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An Analysis of the Water Quality Improvement Measures and Evaluation of Wonju Stream
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ABSTRACT

Recently, the deterioration of water quality in Wonju stream has been reported due to the increase in diverse pollution sources along with community
development and urbanization. Various types of attempts with a huge budget were made for better water quality so far, but its effectiveness is still
doubted. In order to establish site-oriented measures for water quality improvement, the topographic and hydrologic factors were evaluated based on
site inspection and survey. As the major streams merged into the Wonju stream, the Hwa and Heungyang streams were found to have higher pollution
loads and contributions compared to other streams due to the scattered livestock farms and industries, and vulnerable land use. Notably, the discharge
water from the Wonju Public Sewage Treatment Plant had the highest level of pollution load, impacting on the water quality of Wonju Stream.
According to the SWAT model as water quality measures, the improvement effect of water quality in this treatment plant can be reached to the
reductions in BOD 11.06%, T-N 23.56%, T-P 10.60% when the proper managements applied, whereas the improvement of water quality would be
3.89%, 1.23%, and 3.32% for BOD, T-N, T-P, respectively, for the industries. The reduction of the livestock industry was generally very high as a
pollution source, but it was not much higher at the end of Wonju Stream than other measures. These results recommended that the water quality
improvement measures should be designated for each upper-middle-lower section in Wonju stream.
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Fig. 1 Map of Wonju Stream area
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Table 1 Landuse distribution of each watersheds
Landuse (km?) Wonju stream |[Heungyang stream Hwa stream Bong stream Sinchon stream
Agricultural land Paddy 2.77 0.88 124 0.00 0.01
g Upland 5.93 1.93 2.85 0.08 0.18
Barren 2.71 0.79 0.67 017 0.05
Forest 31.24 15.64 14.68 24.28 7.32
Grass 9.78 1.79 2.89 0.45 0.72
Commercial & residential 17.36 1.60 2.06 0.27 0.09
Water 0.53 0.06 0.07 0.02 0.00
Wet land 0.81 0.15 0.23 0.08 0.05
Area sum 71.14 22.83 24.68 25.53 8.54
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Fig. 2 Monitoring sites in Wonju area
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Table 2 Abbreviations and addresses for monitoring sites

Site name Stream name Site address
WJS1 Wonju stream 1382-3, Jusan-ri, Hojeo-myeon
WJS2 Wonju stream 382-9, Gahyeon-dong
WJS3 Wonju stream 491, Usan-dong
WJS4 Wonju stream 428-31, Usan-dong
WJS5 Wonju stream 1147-3, Bongsan-dong
WJS6 Wonju stream 1304-3, Gwanseol-dong
HYS Heungyang stream 2683, Taejang-dong
DGS Dangye stream 793-3, Usan-dong
HS Hwa stream 1455-61, Bangok-dong
ICNS Ibchunnae stream 1796, Bangok-dong
SCS Sinchon stream 1327, Chiak-ro
BS Bong stream 5, Yeongwonsanseong-gil, Panbu-myeon
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Fig. 3 Construction of SWAT input data in Wonju stream watershed (DEM, Landuse, and Soil, respectively)

Table 3 The parameters used in calibration

Parameter Description Method Min Max
CN2 SCS runoff curve number multiplied| 35 98
ALPHA_BF Baseflow alpha factor (days) replaced 0 0
GWQMN | Treshold depth of water in the shallow aquifer required for return flow to occur (mm). | replaced 0 5000
CANMX Maximum canopy storage replaced 0 100

SOL_AWC Available water capacity of the soil layer multiplied 0 1

ESCO Soil evaporation compensation factor replaced 0 1
SOL_K Saturated hydraulic conductivity multiplied 0 2000
SLSOIL Slope length for lateral subsurface flow replaced 0 150
GW_DELAY Groundwater delay (days) added 0 500
GW_REVAP Groundwater “revap” coefficient replaced | 0.02 0.2
LAT_ORGN Organic N in the baseflow (mg/l) replaced 0 200
LAT_ORGP Organic P in baseflow (mg/l) replaced 0 200
SOL_CBN Organic carbon content replaced | 0.05 10
RK1 Carbonaceous biological oxygen demand deoxygenation rate coefficient in the reach replaced | 0,02 34

at 20C
RK3 Rate of loss of carbonaceous biological oxygen demand due to settling in the reach replaced | -0.36 | 0.36
at 20C

RS2 Benthic (sediment) source rate for dissolved phosphorus in the reach at 20°C replaced | 0.001 0.1
RS5 Organic phosphorus settling rate in the reach at 20°C replaced | 0.001 0.1
Al4 Rate of oxygen uptake per unit algal respiration replaced 1.6 2.3

Table 4 Evaluation index using NSF and %difference (Donigian, 2000)

Evaluation Poor Fair Good Very good

NSE (Flow) <0.6 0.6~0.7 0.7~08 >0.8
%difference (Water flow) - 15~20 10~15 <10
%difference (Nutrients) - 25~35 15~25 <15
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LAY A ARSI AEA Y] B A5 ol A Z Az)7E ¢ 29 AoE Yrhton, o]9] 3% AR
Fohe F Qe 285,498 0% 20161 M) 17,520%0]  sofa, 4% AFIH 57N, 5B ARIA 147727 99 S
/I A0 R yepgon, FaAle AFA SAbEel FA Aea yehgrh 93 BEE A9et ek (T,
217 a7t QA s)glom AFEARE SRS 100 kg do2 % 3K, BA)olAE 55 Aol & 2377t &9 5% AL
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(60457=p), BHA| Ak 57F 370 250Fp), 2 A s7HIH Tope) b Wl iRk APl 2 7)o mE BAlG)
RFPE ARl FY8Hd 5 TS 270 & %It} (Table 5, Table 6). Y324 HE0] BOD, T-N, T-P #HAj

)
AHs7IR, B AR 57HI67) G255, B AR S7E 2 et Fe glab (SO, SH, A, Aol s 27
@47} A i A0 2asiack el AL E eisten, 474 B oz %oozm 37 et

3478 EAFs7Y 5 227 BT (6065F) 7 3RS ARSBE A 2217 990 _43} EIPA IR i1} o‘g o= Foko)A
o EAFEI o, 271 57} (125057t HAE *HO}L BOD 1,094.8 kg/& (33.66%), T-N 248.6 kg/! (34.07%), T-P
ACE ZAEQITE A& B9 F 671 SAFs7E @357 90.4 kg/Q (35.09%) % 7F4 &4 UrE}kh:}.

7F B SRS ARGl A0R ARGl O, Y AR AFA @ Go] ofgt MRS Bl 0 7o 27

Table 5 Generation rates originated from population, livestock, industry, land, aquaculture, and landfill (in kg/day)

Stream name waQ Population Livestock Industry Land Aquaculture Landfill
] BOD 16,023.8 1,524 1 4,081.3 474.8 0.0 1.2
Wonju T-N 3,804.8 340.6 1,586.7 334.2 0.0 3.4
stream
T-P 422.6 17,7 173.5 251 0.0 0.0
BOD 9495 1,094.8 1.2 74.0 0.0 0.0
Heungyang T-N 235.3 248.6 07 7.2 0.0 0.0
stream
T-P 259 90.4 0.1 54 0.0 0.0
BOD 1,123.8 597.8 16.8 96.5 0.1 0.0
Hwa T-N 284 .4 132.4 6.0 85.1 0.0 0.0
stream
T-P 31.3 46.8 0.5 7.5 0.0 0.0
) BOD 317 26.0 0.0 16.3 0.0 0.0
Sinchon T-N 8.3 5.7 0.0 225 0.0 0.0
stream
T-P 0.9 1.8 0.0 1.3 0.0 0.0
BOD 33.7 10.3 0.0 50.8 0.0 0.0
Bong
T-N 9.6 2.4 0.0 69.5 0.0 0.0
stream
T-P 1.0 0.8 0.0 2.7 0.0 0.0
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Table 6 Discharge loads released from population, livestock, industry, land, aquaculture, and landfill (in kg/day)

Stream name waQ Population Livestock Industry Land Aquaculture Landfill
BOD 1,041.7 208.8 21.2 473.3 0.0 1.5
Wonju
T-N 1,411.9 107.8 50.5 378.1 0.0 4.7
stream
T-P 36.3 1.9 0.8 253 0.0 0.1
BOD 55.8 125.4 0.1 73.4 0.0 0.0
Heungyang T-N 24.0 69.2 0.1 70.9 0.0 0.0
stream
T-P 2.4 7.9 0.0 54 0.0 0.0
BOD 95.9 96.0 0.5 93.2 0.1 0.0
Hwa T-N 38.6 473 0.4 83.1 0.0 0.0
stream
T-P 4.0 57 0.1 7.4 0.0 0.0
_ BOD 6.2 3.3 0.0 16.3 0.0 0.0
Sinchon T-N 2.7 17 0.0 225 0.0 0.0
stream
T-P 0.3 0.2 0.0 1.3 0.0 0.0
BOD 12.6 1.5 0.0 50.8 0.0 0.0
Bong
T-N 5.6 0.7 0.0 69.5 0.0 0.0
stream
T-P 0.6 0.1 0.0 2.7 0.0 0.0

Al 9 ARAA o] tha QA8 Qe AR ERollA
7H =4 UEbg e, s & AR A WskE A
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ogt vfEHsl 2 A7 E= FFHA BOD 1254 kg/d
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42 (6467)2] PALONIA] 3443 mY/d (94 mY/2)S] o] WA
She Aoz A0} AxeddzAtzs 3 2 T4
2 oF 4,961 m’/d (13.6 m/Y), =5 28k 3924 m/d (10.8
m’/)h= 2fo]7h A Ao vehdth FAbA Q) 4
=88, A, HY B o, AlAt 57 59 A=
7F o) E EA] ok A= SAHA|S] et e xde)
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571 A HA s Vel HASES 2AR A
57l Al 127]40flA] 1,652 m9] Eo] Alf 2 #e]
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Table 7 Pollution load and contribution to each stream

Site name Watershed Area BOD Contribution T-N Contribution T-P Contribution
(km?) (kg) (%) (kg) (%) (kg) (%)
WJS1 152.72 89,934.7 - 59,766.4 - 2,395.2 -
HYS 21.05 7478 0.83 2522.0 422 426 1.78
HS 24.68 754.9 0.84 23708 3.97 48.6 2.03
SCS 8.54 228.0 0.25 1185.7 1.98 9.0 0.38

*WJS: Wonju stream, HYS: Heungyang stream, HS: Hwa stream,

] v)gEt sH R 57 ARARE o Al =53t
At 9 SEA| o tigh AgRA] 5 Al o]
P33t Aog Frwrh

ArdA0] 749 EF 7)Eo| weh 45 5o W AR
2 170740 sl 3 2AF A} 16871 A7) S E=
Aog zApEQlon, #FlelREFo]l 28076 E/UolA
23789 /AR oF 153%7} ZolE Aoz Uehdtl Edl
168704 % 127114 (37.0 m/Y)ollA PFHez A Az
T A ok o AL EAE] & BReke
27§49 A4 F Fx27t 7Hs3 4l A gez 4
Lr = B3 Ayl W3 BOD 4.2 mg/L, T-N 6.416 mg/L,
T-P 0.059 mg/LE #|uE58] 875 Uiee A0 Vel
). SRR il Zo|g) W FuhkR 5o sk FA| HAyo]
A7h a9 F 02 e, A3 f YRk Sl gl
EARI A F shpAf et o2 HYER] Fa HuEdd
a0t ZEA e & A3 WRete AIEY A7140 BUE
2 #e7t ed Ao wohEch

L‘j o X =
mUHHS Fd 12E ARE uger 9Fd Uu

= =
H 1 EAISEGIT) (Table 7). A3 Wk W =8 {<dshdd
B 9eko 7FzF 4857 ms (WIST), 0.332 m’/s (HYS), 0.318

T
m’/s (HS), 0.123 m'/s (SCS)E £ a1, Y73 Teto] 9
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ms 7H WREIL glof, Y5 Wk (WIST) f-a2] oF 30%S
A= Ao R Ueldth go] 7P A AIEH (SCS)9
A $28% 5= BOD7} 2.3 mgLo|m, T-P7} 0.065 mg/L ¢l
Ao Yeltron, 34 (HS)S BOD 1.3 mg/L, T-P 0.064
mg/Lel Ao LEhgth 3 (HS)} S0l H|S:3t Sk
(HYS)2] 7% BOD 1.1 mgL, T-P 0.051 mg/LZ 3Fd (HS)%
h tha WS Ao Uiyl 95 kR0 A 953w
st gl WREo] 9FHo R GE A%t
"R (WIS2) A 1 9] B BOD &%= 20.5 mg/L, T-P 0.292
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SCS: Sinchon stream

mg/L Q1 2108 Uepon, 533l el Wi
rElo] Sakels Y gk (WIST) A1 9] W+ BOD
13.0 mg/L, T-P 0202 mg/L& Vel Y3 9] 9¢]ahH
M EE FAsEE gAgoR e RS &
o} YagslhA e ae] §9lo & Qs YA Wto)A]
43| =7t F7Fhes o8 ekt webs dH 9
FANE SeiMe RS F43] U= 95
Sl=A] g Ae] A AN AT} HhELo] ol A 9 vl
QI 27HAQ1 7t Bogt Ao sk
A B 9 Fa {0 dRe) 7o 24 Ak
0D 7|20 31 (HS), S84 (HYS)ollA 34 2722
RSt 7]of&0] 217 0.84%, 0.83%= FAFSHA Lreptom,
AIEA (SCS) L8} 710182 0.25% 2 WA Ltk TN
o] A9 Zokx] (HYS)OlA] 2,522 kg (4.22%)= 7P 2 Aoz
UeRton], T-Po] 7 3k (HS)oll4] 48.6 kg (2.03%) = A5
A 2Rl 7P & FFE A= AoE Yeth

E3H FaRQlsh ol A5l fY=E s} U
TEolA e (WIS2)a} i ereh (WIS1) %7kl 9173}
I Y= FYUSHIES o R 71 ARARE AR

, {4 9 i @994 ThelsteiTt (Table 8). W
UEE - F B4 f92 d5Fsgstedaly Uit
(WIS2)oll A Y53 og folus ol 1459 mYs2 7}
F e Aoz A oH, o] 9o B (BS) 0424 ms,
A (DGS) 0.113 m¥/s, P23 (ICNS) 0.036 m'/s =02
ZAFE] 9tk BOD, TN, T-P 3 B& 29 P32 2261:4)
2 R (WIS2)ollM 24 s ie W3] Fo| 71 & 208

[

tlo oj

o ®

A (DGS), & (CNS) 0.2 st Zo] 2 Jow
UEREOn, TP 5 WS % 49 GAA (DGS)IH 7
2 0 Ueht 5% AL 918 4998 7% S o
@A AH Eelo] BT A0 BT,
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Table 8 Water flow and quality monitoring for the Wonju public sewage treatment plant
Sites Flow BOD (mg/L) T-N (mg/L) T-P (mg/L)
(m®/s) avg. max. min. avg. max. min. avg. max. min.
BS 0.424 05 1.1 0.2 4175 7.390 1.836 0.027 0.056 0.006
SCS 0.123 23 15.2 0.2 4.202 8.513 1.854 0.065 0.318 0.000
WJS6 0.444 14 52 0.5 4.836 7.699 3.209 0.047 0.116 0.012
ICNS 0.036 1.9 25 1.3 4923 9.950 2.381 0.077 0.101 0.047
WJS5 1.519 15 29 0.4 4615 8.021 3.125 0.032 0.146 0.000
DGS 0.113 3.2 6.4 14 5535 8.885 3.019 0.198 0.297 0.108
HYS 0.332 1.1 3.1 0.5 3.916 5.635 2114 0.051 0.133 0.015
WJS3 1.629 2.0 6.9 04 4315 6.698 2.825 0.047 0.108 0.000
*BS: Bong stream, SCS: Sinchon stream, WJS: Wonju stream, ICNS: Ibchunnae stream, DGS: Dangye stream,
HYS: Heungyang stream
FALA L) oS 7190 R GYAR NS B BRS AAA S22 2T 39 YU Y o)
Aot 1E=A A T3t JFFTsleA BAe] g8-491 BOD 66.6%, T-N-& 62.5%, T-P= 67.8%%] 2 gXs} A7a
s

@ogﬁal 2 B9 Y5 4214 HR o] AR 4
wofof & 0.2 ekt ole] YR HEE FYUTE
Hol 34 (HS), SR HYs)o] 0@ 477r0 R sje}
o, F4 2 EAA 09U GRo BEwe, U
FH B 4 WS S S 9 5P o] ) 7%
e el 13 Wk B4 AU AU i 5
77 BMPs %] 5 099 A7k o] nlislolof & Ao

i
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d

d

ZAAE S8 Belo] @Y 2ALE vhgo 2 9AL)
12714 B10)o M SF2-& vI7FAEo] Qs 4o
#) QT B QI ol opHale] Al 0
v% | Foret 2oz AR I T3 27]40) EARA =
MaAelAL YerrlR oldalal 4, 4 of
SRS Ao 2l neld piot EA 2
g A
3, Aoy ARk e A A AT Aol
ofgt 471491 47, Bt AIAS B FHAAS W
SpA|AHoF o Aoz FEEh

EAAIE BOD 7| A2A o2 wiEiet 2 A
o2 etk A4 ul&T} BRI} B foshe
gAte R =9 H|A AN AL tMo] Qs Ao F wct
k. FPsgTeel <o dFTeS 99k Sl A
7 Az I 018y ofl mEH oM BnEeE T A
g E] T-N2 24%, T-PE 34%2] 2 d5s) A7 a7 9l
oRL SR, Aih|g Al S| B ARgahE TNE
22%, T-P= 22%2] AZAI7} AThal shoiet. E3t whof A

37} Uehdeka steick 71 i Anist Po BAA B
3} nlgo] 2o Fopy, 3 L ARG thbo R Ay
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WS AgA Aok 3 Ao Tekec, we SH

A SlolAn Sl EEES 980l AHOE W
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B 17 274l el AR ST o
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A (@30] 1ol TASH= A2 BOD %

mgL, T 05 melL ol8l= WHhES F45lo] A
ZAAZAAA TMS (2015.1.1.~2018.11.21) 74~ =3
A122 21 AT BOD 10 mglL oA FER WREE 49
ZH U Qlon], ARRAE B RS SUEA AT
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YZFH 2EAM wot Y HMET T}
£ golehs Z0% Uehith weby 954 fol0) 28T GBS uAE ProRA FEekeAegT 95 e
2 o AFTIAG HA A ES G (B FFH) T AAgetE Fhet T 4 ol uHed
weo] Ze3t Aow AlmEch B3 9=d 9o i 9xjat A7 9 A7ET} (BOD 99.4%, T-N47.8%, T-P 66.7%
AR A % 1270 OF 370 mYE AEA = UFH A B AR Aele) 24lo] Badt Ao B
o A WRSH: o Uehdth nebd sl T gtk 53] UFAelAE Wi 4 48} (TP 0504
o AYEA) G, A F AH WEHE QA S5 mgel AN AN FAsk glow, serely 71
A2l Helo] WaF oz wekwch A% (A THE Bk AR vhel 2 A4 A

3. T+EUHMLHY ==

27 2= EITMCHEH
253 %%?—7}4 BOD Hl3kafe: SAAVE oF 183%
U AER ST St
z‘:—&% Ph 24
4 oS o s @4 2 AR
%7F % 127) B7rolA ZES AgE BelskA
Eﬁ}ﬂb} PRI glo] 94 L @ELo] e 4

% T4
FEH7E ek dFAf ARGl = WASE T
|
|

512 0.olQ

MY i

Al HFA] - Xl“ﬂ‘ﬂﬂﬁ%ﬂ% AABte] A ZXl e
A, B7FAI, AN S EAIRALE A A
Bt & ?*W*é et 5 A AE w«l |
o] s7IeAlEE SR 288 o8 ddd: &
AARl A= L ez o] oAl glo] EA|A| HIH
LA Ak et Wy e 3 HEAEY (BMPs) 5
o dizio] Bad Ao gehdnt. wekd BEXA A wiE
e e 9uwdS AP S8l AelEty, At FAR, 5
S5, A RS, A3, Bue), a4 R, 22
B =0 AFAe] x¢lo] Qs

9z 22171 HFH R0 LA o7 B0l 514
FY FAE 8 - 25VR AL B R AMo] H
Zastch wfohE|n Bk o4 AYTA A4 (287 km)
B 94 RG] (43.6 km)yE B 240] B %
W) R SR AA A2l BE Sfsjorst Holck. ofm
Wk ofgt A7 S4B AYRAES AYstel B §
Q2 ulelsly sl E 9l s

119. oL

I=J

QEE AASI] SAA LR RYS BAIsore Aol
th ER YA Q0] AL 29U UL Ha

8}517] SJ5) SSi= 80% A7, 2719 20008 diif AZtEg
100%S BHEE EAHH O AATAE DA S AHsls
o PFEAIE AR SR Slcef] A AR, B
QAALA ] T @AY FUATL ST AA A 1
71 Bash Zlofok Z18]a1 ARIA| A disiale s
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25%)y2 AlQgt Ud 9 ZeFd, 3PdollA “Very Good”

(<15%) 0.2 B71=|gc) T3 TN, TP $2of thajali it

8 37) §9J5H B “Very Good” 55 oAk 284 2
B7h ol e Aom etk

o]g} o] TLEE SWATHEHS ofg5to] U= oA
of ogusl A7 fakg BAshaA} FA4H, A9lA, 47
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Table 9 List of calibrated parameters

Parameter Method WJSH HYS HS SCS
CN2 multiplied 0.945 0.863 0.995333 0.959
ALPHA_BF replaced 80.43375 0.43705 0.458333 0.43855
GWQMN replaced 162.5 1287.5 11255 707.2575
CANMX replaced 3.0135 3.0995 3.0325 3.0065
SOL_AWC multiplied 1.15437 1.154377 1.154377 1.154377
ESCO replaced 0.4403 0.4411 0.4751 0.4521
SOL_K multiplied 0.841061 0.841061 0.841061 0.841061
SLSOIL replaced 17.46399 17.46398 17.46398 17.46397
GW_DELAY added 8240.909 240.9089 464.1667 240.9089
GW_REVAP replaced 0.045675 0.049125 0.1871 0.047175
LAT_ORGN replaced 42 43 5 45
LAT_ORGP replaced 0.095 0.008 - 0.023
SOL_CBN replaced 8.5 - - 10
RK1 replaced 0.03 - - 0.05
RK3 replaced 0.1 - - 0.08
RS2 replaced 0.003 - - -
RS5 replaced 0.1 - - -
Al4 replaced 0.5 05 0.5 0.5
*WJS: Wonju stream, HYS: Heungyang stream, HS: Hwa stream, SCS: Sinchon stream
Table 10 Applicability of SWAT model to water quality determination
Site Flow BOD T-N T-P
name R? NSE %differ. Grade %differ. Grade %differ. Grade
WJS1 0.85 0.82 9.90 Very Good (-)3.5 Very Good (-114.2 Very Good
HYS 0.82 0.73 7.80 Very Good (-)2.1 Very Good (-) 27 Very Good
HS 0.89 0.87 (-)6.50 Very Good (-)5.4 Very Good (-)14.4 Very Good
SCS 0.81 0.70 2210 Good (-)2.8 Very Good (-) 18 Very Good

*WJS: Wonju stream, HYS: Heungyang stream, HS: Hwa stream, SCS: Sinchon stream

Table 11 Scenarios for water quality improvement

Scenario Description Applied source
Scenario 1 Rain roof facility and runoff bump installation Livestock
Scenario 2 (1) Discharged water quality improvement and Industr

(2) Individual sewage wastewater treatment facility linkage to public wastewater utilities y
) (1) Vegetated buffer strip and
Scenario 3 (2) Rice straw mulching installation to agricultural field Land
= HE, W W WY Aol 58 SEs] BABE A w7l diel] S RS AAFE Aol
A Fot7) wizoll Aluke] e wEAJol A Al efsta ol ThsfA] Aue]e 2= d o ARRSHAL Qe ARIA A A
A L e o Aol tisll st A B APEAAE A A
AlueE]e 12 A54G9 W w7k AE 9 A E oLs Sl HrREe A Adshs A YFskrsa Al
o) JEEk f% PAALe] AR 2ol e & B $RS $UL MK ok nhxgtos Auele3
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Table 12 Pollution load reduction effect by scenario (%)
Scenario BOD T-N T-P
Scenario 1 0.025 0.236 0.249
Scenario 2 (1) 0.003 0.095 0.030
Scenario 2 (2) 11.060 23.560 10.600
Scenario 3 (1) 3.890 1.230 3.320
Scenario 3 (2) 5.210 0.783 2.801
© AFA o) ANT TP, 3K, AU 259 W) 7 Al 2 g A AT G ARIA A8 T4
Z2)of| Aot HYuE-S AAsk= Aotk E A0S o 95 Ul L gRst AFaEE2 BOD
ZF Aue] e 82 AluE| @ 19] 8- AA| F4bs7E 5 0.003%, T-N 0.095%, T-P 0.030%= UE}uton, Y5543
LAY Y RARE E6l VSR A AR E o SAE W 2AS JNAEE ASole 9 gl
UA] G2 ATl A 9] =4 g Q@ QHS) Fhof] KDI Aol e @3}t A7t T2 BOD 11.06%, T-N 23.56%, T-P

fiel e 4

O O]|=%
749 4

127] 9] Apdel A 2] 2
Ho}o ks A Atk AS 7Hdsto] 71 4HdA A
2919 2l AH=olA A2sieon, 018 FFHA
egel QW W 4 A5 5 B (BOD 39 mgl,
TN 1043 mgL, T-P 0.135 mgll) 524 52 27sls 24
2ol el BaA2 ANTAE ASE F1gstol et 3l
o A28 Sgelel Beaidk Auele3e] e URH §
o U} $:<15120 Kol ok hrud S2310] SWAT
2 1 Filter strip 7|5 F3 24 | mE 285130,
A 20| 2 Jang et al. (2010)0] AAJEE HA T E| w2
HEEORS A A) (Universal Soil Loss Equation, USLE)2] &
AR () 34 B4 ol §510] A 1S AL
ruoll 2{gafo] RRTE ARl whe oot Ay AE
SEEREEES

Al 1€ 48sle] 7§t wetoe] 3 291
3ME 71 R AEIE AP A S EolA
BOD, T-N, T-P =% &=o] tigt e sl A3k a&2 712t
BOD 0.068%, T-N 0.276%, T-P 0.354%% UElFon, shd9]
73 Z+ZF BOD 0.363%, T-N 3.870%, T-P 2.975%% el
t}h HEF o2 AFH Uit 4 BOD 0.025%, T-N 0.236%,
TP 0249%2 kefsith. shdolAe] & 09ualE FzoR
e A ERS B4 g ACR Uehtol), A
N 7 F& WAL Ao wE e @Rt A%
A37} BOD 27.99 kg/< (19.5%), T-N 13.97 kg/¥ (20.7%),
T-P 147 kg/¥ (25.3%)= LERFIL Qlo] (HGWMC, 2018),
LN adl= & Zo=® wrhEch
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A5 Qs Aog BRI w3t 3L |&71535 2 movement amount of river floating debris based on
AL Q5 A FHEe] AT HolE ulgto g 1= | effective rainfall and flow rate. Jouwrnal of the KIECS
o AMUA9 F23} x| o] & 2Qa3t ol 12(1): 237-242 (in Korean).
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