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Abstract

Long-term monitoring was conducted to identify the runoff characteristics of non-point source according to the three forest
types (deciduous forest, coniferous forest and mixed forest) in this study. Rainfall events of each deciduous forest, coniferous
forest, and mixed forest were 10, 8, 12, respectively. Average runoff depth and coefficients of each forest type were founded to
be coniferous forest and were followed by others in turns : deciduous forest, and mixed forest because various conditions (i.e.,
rainfall property, Antecedent Precipitation Index (API), soil property, slope, and forest management) could change runoff
characteristics. In the analysis of the first flush phenomenon, it showed that SS and T-P were sensitive for the first flush
phenomenon. The first flush phenomenon of them were showed differently by rainfall intensity, rainfall duration, and amount
of rainfall. The research results indicated that range of the Event Mean Concentration (EMC) values in deciduous forest were
0.8~2.4 mg/L for BODs, 2.0~13.4 mg/L for CODwn, 1.3~2.9 mg/L for DOC, 1.150~3.913 mg/L for T-N, 0.010~0.350 mg/L
for T-P and 3.1~291.8 mg/L for SS and in coniferous forest were 0.8~2.2 mg/L for BODs, 1.9~3.6 mg/L for CODwy, 1.0~2.0
mg/L for DOC, 1.025~2.957 mg/L for T-N, 0.002~0.084 mg/L for T-P and 0.8~5.4 mg/L for SS. Also, range of the EMC
values in mixed forest were 1.3~2.3 mg/L for BODs, 2.4~4.8 mg/L for CODw,, 1.1~2.1 mg/L for DOC, 0.385~2.703 mg/L for
T-N, 0.016~0.080 mg/L for T-P and 2.3~30.0 mg/L for SS.
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Fig. 1. Sketch of the monitoring location.
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Table 1. Weir formula applied in dam of water pumping
90°V Weir | Q = (1.227x10°)x((Hx0.1+0.7529)***®)x3600/A
120°V Weir | Q = (1.485x(10°%)x((H+62.5868)>"")x3600/A
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Fig. 2. Shape of weir as monitoring site.
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Table 2. Description of storm event each of the forest types

0.674 mm$}t 00248 Vet §&3E AQYSAA)O]
7V A YeEll, fE2E2 EFEK)FE JA4SH
(Aol E5d(CW)ET & AL=E Yeyth o AF4A

Site Event Total rainfall ~ Rainfall Intensity  Rainfall duration Total raunoff Runoff duration  Runoff depth Rupoff
(mm) (mm/hr) (hr) (m°) (hr) (mm) coefficient

E-1 21.2 1.0 21 931.72 77 4.29 0.20

E-2 9.0 0.7 13 95.89 18 0.44 0.05

E-3 42.7 10.7 142.58 4 0.66 0.15

E-4 14.4 24 82.59 7 0.38 0.03

Deciduous E-5 73 18 5.36 5.5 0.02 0.003

(K J) E-6 9.2 0.4 21 52.9 24 0.24 0.03

E-7 22.0 16 14 177.34 24 0.82 0.037

E-8 6.0 1.0 5 28.03 10 0.13 0.02

E-9 235 2.1 11 89.15 9 0.41 0.02

E-10 33.0 1.7 20 645.95 12 2.98 0.09

E-1 14.0 0.7 20 560.23 30 1.49 0.11

E-2 9.0 13 7 52.88 6 0.14 0.02

E-3 35.4 4.4 8 684.31 24 1.82 0.05

Coniferous E-4 213 15 14 982.06 225 2.61 0.12

{ A) E-5 135 2.7 5 49.90 10 0.13 0.01

E-6 314 1.96 16 1,924.0 178 5.10 0.16

E-7 115 1.28 9 262.0 49 0.69 0.06

E-8 52.0 1.46 42 2,994.0 121 7.94 0.15

E-1 40.5 5.06 8 67.82 10.5 0.27 0.007

E-2 135 1.93 7 39.15 9.5 0.15 0.011

E-3 215 5.38 4 59.45 12 0.23 0.011

E-4 29 3.63 8 32.68 55 0.13 0.004

E-5 40.0 4.44 9 382.20 52 1.50 0.037

Mixed E-6 27.0 1.59 17 229.10 46 0.90 0.033

(C W) E-7 25.5 2.83 9 91.38 16.2 0.36 0.014

E-8 14.0 1.00 14 144.27 35 0.57 0.040

E-9 20.5 1.46 14 284.55 61.8 1.11 0.054

E-10 17.0 0.77 22 95.89 25 0.38 0.022

E-11 23.0 2.30 10 99.73 26 0.39 0.017

E-12 53.5 1.22 44 536.15 65.3 2.10 0.039

TAEH =S 8HEE|X| H26@ A35, 2010
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Fig. 4. Cumulative mass and volume curves as forest types.
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Table 3. EMC value each of the forest types (Unit: mg/L)

Site Event BODs CODwn DOC T-N T-P SS

E-1 14 3.0 2.2 3.036 0.059 5.7

E-2 11 41 2.3 3.000 0.032 9.1

E-3 2.4 13.4 2.9 3.913 0.350 291.8

E-4 14 2.8 2.0 1.419 0.096 38.0

E-5 14 2.2 17 1.799 0.329 7.1

. E-6 11 2.7 2.2 1.307 0.011 5.4

Dec}id‘jous E-7 16 35 22 1974 0.010 10.8

(K J) E-8 0.9 20 13 1.150 0.020 31

E-9 0.8 2.9 1.9 1.398 0.072 47

E-10 11 2.8 2.1 2.597 0.114 10.6

Max 2.4 13.4 2.9 3.913 0.350 291.8

Min. 0.8 2.0 13 1.150 0.010 3.1

Ave 13 4.0 2.1 2.159 0.109 38.6

E-1 14 2.8 2.0 2.469 0.068 0.8

E-2 11 33 16 1.846 0.057 0.9

E-3 0.9 2.1 1.0 2.952 0.084 1.9

E-4 0.9 2.0 12 1.025 0.037 5.4

. E-5 13 36 2.0 1.382 0.010 17

CO“J"(Zm“S E-6 22 19 13 1.604 0.002 08

@A) E-7 13 28 18 2957 0.010 16

E-8 0.8 24 14 1.352 0.007 11

Max 2.2 36 2.0 2.957 0.084 5.4

Min. 0.8 1.9 1.0 1.025 0.002 0.8

Ave 1.2 2.6 15 1.948 0.034 1.8

E-1 18 3.7 13 0.484 0.055 75

E-2 15 2.4 11 0.450 0.016 2.3

E-3 2.2 3.1 11 0.385 0.080 7.2

E-4 2.1 33 12 0.608 0.025 12.3

E-5 17 48 2.1 2.703 0.045 300

E-6 18 34 14 0.963 0.037 7.1

Mixed E-7 17 3.9 2.0 0.530 0.030 11.8

oW E-8 13 3.1 14 0.502 0.022 5.7

€ w) E-9 16 40 11 0.899 0.025 92

E-10 17 2.7 15 0.538 0.019 6.5

E-11 2.3 40 17 0.528 0.019 76

E-12 1.9 3.7 16 1.756 0.031 16.1

Max 23 48 2.1 2.703 0.080 300

Min. 13 2.4 11 0.385 0.016 2.3

Ave 1.8 35 15 0.862 0.034 10.3
0 T T T T 29 e d=ga vdedd d99= BOD 35 kg/
o p—-1 1043 1" U F halyear, COD 9.3 kg/halyear, T-P 0.52 kg/halyear, T-N 8.02
w0 ©E kg/halyearol 2t at31aL, &4 F(2008)o 4= Ad 9 AT
w 3 £ BOD 0.93 kg/km*/¥, T-N 2.20 kg/km’/¥, T-P 0.14
200 o kg/km’/Qolgt atgth ol A®W MPATA AFH A9
" 409 g WS thely] Mol dgE U FeATE
CR A9 AHEES A AREV FQss AT E
g . : Salvia-Castellvi 5(2005)ell 2J3t8 <=3 AR oA 9
-y ' AP Ar9 FEAFS EHF A 02 EAolEY A
g ]' i | ART JUFos AL o] YTy Stk B AT
g ot Hi A R 98d 489l 7129 AT gol Ael7t 9
e L . At FRFY(K) A BODs) BF AoglE 1.225 kg/
e e S halyear® ZA}%$12™, CODwh 3.052 kg/halyear, DOC
;23; 1 += 2.094 kg/halyear, T-N 2.074 kg/halyear, T-P= 0.028
o - kglhalyear 23 SS: 13513 kg/halyearo.= Ubebstch
el I : AG5Y0A) A% BODso B A9l 1503 kg/halyear,
[ ' PR e m— —1 CODwne 2.680 kg/halyear, DOCE 1.657 kg/halyear, T-N
;[:IJI;]S|5[:|&’9]: ;[:[J].-]s|s|.-[s :]:|s|:[s[;]:]s[v|;>[;;|:: % 2.076 kg/ha/year, T-P‘—Lj 0.032 kg/ha/year 13]:17_ SS\—L_"

Deciduous Coniferous Mioed _

Foresttype 2.122 kg/halyear22 YeRT) E3H ZEYH(CW) A< BODs
Fig. 5. Pollutant loads each of the Rainfall Event. o] HF Y99 E 0470 kg/halyear2 ZAME 2™, CODwn
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Table 4. Load as unit area

(unit: kg/ha/year)

Site Value BODs CODwn DOC T-N T-P SS
Decid MAX 4,056 9.891 7.772 8.369 0.112 61.105
e(c}l ‘j‘)’us MIN 0.062 0.102 0.080 0.083 0.000 0.325
AVE 1.225 3.052 2.094 2.074 0.028 13.513
Conif MAX 4,804 5.045 2.935 3.548 0.097 8.874
O(”J' Zr;’us MIN 0.172 0.476 0.266 0.183 0.001 0.193
AVE 1.503 2.680 1.657 2.076 0.032 2122
Mixed MAX 0.848 2.510 0.869 1.375 0.019 10.933
(clvaV) MIN 0.118 0.194 0.072 0.033 0.002 0.334
AVE 0.470 1.032 0.412 0.384 0.009 3.213
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Fig. 6. Statistical summaries of EMC each of the forest type.
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< 1.032 kg/halyear, DOC+= 0.412 kg/halyear, T-N< 0.384

kg/halyear, T-P+= 0.009 kg/halyear 18|31 SS+ 3.213
kg/halyear© 2 UEFGTHTable 4). & dAFolA 38 9
e HAAY ZAMEFE AQdsta AeAlTe 3y
A7) Qo AFAFANA AAG AR 34 HE=E
T AUt A 74%%& A9 B E FalAe Y
H

EAY ZAAI: a8x

ol HAe ]-4 T AR #AIF FHH
ATE Bt Y ddE d99E Aol & AL
2 Audc =23 B95EKI) ADAAN 107 mm/hre]
AAES 427 mme Zert RSeS| AEE SS
o Y= 61.105 kg/halyear2A o2 Z9A P\‘*Oﬂ

Hste] w]¢ =2A AFHY B (EFQA FUEEY
2 A A8 FH F AR FeAFH BB =

449 FRE 898 Aoz pudh

mg/LZ 7}d 3A YElgTh EMCeopE AT ZE
9 EMC %9 #HagZ E9T3(KHAGe] & A
Uebsth 53] EMCssS 4% SHFHE(KI) A HolA
HJY 2918 mg/Le] EMC Z3I wEo] FIFFH=E
mg/LZ w9 =A PEEAT AR d4E EMC
9] 950 AlZ$FEES EMCeop 0.2~05 mg/L, EMCcoomn
0.4~3.5 mg/L, EMCpoc 0.2~0.4 mg/L, EMCry 0.439~0.955
mg/L, EMCrp 0.012~0.130 mg/L, EMCss 4.6~92.0 mg/L=E
YRSt

Table 5915 EA Z=z#9l SAS 0.1& o] &34
S FFH 4 F2E Al FRBAE AASAT F
BAFE 1A +17AAY s ZEd, -1 B 19 A

i [0 ot
o fu o

w
»

8.

=
<)

bl

By

f

£ 2 45 SaABIPT oW 09 AL Tl
3 @ 983 5@009)e ojaE ARAFY Arigtol

06 o4 2S¢ FRWAYF B0 Bake 03 olate 4

#WAZt 9o Sgt BEFYK) A9 TPIRS
49T BE B FAGE elA Bl FBHE U5

Wt Flow-CODw,, Flow-SS, BODs-CODwn, 1231 BODs-

plotg ©]&3 & Aolth. Box 2= DOC? A#BAE FI+= 1%o1A 0.6 olFoz Jeht
= HUg, ARE T, FFEH S5, ALAEAST, 3 2 FEE 7 Fo AFBAV e A2 Uehth
A2Zre ag = Faiy stgddo sz Jedt. EMCe AH9TH0A) AHL CODw® DOC ZFES HaaA7
ol WA Bxs| AZEe as7b ARD vz v 063622 7Md 2 A#AAV A= ALE Yo,
3 ZER FAE 9gom AR 377 ZolRth & SS¢t T-P §&0] t& FEEF FIFE 1%oA 29 A
THKI) A9 EMCeope TE AHEH W2 XS FAA Qe A2 AR SS 52 HE YA
HHom, EMCgopd Hod#HS ZIF(CW) AYo] 1.8 q7 24 29 FFFAVE et EEE(Cw) JY
Table 5. Pearson correlation coefficients
Site Item Flow BODs CODwn DOC SS T-N T-P
Flow 1 0.542" 0.768" 0495 0.741" 0.496" 0425
BODs 1 0.716™ 0.624” 0.338" 04517 0.298"
_ CODw 0570" 0.479" 0.426" 0.265"
Deidtjous DoC 1 0314 0.401" 0.156"
K9 SS 1 03517 0.496"
T-N 1 0.116
T-P 1
Flow BODs CODpn DOC SS T-N T-P
Flow 1 -0.049 -0.009 0.041 -0.280" 0175 0.163
BODs 1 0.414™ 0317 -0.467" -0.005 -0.397”
_ CODw 0.636" -0.437” -0.139 -0.379”
C(’”J'fi\mus DoC 1 0.412" 0.261" 0.436"
A SS 1 0.023 0.374"
T-N 1 0536~
T-P 1
Flow BODs CODpn DOC SS T-N T-P
Flow 1 0.049 0.289" 0.203" 0.693" 0.524" 0.244"
BODs 1 0.414™ 0.201" 0.157" -0.289" 0.128"
_ CODw 0536~ 0.499” -0.002 0.170"
Mixed -
cw) DOC 1 0.437 0.012 0.048
SS 1 0.303 0.255
T-N 1 -0.043
T-P 1
“and 7 are statistically significant at p<0.05(*)and at p<0.01(**), respectively
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o BHER TN FEL AF BE FZo] FIFE 1%
AN P 4BHL vehith KR SS TR JBAS
7
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B AT EATRETE ZEFO AP 4L
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