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Abstract

The purpose of the study is to optimally manage sewage treatment plant with analysis of phosphorus contribution and
improvement of water quality contributing rate in the effect of inflowing point of effluent and Pal-Dang lake after reducing
T-P discharge from large scale public sewage treatment plant at upstream of Pal-Dang lake. Also, this study, for enforcement
of T-P in effluent, plans optimal management of effluent T-P through examining propriety of environmental, technological,
and economical aspect such as water quality standard of domestic and foreign T-P and related policy. In regarding optimal
management of T-P discharged from public sewage treatment plant located in upstream of Pal-Dang lake, the study drew
following conclusions. With the optimal management of public sewage treatment plant, it showed that a pollution level
became higher in the order of Sumgang E in South-Han river, C in Dalcheon, B1:B2, A in North-Han river, and J in
Kyungancheon, and it is required reduction of T-P first. The highest value in analysis of benefit-costs from sewage treatment
plant in the selected research area was Kyungan B, and the others are with the order of Jojong A, Bokha A, Kyungan A, and
Yanghwa A. With result of this study, all 14 areas are required more enforced phosphorus treatment. The study resulted that
the most top priority areas were Hangang F, Sumgang B, and Gyungan A, top priority areas were Bokha A, Dalcheon B, and
Cheongmi A, priority areas were Hangang E, Heukcheon A, Gyungan B, and Jojong A, and potential areas were Sumgang A,
Yanghwa A, Dalcheon A, and Hangang D. It seems to be appropriate to apply 0.2 mg/L of T-P treatment for water supply
source reservation, 0.5 mg/L for the other areas by locally, and 0.2~0.5 mg/L for biological nitrogen - phosphorus treatment
method and 0.5~1 mg/L for Conventional Activated Sludge by technologically. Also, it may be appropriate to apply 0.2 mg/L
for the most top priority area(I), 0.3 mg/L for the top priority area(Il), 0.4 mg/L for priority area(Ill), and 0.5 mg/L for potential

area(IV) by the separation of priority area.
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Table 1. Phosphorus contribution rate for each unit-watershed and sewage treatment plant
Watershed T-P contribution Unit Wat?rShéd Sewage treatr'nenF plant
Basi T-P contribution T-P contribution Paldang
asin
} Watershed Contribution Unit Contribution rate | Sewage treatment | Contribution rate lake
ershe rate (%) watershed (%) plant (%)
Main stream of Bl 50
Noth-Han North-Han river 7 Hangang F & B2 25 100%
river
Jojongcheong 25 Jojong A 25 A 25
Hangang F 12.1 M 10.4
] 55.6
K Kyungan A 72.6 3 69
yungan Kyungancheon 100 : 100%
cheon K 6.3
Kyungan B 153 S 0.7
L 20.1
Mai ¢ Hangang F 6.7 I 6.7
ain stream o
South-Han river 23.1 Hangang E 6.7 G 6.7
Hangang D 0
Dalcheon A 0
Dalcheon 30.8
Dalcheon B 20.0 C 20.0
South-Han Bokhacheon 15.4 Bokha A 133 H 13.3 100%
river Sumgang A 0 ’
Sumgang 23.1
Sumgang B 40.0 E 40
Yanghwacheon 0 Yanghwa A 0
. . H1 6.7
Chungmicheon 7.7 Cheongmi A 13.4
W 6.7
Heukcheon 0 Heukcheon A 0
Table 2. T-P loading and contribution rate in lake Paldang
Paldang lake Unit watershed T-P contribution
Basin . . . Watershed Paldang lake
- 0,
T-P loading (kg/d) Loading rate (%) Unit watershed contribution rate (%) contribution rate (%)
: Hangang F 75 7.0
NorTh Han 3633 93% .g g
river Jojong A 25 23
K Hangang F 12.1 35
yungat 113.47 28.9% Kyungan A 726 21.0
cheon
Kyungan B 15.3 4.4
Hangang F 6.7 4.1
Hangang E 6.7 4.1
Hangang D 0 0
Dalcheon A 0 0
South-H Dalcheon B 20.0 12.3
outh-Han 242,62 61.8% Bokha A 133 8.2
river
Sumgang A 0 0
Sumgang B 40.0 24.7
Yanghwa A 0 0
Cheongmi A 13.4 8.3
Heukcheon A 0 0
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Table 3. T-P loading and contribution rate for each unit-watershed

Watershed No. of facilitics Treatm(er;lg/ dc)apacny Effluent 1((1)(ag%1;g of T-P Con:ir;tl)il‘l/telf}rll (r;)t)e by
Kyungan A 2 44,672 75.58 21.0
Kyungan B 3 17,668 8.27 4.4
Dalcheon A 6 11,778 9.40 0
Dalcheon B 2 61,130 48.88 12.4

Bokha A 3 28,804 31.32 8.2
Sumgang A 1 5,637 4.55 0
Sumgang B 3 101,535 107.92 24.7
Yanghwa A 1 685 0.73 0

Jojong A 1 2,893 2.24 2.3
Cheongmi A 2 12,532 12.45 8.3
Hangang D 0 - - 0
Hangang E 6 14,502 16.79 4.1
Hangang F 14 95,015 72.84 14.6
Heukcheon A 2 2,387 1.45 0

T2 fYEe Al 44 =23 4 FAEE 233 € 2008d% Al fA@ o SR AR wet
nxE 9l 7]ogo] ZHzt Aolstng AGE d5E LA F7IR2 288 FARYHE 2T v &S H&lt
Al ]l 719E 4 AR 4 FAYE BIE FIAA AAF-E2 MiEFotd Aol o 2R sEmyL)S
9 FQ FotgFe 1 719eS &S] Table 39 Y FEEAY FPst Axslen 22 FAHE A
ERA ATt BFohd(EE, @, d¢)H 8 ARt (EFA,
g, A%, 454, v, I, Bod, S 0s
32. Y2l FXn2| of 27 pMSA FANES AAY 7 HEFTAA
2359 FAMAE Sste]l AFHG AGol AT 5 A9 AYIH 2 AFY AEE FFEAE S A
FELAYANEY BRF $42 ARG F9 FAH G}k o9 2 FPL AH 24E ARE wgoz
= HEWAFAR Y 9 fABHE)H} HY(FEAdEI AY9 B/C & AESATE d7ldA 9 B/IC k2 BAS
& EAstA(FAEIEATL, 2009) 24 AGE v E-HY Al JHFde® AFEEH+= B/ICE©l obd FAH] 1007HE
< Table 49 YeERf A AdEE FQ s=EmyL)E Yt A71A stesE
H &Y 24 & HE&FES WdFAY SR EDAN Agrlde] FRT 555 02 mgLE Zsstis B¢ &
He 98 $9U AFEBANAANL AT §AB 2 Fob Age] ©E FAAM &P 9 ug-He BNZ
Pul 59 4YE5FHEL s o] Aed FAB]  FE Ui vgd b 2 g Hol: AL
Table 4. Analysis of benefit-costs for each watershed (T-P 0.2 mg/L)
Cost (Million won) Benefit (mg/L)
Watershed Before After Additional Before After Concentration B/C B/C x 10°
improvement” improvementz) cost improvementl) improvementz) improved
Gyungan A 3,565 3,835 260 0.164 0.092 0.072 2.76923E-04 276.92
Gyungan B 1,405 1,417 12 0.071 0.040 0.031 2.58333E-03 2,583.33
Dalcheon A 1,453 3,187 1,734 0.074 0.036 0.038 2.19146E-05 21.91
Dalcheon B 2,767 8,431 5,664 0.003 0.001 0.002 3.53107E-07 0.35
Bokha A 1,635 1,796 161 0.166 0.105 0.061 3.78882E-04 378.88
Sumgang A 540 1,278 738 - - - -
Sumgang B 7,784 15,149 7,365 0.145 0.079 0.066 8.96100E-06 8.96
Yanghwa A 83 93 10 0.214 0.213 0.001 1.00000E-04 100.00
Jojong A 1,188 1,278 90 0.069 0.010 0.059 6.55556E-04 655.55
Cheongmi A 823 2,499 1,676 0.168 0.147 0.021 1.25298E-05 12.53
Hangang D - - -
Hangang E 1,268 2,757 1,489 0.051 0.041 0.010 6.71592E-06 6.72
Hangang F 9,131 9,535 404 0.035 0.026 0.009 2.22772E-05 2228
Heukcheon A 401 529 128 0.019 0.013 0.006 4.68750E-05 46.87

1) Before improvement : Maintenance and Management Expenses of Environmental Facilities of Each Basin in 2008.
2) After improvement : Total Cost When Improved to 0.2mg/l of Discharged Phosphorus Density. (Facility Investment + Maintenance and Management Expenses)
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Table 5. Analysis results of estimation factors for each watershed
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T-P contribution 6 Water conservation | Water intake Increase rate of Plan for additional
Watershed B/C x 10 o
rate (%) area sources pollutants (%) facility (ton/d)
Gyungan A 21.0 276.92 X x - 6.1 23,800
Gyungan B 4.4 2,583.33 X x - 6.1 2,520
Dalcheon A 0 21.91 X O - 4.0 4,300
Dalcheon B 124 0.35 @) O - 4.0 -
Bokha A 8.2 378.88 x @) 15.9 4,200
Sumgang A 0 o (@) 6.9 350
Sumgang B 24.7 8.96 O O 6.9 13,500
Yanghwa A 0 100.00 X x 15.9 4,000
Jojong A 23 655.55 X x 6.1 -
Cheongmi A 8.3 12.53 ) O 159 60,955
Hangang D 0 - X x 2.3 2,700
Hangang E 4.1 6.72 @) O 15.9 21,000
Hangang F 14.6 2228 @) O 13.1 29,450
Heukcheon A 0 46.87 @] O 15.9 2,300
Table 6. Final selection of T-P priority area
Watershed T-P contribution rate Water conservation area Plan for additional facility Final selection result
/Increase rate of pollutants
Gyungan A O X O Priority area
Gyungan B @) x O Priority area
Dalcheon A X X O Priority area
Dalcheon B O O X Priority area
Bokha A O x O Priority area
Sumgang A X O O Priority area
Sumgang B O O O Priority area
Yanghwa A X X O Priority area
Jojong A O X X Priority area
Cheongmi A @) O O Priority area
Hangang D X x O Priority area
Hangang E O O O Priority area
Hangang F O O O Priority area
Heukcheon A X O O Priority area

Journal of Korean Society on Water Quality, Vol. 27, No. 2, 2011



206 Y= -2 - MY - U= - 2AXY
AL 9Foz 3 A9 & 147 A9 AA FF A A AY 47) Aol FAAHEAG HZA, FSA, BHA, &
Agdder JFHAT wA 4279 Hrtb QA o ZDY 47Ago]l AP AN HEAYL 2Zs
g 7HEAE Fosta 7 A9EE FGUEIAS wid T4 F2& M A5t FUHE QA A" 3-E
geted A4S AP F FGEE Adststel $H g =T 49 b $HoE =dHolol sn 1o BE
T9& AdsA ANAERE 7 FEletA Udstdes 398 Yridt I
A A A A&7 4 SHE7 E2F= Table 790 A2 94483997 dutdEA9S 4822 =9H
Yei Atk @3F, A4B, A<A7E 35 1892 Mg H of & Ao @At FAHEAYS 2ZSl mA=
A q A Ao HREolol & Aoy YEtoen tg A JdEs} AY gle Aow wuET
oz B3, 4B, VAo U 9dDE A7
942 HAE Bole ALE Yeigth 33. 3ol wWRs A EE|
oj¢f Zol 23d ¢ A HEAHY £AE Fig 2¢ %9 WRES HARHE 98 Fu-9 2 BFF 2
Heiglen d9d FHE& 28 J9=E E8&5td & e AE 2 $AMA F9, 718 &9, A48 59 5
O ARE 1y A 48PS ALAALA(1),  pa ZaF vm Aeadd. AN B aAwa 72
FAAEAAU), HEAAD), FAHEAAAV)22 FE ol e 7 FA FEGY 85%E £ E ooz /A
arsiet. A7) skl +AGTAE BEFAS APHER 2] @
A9 Ql A H & FAEHE &8st F 1470 99 2z 349d E 37 ExE 9 2471%e FEsah
9 a5S AP 2% FHAHEAG FEF, 4B, U FQ R FR7IES 20029 1€FH 295
Al 37) Aol +AAGAA HtA, 2B, FrIA A5 FARAEANAXAH FAFERAG) 2w
o] 378 Aol A EAG JIPE, FHA, FAB, £F 2EEE 2 mgL7tA ZASAZAIL 20049 1958 HE 37,
Table 7. Ranking of priority area for T-P treatment
Watershed T-P contribution rate B/C Water c;r;zervatlon Plan fgci?i(:sltlonal Total score Rank
Hangang F 3 2 2 1 8
Sumgang B 4 1 2 1 8 1
Gyungan A 4 3 0 1 8
Bokha A 2 3 1 0.5 6.5 2
Dalcheon B 3 1 2 0 6 3
Cheongmi A 2 1 2 1 6
Hangang E 1 1 2 1 5 4
Heukcheon A 0 2 2 0.5 4.5 5
Gyungan B 1 3 0 0.5 4.5
Jojong A 1 3 0 0 4 6
Sumgang A 0 0 2 0.5 2.5
Yanghwa A 0 2 0 0.5 2.5 7
Dalcheon A 0 2 0 0.5 2.5
Hangang D 0 0 0 0.5 0.5 8
10
= TOtal Score

Top priority area

Priority area

Fig. 2. Classification of priority areas by total score.

THEN s=EEF R M7A A2S, 2011

Potential area




oEs oF

FA 0 2IxEt 3F s

SUxzALe| Bl e Hxue

207

357, 24, 94, A%
snew, dA7A
2010a), 2A| 3FE
&5+ 0.8~1.2 mg/L

FAAG7AA st
2 mg/Ll2 AL e
TR gl @A R L
EEE FEE Ve ik

299 & WHHRF FAVES 0.1~2.0 mg/LY 7A H
AE 7 >, R FL9 EFA FEIEO
0.5~1.0 mg/Lol®, 2 A2 de B/57F 1 mgL W
2 R e e LT 0 FHY JIEE s
daovt g ALz AGANTERE, 1996; EPA, 2007;
Water quality in the European Union, 1991).

T Uy g B AN SUE AHEY s
ALY BRF EU FEE AZEAS o
B2 fHEE A9
# 2 Table 83 Zth 370 FAQ FAMNA
B2 A 2o gustH s EA
EHE &% Fargo] FHol
%9 £2& 0.1 mgL 7HA ZFAA
FLATANI A S =2 A8 A

&
_l?l_

ox, Y

e £

ofi
o

folr i

>

[ = O

B o

iy

0,

N

2

ol

N
o & M W

ox
4
B9

L=

FRAYAAY PFS F 3
A7 sAasdel 157 AYHE Ae ¢ F A
A 5432

2% 4RAY

ooz

Baa) 9@ e
Zas AESolr & gL
=olth. T FAAY AF4FY

AHEE ol 9 Table 991 JeERd uie} Zo] 47] A3
of AFATE HAAT 2 EFJEE 2.327~3.458 mg/LY
A7) E@3ed A ERL Q57 A= 0.460~0.951
mg/LE A HAoH, E55A MYPFEd FEIA 2
AFEHE EUF AL 0.122~0236 mg/LE AT FHYTH
(4%, 2009b). wekA 71E g-HeAE gl EA A
E%‘%‘ o =) F8stE 712 91 0.2 mg/L
72 Agste] BRshe Ao 7ted AR dHh

398 #7}

AN 2Ee AmuE Q) AY FAAEAAS AATER
e H9AHgAe) 6717909, $UAEAGE 6,888
wlhgl, QubA @A e 1481 nhel, A EAIL 2380
Wyglo] 208 A0 HoHth fARYHE ond A4
o2 BuEE FU BE £7 02 mgll NELE EY 148
99) #7142 vl ge] 209 A2 FUANSAR, 2011)

B ATAE @9 WEI1E A, A9 a9
A5AA 52 neld

0%
o oh.)l' ol
o e
off mo )y 2 of ix

o of & oL
0% -
ol
i
o=

_O'L

2oy fol Hr B o

[e]
T A VR

fr o 20 du me &

. b
w
ol
i)
% o
&
e
=
ot
4

0 18 2 oz o)

A ERED

(o]

Table 8. Prediction of grade of water quality after the improvement of effluent in environment fundamental facilities

. Prediction of grade of water quality after the improvement (mg/L)
Watershed Before improvement
0.5 0.4 0.3 0.2 0.1
North-Han river 1b(0.026) 1b(0.024) 1b(0.023) 1b(0.023) 1b(0.023) 1b(0.022)
South-Han river 11(0.050) 11(0.043) 11(0.041) 1b(0.039) 1b(0.038) Ib(0.036)
Kyungancheon 1V(0.262) 11(0.189) 111(0.176) [11(0.161) 111(0.147) 111(0.133)
Jojongcheong 11(0.069) 1b(0.025) [a(0.019) 1a(0.013) [a(0.010) 1a(0.007)
Dalcheon 11(0.077) 11(0.057) 11(0.050) 11(0.044) 1b(0.037) 1b(0.030)
Sumgang I11(0.145) IV(0.102) 11(0.094) 11(0.087) 11(0.079) 11(0.072)
Wonjucheon V(0.496) 1V(0.244) 1V(0.200) IV(0.156) 1V(0.112) 11(0.067)
Chungmicheon [11(0.168) [11(0.155) 111(0.152) 111(0.149) 111(0.147) I11(0.144)
Yanghwacheon IV(0.214) IV(0.213) IV(0.213) IV(0.213) 1V(0.213) IV(0.212)
Bokhacheon 111(0.166) 111(0.125) 111(0.119) 111(0.112) 111(0.105) 11(0.098)
Heukcheon 1a(0.019) 12(0.017) [a(0.016) 1a(0.014) [a(0.013) 1a(0.011)
Table 9. Field study results for phosphorus removal
T-P (mg/L)
Swage treatment plant T-P treatment process
Raw water Before treatment After treatment
Chemical precipitation
A + sand fillser +p MDF 2321 0.951 0.136
B Chemical precipitation 3458 0.460 0.122
+ sand filter
C Chemical precipitation + MDF 2.725 0.755 0.198
D Chemical precipitation 2.327 0.862 0.236

Journal of Korean Society on Water Quality, Vol. 27, No. 2, 2011



208

YT - dey - HYT - YL - AY

AZ13, FEFIRAGL 03 mg/LE A3,
0.5 mg/LE thh ¢3td 75L& A &3}

A ZHE A5H Ll o
A zp steAE gui F19

o BUF FA AY 3L F=

1A Y A FUL 4672 mgLE FHHO 0.784
mg/LE WREH 832%9 AZFEES EHAth wA ot

FADZAN 29 32 AP W PRF F 5
47122 A5 Agshe WL 1A & ATk £F E
A A Y =99 PUEIF % wY, 24) w
A agel Aok JoBE ALHOR U A 33
=qo] hE 3RS £ F271% ASHSE wY 2

2 dFdME THE A5H& g A HRS F
@)= Table 109 AAISIH LW 7|Esk,AE Fe W
< 2 FHA)T U AATE AXNE zHF O
(B) & 27HA ¥HE AT

AY(HAF9E A58 L8 g FJ RS HHHE
E B AFdA I A AE HEEY 2 ¢4 F8F
o MAEAEE 8 WPz FYQIEFFHIAEY
dAFDER FHFE 2E5S ot IFEE ASHE
AFE getoltt A Tae mE ¢ Vo Ee A4
YRSTY 9 FF7 AL AXHAY & 1Y FF
F7HE AAStE A8 Hgsta 1 854 W 1F

o

Al
=
M2 A5 AT odF WS HEuAs B
a1 48y
w2
|

AAH 4, 3 5 B AA deded 7t
T2 ETFE AE Q VdES B3 F91 v EF5E]
B2 T EAAdel b2 ST EAYAEAT 59
Z2 9 gstd FAVES HELE F JoEE FHFF
o2 FAEY 97t vty #gdnh

2 A3 147 BGel dig 9 Az HEEY o
4 HETYG AP =59 AHRE E&3d HFF 5
ZE A 2FE Table 113 2ok 7H3 Z43d @i

111, il al
GAH o2 Fitete Ao 28T AR HEH

2 dFdMe BY9E dRT

A
A ARl MEFE FA9

[e)
—

1))

2)

3)

FEE A8EE IFI2 FA HEddes ERd @
BF, A4B, AUAY ) BGL= 02 mglld YFRF 5
=2 dEHgled, A4 AEAGA IFIVY AZA,
F3lA, ZHA, FEDY 4 BHLS M gstE RS

ST E9 0L

V&Y

2EE ==k
SEERAAILY Ql 7dE BAS 39 3 FH
v @3 A A7 EsteAE g 269 C
A2, 594 Bl-B2stsAE, AsteAE g, Ft
9 JEFAYE £ Q@V|dET}t EA %
ol strFTAAAERYH FAHeR FA WEF 4
Zol a7HEch wEH FAY FahFo
He HlEol & R AFA, FUAB, FAF,
B9 o yehgth
#9949 HHdY= dFHY
FEEAYALEY TRTFE
H &3 22 Qs AAE
"ol B40A 7HE =2 B/
BolH, I 2 ZFA, BEIIA,
Haak o A" HE&AQ H4F 2
1470 A9 257 o A 4&
on, ¢l A ¢4 HE&TH W
F, 44B, 3%4A7 &5 1¢9=2 A
Ao dgHgden, 44849
, AUAg 37] A9, H&AQ FAE,
ZFAY 4 ABY, FAHEAGA HEA,
AA, IADY 4MBY 2 JERTh
QR A E AT AG9H 354
BES79 02 mgL, #4879 03 mgL, 71EHA
mg/LE A5 A&3te Fiol Bdsttta #uH

W A5HES AERH SEESE

i)
oft
fol
2
Jo

X,

)
12
=
2

tfo
off rx
foe Lo

s
i,
z

o gy S
f o

(o3

= -l&
et

>

i)

fe e
a
o B 4y

i

ul

29
> A F
[o rlo
f on

M 18
(e > e R A A &1 A

r O
g
o2
o

A

v}

re
iy
£
ox
o x

=
ox rr
18

XL ofv 1
=ha

_l)'

m o
L=l
rr

ox
n

2
ot _Ih{I 9
ol
T
7 5

do oy

>

0,

£
>

o

2,

ol o ot

W W

>

of gl
oo
rlo
o
&
o

(=}
W

on
J ol §

o

W 1

Q291

Table 10. Plan for strengthening the T-P effluent standard by the separation of treatment process

Pl Standard activated sludge process Biological nutrients removal
an
Conventional treatment ‘ Filtration, Stirrer/Clarifier Conventional treatment ‘ Filtration, Stirrer/Clarifier
A 0.5~1 mg/L 0.2~0.5 mg/L
B | mg/L \ 0.6 mg/L 0.4 mg/L \ 0.2 mg/L
Table 11. Plan for strengthening the T-P effluent concentration by the separation of priority area
I II 111 v
Group . L . .
(Best top priority area) (Top priority area) (Priority area) (Potential area)
H F Dalch B
angang =, aieheont B, Hangang E, Heukcheon A, | Sumgang A, Yanghwa A,
Watershed Sumgang B, Bokha A, Gyungan B. Joionz A Dalcheon A. Hangane D
Gyungan A Cheongmi A yung > Jojong cheon gang
T-P standard (mg/L) 0.2 0.3 0.4 0.5

23PN sREaAsE M FH2s, 2011
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