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Lake Water Quality Modelling Considering Rainfall-Runoff Pollution Loads
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Abstract

Water quality of the Lake Youngrang in the Sokcho City is eutrophic. Jangcheon is the largest
inflow source to the lake. Major pollutant sources are stormwater runoff from resort areas and
various land uses in the Jangcheon watershed. A storm sewer on the southern end of the lake is
also an important pollution source. In this study, water quality modelling for Lake Youngrang
was carried out considering the rainfall-runoff pollution loads from the watershed. The rainfall-
runoff curves and the rainfall-runoff pollutant load curves were derived from the rainfall-runoff
survey data during the recent 4 years. The rainfall-runoff pollution loads and flow from the
Jangcheon watershed and the storm sewer were estimated using the two kinds of curves, and
they were used as the flow and the boundary data of the WASP model. With the measured
water quality data of the year 2005 and 2006, WASP model was calibrated. Non-point pollution
control measures such as wet pond and infiltration trench were considered as the alternative for
water quality management of the lake. The predicted water quality were compared with those
under the present condition, and the improvement effect of the lake water quality were
analyzed.
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measures, water quality management
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Constants

Organic Phosphorus Value Min. Max.
Mineralization Rate Constant for Dissolved Organic P @20°C (per day) 0.20 0 0.22
Dissolved Organic Phosphorus Mineralization Temperature Coefficient 1.08 0 1.08
Fraction of Phytoplankton Death Recycled to Organic Phosphorus 0.5 0 1

Ammonia
Nitrification Rate Constant @20°C (per day) 10 0 10
Nitrification Temperature Coefficient 1.08 0 1.07
Half Saturation Constant for Nitrification Oxygen Limit (mg O/L) 2 0 2
Nitrate
Denitrification Rate Constant @20°C (per day) 0.09 0 0.09
Denitrification Temperature Coefficient 1.045 0 1.04
Half Saturation Constant for Denitrification Oxygen Limit (mg O/L) 0.1 0 0
Organic Nitrogen
Dissolved Organic Nitrogen Mineralization Rate Constant @20°C (per day) 1.0 0 1.08
Dissolved Organic Nitrogen Mineralization Temperature Coefficient 1.08 0 1.08
Chlorophyll-a
Phytoplankton Maximum Growth Rate Constant @20°C (per day) 4 0 3
Phytoplankton Growth Temperature Coefficient 1.07 0 1.07
Phytoplankton Half-Saturation Constant for Nitrogen Uptake (mg N/L) 0.025 0 0.05
Phytoplankton Half-Saturation Constant for Phosphorus Uptake (mg P/L) 0.001 0 0.05
Phytoplankton Endogenous Respiration Rate Constant @20°C (per day) 0.1 0 0.5
Phytoplankton Respiration Temperature Coefficient 1.07 0 1.08
BOD1(ultimate)

BOD (1) Decay Rate Constant @20°C (per day) 0.0001 0 5.6
BOD (1) Decay Rate Temperature Correction Coefficient 1.047 0 1.07
BOD (1) Half Saturation Oxygen Limit (mg O/L) 0.5 0 0.5




BOD(mg/L)

2005 2006
Time(month)

O3 8. 2ot Aei}

RS0 BOD At Zut

DO(mg/L)
]

Time(month)

O 9. SR Ml AtSo| DO Al Zxt

TP(mg/L)

2005 2006
Time(month)

T2 10, 4B AEHT} A3S0| TP M Zit

Time(month)

TR 11, SRR AT A

MBS O| TN A4 At

150

100 Case 2

Chl-a{mg/m®)

2005 2006
Time{month)

2l 12, AZIpka|dior Al ) Al

P wf LG o7 sppH0] AXES

3] TPEZe] /Hdasrt & Ao UrEP‘*E} 1%1
U Case 19 Tié_{%a Foto] AYE| %S W 2006
| 79 23¥9) 8 19] TP7} 0.045 mg/L, TNO]
0.941 mg/L, Chl-a7} 42.4 mg/m32.& AAte]o]
A o ds] T #%‘ OWFHOH ok, F7H4
A FHNAE A= SR e E A
il Al A7IA] -9 WollAl HH%Q% s &
o1 2|2 ERRE Y wj4E 4] BT e

7t itk

2. CBOD, DO, TP, TN, Chl-a 59| 4435
Ao 8 WASPEF O £AW/HE-E HAYS}

o T3t TNS] A4k A3k A2 ek
2 UEARE g a4 2
3 wom Qlo1A] 79-g-Ewa
WASPEE Q] HAL &

TN, Chl-a 7} 22} 17 %, 31 %, 25 %, 32%7M

o do] A= AL &

=

A 2

[¢)

= 2007 AR (sE7]s5) o A
07 RS RA B A Tho] 7] YL ubo} 2FE oL
oJ(KRF-2007-521-D00265)



66 EEILEI H18E M 25

5]7], 25(6), 760-770.

AEA, B719, Ben], AL, 2002
ARG AP HEedYd RES
49 A 2AN digkebE e A
24(11), 2019-2027.
") ol2E, HES: 2000, 49 =)

Ao eHEY FEEA, tﬂfﬁg%‘%@ﬁ
A, 22(2), 341-353.

AE o] HQ WASP7.03 93t 331 4=gj= g,
EFDC-Hydro®| 2-gof 3t - ojshst
73583 2005 A AR, 2005
9 49 28— 309, 431-436.

Az 2| AE 93] 2004, EAIA GO B

Jol 83 HIH o AEY §-EEA, dedhd
53137, 26(7), 729-735.

A, AEE, AEE, Wil 2007, SEAES

QI3+ WASP7 =& wj7j#ig=o] =4 OS_?L

sheb kst 7] 16(5), 623-632.

obsAl, ME, AEZ Bhedl 2008, WASP7 &

?%% l%f& %ﬁi A O] T3F AL,
3

A~
e

’

N

O
o

’

753t8]A], 22(2), 355-362
2™, APE, 200 Hoﬂoum 52=0.000] 7}

Ambrose, R. B., 1987, Modeling volatile

organics in the Delaware Estuary,

Journal of Environmental Engineering,
113(4), 703-721.

Bedient, P. B., Harned D. A., and Characklis
W. G., 1978, Stormwater analysis and
prediction in Houston, /. Environ. Eng.
Div. ASCE, 104(EEG), 1087-1100.

Bertrand-Krajewski, J.-L., Chebbo G., and Saget
A., 1998, Distribution of pollutant mass
vs volume in stormwater discharge and
the first flush phenomenon, Water
Research, 32(8), 2341-2356.

Canu, D. M., Solidoro, C., and Umgiesser, G.,
2004, Erratum to modelling the response
of the Lagoon of Venice ecosystem to
variations in physical forcings, FEcological
Modelling, 175, 197-216.

James, R. T. and Bierman, V. J., Jr., 1995, A
preliminary modeling analysis of water
quality in Lake Okeechobee, Florida:
calibration results, Water Research,
29(12), 2755-2766.

Kim, D., Wang, Q., Sorial, G. A., Dionysiou, D.
D., and Timberlake, D., 2004, A Model
approach for evaluating effects of
remedial actions on mercury speciation
and transport in a lake system, Science
of Total Environment, 327, 1-15.

Lee, J. H. and Bang, K. W. 2000, Characterization
of urban stormwater runoff, Water
Research, 34(6), 1773-1780.

Lee, J. H,, Yu, M. J., Bang, K. W., and Choe, ]J.
S., 2003, Evaluation of the methods for
first flush analysis in urban watersheds,
Water Science and Technology, 48(10),
167-176.

Lung, W.-S., Martin, J. L., and McCutcheon, S.
C., 1993, Eutrophication and mixing

analysis of embayments in Prince



4
5
oy
0z
ol
~

L2REQUNIS TRE 344URYY 67

William Sound, Alaska., journal of Watershed and Water Quality Modeling

Environmental Engineering, 119(5), 811- Technical Support Center US EPA, 2000,
824. Water Quality Analysis Simulation
Lung, W.-S., Larson, C. E., 1995, Water quality (WASP) Version 7.1.
modeling of the upper Mississipi River Wool, T. A., Ambrose, R. B., Martin, J. L., and
and Lake Pepin., Journal of Environmenial Comer, E. A., 2001, Water Quality
Engineering, 121(10), 691-699. Analysis Simulation(WASP) Version 6.0
Novotny, V., 2003, Water quality: diffuse Draft: User's Manual, US EPA.
pollution and watershed management. Zhang, X., Rygwelski, K. R., Rossmann, R,
John Wiley & Sons, Inc., New York, Pauer, J. J., and Kreis, R. G. Jr., 2008,
USA. Model construct and calibration of an
Tufford, D. L. and McKellar, H. N., 1999, integrated water quality model(LM2-
Spatial and temporal hydrodynamics Toxic) for the Lake Michigan Mass
and water quality modeling analysis of Balance Project, Ecological Modelling,
a large reservoir on the South carolina 219, 92-1006.

(USA) coastal plan, Ecological Modelling,
114, 137-173. ZIZ|DAES 09. 01. 03



