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Abstract: For the management of rivers, the target water quality is set by establishing the total

amount of water pollution and water environment basic plan. For Geumho river T-P has achieved
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the target water quality, but for BOD, COD, TOC the target water quality of the water environment

basic plan has been exceed for the past five years. Therefore, the flow rate for satisfying the target

water quality was simulated by analyzing the load, load density, and pollution contribution rate of
the Geumho river using BOD, COD, TOC and by utilizing QUAL-MEV a one-dimensional water
quality model. According to the analysis of the load, the BOD, COD and TOC all showed the highest
levels at the Geumho C point at 9,832.2 kg/day 20,656.6 kg/day, and 15,545.1 kg/day. The load
density was highest at 9.47 kg/day /km?, 37.55 kg / day /km? 30.20 kg /day /km?, and 17.19 kg/ day /
km?, 39.14 kg/day /km? in Dalseocheon stream during the wet seasons and dry seasons. Pollution

contribution rate was highest at about 25 percent for Palgeocheon stream during the wet season and

about 50 percent for Dalseocheon stream during the dry season. In addition, the correlation analysis

between organic materials showed in the main stream and tributaty of the Geumho river that
COD-TOC was 0.8 or higher than BOD-COD and BOD-TOC in both the wet seasons and dry seasons.
And after surveying the total amount of water pollution and the target quality of the water

environment basic plan at Geumho C, it was analyzed that an additional flow tate of 14 times and

22 times was needed as of April 2019 (3.46 m?/sec).

Keywords : Geumho river, Load, Load density, Flow rate, Water quality improvement
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Figure 1. Map showing sampling site in the Geumho river.
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Table 1. Water quality item, units, and analysis methods

item units methods
BOD mg/L Winkler-Eiside Sodium Method / Electrode Method
Water Quality COD mg/L Analysis Method by KMnO,
TOC mg/L High Temperature Combust Method
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Figure 2. Precipitation and water quality during 2015 ~ 2019 yr in Geumbho river.
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Table 2. Water quality criteria of river environment
(unit : mg/L)
Level Very Good Good Goodish Ordinary Baddish Bad Very Bad
eve
Ia Ib i I v v VI
BOD 1> 2> 3> 5> 8> 10> 10<
COoD 4> > 1> 1<
TOC > > > > > > 8 <
Table 3. Result of water quality data in Geumho river
Dry Season Wet Season
Flow BOD COD TOC Flow BOD COD TOC
(m¥/ Conc. Conc. Conc. (m¥/ Conc. Conc. Conc.
sec) (mg/L) Class (mg/L) Class (mg/L) Class sec) (i) Class (mg/L) Class (mg/L) Class
Ge“;\“h" 10845 27 | I | 74 | IV | 52 | IV |21336| 18 | Ib 77 | v | 55 | IV
Main | Geumho |\ o0l 38 | | 79 | v | ss | v 32031 21 | 1 80 | v | 54 | 1v
stream B
G"“tho 26101 | 44 | MW | 92 | V | 69 | V |48429| 49 | m | 102 | V | 80 | VI
Bukan | 00071 25 | 79 | v | se | v | 2| 17 | 88 | v | 63 | Vv
cheon
Omok |y g7l 3y | | 76 | v | s4 | v | 3868| 17 | ® 82 | v | 56 | 1v
cheon
Tribu | Nam -y cosl ug | m | 84 | v | 60 | v | 2787] 32 | m | 83 | v | 55 | Iv
tury | cheon
Palgeo | o551 25 | m | 68 | m | 44 | m | 4508| 18 | b | 69 | m | 51 | IV
cheon
Dalseo | eyl 34 | | o5 | v | 78 | v | 34| 21 | 1 84 | IV | 67 | V
cheon

w27 w70 A A3} u7ke-7]ol= BOD,
COD, TOCS] 7% 2.7 mg/L ~ 4.4 mg/L, 7.4 mg/L
~9.2mg/L, 5.2 mg/L ~ 6,9 mg/Le M= Yet
oo, 7)o 1.8 mg/L ~ 4.9 mg/L, 7.7
mg/L ~ 10,2 mg/L, 5.4 mg/L ~ 8.0 mg/L2] ¥
15 HeEtligleh A9 A4 At vl
© BOD, COD, TOC] A9 9.5 mg/L ~ 4.4 mg/L,
6.8 mg/L ~ 9.5 mg/L, 4.4 mg/L ~ 7.8 mg/L2%]
HEE Uil on, 7970l L7 mg/L ~ 3.2
mg/L, 6.9 mg/L ~ 8.8 mg/L, 5.1 mg/L ~ 6.7
mg/Le] W9lE ek sict, sH ARaE s 20
H] gt Az} u]7-9-719] BODE I ~ 11 53¢ 4]
2 o= o 4)(F3B, 23C, 9, GAHAH
1} 749-7]9] BODE b ~ III 539 HYE &3¢,
FHolA 5.0 mg/L olskel ®EF(I) e S Uet

ek, w7719k 49719 COD= 1 ~ V539 |
HI7F9-719) @A, 9719 350 Aol A
247+ 9.5 mg/L, 10.2 mg/LO.&2 WYE(V)55< HEt
YL w9719 TOCE 1T ~ V 539 MYz &
AZHolA 7.8 mg/L, WE(V) 5 Herfglen 7
£719] TOCE IV ~ VI 552 HYZ F35C 2|50
A1 8.0 mg/L, WU (V) Sa= YE ST, sk
AL 7123} ofof gt W82 Table 2, Table 3
off AIAI8FSATE,

Table 31} Figure 39 537 278t F2] v|7t
719} 7F87) FE ApolE FEER A EH BOD
= A7), Z397) sAtolE Holu, |77
g 52 55 Yetyiqdrh. Jung et al, (2015)2
BOD& HiAIR ahdol o] A2 A- 4470 5%
7b = A versthar shglom, of 2] Adsidtel U]
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Table 4. Load and Load density in the Geumho river

Dry Season Wet Season
BOD COD TOC BOD COD TOC
Area
Load Load Load Load Load Load
ity ]El(()a? density %1227 density IEE;? density ]El(()a? density %1227 density IEE;? density
£ (kg/day/ (kg/day/ (kg/day/ g (kg/day/ (kg/day/ (kg/day/
L R R R A I R I e
Geumho
A 96.19 | 2,5174 | 2617 | 6921.4| 7196 | 48662| 50.59 | 3,305.8| 3437 |14,181.9| 147.44 |10,052.7| 104.51
Main | Geumho
stream B 8226 | 5,593.1 | 67.99 | 11,649.9| 141.62 | 8167.7| 99.29 | 57004 | 6930 |22,227.9 | 270.21 | 15,046.8 | 182.92
Geumho
C 65.85 | 9,832.2 | 149.31 |20,656.6| 313.69 |15,545.1| 236.07 |20,447.2 | 310.51 |42,568.1| 646.44 |33,530.1| 509.19
Bukan
cheon 115.88 1053 091 3369| 291 2402( 207 2527 218 | 1,3024| 1124 941.6( 813
Omok
cheon 22024 | 4879 222 | L191.0| 541 8520 3.87 5703 | 259 | 2,735.7| 1242 | 18557 843
Tribu |~ Nam 10851 6358 | 586 | 12280 1132 873.71  8.05 7626 7.03 | 1,9940| 1838 | 1,3245| 1221
tury | cheon
Palgeo
cheon 102.88 1408 | 137 3838 3.73 2476|241 707.2|  6.87 | 2,736.0| 26.59 | 2,015.6| 19.59
Dalseo
cheon 6585 | 1,132.1 | 17.19 | 3,133.6| 47.59| 2,577.5| 39.14 623.5| 947 | 24724 3755 | 1,989.0| 30.20
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+ BOD, COD, TOC®] 7% 26.17 kg/day/km? ~
149.31 kg/day/km? 71,96 kg/day/km?* ~ 313.69
kg/day/km?, 50.59 kg/day/km? ~ 236.07 kg/
day/km?*¢] HIE et gl e, 7Fe-7]oll= 34,37
kg/day/km? ~ 310,51 kg/day/km? 147.44 kg/
day/km? ~ 646.44 kg/day/km?, 104,51 kg/day/
km? ~ 509,19 kg/day/km?2] S et

ARel fRESHUE BAAH HGETIo
BOD, COD, TOC®] 74%- 0.91 kg/day/km? ~ 17,19
kg/day/km?, 2.91 kg/day/km? ~ 47.59 kg/day/
km?, 2.07 kg/day/km? ~ 39.14 kg/day/km?2] ¥
5 Uetlisleh, 49719l 2.18 kg/day/km? ~
9.47 kg/day/km?, 11,24 kg/day/km? ~ 37.55 kg/
day/km? 8.13 kg/day/km? ~ 30.20 kg/day/km?
o) 9I2 ehigich, Bl7e7) £ BE 95
of| A DA o] mf - =2 sk Rl =
£ Uetl sl ol EA s A et HRske
Aol S15H ] A W Ao B
SEth, Sebd FAH 52 fHA o] 115.88
km?} 102,88 km?& ELX]UP 0.497 m?/sec®} 0.655
m®/sec?] AL FFOE Qg W FEFUEE
U SLAL, DAY A9 F- A2 65,85 k=
Z2]"E 3,831 m?/sec?] W S

YRSUES et Ro2 2AbEl,

ol2fgt FEFSUE HIE Fol AF LAY
A Hl e word & 9l 55—‘_? ]Troﬂ EH e

o3 43 4] ojo} e
4 el ol 58 A0 ek

3. 25 XIF0 st LHESt 7|oig BN
Table 5= 27 A7} 2570l vl H7Z-97]
& 7971 24719 AfolE FEEE Ul
w27 A9 7]9&E BAR 43 BOD 352
A7)0l GAH 45,3 %, FH 25.4 %, S EBH
19.5 % &o2 7]ol& Lﬁhﬂ&’i&ﬂ% AE71ll=
S 26,1 %, GAH 24.2 %, LB 21.4 %+
7105 UE St 53] v ]ole EAHE
o} WA 9] BOD =7} o =) LR at 2] Hoj
e tde meh 3 9 kA edol A WRE=
R Js wol wot figo] F7sto] gk
o} 2 7|9 &S Yefle 222 2ARE ST COD
-2 H|74-7] o= YA A 50,0 %, A 19.6 %,
9 19.0 % 202 7192 Yeyglon, 7
Q7o TAH 24.3 %, LBH 24.3 %, GAHA
22.0 % =22 7|98 YEPH St} TOC F5-2 H]
7o) = dAH 53,8 %, I 18.2 %, L EH
178 % =22 7]ol&g Ul on, 49-7ol=
ZAH 24.8 %, GHH 24.5 %, LEH 22.8 % &0
2 7]01&S Yehgich COD §53 TOC -2
HI7S7los g, 3, 08H 08 27
ol&S Yetllon, 7197l TAH| M =2
71o&& Uepy it IAHE] 5W7t Hat F2
H| 7F-9- 719 749719 Z+Z} 0.655 m®/sec, 4.598
m?®/seco| A/ 9F 2018 = of 1,330 m?/sec, 21,061
m?/secZ °F 2ul], 5ul| F-EFo] S8t o= 3
O 2 Ql3f LR sIgo| F7Iske] 7ol =2 7]

Table 5. Analysis of water quality contribution rate in the Geumho river

BOD Contribution Rate COD Contribution Rate TOC Contribution Rate
Dry Season Wet Season Dry Season Wet Season Dry Season Wet Season

Dalseo 453 Nam 2.1 Dalseo 50.0 Palgeo 243 Dalseo 538 Palgeo 248
cheon cheon cheon cheon cheon cheon

Nam 254 Palgeo 242 Nam 196 Omok 243 Nam 182 Dalseo 245
cheon cheon cheon cheon cheon cheon

Omok 19.5 Dalseo 214 Omok 19.0 Dalseo 2.0 Omok 178 Omok 2738
cheon cheon cheon cheon cheon cheon
Palgeo 56 Omok 196 Palgeo 6.1 Nam 177 Palgeo 5o Nam 163
cheon cheon cheon cheon cheon cheon
Bukan 40 Bukan R7 Bukan 54 Bukan 116 Bukan 50 Bukan 116
cheon cheon cheon cheon cheon cheon
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Table 6. Pearson’s Correlation Coefficient of BOD, COD, TOC in the Geumho river
BOD COD TOC BOD COD TOC
BOD 1 0.737** 0.638%** BOD 1 0.856** 0.887%*
COD 1 0.853** COD 1 0.950**
TOC 1 TOC 1
Main stream
BOD 1 0.532%* 0.466** BOD 1 0.219 0.163
COD 1 0.912%* COD 1 0.806**
TOC 1 TOC 1
Tributary
Dry Season ‘ Wet Season
** Correlation is significant at the 0.01 level (2-tailed)
o}&-< ek 202 ekec, 2 4BVAE Lehfsin BOD-CODE 0,532,

T357 5% 9 A& 17]1E(BOD, COD, TOC)2|
FHBAE ototstr] §1sto] Pearson A A 4
(Pearson’s Correlation Coefficient)S A A5}t
(Table 6), H7H-9-719}F 79712 26k #A4E 4
AL v77]o] 24 EFollA= COD-TOC
7F 0.8530.% 71 =& AHHAE YEye
BOD-COD7} 0,737, BOD—-TOC7} 0,6382] Ayt
AE YER e, #]5¢] %% COD-TOC7} 0.912%

14.0

12.0

BOD-TOC+ 0.4662] A1 E Yetiiglet, Cho
et al. (20190 47| RUE ARE o83t FFT
FASBO| H A A A o] B Atof A
TOCS} CODE] AFmb BA AT 085008 &2 ot
o} o] TOCet COD7} Aa/gdo] =il B gk vf
Utk A7l 2E5FellA COD-TOCIA 0,9502
2 7P =2 AAEAE YER 9l e BOD-TOC
7}0,887, BOD—COD7} 0,8562] ARHHAE Ueh

14.0

12.0

100 * - 10.0
g . AJEE =)
E = £ —
o 60 o 60 + ,
(e} ]
O 40 Ll X}
y=0.9477x +5.0281 y=0.5631x +4.438
2.0 R2=0.7405 2.0 R2=0.3878
0.0 0.0
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
BOD (mg/L) BOD (mg/L)
Dry Season
14.0 14.0
.
120 12.0
. e -
=100 L =100 *
B s0 = * B 0 i 3
] 1 .
g E . P &
o 60 o 6.0
[e] (]
Q 40 = a0
y =0.9798x +5.3856 y=0.765x + 4.2749
2.0 R?=0.6713 2.0 R?=0.6218
0.0 0.0
0.0 1.0 20 30 40 50 60 7.0 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
BOD (mg/L) BOD (mg/L)
Wet Season

Figure 4. Regression equation of COD-BOD and TOC-BOD.
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15-2] 29 COD-TOC7} 0.8062%2 714 &=
£ Yehy¢lar BOD-COD, BOD-TOC

0.3 oJs}9] w2 AHAE et STt A5l
Al BOD®} COD, TOC}He} ArkakA| 7} COD-TOC

Hop 93y ZRETE U olf= AR A& 17
I e Aol A el F71EY Y dFe=
HotEh ol Jung et al. (2015)9] Aet= 22
Axfolt}, EFoA &4=7]o] BOD-COD, BOD-
TOCY] A7} =2 A 792 sl f-9olA
FEHE L EY F AR 718 S 9
PO & wrtEn H|Z<=7]of] BOD-COD F2dA 7}
=2 Olfre R 49E =Y 508 b lﬂ%ﬂ—
A R71E9 dFor dddEYy, AR 347
BOD—-COD, BOD-TOCE A I3t & 51t 4
TAE FYs Ao 2 E4 =9t

TOC-BODS} COD-BOD®] 3| HAlS Figure 4
of et leh, & ¥4 AtoJollA] 415k 3] 71412 H]
742-7] TOC = 0.5631%BOD+4.43800|1, COD =

=
N
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-e—cal. —obs.
20
o
a
v 15
L)
E
210
=)
w
5
0
1 5 913172125293337414549535761656973778185
Distance (km)
8
-e—0bs. ——cal.

a ~

]

BOD (mg/L)

N

[N

o

[N
=
[
N
[y

31 41 51 61 71 81
Distance (km)

0.9477#BOD+5,02810]t}, 7+9-7] TOC = 0,7650%
BOD+4,27490]1, COD = 0.9798+BOD+5, 3856
olth, 3]HA9 7]&7] HZ$-7] 0.5631, 094772}
74971 0.7650, 0,9798%= BODS] t+j# slekol tf
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Figure. 5. Calibration and validation of QUAL-MEV model.
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Table 7. Adaptation analysis of QUAL-MEV model

Flow Water Quality (BOD)
Calibration Validation Calibration Validation
R? 0.99 0.99 0.72
%difference 4 2 17
Table 8. Efficient model range and confidence interval (Donigian 2000)
Evaluation Poor Fair Good Very Good
Ydifference (Flow) - 15~25% 10~15% <10%
Y%difference (Nutrients) - 25~35% 15~25% <15%
uye F5C AR PO 0189 U, A5 5 FUHE AR G2 2HM S1t 24
20199 4€of| A53 At2E ARSHRH. Brown & Znt
Barnwell (1987) Bowie et al (1985) ol Seo et al lé Oj?‘oﬂj\il‘_:: %Li%]'%gqﬂ% EH}\]'_Q_E 05173_%4 %}_‘%
= 3N - -
(2008) SO ANT AAETEE Bt RS gzt angeleg g9 B0 AR S028E
AHSR H RS SUSHUE RER AL opmre) g 91291 BODO] ) BEFAL ThEste
1 o]
R . L ResuE s moAlE 352 AR
QUAL_MEEV Eﬁ" i‘ Lo 87S % Reat 2A2A2]7] % BOD BE7} =L 20194 448 AlE
. = = . ol &
differences ©]-8-8Ftt, R2e} %difference] A SHolch H7FOA]0] BODV} 8 o] o Bha 7k
A2 2] ()2} (5)0] Lhepyeict, o

%Dzjj":|;O,-f§Si| /glo,.x 100 4)

=130~ 0) (5,-5) 1 £(0;- O
(S-S

©)

R 1o]] ZATRAE malo] molzfo] Al=Zke 2
sh= AL ou|sh | %difference= Ooﬂ 7\ He
= A5 2 3o Ao 7t Atk As oulgt
CHLee et al, 2019).

e B3 A5 A3 Table 79 Ve
Atk R*=0.99, 1.00, %difference= 2% “Very
Good”({10%) 2 e BOD2] 7% R*= 0,99,
0.72, %difference= “Very Good”({15%)2} “Good”
(15~25%) = A--frool| 2-g-817]o At Aoz o
THElt} %difference®] 2% M€= Donigian (2000)
o ARt mEl §&20] W let AR ys arstgl
tH(Table 8).

>
of

£ fr&o] ol weh oA o dFEEY A
7ol F7vetaA WA 71& 4 (autochthonous
organic matter) 5712 A¥t= AekEch mEka] o
A R F7HEe® 53C A4 BOD
e Faans mostglon] ®oFt A=
Figure 63} At}

H2C AN sA e gFFe] FE,E2 3.3
mg/L, 28738271 2AE 52482 3.0 mg/L

oltt, 2019¢ 49 FAH {2 3,46 m¥/secE 4
Ao AT HxrdS ‘?ff—ﬁm %B‘HH R2Reke)y
= 9

=

FHREE 4

O
m?/seco|H, %:_76'7]%75]@ %E—’Fé% 0P7l 9
3 Qo 7R 228191 76,05 m¥/seco]tt,
20194 %%Ho]"—.?r‘%k(él 39 mg/sec) —’F‘“/‘:(S 40

m?/day; K—water 2019)E ’5}015 Z7 ek
o] 3hi7} B ghom 2 NNE 9o WRE 2
Wt ofeh A5 o 9 ok
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8.0
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Figure 6. Result of scenario simulation.
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