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Abstract

This study analyzed runoff characteristics of non-point sources pollutant and evaluated removal
of pollution by BMP(Best Management Practice) using BASINS/WinHSPF model. Hourly
meterological data including input data was provided from 2010 to 2011 year to run HSPF model
in Miho stream watershed. As the results of calibration and validation of the model, the model
could be successfully performed to simulate the flow and water quality parameters. The
apprehensive area of non-point source pollution was chosen by non-point source pollution per
area of a tributary to the Miho stream and applied constructed wetland in area chosen. Three
scenarios were based on installation area of an constructed wetland and HSPF model would be
applied to estimate the pollutant removals through the constructed wetland. The removal rates of
pollutants through the constructed wetland were estimated with the runoff and water quality
parameters by the comparisons of before and after the constructed wetland application.
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Figure 1. Location of the study area
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Very good Good Fair Poor
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Water Quality % difference <15 15~25 25~35
Source: Donigian(2000)
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Figure 2. Hydrological calibration and validation at the site of Bukil
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Table 3. Results of calibration and validation for water quality in Miho A

SS BOD T-N T-P
o % difference 1.30 11.38 8.33 3.58
Calibration
Performance Very good Very good Very good Very good
o % difference 11.41 9.01 6.14 5.19
Validation
Performance Very good Very good Very good Very good
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Figure 7. Water quality calibration and validation in Miho A
Table 4. Results of calibration and validation for water quality in Musim A
SS BOD TN T-P
o % difference 1.32 8.63 8.57 7.93
Calibration
Performance Very good Very good Very good Very good
o % difference 9.26 8.89 5.45 6.85
Validation
Performance Very good Very good Very good Very good
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Figure 8. Water quality calibration and validation in Musim A
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Table 5. Results of calibration and validation for water quality in Byeongcheon A
SS BOD TN T-P
o % difference 4.14 5.57 8.52 7.22
Calibration
Performance Very good Very good Very good Very good
o % difference 9.45 7.55 6.72 5.15
Validation
Performance Very good Very good Very good Very good
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Figure 9. Water quality calibration and validation in Byeongcheon A

Table 6. Results of calibration and validation for water quality in Miho B

SS BOD TN T-P
o % difference 6.75 6.81 7.37 6.11
Calibration
Performance Very good Very good Very good Very good
o % difference 14.73 6.95 5.40 5.40
Validation
Performance Very good Very good Very good Very good
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Figure 10. Water quality calibration and validation in Miho B
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Table 7. Results of calibration and validation for water quality in Miho C

SS BOD T-N T-P
o % difference 6.80 5.67 7.78 5.15
Calibration
Performance Very good Very good Very good Very good
o % difference 8.35 6.30 5.60 452
Validation
Performance Very good Very good Very good Very good
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Figure 11. Water quality calibration and validation in Miho C
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Table 8. Non-point source loads and non-point source loads per area

Area Non-point source loads Non-point source loads per area
Watershed Stream () (ton/year) (ton/km’/year)
BOD TN T-P BOD TN T-P
Han stream 89.5 186.5 215.6 8.1 2.0 24 0.09
Miho A Backgok stream 123.6 2313 2674 10.0 1.9 22 0.08
Chopyung stream 132.3 330.3 381.8 14.3 25 29 0.11
Musim A Musim stream 197.3 383.6 464.1 23.5 1.9 2.3 0.12
Byeongcheon A Byeongstream 366.6 345.8 507.4 314 1.4 2.1 0.13
Bogang stream 155.5 356.6 205.7 13.8 23 1.3 0.09
Miho B Seongam stream 51.5 141.5 81.6 55 2.8 1.6 0.11
Seokhwa stream 88.8 182.9 105.5 7.1 2.1 12 0.08
. Jo stream 136.2 264.1 439.4 6.3 1.9 32 0.05
Miho C
Wolha stream 40.0 64.7 107.7 1.5 1.6 2.7 0.04
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Table 9. Removal rate of pollutants according to three scenarios

YA|E BOD 53%, T-N 37%, T-P 60%% 217t %
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Chopyung stream | Musim stream | Byeong stream | Sungam stream | Jo stream | Aver-age
Before BMP | Loads(ton/year) 27,190.3 42.201.7 33,543.1 15,520.5 34,249.6 -
e Loads(ton/year) 21,6979 34,225.6 25,190.9 11,935.2 26,440.7 -
Removal rate (%) 20.2 18.9 24.9 23.1 22.8 22.0
SS SC.2 Loads(ton/year) 21,262.8 34,056.8 24,7213 11,686.9 25,9955 -
Removal rate (%) 21.8 193 26.3 24.7 24.1 232
5C3 Loads(ton/year) 20,909.4 33,4659 23,580.8 11,3299 25,379.0 -
Removal rate (%) 23.1 20.7 29.7 27.0 259 253
Before BMP | Loads(ton/year) 3303 383.6 345.8 141.5 264.1 -
SC1 Loads(ton/year) 278.1 333.6 2774 116.7 218.1 -
Removal rate (%) 15.8 13.0 19.8 17.5 174 16.7
BOD $C2 Loads(ton/year) 265.9 319 265.2 111.6 208.5 -
Removal rate (%) 19.5 16.8 233 211 211 204
Loads(ton/year) 2577 309.2 2573 108.1 202.3 -
53 Removal rate (%) 22.0 194 25.6 23.6 234 22.8
Before BMP | Loads(ton/year) 381.8 464.1 507.4 81.6 4394 -
SC.1 Loads(ton/year) 3139 3983 391.6 65.6 3449 -
Removal rate (%) 17.8 142 22.8 19.6 21.5 19.2
TN SC.2 Loads(ton/year) 300.1 381.1 374.7 62.7 329.8 -
Removal rate (%) 214 179 26.2 232 249 22.7
sCa Loads(ton/year) 291 369.2 363.1 60.8 319.8 -
Removal rate (%) 23.8 204 284 25.5 272 25.1
Before BMP | Loads(ton/year) 143 235 314 55 6.3 -
SCu1 Loads(ton/year) 11.8 20.3 24.7 44 5.1 -
Removal rate (%) 17.5 13.6 213 20.0 19.0 183
T-P I Loads(ton/year) 11.2 194 23.6 42 49 -
Removal rate (%) 21.7 174 24.8 23.6 222 219
$C3 Loads(ton/year) 10.9 18.8 229 4.1 4.7 -
Removal rate (%) 23.8 20.0 27.1 25.5 254 244
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Figure 15. Relationship between SS and water quality parameters
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able 10. Removal load per unit aera according to three scenarios at each tributary (units : km®, ton/year/km
Table 10. R I load it ding to th ios at each tribut its : km’, ton/year/km®
Area Constructed ss BOD TN TP
wetland area
Chopyung stream 132.3 2.6 2,112.5 20.1 26.1 0.96
Musim stream 202.2 4.0 1,994.0 12.5 16.5 0.80
SC.1 Byeong stream 2413 4.8 1,740.0 143 24.1 1.40
Sungam stream 51.5 1.0 3,585.2 24.8 16.0 1.10
Jo stream 136.2 2.7 2,892.2 17.0 35.0 0.44
Average 2,464.8 17.7 23.5 0.94
Chopyung stream 1323 6.6 898.1 9.8 12.4 0.47
Musim stream 202.2 10.1 806.4 6.4 82 041
SCo Byeong stream 2413 12.1 729.1 6.7 11.0 0.64
Sungam stream 51.5 2.6 1,474.4 11.5 7.3 0.50
Jo stream 136.2 6.8 1,213.8 82 16.1 0.21
Average 1,024.4 8.5 11.0 0.45
Chopyung stream 132.3 132 475.8 5.5 6.9 0.26
Musim stream 202.2 20.2 4325 3.7 4.7 0.23
SC.3 Byeong stream 2413 24.1 4134 3.7 6.0 0.35
Sungam stream 51.5 52 805.9 6.4 4.0 0.27
Jo stream 136.2 13.6 652.3 4.5 8.8 0.12
Average 556.0 4.8 6.1 0.25




=l

47t M|233 w2

eadnﬂulﬁemﬂo_e ~ 0 — ]
To ke ERERRMRT T TR o J1
XH BH r B8R Fo o 1+ Ho 4 W =3 B hyl . ﬂl o N o M_n
SO Hﬁmﬁ#%%u?ﬂ_d% ol o W T =
TreaelE Lo dIoTRalE o w N dE w®
BE T 00 — oo 2o T g e HoE =y TRET P
of B ® ouf T 5o L35 BT g oo R o 2o j
o ® o OF . L AﬂmW ﬁimmiﬁﬁﬁm ﬁmn Laomﬂwo R ML
—_— U J— A )
H_g_%ow%mq_%amvmwﬂ%%mgww R T R
M%W%Amuﬁ%%%ooyﬂﬁr%%aQM_? oo R B O g
%w_mmﬂﬁmﬁww@%n%w%awgwﬂ{ Mar Band B .
MR g o = PR ma%aﬁﬁﬂﬂu e RS > of)
gﬂww%ﬂfﬁm_ﬁ%%%jmoazw X 2x Hoeoag 20w
o o &~ XM T X =X PP D =2z d .
ﬁiogxwﬂ&L__mﬂurmwﬂur.mﬂg%&%@:_o% m,um SEEAaS m%mo%
P T L Koo E o Thag e er % S Gl NE
Py e FE W ook E WO e o WX T S = cacalc: =R
s N . & T oopop o X om® R o © o< Mo 5 TR
Togg T RR ST KB D e o) or X g
S I S I Bz oo E o HE oo B Bp = TRg TSR
NE e B g SRR SR 0o I
my Be o moﬂ;doou__/l 7_.,A]ome wm_m e_mﬁ_. o Aaﬂﬂa zo 1mM| ) = nx_uu om
o o KB R T R T T ©° o w ma oy =
o H ng = e
P L WK PReW NS
HOaUT] ]Xﬁe.__/oa .mU\__IWLUA"mwO‘_lF‘_O\ullo
R CH Il Bl SETLESETATEE S ER T
ﬂ%&m@@ﬁ%ﬂﬁ@% o ROUE AT W o~ ) o R R Ry T g
- hoO._aoxeL_,_ﬂﬂovﬂﬂu " oRo KW T Ao R oy TR ok
I BTl P i i R - N m_oﬁeiaoﬁ %
Rl o o W OF 5 ok Wy o B I - = B W o ®o °
Sop R s pe L SE 8, ok o R % ol ®om o
ﬂﬂ%%ﬁgl%zwv% %gqmﬁ_VEAWﬂw%kg I i
QJﬂﬂHrE._ﬂ.mMHLH‘L.TdWE mﬂamﬂl_!o,mﬂﬂ]ﬁu Mﬂo.‘mﬂ_ ~P o wo ot
sEE*E s *REDIR T SIS i 8ty :
ﬂnq_o%ﬂromﬂoOo.Urﬂo#qﬂeﬂA_l quﬂ.mn,mugamﬂ_,onua,m.Lﬂﬁo]}woauﬂq [aM
LA i o o i a.ldloz.emdu,uﬂ_Zoﬁo Q. E._LS
XHTNﬂD ﬂﬂlh Gy mo,mlLlilﬁixo oE hi~a ) o an
piPELRheEE I SrLiEifiiotiiEirce. T
< o T X — T I ~g| | o = of < o om X" . 0
X = X s 2 g e A y of OF ol X T |
CCERNEELCRE LopRrnaCREALRFRERE TS
i < T ey i o_e@ﬁeaoxq_d_]tﬂllaill =
HT%MEMM%Q%%W@ %%ﬁﬂ%mwmmwﬂ_ywwﬁo_m;uu@% o
%D,mﬂﬁo9ﬁo_ﬁoﬁﬂuemodl.i_%mﬂme-Mmﬂoﬂoraf]%meﬂwzo ﬁﬁ_% ar
mm%&WHaﬂmﬂ@a_.ovﬂ%ﬂuﬂﬁﬂﬂT%ﬂ,%ﬁourmma;%mﬂmhﬂmeﬁ oF
;X o Mo~ M o m ! —_ . ! I
Hma_wfdl.mﬁ%HWMWM%MMEme%m#o;um%ﬁ%@%@%WW%@@%Q ﬂ
—_ — Ay ==
F o o) o o W KR W oo o m of ﬂwqo o W an .\#ﬂu MM _OM =

2012, BASIN/HSPF &

21(8), 965-975.

RERREPEES

9

=2 =2
22 4%



291 - ZEfT / BASNS/WIHSPF 2812 0[85t HHOAiSa SESM 24T} 2ixpal7|d M8 100

s, 27, B2, £94, 2009, BASINS-
ool vjE

g
oquhE Pyel Y 24, A

s o [¢]

3149, 2007, BASINS/WinHSPFE o] 231 AoF
74 ool ot A=dista AAL

39 =8,

Donigian A. S., 2000, HSPF Training Workshop
Handbook and CD, Lecture #19,
Calibration and Verification Issues, Slide
#L19-22, EPA Headquarters, Washington
Information Center, Presented and
prepared for U.S. EPA, Office of Water,
Office of Science and Technology.

Hashim, N. B., 2002, Watershed, Hydrodynamac
and Water Quality Models for Total
Maximum Daily Load. Ph.D. diss.
Mississipi State, Mississippe, Ind.:
Mississippi State University.

Narasimgan, B., P. M. Allen, R. Srinivasan, S.
T. Bednarz, J. Arnold and J. A. Dunbar,
2007, Streambank erosion and best
management practice simulation using
SWAT, In: Proceedings of 4th conference
on ‘Watershed management to meet
water quality standards and TMDL® San
Antonio ASABE publication #701P207,
10-14 March 2007.

Stowell, R. M., Ludwig, R., Colt, R. and
Tchobanoglous, G., 1981, Concepts in
aquatic treatment design, Journal of
environment engineering, ASCE, Vol.
112, 885-894.

Y. S. Yang., L. Wang, 2010, A Review of
Modelling Tools for Implementation of
the EU Water Framework Directive in
Handling Diffuse Water Pollution, Water
Resour Manage, Vol. 24, 1819-1843.



