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Abstract

Namgang mid-watershed is located in downstream of Nakdong river basin. There are many
pollution sources arround this area and it s control is important to manage a water quality of
Nakdong river. A target year of Namgang mid-watershed water environment management
plan is 2013. To predict a water quality at downstream of Namgang, we have investigated and
forecasted the pollutant source and it s loading. There are some plan to construction the
sewage treatment plants to improve the water quality of Nam river. Those are considered on
predicting water quality. As results, it is shown that the population is 343,326 and sewerage
supply rate is 79.2% and the livestock is 1,662,000 in Namgang mid-watershed. It is estimated
that the population is 333,980, the sewerage supply rate is 86.9% in 2013. The milk cow and
cattle were estimated upward and the pigs were downward by 2013. The generated loading of
BOD and TP is 75,957 kg/day and 4,311 kg/day, discharged loading is 18,481 kg/day and 988
kg/day respectively in 2006 . It were predicted upward the discharged loading of BOD and TP
by 4.08% and 6.3% respectively. The results of water quality prediction of Namgang4 site were
2.5mg/L of BOD and 0.120 mg/L of TP in 2013. It is over the target water quality at that site in
2015 about 25.0% and 9.1% respectively. Consequently, there need another counterplan to
reduce the pollutants in that mid-watershed.

Keywords : Mid-watershed, Water quality prediction. Generated loading, Discharged loading

Corresponding Author: Jae Jeong Yu, Gum River Water Environment Research Center, Okchen 373-804, Korea Tel: +82-54-730-5601
E-mail : youjj@korea kr



544  EEFEEIL M2AH M4z

LA 2

A%o] 185.6 kmO&EA YH7doflA]
FAof HARAL 3,461 ko2 4
S, ol 91 7eh 2.9
ol sIol slo] ¥ S5 2Rl
oolA The FRe Feolth, BARAAE a&

21 SRS 919 20069 9¥el WA 718
2] B 7| 2AB (06~ 15/ S5to] A
3t ot B AL vl A7k A A oA

O

Z
2
3
3
S A F= ZAY o - 5 & gk
oy foue mdo] HAE 7|E ooz 3}
3 Q) o] A4S ] B AN Hael 7)E
WS AAISHL glom 8 Ao 2 A= ASt
53 24, FolEdREE obHd el T
AA 78l T - At - SR G Y] ESAAR 7
s} A AFHFAES] B Agat F2F HHoe
HYT} FAHEoRO] A w|F S} Eedt
Z A A e teh S 71 A B4 g
stel 8357 52 s Qi o)A AN
A glAe sl ] AL dE Aol FAloIoLt
S5 7|EA YA e ARA 3lEat
Al a7t o Ex22 Fof ok, AT =3
e 7| EA oM o] @ FRE e At
ot st FxA Aol o3| AR 7H
Z93F RS A5l Qi)
GG @AY dsdgez
sto] TElehal Qo EAEEYge Y ol
Bl Y57 SRE7HA 2 77.6kmo] sl
olm] FHA L 7} AA H 4 34.2%°] H
. F FYoe HF

(21%) 2 1149(10%)°] Hilf»‘}ﬂ A
1= 3437 ol At E
ool YA Qlo] LAEH
TR LA ol ol (EH

fpAs) ﬂg%ﬂiP@&iﬁ%L%k(BOD) g 22l
(TP)&] L. AH3} 7o &2

oo jo o b 12 Hr Ao
o M &

¢

0
-

F7rEHdo] AA|5H= BOD U TP 24

£ 7¥7}F 99.1% 90.2% 24 Y7teRel @ dxis)
© A5 dge] gRES AA s JSS g
itk

A 99 71 2AYA S B aheg T Y
Aol 671AAAEETFE 167,000 m?/day), ATti
StEA P A 327 A A AGTFE 1,792 m?/day),
B d a0AR 432 355m?/day) 7} 912
m o] fof|e TtERk HPAE 2704, HeFT
A AA 54 Fol &% Foll ik SdY i
X]x%o] 40 q—]?ﬂ— 1:H 1 A& 2015 =3
3+ BOD % TP7F 242F 2.0 mg/L 2 0.11
mg/LE AA= ] itk 22y A 10497 BOD
ot TPO| s+ 27 3.08 mg/L ¥ 0.117
mg/L °]glon 20079%9] WHF%EE BOD
2 TP7} 242} 2.45 mg/L % 0.138 mg/Lo2A
FARFEG A UL Qe AS o 4 Slch

olg|gt +A=RE FA57| flste] S Aol

A E4e 9 ulhede) Pelgs), 712
A4 B W A2 Eg AL 97 e 58

Fotol QGRS RS A w2l S ohn Un,
2 =Res wRE Ul Bop, ¢ =
oI 212 ogpd

B R
A, 7EH Lol ANt B3t BEHe) B
s 74]@ BRarol 2013L%77}z] !

;ﬁ &
oL
o

rf
-4
ok

1. kgl Bgt

B FUAS W SR Y5 AR
77.6 kmo Fahy 7+e 5 A& =75}



545

U ™ o O J|l
N w PRI ESR B oMo M FETYE MY G
Z b < By o N e o % o < nE o k@
M TEE T3 oo bo oF R T a5 m2 T &
— oFl I - oA N oD A e =
7 { T = o go & o g o
8o o A o
® o 2F=Z2- A g T QE W e
i K __M:_o{nmm_h wrﬁramﬁ% w_eﬂmﬁ%%mrwe_a9m
t g Zpgsl  £fRF PgrImcoizet
m = el W or JEH KO R_H m ojiy XO == ol © 2 ﬂl
< D__“._ ol = "< .H_A Nr iy ﬂo _ﬂ m - | N M %o = R B
§ < < Ho . ooy = < 2o — ~ K
. wm Suiitzr 3EETEe w SSFZe 5T
W oW 8 oo g O ~ o T B Cm <oy =
rEoo Ygifke MIalza IR E
A T A A K ooy b I B DT p
o B - S . - SEXR g TR L F Ao g
Sol W myp TEEXR |xﬂiszMﬂl_t oz F a5 b &
T M oxPEdT Fexdwmy BoLgERYekes
N = N .m_lo o T oo B Kl i~ hS! B HORK N B Nr = 7 X ®rOAr S
e a0 gl R & < <+ w A Nz e o o] R/
R e el T wraa OV
= ™ R o 8 <t ol B X N 7o) R T H B T W
« P BT ke BT~ =X R e ~ X < ~
EEEREERYEE NLE S N
59u_mmo &oﬂuev\uﬁﬂu evem,_l aMﬂﬁqlio
p— - Uy v =
3 B.Ax.wnwwﬂopo@wjm%% K Ewm %%ﬁzt
& SR REERgY R TR me T ROk
& o_m WO g Bo X° w UF LLH = = o Mo T o B
S b o AT T mo R NP . B OED NN
: PERERLTRRYE S3E of % o T
£ Mo 7 o5 b A UF o B - R M T
0 oo e v W g N W o
2 d].m2%_znu.u_1,muevmﬂ1r IE R . L SCle
S pliSgagrnEwd xEgE B %k
0 T " g 0 = o 50
S Mol TekwolfEy<ZXd o o= LMo
o .m.._m_oﬂ.‘maummyﬂwﬂ%lm%oﬂ\m M.._Nr”&%xdu
= = __ M ju xS B R ar - =
5 5 ° A N e e Xy A %%Omﬁﬁ
g SR frxleaeTel P b TN
— N v - N ;
= LRI LELoEEgETE D Aacil
™ o0 — r a2 m o 0w X 05 o B o
2 B ) "o Br B o' e 2 o 7o — oy
] |F BEgRSrcoTRELESS BEEL
* et d Y g e s o o 2k
=3 0 "X Al X 2 of = do
T o B ol oo B om M ok o SN 8 i BT !

shoiet.

o

95}
0.2 km=

A
o

of o] 31747] 24 2) 4| o]

=)
R 3

7

-

.

=
Jo

Sito] 271
Altale 74

o

2} 100709 element®
6. ~EDE
@ AlYE|22: H7

(element)

3}

)

ol A AJA]

=

A

7147
of whet g AN AT 58

]

=

ZAR:S

2
=

BE 71eor siglom T 5 Ane| HAFol
2] 7]

w4l 275t dR

o



546  EATEEIL M21H M4z

BOD TP
o | o o
e
R o
8 P
@ — o
o o
o = - —_—
o 1
w — o 1
i
. = !
-+ — ! (=]
i
o
= -
E =
s e 1
| Py |
[ =
(a) BOD box plot (b) TP box plot
S 8 =
- ® ° -]
c o c
g o £ s
= ° = . 3 8 R 5
@ ‘
E ) E . o 5 o o
g . % B . g = o ‘v R T
o v k %y a ° © ° 0’ %o s’ o L)
5
S o pe uuo o - a oo & _‘Lﬂ_giu c o | ,_@Dolug_ . -e-ﬁ-g——°-rg(° 5,
x| o Tl e o a8 o e 5 ¢ o ° 6 oo |-
% @ o ° © o ¢ 0p° | % o, o od
c o~ o r% L °FPDD - “a " o0 ° L] Q o 0 O“ noD o
© o
8 2 o @ i ® S B o )
a o m
2 T T T T T T ‘o -
we 2000 2002 203 200 2008 1088 2000 2002 2004 2006 2008
Year Year

(c) BOD long term trend

(d) TP longterm trend

Fig. 2. Boxplot and longterm trend of BOD and TP in Namgang 4 site from 1998 to 2007
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Table 1. Populations each small watershed in Namgang mid-watersheds

Small watersheds

Total population

Population of

Population of no

sewerage supply

treatment sewer treatment sewer ratio (%)
Namgang haryu 6,291 2,111 4,180 33.6
Banseongchen 9,750 2,769 6,981 28.4
Banseongchen haprjyujum 54,389 42,527 11,862 78.2
Sekgiochen 6,617 40 6,577 0.6
Youngchengang 16,413 5,845 10,568 35.6
Youngchengang haprjyujum 198,315 193,131 5,184 97.4
Eryongchen 14,204 9,224 4,980 64.9
Jeongamsuwepyo 6,619 823 5,796 12.4
Hamanchen 27,175 15,134 12,041 55.7
Hamanchen haprjyujum 3,553 160 3,393 4.5
Total 343,326 271,764 71,562 79.2
Table 2. Livestocks each small watershed in Namgang mid-watersheds
Small watersheds milk cow | Cattle Pig Horse | Antelope | Deer Dog Poultry
Namgang haryu 892 | 2913 | 15829 0 100 0 591 60,288
Banseongchen 930 1,871 6,965 0 1 0 0 400,615
Banseongchen haprjyujum 517 338 8,291 0 0 0 0 25,549
Sekgiochen 694 863 | 11,689 0 0 0 0 17,568
Youngchengang 2,813 2,771 14,770 0 1,364 886 78 96,087
Youngchengang haprjyujum 173 229 1,193 0 2 0 0 128
Eryongchen 497 2,073 6,295 0 296 34 913 119,356
Jeongamsuwepyo 922 827 7,650 0 125 72 36 167,195
Hamanchen 1,011 2,043 53,483 0 0 0 0 340,839
Hamanchen haprjyujum 293 1,330 4,055 0 186 0 396 1,823
Total 8,742 15,258 | 130,220 0 2,074 992 2,014 1,229,448
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Fig. 3. Forecast of population in Namgang mid-watershed
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Fig. 4. The ratio of generated and discharged loading of BOD and TP each pollution source in Namgang mid-watershed (2006)

Table 3. Generated loading of BOD and TP in Namgang mid-watershed

Small watersheds O cfery) TP (kg/day)
2006 2013 2006 2013
Namgang haryu 4,909 5,158 410 417
Banseongchen 5,854 5,963 425 429
Banseongchen haprjyujum 6,514 6,748 305 313
Sekgiochen 4928 4953 282 285
Youngchengang 7,835 7,963 578 586
Youngchengang haprjyujum 17,478 18,016 465 478
Eryongchen 9,887 10,0601 324 330
Jeongamsuwepyo 4,252 4,412 295 302
Hamanchen 12,369 12,815 1,085 1,099
Hamanchen haprjyujum 1,931 2,088 142 146
Total 75,957 78,187 4311 4,384
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Table 4. Discharged loading of BOD and TP in Namgang mid-watershed
Small watershed EOD ez WPl en)
2006 2013 2006 2013
Namgang haryu 961 1,105 56 62
Banseongchen 1,738 1,035 83 88
Banseongchen haprjyujum 4,119 4,054 288 296
Sekgiochen 997 982 47 49
Youngchengang 2,332 2,145 112 120
Youngchengang haprjyujum 3,238 3,153 124 137
Eryongchen 1,305 986 76 84
Jeongamsuwepyo 1,159 1,116 62 67
Hamanchen 2,051 1,911 110 114
Hamanchen haprjyujum 581 726 30 32
Total 18,481 19,226 988 1,050
Table 5. Delivery load of BOD and TP each observed and calculated in Namgang mid-watershed
small watershed 2008 BOD(kg/day) 2008 TP(kg/day)
observed calculated observed calculated
Namgang haryu $17,551.2 630.0 )348.9 58.5
Banseongchen 485.3 887.9 21.6 84.8
Banseongchen haprjyujum *)7,684.4 3,573.1 )204.1 291.1
Sekgiochen 318.6 499.2 19.7 48.5
Youngchengang 149.8 1,287.7 4.1 115.8
Youngchengang haprjyujum )6,300.4 1,140.7 1725 128.7
Eryongchen 87.6 853.3 1.5 787
Jeongamsuwepyo )13,846.6 710.0 )295.6 64.0
Hamanchen 501.5 1,221.4 12.8 112.1
Hamanchen haprjyujum )11,889.3 362.2 )363.3 30.9
*) Namgang mainstream loading
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Table 6. Comparison of simulated and oberved value
Position BOD(mg/L) T-P(mg/L)
Simulated Observed CcC Simulated Observed C.C
1 1.587 1.5 0.061 0.063
2 1.587 1.5 097 0.060 0.066 0.62
3 1.757 1.6 0.068 0.084
4 1.964 2.0 0.085 0.084
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Table 7. Reduction of BOD and TP discharged loading each scenario in Namgang mid-watershed

BOD(kg/day) TP(kg/day)
Small watershed Scenaro 0 Scenaro 1 Scenaro 0 Scenaro 1
2006 2013 2006 2013 2006 2013 2006 2013

Namgang haryu 3,948 3,985 3,948 3,985 354 339 354 341
Banseongchen 4,116 4,303 4,116 4,402 342 365 342 369
Banseongchen haprjyujum 2,394 3,843 2,394 5,362 17 67 17 70
Sekgiochen 3,931 4,139 3,931 4,144 235 256 235 261
Youngchengang 5,503 6,987 5,503 7,127 466 448 466 452
Youngchengang haprjyujum | 14,240 17,740 14,240 17,750 341 428 341 430
Eryongchen 8,582 8,548 8,582 8,508 248 236 248 238
Jeongamsuwepyo 3,093 3,120 3,093 3,120 234 234 234 238
Hamanchen 10,319 11,284 10,319 11,332 975 1,044 975 1,047
Hamanchen haprjyujum 1,350 1,596 1,350 1,596 112 130 112 135
Total 57,477 05,545 57,477 67,387 3,325 3,548 3,325 3,581
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Fig. 7. Results of BOD and TP prediction with QUALKO2 in Milyanggang mid-watershed
Table 8. Predicted concentration of BOD and TP each scenario
Scenario 0 Scenario 1
Taget year
BOD(mg/L) TP(mg/L) BOD(mg/L) TP(mg/L)
2013 2.8 0.140 2.5 0.120
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