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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

A > Observation station

A : Mean cross-sectional area of estuary
A, ! Value of Kz in well mixed condition
C . Observation station

h . Estuary depth

HW : High water

Kx : Coefficient of longitudinal eddy-diffusion
Ky : Coefficient of lateral eddy-diffusion

Kz : Coefficient of vertical eddy-diffusion
LW : Low water

N . Observation station

Q . Sait flux over a tidal cycle
R . River discharge

Ri . Richardson number

Sb ! Bottom salinity

Ss ! Surface salinity

5 . Tidal mean salinity

So . Tidal variation of salinity

S . Deviation from <8

4 . Turbulent fluctuation of salinity

<& . Tidal mean salinity averaged over depth
T : Tidal period

] . Tidal mean longitudinal velocity

Uo . Tidal variation of longitudinal velocity
u . Deviation from <>

u’ : Turbulent velocity fluctuation

<> . Tidal mean longitudinal velocity averaged over depth
Us : Surface velocity

\4 . Lateral velocity
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vy . Longitudinal velocity of the upper layer
v . Critical velocity
W . Vertical velocity

Wen . Entrainment velocity
v Tidal diffusive fraction
Z . Vertical distance

— . Tidal averaged

<> ! Depth averaged
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Figure 1. Study area
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Figure 3. Salinity profile at N(1985. 4, 25)
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" Figure 4. Time variation of velocity at N(1985. 4, 25)
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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 12. Time variation of salinity at C(1985. 4, 26)
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Figure 13. Velocity profile at C(1985. 4, 26)
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Figure 14. Salinity profile at C(1985. 4, 26)
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Figure 15. Time variation of valocity at C(1985. 4, 26)
8 2ml O —depth (m) _
" O ~-velocity (cm/sec)
A —salinity (ppt)
o
AVR
6.2m |= -
1 1 1 1 1 L 1 H
07 09 1 13 15 17 19

Figure 16. Time variation of depth, velocity & salinity at C(1985. 4, 26).
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estuary+ #ifzol vt Eisr o] HE, REFRE 233 KEREEBREC KN 2EE 5 Je
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k., .

WA Al 198442 BRP3 HEestol RBERES ®st 23 BEREECT 1985
Foll& AP 2 1987 = BRERE A Eoldss & + Adoh(E 1.

BHIEE CollAlE 198549 7§ 4%Ql EHora)slo] W3l Hool REe o BuE
ol mgwrel RAMEE KW 1RRINTC] B/MEE Holx IFH(=F 20). 19864l
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ol Ao BABRS HBiel Mol K LEHEsSmWEe] el A4 0 19874
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Bisoll s 2E FHEQ & 1bRe] Rale #HigS Rolmz hiEsWmRS iRl =t
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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 8b-8s/(8) ' Us/(©) Ri
Station Year 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

o] Al estuaryitE S-S fAsh 19854 4F9 BEI WOE BY BES °lFx
9 dugrMoes Moz HEY EEE BHILE & RI(E 1NE 3 FEE
B4 S entrainmentol] &3 BA°] & KES AANY Aoz Ak, VY
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4, REBE

estuary® BABRELE FiHIEEol kI EBE-HEEES B (advection) 9t FLKK
(turbulence) ol k¥ 3KTT #HHK (diffusion) 02 o] Fo{ x|} BH T2 Zo] HEo] F #
ol Mfho]l o Kigq] #3 IES H(1/100)7} & AS EES mEAme KTE
A3 BEERA2EZ ojFoA 2kuMes HFE 4 U0 WMo RAL FHE
59 EEZIEV19 KEBER K3 BRIV By FE/ 7Y Bl o=t B
Het zeln @WeluRs Actd EEERS HoEH Wad s B BEES
22 entrainmentol &3 TRESIT} ¥

webd estuarysl WS MBS BAAL BABES MRLT LB U olE
estuaryA 9| HWLERS HRERAMT 2N T2 BoHd HKESTS ERY o9
o] WEMyC] T},

5ol #J5F2R (The equation of continuity for salt) &= ©}23} 7te] W) ®

a5 _ 2 as,, @ 35., @ . 95, _ 35
ot ~ox Kxgx) oy Kyogy) 5, Kegy) —t5y

G208 o 08 e e ———
—‘Va—y WaZ (1)

(1) XRFH#(Longitudinal dispersion)

T B2 KERBAS BWwiEtkal H¥E shear =+ 1B KT EWHSS £43)
= BAHAd BRE /M SHEeld AEE ZHIL. Y 92X AR AFREAERS
FRE L#HE B FHEE BEQ BE HY BoHERS

Q=/% /% u-sdz-dt
=h<® & +hues, +hugs,> +hr's’>
e T o N (2)

2 KB

714 Q& TAkFdel Hsle FHIEZH KT BKEY FREoHW =R /AZ
FRE T Ao Qv #WHERS FREZ BHPHEP w9 Bpol] ot E FERo|
o WE Hsrel #bsb 90 AAEEE CHAdW, F BMvECl EEK MEe Jeld A
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2 o] JHY FHEEE (o] I}, Q& HE shear =+ MR FHRES vehl Kol
53 FEe el #bel oiel BET T Qo HRERELIS FREZ MR W3 F
omg BNE EFEHCY

FERETAA Q=00 F453 BEH estuaryolA& K71 21 5,0 Fong QH
L o HZEES Bt Q9 Qo] H#EE o] T BE estuaryelAe Q9 Qi 71
271 Q3 S 1S & F+ UY

R@2)+=

S\ mn o
< <8> =Kx 3

e eeteeenteeereteeeireeaeeteareeanteeseteeeiree s breerarreesase e anneans (3)
2 RHT 4 3o

3 A AKESEERS HET F UhY 74 Kxe Q- Q ¥ QY FREREE ©
&oln glow Fasl BAY estuarydl i MFEEIEHE, RiFestuaryol A WM
o) EEshears BESHE KBE BRI |

K(3), (4)eA

KX =R /A(AS,/AX)+orrerrrrererrerrrranrasnniuscnteiiiantiiiiiii. (5)

7b =m) R(5)o] wheb 198443 198549 & MBS AFABFREE R 2w
% 29} 2o}, 19854 #EA Cold Kxo 3ol BmAsdee & 4 Avh ol #idEol
Wl el et KTHS Y77t Waskgls] W Eolet A7E

223 3 kA AFEERE R HI MRS K v &

—_ Ts S 0 oo ettt eeaerea
v =110 5y T o (6)

2 #ZRH® & Bzl B v 7 Ksted &eol vehiglch vt 1o A
2 a2 AMMY EHATESHES WMEEE KES 0ol 7A7hE5E HE shear
= EECl KT Hage] $AsgE AL & & Uth® ®2olA B v Pl ¥
A Col & 198440l Hoal 1985% e+ ZA @A sd+S vebllz U ole Qo F
fEETL A3 RSS Bk o A mEHS RESH(2H 13, 14)F £ o QH
9 AdEst Zredes o 4 dn @MHECL EEE HEE BIA Jetin 3E
2 Brkdlch 198448 AL HF v ol ¥ 0.822 Q.9 T =7} EEIIA EATIR S
e ¥ EMYKE 232% 4 glon 1985%elE HAMER <& No &9 #e &
machd 0,359 BEE Jehlol Bl i QS Jld=sl, F @ikl KT
LmEmaREe] 2A RASATE AL BRY & 3l

e




16 1988 6F MENH¥AR WHARHBH RN w0k 3K

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%ni/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

ERHRERAA BEFHAE ety BEEEW)E ERstd (1)L

98 _ ) 9§, _ _ OF

= (Kxax) 2 (K29 ) —ig v (7)
Kegel #all MastH R(7)2

%(K g; - [T u=—> —<u—g-s—>)dt ....................................... (8)

2 Fonslo] mEWKERH Kzo ol WhEshch® R(8)L WA 19854 & Wil
B o] KzZte Kkalaw N—Axlelo] A& 1 8m®/sec, A—CAlololl A& 1. 4em® “sec?]
e vehla gleh, o FHEL 198440 dojA FPol khd "l ZH2 Foloh —
Bo 2 By MWWE A BILREEMNN Kze 100em’/sec ordero] L o] 353t
2 mfEol &3l Kzt 5em?secd orderd uehdich ® whebA 19854 MRBIBECNA KT
Kzztel fefee 7Hatd of —fgiyel XS RET BRE bz A5 4714 Ked
RiY EHE FTstd FFez RY Kzo BosRE deotir] A3l Munk and
Anderson® Officere] KEEI®

3
KZ:AO(1+10/3 Ri)—’ ................................................................. (9)

KZ=A0 (1+Ri) 2 isesrceestasesenrsasatecccsraseacretetrostrtsttastaseraTseessosItitesnrtsossas (10)
ol MEE: N,A Colde Rig KA % 37 2ol vehdr, 714 A& Ri=0d
a o] Kzgtolth, & 43 BAY Pl Kz=A ol
% 304 2 2E BREEIA Y Kzitol L EMEMETS Kzitich M\ESIA R4
F9eS & 4 AUk webA 19854 ZBEIRAA Y FERAL BAIAo kel
K& BA ¥ e entrainmentol] K3 B4l EHId IRY 5 Qe
=3} Officer (1976) o] w2 Ri>100] 4+ entrainmentoll K3 B& ko] HEIZ 3§t
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Tab. 3 Effect of stability on vertical mixing coefficient

Kz/Ao Kz/Ao
Station Ri number
Egn. 9 Eqgn. 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<10001 A & fHKHel @& FERAS A ERY A=cmz 7t HARE
o] EHEEREARMES AT 4+ Ut

3] 19854 A ColM+ %2 Risk ZEY EFY 258 7HARE o9 HEHEER
&2 entrainmentoll K EAel Y53t A4,

5. #

el

1985, 1986, 19874l HHIL WO WHE N, A, Colld d& BMARKE st ot

+3 2 HERe A

1. 19864F9] IS Bl ZE BMRBol A BHIT estuaryv B RFS Holw &
EERE wet 23Rk Bsoa 7] (salt wedge) o2 %= o

2. 19844 BRHIEEFO) H# 19854 UZol: MY E7L EHMES HES o ESA JEt
Wit

3. #MEEe) KT LRESWZS 198540l £ 198440 el o HRE 2A B
et ‘

4. Ri number+ 2 & Jelilo] entrainmentol k¥ FHEA! Hikol KT BAE
o} &3

5. BEKEER(K2)E B RFoE 8 198448t 3A LT 1.4~1, 8em® sec
o #E el
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