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Continuous Near-Field Mixing with Variable Oceanic Conditions

by
See Whan Kang(l), Young Do Kim®? , Ho Jin Lee<3), Sang Ik Kim® and
Sung Dae Han'
2 o
B A7 PHAE B 9P FE AR AAAARE olfatd FAH 54
& FaE PHe FUY HEH AFFEALYe] g ) JpAFe wnGe
A olEe AFgdel Wae AU, shke £l dY 63U ARE ol
£35te] AFEF HFAE 15009 o) HEsd 27 EME, 29FR A7), FERAS A
WE IEREs 7@ dd, 271348 30~719 WHE Rol¥, BFHAL 342 YEHFe
o, ot GRREEE ol§F ARANE BHARS FASHI UERT 297 hole

54~362 mo ¥ HFY 95 m, EEHSILE 81~102 me] WY& uéﬂk 89 me 4

& vebgigich a8y 3o Fo AA9 30~44 % 7)7ute] Zrzte] SYEXE] ¥

i‘%)c ol4g Vel EE, siguFA2ESE HA 2 g oM FAE vz o
3 st g EFFte Hdd g seto] v ¢ Fesidn waAL

Abstract

The temporal variability in near—field mixing characteristics of discharging plumes in
oceanic environment was investigated using the time series data of the buoyant jet
parameters. Based on the currents and density profiles observed in Masan outfall site
and effluent discharge flowrates for 63days of summer season, the temporal variabilities
and those occurrence frequency were obtained by line plume equations. The results show
that wide range of variability in Masan outfall’s mixing characteristics was found due to
the temporal changes of effluent flowrates and ambient oceanic conditions. The near-field
dilution was in the range of 30~71 with the averaged dilution of 34, which was a good
agreement with field measurements of salinity deficit. The length of mixing zone was
in the range of 54~36.2 m with the average of 95 m, and the plume rise height was in
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the range of 8.1~10.2 m with the average of 89 m. However, only the 30~44% of the

whole results are higher than the averages,

which indicates the necessity of this

frequency analysis with the continuously measured data for designing and managing the

ocean outfall system.
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Fig. 1 Schematic diagram of wastefields discharged
from a submerged diffuser

g=Q/L (1)
m=uq (2)
b=g,"q (3)

A7A, g Bedold WEL, Q= FUFY,
(e}

L.
L& g44d o], m& $5% 588, 4= ¥

FRE b Y 258 &L 2 RAFTYNESR
oleh, (DA ~3)Adl & Ay EHFL o]
ko] (DA ~@O)AF g EA4ZolE HAH 5
9l o} (Roberts 5[1989)).
I,=q¢"Im &Y
lbz bl/3/N (5)
L= m/b*? (6)

oo AgeE, 9o TAEH A0S ()
43t zo] vpehdl 5 glck

0= fq,b,m,s,u, N,0) @)

A
N
2
o
i
Z
=

714, s= WRT 4, G Saps Fus
ste] ZEoltt (NAL AR, @A 2
o @WA~@HAA Helg SHRolz xdH
BAHE 2L 4 ArHRoberts S[19890).

3
/ w0,

Im S
’lbylbvbr

l

AFAQA AFane A%, L/he 110 of
F Aol BAG £ lew, L/, slhe R%
A FAEHASE dEde FAY F2A
1,10,0.10) 31, s/1,<0.30)m w57 7173 &
T 3FEY &%E FAY 5 dvH(Roberts
S(1989D. oAl 3, wHE ztA ol Zof HF A

=g Yz PRHE
G4 stgel 54 wgss TR FE O
P
™

A3} gro] elwatE 4 ok

4714, F(=u,/be #8% Froude $1}. 5
# Froude ¥ WHF9 #38 3§ us
A4 55 #AE e wESRA,

7t Aow FMEEL AN} FAFY F e ¥
& Ao, FK(0.1o]W & Eo] g & o}
QgL FA Py I, Frh & Aol B
ol FHFA oA EEFWFoZ HIYHY
of Wiz FHAS0] F7gA we HHERE F
7} &M (Roberts 5-[1989]).

Roberts 5[19801& Fw¥Fe =v|9
HgA AN Y 2149 FAANFE 3
sto] Table 13 o] ZHEFEA o B3 Ad
F AN A o9 & HIEF
A& g e AdxAE /AT ok
AR, Ay drFFo o Ho| sxsE,
HAg dxEdFE sidddAe H3dsans At
o ol x7] 7hHE dea fle UE X
2 M3t A2 ASnE Adse wNEF
Hatell ofgtch. A, HA&F(steady flow)ol
9% AgANE olgFozM P 5FLS A

N R

—

"

-

o
ox o

.

o, o



719 wEel dAsidm bR, AA, Fia
o] FFoM dEd2 BFHE Y dISAw
o 3 d¥dtE ol gdfenz dWFS
B3 Hugeitae 2ejo A&k A2 by
A stA] ot

713l AA dHHoz A YR
o AFF ARE ol &8t ZHEAHS Ao
A EREARE AF8) AMME 3T
ol HiE FHAEJ e IAY wF F
w3l Hojof str, 1 AZEe EFATY &
B HE 7HEE 5 olof drt HAl 3k

=

el
re
»
NEA
rd
®2
T
]
X
O

FAlzgo] Zhe FA B9 AFEE e
g 1Az AR ZAY ARE0) olgt T
el Aol AHEE F dn ol E 7MY
oA HMFEF FAAS W AGHA Hg
F om, £3 WA o)) A& BgE F
Pato] FAHAY S 54S A5 5+ 4
. Fig. 2t 944202 #39 7 AR, 9
A& Ae, dRFAE 59 AAIAEE o] &
s V18N E, EHXYH, T9FLe] Zo)
59 BAA 2HELFEN L dAFsts PHE A
dHoz vehd ot

> St rlo do

o Mo

-

Table 1 Line plume equations for wastefields mixing characteristics(Roberts et al.(1988))

0 0= 0°(Parallel) 9<45°
F ~0.1 0.1~1 1~10 10~ ~0.1 0.1~1 1~10 10~
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Fig. 2 Continuous simulation of near field mixing
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Fig. 3 Site map of Masan outfall
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Fig. 6 Ocean currents at Masan outfall
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Table 2 Dilutions obtained from salinity data at
Masan outfall (Kang et al..(1999a))

Depth Morning DﬂuuonSAftemoon
4m 48.0 32.7
5m 70.0 34.8
6rm 456 40.1
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Table 3 Summary of near-field characteristics

Mean Min. Max.

Initial dilution 340 30.0 71.0
Mixing zone

length (m) 95 54 36.2
Plume rise

height (m) 89 81 10.2
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