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Cost Analysis of Ocean Outfall and Tertiary Treatment Processes
in Suyong Sewage Treatment Plant
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Sewage has been almost treated by secondary treatment process. Secondary-treated effluent of sewage
treatment plant caused the pollution of nearby beach. Nitrogen(N) and Phosphorus(P) in effluent water
have caused many problems on estuary, such as red tide, eutrophication and aquatic toxicity. Therefore,
the effective nitrogen and phosphorus removal from sewage treatment plants is necessary to prevent
those pollution problems. However, little sewage treatment plant in Korea is effectively being operated for
the removal of the nutrients.

This study is analyzed for the effectiveness of cost when tertiary treatment process and Ocean Outfall
are applied for the water quality of Suyong Bay

After secondary treatment process, the effluent was discharged from the seabed in the depth of 32m of
4000m offshore. Pollutant concentration is decreased as much as the 180 times after the result of initial
dilution, so that environmental protection requirement of Suyong Bay can satisfied.

This Ocean Outfall process can save the 2.6~3.5 times as much as the cost of construction and opera-
tion for tertiary treatment process running over a 20 year.

Key words : Cost Analysis, Ocean Outfall, Tertiary Treatment Processes.
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Table 1.Cost Function for Treatment Levels

E

u g 3

Q10°m' /day)

Capital Cost
(million Won)

Treatment Level

Operation& maintance Cost
(million Won/yr)

Standard activated sludge 1.795.2Q° % 33.84Q" %
Denitrification and nitrification 1,791.OQ°'705 45.92Q°‘866
Chemical precipitation 2,082.2Q"%% 44.32Q°°%*

SUYTOUNG RIVER

HAEUNDAE
YRCHT HARBOR BERCH

CHUN CHEON — ~

Fig. 1. The location of sampling stations in
Suyong Bay.
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Table 2.Input data for material cycle model

. Flowrate COD DIP DIN
Name of river - - - o
m/day ton / day kg/day
1994 YEAR
SUYOUNG RIVER 514,000 9.51 318.6 4163.4
UDONG CHEON 20,700 0.33 11.3 97.3
KWANGN CHEON 5,800 0.18 7.3 48.6
DAEYEON CHEON 44,000 1.22 51.9 542.6
YONGHO CHEON 58.000 3.00 101.5 1023.1
CHUN CHEOM 3.637 005 3.8 26.4
Ocean Outfall
Ocean Outfall 550,000 4.56 555.9 10062.8
NAMBU W.W.T.P..(Qutfall) 566,152 6.96 611.4 7897.8
HAEUND W W.T P. 65,000 0.53 65.0 1176.5

Fy=V,/\g, d;

V, =ejecting velocity (m/s)
&=Ap/p)e

4p=p, —p,

P, =seawater density (kg/ 1)
p, =wastewater density (kg/1 )

AFLFH 799 ZREES 00] ohiz, BFHE
227} 0ol A)(3), Al(4)e] Neville-jonese] AHA]&
A3}

i s

S, =0434 B3 H?/Q,
S, =0.434u H?/Q,
A7NK Q=0 /n

Q =wastewater flow rate(m3/s)

Hu3/B, <5 (3)
Hu3/B,>5 4)

n =number of riser
B,=¢; 0,

u = ambient velocity (m/s)
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Outfall Construction Cost =a +a/L +a,D —¢ (5}
a,a,a, = regression coefficients
L = total length of outfall pipe(m)
D = diameter of main outfall pipe(m)
e= error term of regression formulation

v_l-;] =

tlo A, r

2

25 d,rErd ¥ EREHEY

25.1 sieFEEd

Aeferdy AdEgL dasddgEs sPwFe
2 100me] Axtz FEIHAR FARIoEs
4m, 4~8m, 8~12m, 12mo]Ate] 4308 FE5}o],

FAWMELE 70, FEWELE 50, fAWEeR
4748 Fo g FAsh

HrFEndofre 290 ST SAE M2
25 #Hso] fEAL AL, 2HFe AAFA
& Axbsidd. AAEAY 2A4E 242 MR8
HEzA o ste] R &3 YAk o]7|vh Febelx] 34.
04cm, 75.6% %} 3]+ 31.78cm, 73.8%5 A
4363z Az Y A1 E3 AL byl 94
AAbrste] H-gahed )

SHGAATE FdtoM ZAR A 909 2}
22 ulelo 2 3l 10°cm?/secE stgel. o] Al
Aol 7] #HE2F ZFEUEE v 23t 2de] He
e A

25.2 BAFARd

EAesrd eEage A 2418 A
ARE o] g3l EAeHR L HpFErdolA
53 27t Aol 243 ol F I 2AF]
o] FFAFEE VIR $FRRE dYslgd. 4 Wy
ARz dlpfsrd 3bo] Byt od 100m
o] AzlZ, FAYFo T 4208 FRIgc) 7 =
A dekd, $-244, AL T, AEESA
B 39 2 Z2A AAZRAL 2477k BFEHE £
HAg S olgslg o, gtz felate AR
HE 9 L&A A AL 2T, A g, SEF
AW o) LFREFL FAA T AR E o) 43ty
ol B4t nde] q]8al 5 & Table 24 Yehdi g,

3.49 ¢ 73
3.1 3z A7 A Ax 9 w43 A
st e) sade AL AeE AAYT £
Qe s - FAY AL AAR £ U= F3FIA
weol £ 71z] whdol) a4 288t
seodslAe e 294 FAEA 2w ¥ 550,
000m'/day?] fra-2 ALsle] 3akA2] A dd| 4285
= 0|2 AALRE 23E Table 3o]] Vel A48

117



a3 A

Table 3. Cost for Tertiary Treatment Processes

._gz_%o&

R

Treatment Level

Capital Cost
(million Won)

Operation& maintance Cost
(million Won/yr)

Denitrification and nitrification
Chemical precipitation

Table 4. Initial Dilution for Water Depth

Depth Initial Dilution (Sa)

(m) w’=0  0u'0.2 u"=03
16 41.6 55.7 99.8
17 42.7 61.6 112.7
18 43.8 67.7 126.3
19 44.9 74.1 140.7
20 45.9 80.7 155.9
21 46.9 87.6 171.9
22 47.8 94.6 188.7
23 48.8 101.9 206.2
24 49.7 109.4 224.5
25 50.6 117.1 243.6
26 51.5 12.50 263.5
27 52.3 133.2 284.2
28 53.2 141.5 305.6
29 54.0 150.0 327.8
30 54.8 158.7 350.8
31 55.6 167.6 374.6

32 564 1Bt )
33 57.1 186.0 .
34 57.9 195.5 450.6
35 58.6 205.2 477.5
36 59.3 215.1 505.2
37 60.0 225.1 533.7
38 60.8 235.4 562.9

1) u : ambient velocity, m/sec
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Table 5. Water Quality and Seawater Quality Cri-
teria
Effluent Class 0 seawater .
. L. Required
Item quality criteria oo
Dilution
( mg/ ¢ )
BOD 11.2 - -
COD 8.2 2 4.1
SS 2.9 25 -
DIN 18.1 0.1 181
DIP 1.0 0.015 66.7
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Table 6.Cost Analysis Results over a 20-year
. Construction Operati &
Alternative pberation Total Cost
Cost, Management Cost
Denitrification and nitrification 622 742 1364
Chemical precipitation 62 948 1010
Ocean Outfall 363 20 383
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Fig. 2. Simulated residual currents in each level.
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Fig. 3. Comparison of the tidal current ellipses
between observed and calculated results.
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Fig. 4. Comparison between simulated and ob-
served result at 1st level.

7o B oA

02 FFo] Arle AL B 4 9lonv 239 F
kel °1V‘] f3ed dge 3F] A=
d ¢ ek 2de A=l v #E2g 2He
S vlaste] 2] HEAE Fig 3o Jehfisdl

0
52
Aol
T

f o rfr 2

8

Tﬁaf"ﬁ)ﬁ‘!ooﬂ.

342 EA&gwd

EAeErd A4A4 HEE H80A A4 AHE
7z} 2w 2 nlwsld Fig. 4~6¢] Jehdigict. CODE
1304 A4k o} A& 4{FAE 092002 A
HEE =& ARAAS RoF 3 glon Adese
11.72% 2 Jehta g9le] w9 2 A=z gle A
o 4 oleh =¥ 235 A Fo ASx A A} 742
16.9%%} 8.58% 2 & AA= ]}

4&%7]2 4(DIN)¢] 73%41% AlAb=) 9} A& o] A
FAFAE 0.8992 A AHER L AFFAE BodF2
Aot g3 shpsh Sodvt s A G
@S e AL 4 5 ol 299 SAHE FgF &+
ARl g Jeldle 28 2ot} Ao AkE 53.6%F
ele] A xst & Aoz vehded ol £
IATG 7} F3%& = A 33 A 89 ;2
2 g Ao o] e AR AL s} 22.0%2
oA & AAe Ade] A HE Aoz eyt 22



49 AR BRSe 4% 4

4.0

35 4 COD

3.0 R.E (%)= 16.90

25 ﬁ

204

Concentration{mg/)

1.5

10 —_ [
200

150 1

RE (%)= 4137

Concentration{ug-atl)
g

0

20
3 Q DIP
> RE (%) = 27.5
=)
€
S ol
H 1.
€
@
v
c
3
[3)

0.0 4 — v

2 4 [ 8 10 12 1% 16
Station No.
-- Q- Observed —a— Calculated ]
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served result at 2nd level.
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Fig. 6. Comparison between simulated and ob-
served result at 1st level.
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Fig. 7. Simulated COD, DIN and DIP distribution at 1st and 4th(bottom) level of Ocean Outfall.
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