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Abstract

A sound understanding of mixing process in tidal rivers is needed sepecially when the
engineering works have direct effects upon the aquatic environment.

In order to investigate the mixing process of the Nakdong River Estuary, many
observations have been made during past three years. From the series of data obtained in
1985, 1986 & 1987, the following results which are somewhat different from that of 1983,
1984 were found;

Salinity and velocity profiles of all stations but C station of 1986 showed intense
stratification and a stable salt wedge flow condition along the estuary. Tidal trapping due
to East Tributary also was found in A station.

As a result of highly stratified condition, the values of vertical diffusion coefficient
were much reduced to 1.4~1.8cm?,/sec compared to previous year and high Richardson
number at mid-depth, ranging 3.2~9.9, made the entrainment play a dominant role
in vertical mixing in 1985. Tidal diffusion contribution to longitudinal salt flux also

much decreased and thus, the standing wave system in tidal current was enhanced.
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Notation

. Observation station

: Mean cross-sectional area of estuary

. Value of Kz in well mixed condition

. Observation station

. Estuary depth

. High water

. Coefficient of longitudinal eddy-diffusion
. Coefficient of lateral eddy-diffusion

. Coefficient of vertical eddy-diffusion

. Low water

. Observation station

. Salt flux over a tidal cycle

. River discharge

. Richardson number

. Bottom salinity

. Surface salinity

. Tidal mean salinity

. Tidal variation of salinity

. Deviation from <8

. Turbulent fluctuation of salinity

. Tidal mean salinity averaged over depth
. Tidal period

. Tidal mean longitudinal velocity

. Tidal variation of longitudinal velocity

. Deviation from <

. Turbulent velocity fluctuation

. Tidal mean longitudinal velocity averaged over depth
. Surface velocity

. Lateral velocity



BRIL o Bagtt 3

A . Longitudinal velocity of the upper layer
v . Critical velocity
w . Vertical velocity

Wen . Entrainment velocity
1y . Tidal diffusive fraction
Z © Vertical distance

— . Tidal averaged

<>  Depth averaged
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Figure 5. Velocity profile at N(1985, 4. 25)
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Figure 6. Time variation of depth, velocity & salinity at N(1985 4, 25)
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Figure 7. Time variation of salinity at A(1985. 4, 27)
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Figure 8. Salinity profile at A(1985. 4, 27)
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Figure 9. Time variation of velocity at A(1985. 4, 27)
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Figure 10. Velocity profile at A(1985. 4, 27)
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Figure 11. Time variation of depth, velocity & salinity at A(1985. 4, 27)
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Figure 17. Stratification-circulation diagram for Nakdong river estuary

Table 1. Calculated values of stratification, circulation parameters and Ri numbers for
Nakdong estuary

Classf Sb-Ss/(S) Us/(U) Ri
Station 7 1985 1886 1987 1985 1986 1987 1985
N 2.92 4.03 1.47 3.2
A 1.80 0.15 1.47 4.5
C 1.15. 0.47 1.32 4.33 8.73 2.14 9.9
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estuary®] RABRE FHSEo KId E-HmEESHA ik (advection) ok HLHE
(turbulence) ol k¥ 3KTT #HK (diffusion) o2 o] F-of 2} EHITH Zo] PR FI i
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Heb 2l @l xsb 2tod EEEKS B Hos S Bash BEES
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wtebA] estuary®] FES KBRS BAAE BEBES HELY LFE A olx
estuaryN o Ho#LES HREATo2A Whstoz Mo RESTe EMHT o
o] WZEAYelTF,

B4y o] B 2R (The equation of continuity for salt) & 23 Zo] FRHHA},®

a5 _ @ 5., @ o5, _ a5
ot —ox Kxgy) tay Ky Haz(Kz ) oy

_2s _ 85

B (1)

(1) 7kF98(Longitudinal dispersion)

TS G2t KPRAS MyEH #E shear =+ fER K EHES Bt
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Q=/% /% u-sdz-dt
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S o] He| FHETE 0] Ik QT #E shear =+ EIES FHES Jeluln] Kol
8 wES oo #Mbol wet BRI, Qi IBURRLKS FHERES MIHS kI 2
2oz ¥E MR

EERETANA Q=009 743 HEH estuaryoll A+ K, 7} 23 s,0] ooz Q,IH
< a2 FAREF FASI] Qo Qo] HES ol F v K/E estuaryoll A& Q.9 Qs 7]
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<& =Kx

ax ............................................................................... (3)
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3} A kFESEERE HES & Uh® o947 Kxe Q- Qs o Qo FHES &
&3ln glon F4d BEE estuaryoll A e BWIEERES, R/Eestuaryoll A #YIE

7b sed R(5)ol wheb 198443 19859 & BRETSS KFSHAHE ke 2
# 29k Zch 19854 HFA CollA Kxo ghol BAsUES & & ek ol& §ifel
el EEsyel ot KPS 77| 7F Wek oy wiEelet AaH o

aeln 2 kA KTERREI RS B v kv =

v =1—1.20 s Sb<g>ss .................................................................. (6)

2 FonEoh® & BREel # v 3E kbl &K2o] et vt 16 Ak
E 2 A Ao ERUKFES RS SRl KFsh 0ol Zhhe4F EE shear
=& R K3 HomiEe] A te AL @+ Y EK2o0AM 2 v Feol IH
A Coll A& 198440 sl 198540l ZAl WA sdS& Jeba gk ole Q8 #
HE7) 4RSS Bkl o] XA FEES RESM(2E 13, 14)F F o QIH
9 7 x7t 9SS 4 4 3 BN BEES MR RS el dF
S Bekdc), 198449 A9 T v el # 0,822 Qo 7oA =st BESIA L EATH S
WS ¥ BMYEE 5T 5 o 1985Fd = HAMER W N o #e &
Rk 0,359 FTEEs Webdo] FiEel d QIHS rld=rt, F #wiksel K3t
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Tab. 2 Calculated longitudinal dispersion coefficient and v for Nakdong estuary

Station N A C
Classifi Year 1984 1985 1984 1985 1984 1985
Kx (X 10%mi/s) 6.4 0.3 2.4 5.6 7.3 3.7
v 0.61 0.93 0.62 0.93 0.08

(2) EERS

95 _ ©
ot  ox

] = a5 - 958
(KxaxHax(KZaz)—“_aT .................................... (7)

kol #al Washd R(7)2
_%—(Kz_g%) :%_ JT (u—g—}g-(——m—a%»dt ....................................... (8)

2 %7slo] BEMEEIRY Kzo) 30 WhEsIth® R(8)< Mol 1985% & A
B S0 Kzzte skal2m N—AAbolol e 1,8m® sec, A—CAtolollAE 1. 4em®/ sece]
#e e ok o BT 19844l dolAl el fushd WAl A frolvh —#
goz e WMWwKS MR hargEgtld Kze 100em® /sec ordero| 3 FiEel 53t
7 gl i Kzt Sem?/sece] order® pehdich ® whebA 19854 MM K
Kzarel fefes 7otd of —ikagel FEA 28T #RS debdz gloh o714 Kz
Ri¢l EEE F=rstd mgez WY Kzd #BOwRE dotrrl A3 Munk and
Anderson3} Officere] EERY

Kz=A,(1+10/3 Ri)'% ................................................................. (9)

K2 Ay (1A Ri) ~2+esreseereeseesessesessessomssssssss st s st (10)
of BRI N, A CollAe Ri% A % 33 o] vehdeh o7l At Ri=04
W o] Kzgtoloh, & 743l BAT MLtk Kz=Aoolth
% 304 el ZE BB S Kztol mrREMEG T Kegteoh s B
staee o 4 givh webA 19854 FHBMBIAN Y BERES HAIow Kl
&3 B4R chE entrainmentol KT BAo]l By AIF F o
=3} Officer (1976)o] w2 Ri>109]41+ entrainmentol] K3 EAutel FEL I 3}
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Tab. 3 Effect of stability on vertical mixing coefficient

KZ/AO KZ/AO
Station Ri number
Eqn. 9 Egn. 10
N 3.2 0.19 0.056
A 4.5 0.15 0.033
C 9.9 0.097 0.0084

Ao 50<Ri<1000 A& ol ol EHFRSLS A ERY AxVo|mz 7 BHE%ES
o HERBARFHS IE 4 gl

7ol 19854 BRIE: CollA+ ¥ Riot ZEd HEY 3258% /AR oo HEE

£ entrainmentol K3 B&el €53teizt A4,

p

5. #& B

p={{}

1985, 1986, 19874l ®HEIL MO 2] BHHZE N, A, CollA & BEMBEES st o

T3 B HHE AR

1.

19864E 2] S Mybsla 2E BEEolA BEIL estuarys 583 RES 2old &%
EREEE wet o2t Eoa ) (salt wedge) Blo 2 A% o),

. 19844 HRBAER Hal 19854 Wl EWikL BEEY MRS o iEsiAl Jel

Hak

. B KT BRESEIEE 19854l & 19844 ted o HEES A EY

seieh,

. Ri number= & #-& veldo] entrainmentol K3l FEHIESO| ol K3 BLE

o EZstalct

. EERBRH(Kz) < BT AR Q3 1984452 2A 7h4F 1,.4~1, 8em®sec

o & vebsleh
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