m/hr, A4dp=125%10"%g/cm?,  8p/dz =14X10"4g/cm3/m, a=1000 ((20) RBR),
0=h,/35
DD RHRMEAOTEE SN RMBE Cour BRI Fig. 10 KRS TS, MMHSHS
WM, MHEIPIED XL —HLTVE, KE220E—7%8->TW35, FIHOE—7ICxtnd
AR MEEE, 60hr BRAOBRERMET260THY, B2OWKE—7ITHBTEEDID MZD /R
WV, Ef, FHEEICE LT, T=100hr BT Cour WRERRINICELT BDI, ¥ — M EFKOEED
FETH b,
OEI, FKMTREBICE T BHARESHEICHET 2 2L —v a VEREERL, Fig. 10 OfEF &%
BLUBHOETOEBEREETILS,

o
© /4004
R i
|3
~ 12007
o
S i
£ 1000
G
k3 B
Q
. 800
S — Cout : Calculated
& 600 O : Observed
- d
'5 400—‘
5 BIE
£ ;
S B
o 2004
§ ° o
© ] \A\Q“Q“Q”‘“'—O~O»-«>--o..o_ o o o
o T T U T T T T T 1 ¥ i ¥ T T 1 1 ) T ] T ) T T H 1 T
0 48 96 144 192 240 288 336 384 432 480 528 576 624

Time (hr)

Fig. 10. Variation of turbid substance concentration of outflow from reservoir.
Cout : Value from simulation ; O : Observed value ; @ : Discharge of
inflow and outflow ; C; : Concentration of tnflow at upstream end of
reservoir.
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Fig. 11(a)~(e) iTid, KEEORBICPE S MARESAOEHERICETE Y I av—v 2 YERMWER
SNhTV3, MTO¥RFRBET, MRZERERTS 3. (@) K, HkRARE» 5248 (T=24 hr)
BEL, Y= MEBTRODATOIEADLDT, Hilikid,
110br O DT, HAKE—7 HBE, DPRORKEILEL, HHKEESZERERTE-THI3HEEDS
DTHbo WRICEI ZBERNBEDCHEBAFICHHEL TORREMNRENTHD, BEHERS SEELL
D25 %, () M, T=200hr D OT, KEOHBERMWKHL, BEBERICHBERHIRICILN >
TOBRRETSH 3, TOBAICBNT, HHEEZH 200PPM IKETFTLTWA, (d) i3, T=360hr ©
DT, RERISEDEIESN, HMEES S0PPM BEIKL-> T3, HTERBICESBRICL-T,
BRERENBEETETI TETL TS, (o) Hid, MKAARE,S0EREL KADLDT, RER
SHICER(LEh, WIEES S0PPM LIF KL ->TW3, %7, BARERE, BERBERTHIBHL

EABIKATHER F195 B (H51.4)
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BRI B 2 BESRICELT, HRlEE ORBRESNTORVY, EROY I av—v 2 v ORE

i, EROBRKEISROLTVSZLMERSN S,

5 ¥ )

LIk, BEROD2BICB T 2BEDEORBHICOVT, ERNERS XUBIRFERCEAL TERTSZEL
HiC, ABFFEL RO TKEERLS b CICEBORKIBICE T 3 BEHDBEOEBSRIT SN, Bohi

HRESEDES>TH B,
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Fig. 11(e)
Fig. 11. Variation of turbid substance concentration in reservoir derived from
computer simulation.
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