J. Korean Soc. Environ. Eng., 37(10), 551~557, 2015

[Original |

http://dx.doi.org/10.4491/KSEE.2015.37.10.551
ISSN 1225-5025, e-ISSN 2383-7810

FoiEh 90 HH egHsl SAIX|Y HlE Sbt

Assessment of Apprehensive Area of Non-Point Source Pollution
Using Watershed Model Application in Juam Dam Watershed

ol5l&” - &|Za - MO - Ol AY*

Hye-Suk Yi' - Kwang soon Choi - Suna Chong - Seung-Jac Lee*

St AL FA K-waterd 7Y - * S FA-A A - -9 A2 A
K-water, K-water Institute
*K-water, Dam & Watershed Maintenance Department

(Received September 24, 2015; Revised October 6, 2015; Accepted October 13, 2015)

Abstract : This study analyzes potentially hazardous sub-watersheds from non-point source pollution areas using an HSPF model.
The watershed of the Juam dam reservoir was divided into 29 sub-watersheds, and the flow, BOD, TN and TP concentration for
the Juam dam watershed were evaluated from 2009 to 2012 using a watershed model, with a warming period from 2009 to 2010.
The results of the watershed model agreed well with the flow and water quality field measurements. The calculated average
non-point source loadings were BOD of 8.8 and 9.1 kg/day/km” in 2011 and 2012, respectively; TN of 9.7 and 10.1 kg/day/km’
in 2011 and 2012, respectively; and TP of 0.30 and 0.33 kg/day/km2 in 2011 and 2012, respectively. The non-point source loading
of the Bonghwa stream watershed was calculated, and predominantly assessed upstream of the Boseong river. Additionally, the
Miryeok, Jangpyeong, Yuleo, Guam, Seokgyo, Mundeok, Incheon, and Bongnae stream watersheds, with extensive agricultural areas,
were assessed to be potentially hazardous areas in terms of non-point source management. In this study, HSPF model was applied
in order to aid in the selection of non-point source reduction facilities for the Juam dam watershed, where they were evaluated as
to whether they would be applicable for non-point source management.
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No tﬁgllf:r:_d B;:Sn Flzfst Tjrse_ Urban Water stg frea Fig. 2. The 29 sub-watersheds for HSPF application in Juam
dam watershed.
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Table 2. General calibration and validation tolerances for model

application
Criteria Very good Good Fair Poor
% difference (10 10~15 15~25 -

Table 3. Statistical analysis of calibration and validation for flow
and water qualities

Observation Simulation % Perform-
ltems .

mean mean  Difference  ance
Flow (m%/s) 247 237 402  Verygood

Calibration BOD (mg/L) 120 133 1093 Good

(2012) TN (mg/L) 121 128 10,22 Good

TP (mg/L) 0.023 0.026 13.33 Good
Flow (m%/s) 115 123 6.60  Very good

Validation BOD (mg/L) 1.36 1.21 10,49 Good
(2011) TN (mg/L) 125 112 562  Very good
TP (mg/L) 0.023 0.023 148  Very good

10000 7T I“l |uT|“W TTT TIr Ty '”|l WWH |\ 7 0

1000 mmRainfall
_ ig:::;: Validation Calibration 200 T
,é 100 E’
= k|
E 10 5
400
.
0.1 600
Jan-11 May-11 Oct-11 Mar-12 Aug-12 Dec-12

Date (day)

Fig. 3. Comparison of the observed and simulated daily flow
on Dongbok A,
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Fig. 4. Comparison of the observed and simulated daily BOD
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Fig. 7. BOD non-point source loading of unit watershed area,
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(a) 2011
Fig. 8. TN non-point source loading of unit watershed area,

(b) 2012

Table 4. The non-point source pollutants loadings of sub-
watersheds in Juam dam watershed

Sub-  BOD (kg/day/km?) TN (kg/day/km?) TP (kg/day/km?)
watershed

No. 2011 2012 Avg. 2011 2012 Avg. 2011 2012 Avg.

113 108 1105 145 142 1435 037 037 037
118 114 1160 1569 1556 1570 039 0.38 0.39
109 105 10,70 139 136 13,75 0.36 0.36 0.36
101 97 990 122 120 1210 034 0.34 0.34
123 118 1205 159 1565 1570 040 0.40 040
120 114 1170 156 152 1540 040 0.40 040
101 97 990 123 119 1210 036 0.36 0.36
97 93 950 114 112 1130 0.33 033 0.33
9 108 113 1105 144 150 1470 036 0.39 0.38
10 96 101 985 120 125 1225 0.34 036 035
11 10.0 105 1025 128 134 1310 0.34 0.37 0.36
12 103 108 1055 135 141 1380 035 037 0.36
13 87 93 900 102 106 1040 031 0.34 0.33
14 70 75 725 65 69 670 030 033 032
15 73 83 780 74 85 795 026 031 028
16 70 80 750 69 79 740 026 031 028
17 79 90 845 87 99 930 028 033 031
18 64 73 68 55 63 590 030 036 033
19 59 70 645 45 53 490 013 0.14 014
20 73 86 79 66 77 715 015 017 0.16
21 79 85 820 85 89 870 029 031 030
22 88 93 905 101 106 1035 0.31 034 033
23 70 75 725 66 69 675 027 029 028
24 65 69 670 52 56 540 028 031 030
25 96 102 990 120 126 1230 0.33 036 0.35
26 82 87 845 89 94 915 029 032 031
27 86 91 885 96 100 980 034 037 036
28 69 74 715 61 64 625 031 033 032
29 63 68 655 50 53 515 029 031 030

o N o O~ W N =

11~14 kg/day/km?
14~17 kg/day/km?

Min. 59 68 635 45 53 490 013 0.14 0.14
Max, 123 118 1205 1569 1556 1570 040 040 040
Average 88 91 895 101 104 990 030 033 032

=] 00~01 kg/day/km?
01~02 kg/day/km?
02~03 kg/day/km?
03~04 kg/day/km?
04-05 kg/day/kms

(a) 2011
Fig. 9. TP non-point source loading of unit watershed area,

(b) 2012
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Table 5. The assessment results of apprehensive non-point so-
urce pollutants sub-watersheds in Juam dam watershed

Non-point
) Landuse
Sub-watershed sources loading (%)
()
Rank (kg/day/km?)
Mainstream  No, BOD TN TP A?Sr?l_ Forest

12,06 1570 040 349 519
1170 1540 040 333 517
1160 1570 039 325 563
1105 1470 038 265 615

1 Bonghwa stream 5
2 Mireok stream 6
3  Jangpeong stream 2
4 Yuleo stream 9

Guam stream,
Seokgyo stream

6 Mundeok stream 12 1055 1380 036 13.7 66.0

Imcheon stream,
Myeongdong stream

11056 1435 037 327 589

10,70 1360 036 281 615

Boknae stream,

) 1025 1340 036 214 639
Yujeong stream

CHEtERA 2 BsIR| | ®372 ®105] 20153 102 |

555



556 ,

J. Korean Soc. Environ. Eng.
Ofsll= - =&z - HMot - O|SKY

A7 =2 AFE BHLAATAIE A4 AR A
A om Grrsklet. 297] /- FollAl 87 afo] ]
O AATAE oA AARIAH o2 FrtE et &3t
2 §-olo] BOD 12.5 kg/day/km’, TN 15.70 kg/day/km’, TP
0.40 kg/day/km’0 2 942917} 714 &4 F7rEeH
FUAY HEo] 349%=E 7MY w2 &S ZAEkAL 919l
of oo 2 mEH, A, gold, A, Jud,
A, AHA, FWAH 5o &A= HtENY 7 &%
3z EXHE]] ARG} AA S vE&S
of vt A, hAH R FAA A H&o]
NA MR FHHCR =2 RS FRIT 4
LA
7F =& ARG o R AR E o] HIH L AAAIAL

do my 12 Mo %
19 O nE 9 x

B

=

=

§)
&
o
o
o
ol
ox
Ju
N
fo
o
S
o

SV
A
3
)

T
o= 30

i o 32

r)

fu)
B

o

i)
2N oY ooXx

flo rlo

o2

o 4>
=2
1o
ot
of
st
filo
kd

o2 o
o o o
N
E#j 2
= rr
o 1
o <t
fo 2
o X
ru 32
= i)

fr o 82 2 nlo

ol
o
32
O
K
us)
Fl
B
32
l
H
ox.
¥
e
= o
il
>
32 op
)

ol
o
olis
of
ol
Lo
N
it
L
L HOHU peb fuooo flo o X ot 12 X opx o

B orjr in
=

k3
ox
a3
12
=2
2
oy
>
r
_1 i
of
o
o o

o
12

BTl
it
re,
-
2
>
e
ot
12
o
s
{o o
bu
o
o
rlr

_:(:‘ ﬁ

ox

[o ol ¢

1T

as) ot
)
N
N
N
(e
iﬂ,
Ql',
k=l
30,
fr
N
o2
jaie)

to 2 4N

w2
ac
oy}
Jo
e
!
e,
o
-
A
o
£
o o

e
Iz

=

)

X o

E{d4m104>oﬁn§ﬁﬁ—u}o
[/

i)
B
Jo
12
e
=
o
i fo
of
e 4z
_c|>£
ofi
filo
>,
o
9#

b
lo
%)
e
2
N
>
>,
x
%
2
=
o
ol
S
N
12

lr ¥8
e
If oo
g 0 o
X\(ﬁ
o>
me_.;i %
g
L
g e =

&lod 297

jw
rlot
o
T
1o
o0
=~
M,

- J

aRdeR TR
B

®)
A~
3
—
o]
i
Hu)
ox
lo
i
> =

I
oo

2 2 jo 2 o

rlo
H
e
-
N
©
©

d B 10.1 kg/day/km® (4.5~15.9 kg/
day/km®), 2012 S 10.4 kg/day/km® (5.3~15.5 kg/day/
km®), TP2] 7-9-ofi= 2011 3 0.30 kg/day/km’ (0.13~0.40
kg/day/km®), 20124 B 0.33 kg/day/km’ (0.14~0.40 kg/
day/km’) 2.2 A& E|Qict BOD, TN, TP H% HA7 e A
2] Aol AAE AgdoA] AH o R =2 R
FEHE Aoz EAEUT S35 f90] 7MY A4

N
i
X,
ofl
N
)
pac

o wlEA, FBH, &olH, YA

N

o L
e
-

Ny

b

o o |o

DI D oA e
3o
o
"
o Tﬁ
ot |O
N
A
o g
L 4
o il
& T
ol
o
=2
e
o @
2
-
1o
B
Jo
1

e L L EE
AL
) 44 §olm

A} A5l ol

References

1. Choi, J. W,, Kang, M. J,, Ryu, J. C., Kim, D. I., Lim, K.
J. and Shin, D. S., “Assessing the Action Plans in the Control
Area (Soyang Reservoir) of Non-point Source Pollution,” J.
Environ. Sci. Int., 23(5), 839~852(2014).

2. Kang, K. C, Kim, J. S. and Won, C. H., “A Study of the
Dynamic Characteristics of Water Quality for the Selection
of Non-point Sources Management Area in Dongjin-River
Basin,” J. Korean Soc. Environ. Technol., 14(5), 332~342
(2013).

3. Lee, S. H., Ni-Mesister, W., Toll, D., Nigro, J., Gutierrez-
Magness, A. L. and Engman, T., “Assessing the hydrologic
performance of the EPA’s nonpoint source water quality ass-
essment decision support tool using North American Land
Data Assimilation System (NLDAS) products,” J. Hydrol.,
387, 212~220(2010).

4. Ribarova, 1., Ninov, P. and Cooper, D., “Modeling nutrient
pollution during a first flood event using HSPF software:
Iskar River case study,” Bulgaria, Ecol. Modelling, 211, 241~
246(2008).

5. Shrestha, S., Babel, M. S., Gupta, A. D. and Kazama, F,,
“Evaluation of annualized nonpoint source model for a wa-
tershed in the Siwalik Hills of Nepal,” Environ. Modelling
& Software, 21(7), 961~975(2006).

6. You, Y. Y, Jin, W. B, Xiong, Q. X., Xue, L., Ai, T. C. and
Lia, B. L., “Simulation and Validation of Non-point Source

Journal of KSEE | Vol.37, No.10 | October, 2015



J. Korean Soc. Environ, Eng.

ofe SUST HUA A AR 4 17

= =
Too T

12
=
v
)
o
I
o
i

Sz LRI WS St

ot

, 557

10.

11.

Nitrogen and Phosphorus Loads under Different Land Uses
in Sihu Basin, Hubei Province, China,” Procedia Environ.
Sci., 13, 1781~1797(2012).

Kim, S. S, Kim, J. S., Bang, K. Y., Gwon, E. M. and Chung,
W. J., “The Estimation of th Unit Load and Characteristics
of Non-Point Source Discharge According to RainFall in
Kyongan Watershed,” J. Korean Soc. Environ. Eng., 24(11),
2019~2027(2002).

Lee, G. S. and Kim, T. K., “Estimation of Nonpoint Source
Pollutant Loads of Juam-Dam Basin Based on the Classifica-
tion of Satellite Imagery,” J. Korean Assoc. Geographic In-
formation Studies, 15(3), 1~12(2012).

Lee, J. C., Park, H. L., Lim, B. J.,, Lee, C. H,, Lee, S. W.
and Lee, Y. W, “A Study on the Selection of Non-point
Pollution Management Regions with High Priority Order in
the Yeongsan River Basin,” Korean J. Limnol., 45(4), 347~
355(2012).

Shin, C. M., Choi, J. Y. and Park, C. H., “Characteristics
of Non-Point Pollution Discharge with Land Use in Urban
Area,” J. Korean Soc. Environ. Eng., 26(7), 729~735(2004).
Joo, J. H, Jung, Y. S., Yang, J. E, Ok, Y. S., Oh, S. E.,
Yoo, K. Y. and Yang, S. C., “Assessment of pollutant loads
from alpine agricultural practices in Nakdong river basin,”

12.

13.

14.

15.

16.

Korean J. Environ. Agric., 26(3), 233~238(2007).

Yur, J. H. and Kim, G. H., “Comparison of discharge cha-
racteristics of NPS pollutant loads from urban, agricultural
and forestry watersheds,” J. Korean Soc. Water Qual., 21(2),
184~189(2005).

Donigian, A. S., “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(2000).

Kim, T. G., “Assessment of Watershed Characteristics for
Apprehensive Area of Non-point Source Pollution Using
Load Duration Curve,” J. Korean Soc. Environ, Technol.,
15(1), 1~11(2014).

Yi, H. S., Jeong, S. A., Park, S. Y. and Lee, Y. S., “Modeling
Study of Turbid Water in the Stratified Reservoir using lin-
kage of HSPF and CE-QUAL-W2,: J. Korean Soc. Environ.
Eng., 30(1), 69~78(2008).

Bicknel, B. R., Imhoff, J. C,, Kittle, J. L., Donigian, A. S.
and Johanson, R. C., “Hydrological Simulation Program-
FORTRAN User's Manual for Release 12, U.S. Environmental
Protection agency,” Environmental Research Laboratory,
Athens, GA(1993).

Chate

OH

sts|x| | M|372 M105] 20154 102 |



