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Abstract : Water pollution problems of urban rivers due to the urbanization and industrialization have been the subject of public
attention. In particular, considering the fact that the characteristics of water cycle of each basin change dramatically through the
development of new towns, a large number of concerns about future water quality have been raised. However, reasonable measures
to predict future water quality quantitatively have not been presented by this moment. In this study, by the linkage of annual unit load
generation based on long-term monitoring results of the ministry of environment (MOE) to a semi-distributed rainfall runoff model,
SWMM (Storm Water Management Model), we proposed a new methodology to estimate future water quality macroscopically and
testified it to verify its applicability for the estimation of future water quality of a small watershed at G new town. As a result of
the estimation using Y-EMC (Yearly based Event Mean Concentration), future water quality were simulated as BOD 18.7, T-N 16.1
and T-P 0.85 mg/L respectively which could not achieve the grade III of domestic river life guidance and these criteria could be
satisfied by the reduction of domestic wastewater discharge load by over 80%. The results of this study are shown to be utilized
for one of basic tools to estimate and manage water quality of urban rivers in the course of new town developments.

Key Words : Estimation of Future Water Quality, New Town Development, Unit Load Generation, Semi-distributed Rainfall Runoff
Model, SWMM
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Data input of landuse characteristics for a given watershed
(basin area, width, impervious area ratio, average slope
and detention storage depth etc.)

Customization of build-up and wash-off parameters through unit load
generation suggested by MOE

| Selection and input of annual rainfall data

| SWMM simulation

| Adjustment using delivery ratio

| Estimation of water pollution load for a given watershed |

| Estimation of future water quality (Y-EMC based)

| Preparation of countermeasures to manage water quality of urban rivers |

Fig. 1. Basic procedure for estimation of water quality after new town development.
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Table 1. Landuse types before new town development

Total area Landuse type
(m?) Industrial Forest Residential
3,316,830 1,554,820 1,413,370 348,640
100% 469 426 105
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Table 2. Landuse types after new town development
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Commercial Park School Medical facilities Government building Residential Urban facilities
3,316,830 485,780 1,275,510 183,800 102,880 170,720 846,530 251,610
100% 146 385 55 3.1 51 255 77
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Fig. 2. Variation of landuse characteristics of NJ watershed before (a) and after (b) new town development.
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Table 3. Annual unit load generation according to landuse types?
(unit: kg/km?- day)

Landuse type BOD T-N T-P
Paddy 1.590 9.440 0.240
Dry field 2.300 6.560 0.610
Forest 0.930 2.200 0.140
Land 85,900 13.690 2.100
Etc. 0.960 0.759 0.027

= Land: includes factory, school, road, railroad, physical amusement
park, parking lot, religious lot, park, gas station and warehouse sites,

= Etc.: includes miscellaneous landuses such as saltern, dike, cemetery,
river and fish farm,
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Fig. 3. Monthly rainfall distribution of | weather station (2004 (a) and average during 2001-2010 (b)).
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Table 4. Build-up parameters for BOD, T-N and T-P according to landuse types before and after new town development

,63

(@) BOD
Paddy Dry field Forest Land Etc.
Parameters
Before After Before After Before After Before After Before After
Qract(1) 037 0.40 053 057 022 024 1125 12,20 0.14 0.15
Qract (2) 1.45 1.40 145 1.40 145 1.40 145 1.40 1.45 1.40
(b) T-N
Paddy Dry field Forest Land Etc.
Parameters
Before After Before After Before After Before After Before After
Qract (1) 225 213 157 1.48 055 0.50 1.80 178 0.1 011
Qfact (2) 1.45 1.40 145 1.40 145 1.40 145 1.40 145 1.40
(c) T-P
Paddy Dry field Forest Land Etc.
Parameters
Before After Before After Before After Before After Before After
Qract (1) 0.073 0.072 0188 0.185 0,043 0.043 0.365 0,355 0.005 0.005
Qract (2) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Table 5. Wash-off parameters for BOD, T-N and T-P according to landuse types before and after new town development
(@) BOD
Paddy Dry field Forest Land Etc.
Parameters
Before After Before After Before After Before After Before After
Reoef 020 0.15 020 015 0.20 015 0.20 015 020 0.15
Washpo 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
(b) T-N
Paddy Dry field Forest Land Etc.
Parameters
Before After Before After Before After Before After Before After
Rcoef 020 023 0.20 023 0.20 023 0.20 023 020 023
Washpo 1.20 1.60 1.20 1.60 1.20 1.60 1.20 1.60 1.20 1.60
(c) T-P
Paddy Dry field Forest Land Etc.
Parameters
Before After Before After Before After Before After Before After
Recoef 0.08 0.10 0.08 0.10 0.08 0,10 0.08 0.10 0.08 0.10
Washpo 1.50 1.30 1.50 1.30 1.50 1.30 1.50 1.30 1.50 1.30
CHEHEIABSIS|R| | M363 152014 12 |
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Table 6. Delivery ratios of GS watershed (unit: kg/yr)
Classification BOD T-N T-P
L?nd Igad generation (SWMM 12,284 2,780 314
simulation)
Land discharge load (survey) 670 1,317 14
Delivery ratio 0.055 0474 0.045
FoHA: 142.1 ha)S Ao 2 3 FF=AF 2 SWMM I
P P89 nos Fojo] oY FYES AT
= Table 63 Zth ZF 2 GEAH FEE2 BOD 0.055,
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Thob AR WSIO) e eI £E foo] £
E3hal Qe 479] FHHS Ylate g g ¥io] A4S, BOD
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b AATEG b B £1E dehfgict” ok
B oAge] AGd Fuel B9 22t st 9)

of oo 7|elshe TN 2 TP 5 GFAFE 54 2 45
ol S1llA 2182 ZEeATol Hla) P4Ish] WS Ao
e,
3.3. 2+ oS H

gl NI o) AR xS et A% =
ARG ALEA] A Y] SRS, SWMM 29)E )
of AT EAA WYRIAF N WE oI ABA o)
ZRo1L Table 7] Lrehf gk B4 BB R f
7ol mOolE BAA Bkl fPES o] 4
Gk G AR B 4 AEA] AT Fo] B
A st 9 WERs ARA SR A

A3}t E3t Table 701 37 JebfAch APy A}, A=A 74
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Table 7. Estimation of land and domestic wastewater discharge
load of NJ watershed before and after new town de-

velopment (unit: kg/yr)
Classification BOD T-N T-P
Total discharge load 41814 35,896 1016
(surveyed)
Land load generation g, y5) 40456 1527
Before  (SWMM simulation)
develop- Land discharge load
ment  (SWMM simulation) 60,174 10,108 1:445
Land discharge load® 3,282 4,789 64
Domestic wastewater  gg 3o 31107 1,852
discharge load
Totgl discharge load 42,540 36,736 1,932
(estimated)
Land load generation ¢ oaq 15094 1892
After  (SWMM simulation)
develop- Land discharge load
ment  (SWMM simulation) 73,492 11,880 1811
Land discharge load® 4,008 5,629 81
Domestic wastewater 38,532 31,107 1,852

discharge load”

¥ and discharge load = land discharge load (SWMM simulation) x
delivery ratio

® domestic wastewater discharge load = total discharge load - land
discharge load

% domestic wastewater discharge load after development = domestic
wastewater discharge load before development

I
100 ¢

80

60

40

20

BOD T-N T-P
Domestic wastewater M Land

Fig. 4. Ratios of land and domestic wastewater discharge load
after new town development.
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Table 8. Estimation results of water quality at NJ watershed

ltems Total discharge  Outflow volume Estimated water
load (kg/yr) (myr) quality (mg/L)
BOD 42540 18.7
T-N 36,736 2,280,000 16.1
T-P 1,932 0.85
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Fig. 5. Comparison of water quality at NJ watershed before and
after new town development
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Table 9. Estimation of future water quality according to load re-
duction rate due to domestic wastewater (unit: mg/L)

[tems
Load reduction rate due to BOD ™ P
domestic wastewater
0% 187 16.1 0.85
20% 153 134 0.69
40% 1.9 10.7 0,52
60% 8.5 79 0.36
80% 52 52 0.20
100% 18 25 0.04
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