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Abstract

Streamflow is typically divided into two components that are direct runoff and baseflow, it is required to analyze and estimate
behaviors of those two flow components to understand watershed characteristics so that watershed management plan can be
effective in pollutant reductions. Since pollutant load behaviors in a stream or river are variable by flow component behaviors,
best management practices need to be applied in a watershed based on the pollutant load behaviors varying with flow
components. Thus, baseflow behaviors were analyzed separating baseflow from streamflow data collected from fifteen
streamflow gaging stations in the 4 major river watersheds which are the Han river, Nakdong river, Guem river, and
Yeongsan'Somjin river watersheds. Moreover, precipitation trends throughout the 4 River Systems were investigated, thus
daily precipitation data were collected from sixty-five locations. The Hank river watershed displayed the largest precipitation
(925.2 mm) in summer but the lowest precipitation (71.8 mm) in winter, indicating the watershed has the most fluctuating
precipitation characteristic. While the precipitation trends in the Four River Systems varied, a distinct feature in baseflow
trends was not found, moreover baseflow percentages to streamflow were typically greater than 50% in the Four River
Systems. As shown in this study, it would be expected significant amount of pollutants could be contributed to the stream in

the form of baseflow at the watershed.
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2. Materials and Methods
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Fig. 1. Sixty five precipitation stations at four river watersheds.
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Fig. 2. Fifteen flow gaging stations at four river watersheds.
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3. Results and Discussion
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Table 1. Seasonal minimum, maximum and average precipita-
tion from year 2008-2012 in the 4 major river system

4 major Precipitation(mm)

River system Spring Summer Fall Winter
Min. 1943 586.9 209.8 46.8

Han Max. 270.8 1,149.5 309.1 127.1
Avg. 226.2 925.2 256.7 71.8

Min. 171.6 4742 167.4 56.0

Nakdong Max. 3925 950.9 2849 124.0
Avg. 245.7 693.7 2153 82.6

Min. 194.4 686.5 167.6 71.5

Guem Max. 271.5 923.6 255.1 111.6
Ave. 2169 8236 2119 871

Min. 2225 6427 186.1 109.5

Y::f{ﬁjf:’ Max. 3368 8653 2178 1299
Ave. 2725 7859 1969 1188

2 7Hd qgten, FFA7L 256, Tmmz M £ FrEel
EXHE Aoz yehdt AgFdE @A 71.8mm

Han River Makdong River Guem River  Yeongsan River

of Spring for 2008-2012

: | I I |

Han River Nakdong River  Guem River  Yeongsan River

(b) Average Precipitation of Summer for 2008-2012

Fig. 3. Average seasonal precipitation analysis at the 4 major river system.
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Precipitation (mm)

Han River Nakdong River Guem River  Yeongsan River

(¢) Average Precipitation of Fall for 2008-2012

L
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- % 3 E
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E
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" N — T 4
'R _Q‘_ ; Fib | . .y s
- . [ BRI
. R 4 v ° | EEEn] b
: . [ = EYRTF]
< w = LR
| s TR E
Easse Han River Hakdong River  Guem River  Yeongsan Rivar

(d) Average Precipitation of Winter for 2008-2012

Fig. 3. Average seasonal precipitation analysis at the 4 major river system. (continued)
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Fig. 4. Annual average precipitation analysis at 4 major river watersheds.
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Table 2. Seasonal average precipitation in 4 major river

watersheds
Seasonal Precipitation(mm)

Han Nakdong  Guem Yeoungsan/
aveiage. value river river river Seomjin river
Spring 226.2 2457 2169 2725
Summer 925.2 693.7 823.6 785.9
Fall 256.7 2155 211.9 196.9
Winter 718 82.6 87.1 118.8

2 71 gsten, 9447324 1188mmE M ¥
& 7o) BEE¥EE= Aoz yeiygth 22la 497 F
A 5 AFE Ad 25T 54 243 ¥ A7
270.8mm= 7} wekow, JEAA7 392.5mmE M E&
Zage] BEHE AR Yeigt oFdde g4
ZA7Y 865.3mm=E 74 dekon] fHFAI7E 1.149.5mm
2 73 B2 A5 EEHE Aog Yehyit 7123
o= - AAZFA 217.8mmE FHE dgten, 4
FAZF 309.9mmE B wS AFPo] REHe Ao
vebtcl AgAo= FASAI 111Lemm=z 7FE dgke
o], G- AAZFAZE 1299mmE 7 ¥ Argo] £
¥Es Aoz Jepsith

Table 3. Baseflow contribution at Han river system

3.2. THE AZEE J7IM{E0| olXlE 7|0 24

47 A6 sl Z|AfEe PAE JdEE A4
Ak 43 FAL 157 AF s BEAEE 53 HF
(2009 ~2013d) 71A{FE 7|16 % 2459 cH(Table 3~ 6).

FAE VIAREY 7o @45 @ AH)9 A
sEfE vWAE 59 HE NAFEES 56.2%2 YE
won o] F Ad(Sungnam) A¥e 59 HF AFEE
o] 63.2%= 7}F ¥& Aoz Jeiud d8ln 4E3S
AR AH)e 2S RT3 AL 59 HF AR
SEL S84%E UEen o & FH(Juckjeon) A2 5
A HE 7AFEEC] SBA%E 7HE 22 AR uUehy:
ot FZAFAEN A B9 sEsEd rAE 59 3
 7|AFEES 55.5%E JEGon o] F 83 (Okcheon)
Ade sa B 7AFE VAR 56.2%E M e
Aoz veigt, WAAZFAGAH A9 3L AR
o vlA= 59 HE NARFEES 513%E Uggon
o] F FF(Gwangju) A 59 HF 7AFEE 582%
2 7H w2 AeR Jehyh

AFAE Ad 50.0%, A 60.7%, B 562%= 7]1A
&80 F4HE Zoz2 Yeigt 4 EZFAE Ha
49.6%, H 69.8%, Hit 8A%E 7IAFEEC FHHE=

Observed station Average annual flow 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Flow (cms) - - - - - 17.4 174 17.4 17.7 15.1
Baseflow (cms) - - - - - 10.8 10.9 9.7 114 10.7
Sungnam ; : =
Direct Runoff (cms) - - - - - 6.6 6.3 T 6.2 44
Baseflow (%) - - - - - 61.8 62.4 55.9 64.8 71.1
Flow (cms) - - - - - 284 324 45.9 30,0 28.6
; Baseflow (cms) - - - - - 12.5 18.3 244 17.5 15.6
Naerincheon . -
Direct Runoff (cms) - - - - - 15.8 14.1 21.5 12.5 13.0
Baseflow (%) - - - - - 44.1 56.4 53.1 585 4.5
Flow (¢ms) 1.0 9.5 1.6 14.0 LT 13.5 16.4 i1 10.5 16.8
Baseflow (cms) 6.0 At 5.7 7.7 6.2 6.9 9.1 9.5 6.0 10.0
Wontong . = ==
Direct Runoff (cms) 5 37 5.9 6.3 335 6.6 73 7.8 45 6.8
Basellow (%) 53.9 60.9 488 548 53.1 51.2 55.6 55.1 57.1 59.6
Flow (cms) 56.9 73.6 443 69.1 28.0 56.6 87.8 100.1 95.0 0929
Baseflow (cms) 34.1 37.9 25.6 204 14.3 314 336 46.7 52.8 56.8
Youngchun ; . . ¢
Direct Runoff (cms) 228 357 8.8 39.6 13.7 25.2 342 533 422 36.1
Basellow (%) 59.9 __SI,S 57.6 426 510 555 61.1 46.7 55.6 61.1
Mean Baseflow (%) 58.9 526 55.8 44.6 51.6 532 59.7 50.0 573 60.7
Table 4. Baseflow contribution at Nakdong river
Observed station  Average annual flow 2004 2003 2006 2007 2008 2009 2010 2011 2012 2013
Flow {cms) 34 33 29 6.0 1.9 2.1 59 5.5 6.2 5.0
Jisa Baseflow (cms) 1.6 2.0 1.5 31 1.3 1.3 30 29 i7 34
n
Direct Runoff (cms) 1.8 1.6 1.4 29 0.6 0.8 29 2.6 24 1.6
Baseflow (%) 472 5.5 518 52.0 67.1 63.1 50.4 52.2 60.7 68.9
Flow (cms) - - - - - 15.3 o 45.6 38.6 385
" Baseflow (¢ms) - - - - - 7.3 19.0 24.4 236 26.9
Juckjeon S ;
Direct Runoff (cms) - - - - = 8.0 12.9 21.2 14.9 11.6
Baseflow (%) - - - - - 47.8 9.6 534 61.2 69.9
Mean Baseflow (%) - - - - - 49.6 58.2 533 61.2 6H9.8
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Table S. Baseflow contribution at Guem river
Observed station  Average annual flow 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Flow (cms) 39.3 40.7 43.8 43.6 19.5 269 50.6 51.0 60.9 316
Okcheon Baseflow (cms) 17.1 21.5 21.8 229 124 133 28.9 277 329 209
Direct Runoff (cms) 22.2 19.2 22.0 20.8 T 13.6 21.7 233 28.0 10.7
Baseflow (%) 434 528 49.8 524 63.7 494 57.1 543 54.0 66.2
Flow (cms) 331 40.9 29.1 334 16.8 215 385 385 12.1 42
Hotin Baseflow (cms) 17.3 24.6 17.8 20.6 12.1 134 232 19.6 39 22
Direct Runoff (cms) 15.8 16.3 11.2 12.8 4.7 8.0 154 19.0 8.2 2.0
Baseflow (%) 52.3 60.1 61.3 61.7 722 62.6 60.1 50.8 319 524
Flow (cms) - - - . - 3l 5.7 5.0 3.0 1.1
Baseflow (cms) - - - - - 1.5 32 25 1.1 0.5
Geumsan ’
Direct Runoff (ems) - - - - - 1.6 2.5 25 1.8 0.7
Baseflow (%) - - - - - 48.6 56.1 505 384 41.0
Flow (ems) - - - - - 23 29 6.8 6.2 4.5
Okgakgyo Baseflow (cms) - - - - - 0.8 1.4 2.6 3.0 3.0
Direct Runoff (cms) - - - - - 1.5 1.5 4.2 £ ) 1.5
Baseflow (%) - - - - - 36.2 48.0 38.6 48.9 66.4
Mean Baseflow (%) 47.5 56.5 544 56.4 67.6 54.0 57.9 51.7 49.8 64.2
Table 6. Baseflow contribution at Yeongsan-Seomjin river
Observed station  Average annual flow 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Flow (cms) - - - - - 13.4 17.0 16.2 21.8 15.3
Baseflow (cms) - - - - - 37 8.3 8.5 10.6 9.0
Nampyeong ’ .
Direct Runoff (cms) - - - - - 7.8 8.8 7.3 11.2 6.3
Baseflow (%) - - - - - 4212 48.6 52.6 48.5 58.7
Flow (cms) 18.6 13.0 13.1 16.5 79 10.6 16.3 13.0 15.3 9.8
S Baseflow (cms) 10.2 4.8 6.8 7.5 44 54 8.1 6.3 7.6 5.5
Direct Runoff (cms) 8.4 8.2 6.3 8.9 35 53 8.7 6.7 Tl 43
Baseflow (%) 54.9 36.6 51.8 45.7 554 504 48.3 48.4 49.8 559
Flow (cms) 9.5 47 74 8.1 4.6 8.0 9.5 7.1 2.1 52
fssiyo Baseflow (cms) 38 24 EN| 32 2.2 33 4.6 37 1.3 23
Direct Runoff (cms) 5.7 23 43 4.9 2.5 4.7 4.9 34 0.7 2.9
Baseflow (%) 40,0 51.3 423 394 46.9 41.1 48.4 51.5 64.7 44.0
Flow (cms) - = = = - 11.8 18.9 8.2 8.1 8.7
G Baseflow (cms) - - - - - 57 9.4 53 4.9 59
Direct Runoff (cms) - - - B - 6.1 9.5 29 i3 2.8
Baseflow (%) - - - - - 48.2 499 65.0 59.9 68.1
Flow (cms) - - - - - 1.59 0.75 1.13 1.49 1.06
Baseflow (cms) - - - - 0.64 0.25 0.53 0.61 (.49
Yeoungsu . :
Direct Runoff (cms) - - - - - 0.95 0.50 0.60 0.87 0.58
Baseflow (%) - - - - - 40.1 33.2 46.6 41.3 459
Mean Baseflow (%) 49.8 40.5 48.4 43.6 523 454 48.7 53:3 51.3 57.8

Aoz Jelgt 8454 A4 498%, Ad 64.2%, ¥
T+ 55.5%2 ANA#EE0 F4HE AR Yehyn g4t
ArAle A4 454%, A 57.8%, B 51.3%E 7ARF
F8o| F4HE Ao eyt

4t AR 10d H7H2004 ~2013'd) 717kl s EH
£ HEAR ds] 487 71ARE 71dEE BreAo
(Table 7~10). §72<A2 ¥&(Wontong) A9 25 ¥
frEgol M B2 790 462%E 7HE yUston 9 &
ZH)7F 10% vetd o 99 JIAREES 494%~80.5%
2 m$ =4 Jelgdt G52eAd Addisan) A3 9

s EEEE R Mo M4z, 2014

B 9 §5F0 713 B2 899 46.7%=2 7HE Udte
o g F3H7 10% Pl o 99 VAREES 46.7%
~83.0%= "l =A Yebgt F24549 $3(Okcheon)
A9 B 9 45F0] Mg w2 8€el 39.6%= 7+E
gUgton 9 fEH|7F 10% vkl o 99 V|AGEES
52.1%~833%2 W =A vekgo 4443 43045A
9] A(Sunam) A A9 L € FEFol /M £ 7€
442%2 gton 4 2671 10% Plgd of €9 1A
FEES 53.9%~792%2 ol =4 debdd. ol 9+
gxde 3¢ 27144 SH{FL 7ARER B4H
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Table 7. Monthly mean flow, baseflow. direct runoff, baseflow ratio at Han river Wontong (2004 ~ 2013)

River Moanthly Flow Flow runoff ratio Baseflow Dirct Runoff Baseflow
system (cms) (%) {cms}) (ems) ratio(%)
January 36 23 2.6 1.0 72.1
February 49 EN| 34 1.5 69.0
March 49 31 32 | 4 65.3
April 9.9 6.3 6.0 39 60.4
May 9.6 6.1 6.3 34 65.0
Han June 9.3 39 4.7 4.6 50.7
river July 50.3 319 232 27.1 46.2
August 321 20.3 15.9 16.2 49.4
September 20.9 13.2 12.2 8.6 58.7
October 5.3 i3 4.2 1.0 80.5
November 38 24 29 0.9 76.3
December 3.1 2.0 23 0.8 73.9

Table 8. Monthly mean flow. baseflow, direct runoff, baseflow ratio at Nakdong river Jisan (2004~ 2013)

River Monthly Flow Flow runofT ratio Baseflow Diret Runoft Baseflow ratio
syslem {cms) (%o) {ems) {cms) (%)
January 1.2 24 0.9 0.3 76.2
February 1.2 25 0.9 0.3 75.6
March 1.5 29 1.1 0.4 72.6
April 1.8 3.5 1.2 0.6 68.6
May 1.9 3T 12 0.7 63.0
Nakdong June 25 5.0 1.2 1.3 49,0
river July 1.9 236 5.6 6.4 46.7
Augus 129 25,5 6.0 6.9 46.7
September 10.2 20.2 5.9 43 578
October 24 4.7 20 0.4 83.0
November 1.6 32 1.3 0.3 79.3
December 1.4 2.8 1.1 0.3 78.2

Table 9. Monthly mean llow. baseflow, direct runoff, baseflow ratio at Guem river Okcheon (2004 ~ 2013)

River Manthly Flow Flow runoff ratio Baseflow Diret Runoff Baseflow ratio
system {cms) (%) (cms) {cms) (%)
January 16.1 33 114 4.7 70.6
February 17.7 3.6 13.0 4.7 733
March 24.1 4.9 16.4 1.7 68.0
April 25.2 52 18.3 6.9 724
May 332 6.8 19.3 13.9 §8.2
Guem June 33.2 6.6 16.7 154 52.1
river July 105.6 21.7 442 614 418
August 106.6 21.9 422 64.4 39.6
September 74.2 15.2 305 M6 533
Octoher 18.7 iR 15.6 3 83.3
November 16.5 34 12.8 36 78.0
December 17.2 3.5 13.0 4.1 75.9

Table 10. Monthly mean flow, baseflow, direct runoff, baseflow ratio at Yeongsan-Sumjin river Sunam (2004 ~ 2013)

River Monthly Flow Flow runoff ration Baseflow Diret Runoff Baseflow ratio
system (ems) (%) (cms) (cms) (%)
January 5.1 32 32 1.9 63.6
February 7.1 4.4 4.3 2.7 61.1
March 6.5 4.0 4.8 1.7 732
April 52 32 34 1.7 66.1
May 8.5 53 4.6 39 539
Yeongsan/Sumjin June 16.6 10.3 6.3 10.3 8.1
river July 39.6 24.6 17.5 22.1 44.2
August 358 222 14.0 218 39.0
Seplember 26.9 16.7 14.2 12.8 52.7
October 4.5 28 36 0.9 79.2
November 25 1.6 1.8 0.7 i B
December 25 1.6 1.9 0.7 73.2
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4. Conclusion
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