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A Study on Initial and Near-Field Dilution at the Ocean
Outfall of Masan—Changwon Municipal Wastewater
Treatment Plant
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Abstract

In this paper, we have obtained the initial and near—field dilution rates of wastewaters
discharged from the ocean outfall of Masan-Changwon municipal wastewater treatment
plant from both of field measurements and CORMIX model simulations. In the summer of
1998, water temperature and salinity profiles was measured at 16 stations in the vicinity of
the Masan outfall and the dilution rates were analyzed by salinity deficit method. The
transport of the wastefields and their initial dilution rates were calculated by CORMIX
model using field data as model input. Both of observed and predicted results are shown
in very low dilutions with the range of 32—~48 from the field data analysis and 29~43
from the model prediction, respectively. This indicates that the water quality in the Masan
outfall area can be worsening due to the low dilution rates of diswastewaters, especially,
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when the ambient currents are very weak in a neap tide and ambient water density is

highly stratified in summer.

Keywords: Masan outfall, wastewaters, initial and near-field dilution rates, CORMIX model
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Fig. 1 Site map of the submerged ocean outfall of
Masan-Changwon municipal treatment plant
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Fig. 2 Schematic of wastefields discharged from a subm
erged diffuser
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Fig. 3 Configuration of common alternating diffuser
types.
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Fig. 4 Station map of field measurement at the
Masan outfall
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Fig. 5 Temperature and salinity profiles measured
at the Masan outfall in summer
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Huang [1994]).
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Table 1 Input data of CORMIX2 model simulations f
or the Masan outfall case study

Model parameters Input data
water body unbounded
Manning's factor 0.030
ambient velocity 0.035 m/s
nearest bank right
distance from bank to diffuser 680m
port number 21
port diameter 0.2m
port height 0.8m
diffuser alignment angle 0°
effluent density 995.67 kg/m’
flow rate 2.315 w'/s
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Fig. 8 Density profile input of CORMIX2 model
simulations at the Masan outfall site
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Fig. 9 Isohaline contours of salinity field data at the
4m depth of the Masan outfall area

7 gRelAe] zold dR¥EE EHste HUld
ERg FHdse] dens B gt g
of FwallFe dREe JFe vthE A 3
AN ALARET Tahel AR HAEL A
Abat gt

FEatdtol A 4l 1dmolM B

il
to
0
2t

& - #4%& Fig. 214 vebd vhel Zo] 299
A Bt AdeEol(Za7t #&ckEel o8 Al
gt Table 2 ol A F2%Zo0] §
Al 4m~6mA}e] 9] 2RE AdE 84

ol .

b
AEELE

Table 2 Dilutions obtained from salinity data at the
thermocline depths

, Dilutions -
Depth - : ;
Morning
4m 48
5m 70
6m 456

AEwo) o5 AiE AHELS oA AFAR
o M= 45~48 AZolm L Fole 32~40 AER
W eFRGgE o ot o Ay AR Y
go] 30~50 9 Ade Ag & F7F Uk FA
5me A #EFAEAA AdE IHES FAA

o e FE N g

42 CORMIX2 2d9| 3|IME ALt Bt

CORMIX2 =dgor mog Wise 3§ 44
S e Aoz RE EF A3 HHE e
Z 59 ¥As HAS Fo| Fig. 109 “eh gl
th 59 FHHAE XAHAECG - SFFEHFA Y
AR 2zhel Wk ZAR ()R
Vel 27 - 29 4 && SE e
XAEE S5 ga@Fd disir] J¥HEAT
) 2o oFE ZHS el Aold UdFE
Aol A Qe s EeR iR FES
JeEl T g ZARES a9 gAE Jde=
2453 TH FYA YAE el Aok
28 nozzE Ry $2%Fo] 4 4~6m
Atolo] ERAstEEZ ZHo] FRUANA kA
Eatm FRoFFoA  HYGUR] HFHETH
(terminal level) uintal ejutE o ®

CORMIX2 28olA Aite
A9 ok 3904 43 Flzol @ F ol HLedE 29
oA 33F E 2k A F2]Fo] drh o]

oA 0 F ME 2oz R 9% FA
g At AP E 2e AgS Roli Ut



opot - 3 st+EY Mel 2o of &y
Y (m)
A
1200 4
800 7
400 4 W=848.23 m
0 O
AN Port
-400 1
Bank/shore right
| LS L L L e v s v 4 1))
400 200 0 200 400 600
Plan view
Z (m)
< Sea surface
12.5- §=40.2 §=30.4
X=345.98m X=425.26m
7=8.99m Z=8.99m
10.07
& X=L15m
Z,-8.9m
SH —»
Ua=0.035m/s
2.5
Port =1 - gm Sea bottgm
0 =TT e 1—‘ X (m)
-400 -200 200 400 600
Side view

Fig. 10 CORMIX2 prediction of the wastefield tran-
sport at the Masan outfall
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Table 3 Initial and near—field dilutions predicted by

CORMIX2 in the vicinity of the Masan
outfall
(a) Morning
station plume position dilution
X(m) Z (m)
D05 -345.98 8.99 40.2
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plume position
station I 7 dilution
D05 -332.88 9.00 316
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D09 -372.50 9.61 33.1
D10 -346.90 8.99 30.4
D13 -355.45 881 278
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Fig. 11 Comparisons of the dilution factors between
field observations and CORMIX2 predictions
in the vicinity of the Masan outfall

Fig. 12014 & #]= Miami® 5z adiiaoez
3l IS ETY FEY
=23 7] 9% SEFLOEN (Sou-
theast Florida Ocean Outfall Experiment, [1991
-1994] A& (Proni [1994))2] A#e} £ A7
Q1 whakwl WFAEY FAE A AFAE A
Hlwatg ok, ¥4 SEFLOET Z#oAE COR-
MIX2 2d8e 93 dZFAa47 dFASF IME
ZROE A9 =x g4 94 T B A
oA Ueld IME Axe d30=n 28 oS5
Ax7t A A v wA F dAFHIL Q)

of

el
1¢]
0E
2

& ¢ 7} A,

110
& +
> 100 - Tt
o 904 +
» -
& 80 +
= 707 = +
a ] 4
- 60 ++++
= 50 ++++ + Morni
S 401 -t / orning
r.% 30 - ;———Afternoon
o i .- MULTIPORT
299
DISCHARGE
10 —
0 10 20 30 40 50 60 70 80 90 100 110

OBSERVED DILUTION

™  MJAMI CENTRAL + MIAMI NORTH

MASAN BAY

Fig. 12 Comparisons of the Masan outfalls’ dilu-
tions with Miami outfalls’ results

[e]

—_

dat Ae oiaw Ao ABETHG 227
o 38o] Aol AAH YRl g EF Aol
o o Aow Andt FF

# | Zstm dRel 8 R4
3 gueg pRdgel 2 A% ue A7t @
2% Row B

5. 22

Age FEo sle =
71 fEiAE At A9xRAle sF A
A 71 e = AR R AREH @
ol AFE AAe sk HFg HHEEd

foi o mo Ob ox m ot AL O Ay px

b aasE SHEEEA g AYaset FA
2 wol7] AL AFRY LGBAA,
FAER 2 2w A PPRE 48
s &+ s PRAEY AgEA %
rtom ¢ A BRe Jgd THaat A
AAD AANLPeE WAook TS ALNTGN

[s)
RC[1993]). #2 2A4€E J A stFFEA
(T4, 24, FA, ol%, bel A% s
[e]

il

o du M
hu > o

e B8 HId+E dd FFAI7IZ Ja g
FYANME v, FHAY BAs € ddelrh
B A3 =Foae FufolA H&oz 1993

_68_



114 gb3=o 1%
B3 A wpibglel] WF3
A o] Ui %7
259 CORMIX2 =3 €4i’>’~1 H] il é&o}
Ak, 2[1998], 7 5199811 QafA 2 A=A A
o dAd FAZ Yyehd HAZALE EYE
CODEXx9 71525 CORMIX2 239 44
AAZH A v gloy WHAG BEAw
ge vustx £330

2 AFAgol A p 27 T
@3 2y dFgo] ¥3] 30~502= =30
ol& @ S[1998]¢) WHHY +AH HF
AL AT VERd H}er 2o} wFF
E4do Q3 A2 sde 2o sFH1
th 53 TbﬂEHTA F 7} A A
Az3ta shAQ AZE

SEEEREE
o $-

to
o2
N

fo

2

tilo
O
1)

2 2 N Qe
rid
12
o
A
i)

_>a rir
Q'L

),

o
19

r 12 o P i o fo w (o
4
;2

= N AW uY 7
4737 e 9F

b PFae 5

wojof & Aol

%73%5‘7]%7}1”4@

7l A

ARE

34 wad
A=)

Al o

(1] &A% 5, 1993, #f4 Ao} A7)
< A7, = A T2, BSPN 00205-613-2.
(2] A1, AelAd, 1998, “040“”21\]’“«1 2] 73wl
Ag AT NFFRE TS 1A, I AL A T
83 A& =&3, 101-106.
(3] Zi’éﬁ%‘j Ak Eﬁ*é’\}—“r/\ 1993, =}
{4 71:’%“\] 1998, ‘—E"—U‘.i‘@ff 2YLS o] 8T sUHH
et ?EJ :
(5] d4gH, 01?3}%1, 1998, ‘steTuA g s
Hyed o845 9_03"2, L
A1, A1z, 83-

(

(6] wHikAl, 1996, whit - 39 sl
ALY SR AT IEA,

(7] 745, 1996, sl d ¥z 570d A3,
(8] 4%, 1997, 19961 S MA,

[9]1 Akar, P.J. and Jirka, G.H., 1996, “CORMIX2:
An expert system for hydrodynamic mixing zon
e analysis of conventional and toxic submerged
multiport  diffuser discharges”, Tech. Report, D
eFrees Hydraulics Laboratory, School of Civil a
nd Environmental Engineering, Cornell Universit
y, Ithaca, N.Y.

[10] Jirka, G.H. and Doneker, L.D., 1991, “Hydro
dynamic classification of submerged multiport-di
ffuser discharges”, J. Hyd. Eng., Vol. 117, No.
9, 1113-1129.

[11] Fisher, H.B., List, E.J., Koh, R.C.Y., Imberg
er, J., and Brooks, H., 1979, “Mixing inland and
coastal waters”, Academic Press Inc., New Yor
k, N.Y.

[12] Tsai, J.J., and Proni, JR., 1997, “Initial and
near—field subsequent dilution at the key west
outfall”, NOAA, Proc. WEFTEC'95, Vol. 4, 139
-146.

[13] Proni, J.R., Huang, H. and Dammann, W.P.,
1994, "Initial dilution of Southeast Florida ocean

deld 24 @

outfalls”, J. Hyd. Eng., Vol 120, No. 12,
1409-1425.
[14] Proni, JR. and Dammann, W.P., 1994,

“Worst case effluent discharge conditions and
adaptive processing of effluents for Southeast
Florida outfalls”, Proc. WEFTEC'95, Vol. 4,
147-157.

[15] National Research Council(NRC), 1993,
Managing Wastewater in Coastal Urban Areas,
National Academy Press, Washington D. C.
231-294

[16] Roberts, P.JW., Snyder, W.H. and Baumga
rtner, D.H., 1989, “Ocean outfalls, 1: Submerge
d wastefield formation, II: Spatial evolution of
submerged wastefields, Il: Effect of diffuser de
sign on submerged wastefields”, J. Hyd. Div., A
SCE, Vol. 115, No. 1, 1-70

_69_



