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Abstract

We analyzed the variations of water quality with flow regime alterations to determine the characteristics of the stream where
the stream management is considerably difficult due to the high variability of the flow rates. In this study, both flow rates and
water qualities were monitored at the tributaries, 34 in count, of both Geum River and Sabgyo Lake Basins. The variation of
water qualities were divided into 2 types, based on their stream flow rates, known as Type I and Type II. If the water quality of
a stream increases during low flow rate periods compared with high flow rate periods, it is classified as Type I; if the water
quality of the stream increases during high flow rate periods compared with low flow rate periods, it falls under Type II. The
analysis for the variations of water qualities, of all 43 basins, resulted to 24 basins under Type I and Nineteen 19 basins under
Type II. The variations of water qualities were analyzed first by using Regression Analysis followed by Statistical Analysis.
The average slope of the variations of water qualities and the slope of the standard deviations were 0.00135 and 0.00477,
respectively. The Probability Distributions of both Type I and Type II basins were 61.1% and 38.9%, respectively. The basin
having a probability distribution of 61.1% and is also known as Type I, increases during periods of low flow rates, due to the
presence of point sources. Therefore, the basin should be enforced with stream management. Before the stream management
can be implemented in all streams falling under Type II, the sources of contaminants should first be estimated. These
contaminants can be classified into two parts, the first is Point source pollution and the second is Non-point source pollution,
where the Non-Point source pollution can be sub-divided into two types, with storm runoff and without storm runoff.
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Table 1. Topographical characteristics of the watershed

Area Basin Average Shape Out point Farthest point Channel

Basin  Num. Watershed (A, k) length width factozr AGL AGL slope
(L, km) (L/A) (L/AY) (H, m) (H, m) (%)

1 Gajeung stream 18.8 8.5 22 0.257 5 122 0.0138

2 Gab stream 63.1 19.8 32 0.161 93 272 0.0090

3 Ganggyeong stream 126.9 18.9 6.7 0.354 10 53 0.0023

4 Geoncheon stream 25.8 7.7 34 0.438 188 427 0.0310

5 Gwanggi stream 41.0 11.0 3.7 0.339 60 147 0.0079

6 Geum stream-1 68.1 13.7 5.0 0.364 10 40 0.0022

7 Geum stream-2 157.5 20.0 7.9 0.394 12 40 0.0014

8 Noseong stream-1 55.7 10.6 5.3 0.500 16 87 0.0067

9 Noseong stream-2 194.8 232 8.4 0.362 5 87 0.0035

10 Nogdong stream 26.0 12.1 2.2 0.179 52 80 0.0023

11 Jangseong stream 111.6 249 4.5 0.180 61 427 0.0147

12 Nonsan stream-1 4873 54.0 9.0 0.167 4 427 0.0078

13 Nonsan stream-2 535.8 58.1 9.2 0.159 4 427 0.0073

14 Dacheung stream 1.6 1.3 1.3 0.999 4 6 0.0015

15 Masan stream 34.8 9.8 35 0.361 5 151 0.0149

16 Byeongcheon stream-1 33.1 8.3 4.0 0.484 107 186 0.0095

17 Byeongcheon stream-2 56.9 16.1 3.5 0.219 64 186 0.0076

18 Byeongcheon stream-3 105.1 21.1 5.0 0.237 57 186 0.0061

Geum 19  Byeongcheon stream-4 150.4 242 6.2 0.256 50 186 0.0056
river 20  Byeongcheon stream-5 214.0 27.6 7.8 0.281 49 186 0.0050
21 Sadong stream 2. 2.8 1.0 0.343 3 20 0.0061

22 Sanbang stream 36.9 9.0 4.1 0.453 64 140 0.0084

23 Seogseong stream-1 425 8.0 5.3 0.669 11 37 0.0033

24 Seogseong stream-2 147.1 219 6.7 0.308 4 37 0.0015

25  Seungcheon stream 57.6 15.7 3.7 0.234 51 153 0.0065

26  Sinam stream 33.8 9.3 3.6 0.392 30 113 0.0089

27 Eo stream 36.8 13.9 2.6 0.189 10 140 0.0094

28  Yeosan stream 73.9 17.2 43 0.251 10 153 0.0083

29  Wangpo stream 18.8 8.6 2.2 0.253 7 42 0.0041

30 Yongdo stream 23.8 11.1 22 0.195 87 175 0.0079

31 Weorha stream 43.6 14.5 3.0 0.209 21 131 0.0076

32 Eunsan stream 65.4 14.6 4.5 0.309 112 0.0072

33 inghwadar stream 493 14.9 33 0.221 156 0.0100

34 Jeungsan stream 16.7 6.2 2.7 0.434 44 0.0058

35 Ji stream 250.7 52.0 4.8 0.093 7 250 0.0047

36 Chupung stream 46.6 8.9 5.2 0.585 150 192 0.0047

37  Chiseong stream 44.0 11.1 4.0 0.355 8 108 0.0090

38  Haengjeong stream 7.7 3.7 2.1 0.560 187 272 0.0230

39 Goggyo stream-1 41.9 11.7 3.6 0.308 40 154 0.0097

Sab 40  Goggyo stream-2 236.6 233 10.1 0.435 17 277 0.0112
gyo 41  Namweon stream 110.1 19.1 5.8 0.303 1 32 0.0016
lake 42 Dogo stream 425 13.5 32 0.234 2 57 0.0041
43 Sinyang stream 173.1 17.6 9.8 0.557 19 151 0.0075
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Table 2. Watershed flow rate and BODs monitoring results

. Data

Basin  Num. Watershed count Qaver Qmax Qmin CFR Caver Cax Cin

1 Gajeung stream 57 0.073 0.172 0.010 17 2.1 7.9 0.7

2 Gab stream 65 0.424 3.634 0.016 227 1.3 2.9 0.2

3 Ganggyeong stream 75 2.414 12.985 0.378 34 6.5 14.4 1.7

4 Geoncheon stream 73 0.113 1.332 0.009 148 0.8 2.9 0.1

5 Gwanggi stream 71 0.176 1.054 0.007 158 1.7 5.1 0.1

6 Geum stream-1 57 0.443 2.069 0.075 28 3.1 9.9 0.8

7 Geum stream-2 67 0.980 5.540 0.115 48 2.9 9.3 0.7

8 Noseong stream-1 75 0.561 4.324 0.028 154 2.2 6.3 0.3

9 Noseong stream-2 42 1.276 4.264 0.396 11 1.7 7.8 0.5

10 Nogdong stream 68 0.116 0.587 0.002 276 1.6 7.3 0.4

11 Jangseong stream 65 0.665 4.452 0.042 106 1.4 3.0 0.2

12 Nonsan stream-1 65 4.286 34.160 0.400 85 3.8 9.3 1.1

13 Nonsan stream-2 65 4.451 35.991 0.498 72 3.9 112 1.0

14 Daeheung stream 65 0.152 0.741 0.001 1,001 6.6 217 1.6

15 Masan stream 65 0.683 3.981 0.073 55 5.8 11.5 1.1

16 Byeongcheon stream-1 71 0.206 1.208 0.020 60 1.1 4.4 0.1

17 Byeongcheon stream-2 72 0.358 1.145 0.025 46 1.2 34 0.3

18 Byeongcheon stream-3 72 0.741 2.132 0.066 32 1.9 6.4 0.4

Geum 19 Byeongcheon stream-4 72 0.869 2.702 0.031 88 2.5 11.9 0.8

river 20 Byeongcheon stream-5 72 1.222 4.582 0.037 123 3.1 12.2 0.5

21 Sadong stream 67 0.314 1.317 0.016 82 22 6.7 0.6

22 Sanbang stream 72 0.184 1.313 0.015 88 3.0 10.5 0.7

23 Seogseong stream-1 67 0.155 1.595 0.001 1,595 1.5 4.7 0.1

24 Seogseong stream-2 103 1.112 5.210 0.141 37 5.2 16.3 0.9

25 Seungcheon stream 72 0.322 1.821 0.009 199 3.1 12.6 0.4

26 Sinam stream 65 0.036 0.158 0.001 130 8.8 19.8 1.4

27 Eo stream 89 0.164 0.680 0.020 34 1.2 5.0 0.2

28 Yeosan stream 65 0.754 5.906 0.138 43 1.9 6.3 0.3

29 Wangpo stream 57 0.053 0.225 0.001 225 23 5.6 0.9

30 Yongdo stream 72 0.111 0.590 0.007 84 1.6 42 0.6

31 Weorha stream 49 0.713 12.075 0.078 155 1.4 42 0.5

32 Eunsan stream 67 0.509 1.494 0.158 9 2.0 8.2 0.5

33 inghwadar stream 74 0.223 1.231 0.013 95 1.2 3.5 0.3

34 Jeungsan stream 57 0.124 0.330 0.013 25 10.4 37.6 2.6

35 Ji stream 74 1.764 9.648 0.285 34 1.4 4.1 0.1

36 Chupung stream 59 0.221 2.239 0.049 46 1.1 4.8 0.3

37 Chiseong stream 74 0.204 0.749 0.009 83 2.9 114 0.7

38 Haengjeong stream 73 0.063 1.463 0.003 488 1.0 33 0.1

39 Goggyo stream-1 60 0.174 0.928 0.012 71 1.5 5.6 0.3

Sab 40 Goggyo stream-2 60 3.335 6.384 1.715 4 5.9 14.7 23

gyo 41 Namweon stream 60 0.908 2.727 0.222 12 5.6 16.2 1.5

lake 42 Dogo stream 60 0.246 1.368 0.013 105 4.4 13.5 0.9

43 Sinyang stream 60 1.065 6.121 0.139 44 1.2 2.5 0.1
AFete A7t TSRS € F ok IANFHeR F Dacheung stream §922 1.6 km’olth. f2d32 A
A AnFAY dFAdsIde IA4 308 23 Z Nonsan stream-3°14] 58.1 km, # 2 Daeheung streamol A]
S 5 fze 1.3 km2 YERSL, F98dEF2 Fd Goggyo stream-201

THEN s=EEF s M3 A4S, 2011

fijn

2] 10.1 km, #4 Sadong streamol|A] 1.0 kmZ YEFFEOH,
F421A= AW Dacheung streamoll A 0.999, 24 Ji stream
A 00932 Uehsth L3
streamoll Al 427 mE 7Hg 2 ALE YEHEIL S7AFH

EanE

Nonsan



A
el
ofr
%
1o
40
o
A
>
o
o
ro
w
(=]
g
o
H1
[E
o
40
0@
AL
>

503

o] E3A= 423 molth. FEHAFZY Tt M 42
92 Dacheung stream FYolA 6 mZ RAIHAL, &
TFAAY Eux= 23 2 m2 Jeygt A4 F99 #
SHFBALE 2Hge A HF 0.0077%=2 VERS, 7HE
&ukgt SFHS Geum stream-290A] 0.0014% =2 JEFEOH,
7V AAE §3 32 Geoncheon streamol A 0.031%%
ettt A7 §99 AR S 54& BAS 2H,

BE f95e oz FRAAG R FFold 4
A5z HAHD A= ARER FAH AT o@D §
e e 279 A%y FUE Ad K52 7
Aol glee ¢ & YA FAEAY dusAe mE
AFHAL BRROR APt AL BE ojEgol n=
A olg@ g arls AP 5L 2= KI5
F4-GUARY BAL B3 SAY S3WH: B9Y
Aoz s

3.2. #&F 1 BODs SHZ 4
4370 S99 uMLY F4-
ME == 12187 AEH L

£l
A4 ZUHY ABE 24
Baha 1-27]97ke] E713ko]
Q)
=

A52] %H o] o] oA
LAY, EF AT 8

1749 SRTARE Fustt AL ATIAOL, B4
9 BUEY $d6 @A Askd B A5 A
27 JUHoR gol AU olHF ARE AAT
RELAN A% 5719 F4AY fgel JuHo
A BAdE A% 939 FAE ey gonz 44
A 5% YL 9% FFRA ARAY B @
A7t Qe SRS B AFANE 539 Agel BE &
Aws FAE 5% £32 2As: o] BHolmz 4
Aws f3o) BT BHS A

249 #% AR: 4 AQEE AUsIrY A2
o2 WgRe FPs] 242 PR, 292 29
D)2 EFRGT. 4249 4357 e fu o
A9 B2 ATHOR B £ FUEAS(Co-

efficient of river flow regime (CFR): Qua/Qmn)S E.©]3L
Atk FEFREATe A% FFY Wk AEE JYelE A
SHE 52 H4 FE% Ho §F9 Hgola Azt
s 54¢ gtg &+ doeH fddsAsTr S5
E-oFg 3l th(Ackers, 1972; Heritage et al., 2001).

= FEAEE Table 201 &334, BF7%, Ul
7, AL0FE FEste JYERlth BFREe] 1CMSTH
HE 492 Ganggyeong stream, Noseong stream-1, Nonsan

stream-2, Nonsan stream-3, Byeongcheon stream-5, Seogseong
stream-2, Ji stream, Goggyo stream-2, Sinyang stream 2.2
UEFE S ™ Nonsan stream-391A4] 4.451 CMSY] o H
FFE 71538193, Sinam streamoll A FHA FH4FEFE 7
sdgth 24 £ SH KRATATE AL 404 3
91595744 483 2 Aolg ek gtk H3 5+
< Jeungsan stream°lA 37.6 mg/LZ 7FF A ZHHNU
© ™, Daeheung stream®l* 21.7 mg/L, Sinam stream®]A]
19.8 mg/L, Namweon streamo]A 162 mg/LZ YEETH

A 2L Geoncheon stream, Gwanggi stream, Byeongcheon
stream-1, Seogseong stream-1, Ji stream, Haengjeong stream,
Sinyang stream®lA 0.1 mg/LZ Yelgtt 4 959 F
& F2L FHA Geoncheon streamollA 0.8 mg/lL, T
Jeungsan streamelA] 104 mg/LE UERRI AA 79 3
@ 2.9 mg/LE ZFH YT}

. REIM ME SITE BFHEM

e
g
<
fru
i)
[
X
ofv
¥

Mo =&
Lo

3
4l me} 48 BODs 5%
ol flcn)d FHIE ZETE cov AHIAYY 2HLF
Day”7} 0% A% BODs 3%& Yehl+ dFol™ S 4
AFAAE 71E€712A4 AW FEE YERWAL D2
FEZHAY 2HYF Dayelth. BEYUHY (5§ FA8H
Ql B el FFESRong F349 AFS Y5y
FBAF(r), BRAFE), 389 EFQ3KStandard Error
of Estimate: SEE)E 2Fg83te] Table 39 YErA T

™

f(c,)=co+S-D, (1
AFATs FEAZOR FHS MAFIAl #FHE
ASEEE o= AR Ag8 Fa U=A, F FAA
ASEEE o= F= diFEste I AFEE BAFL 9
EAE 45t A2 Uehd ZolH, 03 14019 g&
7M. olEd AFATE AS55ES FE5E Aol A
#RAY HAEE Usile FBATE AFd AT 2o
r=19 3% 2 X2 #3371 339 AF3AA ol
T AttE AE Juaty wEbx FFE FAMl ¥ A
olg] FAE #A3F] Hds] Fi &g gnF v,
=0d FAfole 438 FAHe] ¥ Atold BAAE As
Agal F2 Zg gudtt. 95y FEEES AS5E
= 9 Z3A S+ Byeongcheon stream-5°14 0.282

7} 3A JERSE A Gajeung streamol A= AL 09 717t
+ AR Mg AA deisten A {4 FE 0.05
2 Uersth

F4o BEeAE 43540 tete] IR
#9559 392 Uy F= JE24 2ot 4
255, 1 FPBEE AASES WS g F48
Aola BELAL Achd AAFES FTF Aol 57
g Rolth olsh gol AFAANe] A FPoIN Fgel
EEoAE FYBES AABE Aole] oAg dvht
258 IANAA B Wl f9EY A3EE
2 ERow @ 4PAALY FPol ME Ered:

Noseong stream-1°14] 0.022 7b3 A U} Jeungsan
streamol A= 7812 718 ZA Yelgen AA YA
Hi 1582 YR

B AT $48 fose AHAL U 2474
e BANHOR A4 W SABESG FPFER B

Journal of Korean Society on Water Quality, Vol. 27, No. 4, 2011



02
H0
10
Iy
08
°
i
o
+
Gl

504 25 - Sy - OINA - YD ZES - AYS

Table 3. Watershed BODs regression analysis results

Basin Num. Watershed Co S r SEE
1 Gajeung stream 2.1 -0.00004 0.00001 1.20
2 Gab stream 1.8 -0.00300 0.17870 0.70
3 Ganggyeong stream 7.3 -0.00420 0.02780 2.68
4 Geoncheon stream 0.9 -0.00030 0.00310 0.54
5 Gwanggi stream 1.4 0.00140 0.01720 1.09
6 Geum stream-1 33 -0.00080 0.00240 1.74
7 Geum stream-2 2.6 0.00140 0.00610 1.87
8 Noseong stream-1 2.6 -0.00240 0.03750 1.27
9 Noseong stream-2 2.1 -0.00180 0.02920 1.11
10 Nogdong stream 1.4 0.00080 0.00660 1.11
11 Jangseong stream 1.7 -0.00140 0.03130 0.83
12 Nonsan stream-1 3.5 0.00150 0.00970 1.60
13 Nonsan stream-2 4.0 -0.00100 0.00380 1.80
14 Dacheung stream 7.0 -0.00200 0.00290 3.99
15 Masan stream 6.7 -0.00490 0.04180 2.51
16 Byeongcheon stream-1 0.7 0.00210 0.09470 0.69
17 Byeongcheon stream-2 0.8 0.00190 0.10550 0.58
18 Byeongcheon stream-3 1.6 0.00160 0.01900 1.22

. 19 Byeongcheon stream-4 1.0 0.00780 0.19290 1.75

Geum river

20 Byeongcheon stream-5 0.8 0.01280 0.28720 2.15

21 Sadong stream 3.5 -0.00700 0.25680 1.28

22 Sanbang stream 1.3 0.00890 0.24550 1.86

23 Seogseong stream-1 1.4 0.00080 0.00750 0.98

24 Seogseong stream-2 4.4 0.00420 0.02890 2.60

25 Seungcheon stream 1.8 0.00690 0.09340 2.31

26 Sinam stream 9.0 -0.00080 0.00050 3.86

27 Eo stream 1.2 -0.00030 0.00270 0.66

28 Yeosan stream 2.1 -0.00130 0.01190 1.22

29 Wangpo stream 2.7 -0.00200 0.03680 1.10

30 Yongdo stream 1.3 0.00140 0.03300 0.82

31 Weorha stream 1.4 0.00050 0.00470 0.75

32 Eunsan stream 1.6 0.00230 0.03770 1.25

33 inghwadar stream 1.0 0.00080 0.02070 0.61

34 Jeungsan stream 6.4 0.02150 0.08010 7.81

35 Ji stream 1.5 -0.00040 0.00300 0.74

36 Chupung stream 1.0 0.00020 0.00100 0.72

37 Chiseong stream 23 0.00280 0.01880 2.20

38 Haengjeong stream 1.1 -0.00060 0.01080 0.62

39 Goggyo stream-1 2.2 -0.00330 0.11340 1.00

40 Goggyo stream-2 4.8 0.00570 0.06240 2.36

Sab gyo lake 41 Namweon stream 48 0.00450 0.02080 3.29
42 Dogo stream 4.1 0.00160 0.00380 2.80

43 Sinyang stream 0.9 0.00160 0.11450 0.47

SEE : Standard error of estimate
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