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Abstract : According to the increase of impervious area due to the town development, the rate of infiltration generally lessens and
that of runoff rises during wet weather events. And it is concerned that its impacts on water quality for the downstream water
bodies due to the change of rainfall runoff patterns may also increase. To cope with these issues, LID (Low Impact Development)
techniques which try to maintain the characteristics of rainfall runoff regardless of the town development have been introduced
actively. However, the behaviors of each LID technique for rainfall runoff and pollutant loads is not understood sufficiently. In this
study, considering the applications of some LID techniques, several sets of simulations using a distributed rainfall runoff model,
SWMM-LID, have been conducted for D town whose development is progressing. As the results of the simulations, the rates of
infiltration/storage have been decreased from 78% in the case before the town development to 15% after the development and in-
creased again by 24% with LID techniques such as porous pavement, rain barrel and rain garden. The rates of runoff have been
increased more than three times from 20% in the case before the development to 74% after the development, and they have also
been decreased to 66% by the adoption of LID techniques. It has been simulated that porous pavement is more effective than others
in the view point of the reduction of runoff and rain barrel is more attractive for the management of pollutant loads (TSS, BOD,
COD, T-N and T-P). Therefore, if some LID techniques should be selected for the a new town, it could be concluded that some
techniques with better infiltration functions are recommendable for the control of runoff, and ones with larger storage functions for
the management of pollutant loads.

Key Words : Water Balance Analysis, Pollutant Load Analysis, Distributed Rainfall Runoff Model, SWMM, Low Impact Development,
Town Development

20w A THgelA EXolg BAe] Wste] 7]Qlshs BEFUAR F7bo] et AWHOR B4 AELS i
S3, §28S 27Hk olol wek A ol EA ] P W S BEe] 2ol nAL AFE AY oL 2
3 glek. o] el A

EAlo tf-§5t7] ko] =A] A of A 7}%?1 it ol e 7
ZH2HLID, Low Impact Development) 7|5 2] =¢Qlo] st A HEE L 1
ek, 74 e e 9 2"“‘ 3l 25400 nA = F&Feol g ol

= g Aol A A
Aol AWHD = =4 Ao o BuY 49 FERYS FEoe] BOE ST
]_

! 40] =2 SWMME
o meldu, YE/AR

3 olgslel LD 7 23] WE EA A FO fE 9 00N AZANE B
£ 7 ek A 70l 1% ARsgl LD RS E, E AR NEAE A8 dak e o
X 2RI R RS A A 2000l A B 4% 39 ol SIHHI, LID A A8 4] 66%rA] AgAD -
de ASs et o B G HASr & el 480 LD A & 4658 A8 SAAAL B s gel 5k
o] 74 4ki, 2GR o] F2 o= ehyth wteby

3KTSS, BOD, COD, T-N, T-P) A7+ WA= HEAFZO &
A H3L 2 7HS 1dke] LID 7|HE AAst Ao ooz

Tefstthe Y29 7]

=A e whE frE 9 o o] 2We w
ol Fagh 7NE AdAsta, e ARt At SHs st A5 71L°l 23 7IE AAshs Aol mEEll A
o2 wergch

O : B B4, 0@y B, B

ot
oN

&R E, SWMM, AGINd, =4 A

M= Q18) A W Faol BT Sl WAL JF EF AX

I Quek? o]e} o] mARof A BESHAF FIlE

19708 o] F Sejutetel s ARNLAR ] o] uf  B9A] BEFOR FREAL ZUEA g3 HOR wiE

2 Qo] AINE U AKisle] deFos mAAde] 7 El: HIEO e E7HAA 40| $iFwat ohe} by

3E|2, Exolg 54O Wzt AStE it ol wh  edBA] §EES kolv Yol Hu ok =A] A
TAGA AL g7, B2, 24 S BESHFo] = Lol A FoAl= F99 2FTH4ES 49 =
7Fskal, ofefl rbgt Al Bl e = & SUHR ol 2 FFe v Buk ofyzt Tl EAIFHY]

TCorr(—;sponding author E-mail: wijkiml@kict.re.kr Tel: 031-910-0303 Fax: 031-910-0291



796 ,

J. Kor. Soc. Environ. Eng.

S| - 230t - Of3lol - RUE

- 2 - ey

(=l [}

ofslete o] Zrk? o] (Y mAIBR Q1% £3A0 £
A7 Azsigol whet SRRl M= 7]E A o) A
HAEA ARE sHT o Aok 22 A gt sid
ek Aol AAst=S o fefstarl Qlvk whEha =49

B
Meabgol oo BEsnge el A w1aQl
SAe wyel st 2 4 e Aol

%

197140 B]F PR EHEPA)] FAlo] Ho] Auer
Y FEHEEI SWMME B8 Ae =4 - 9
of tha EaE wp gtk 3HH EPAoA = 2 SWMMe]
LID (low impact development) HE&2 F7}5}o] t}hoFst LID
1ol distol Al 13 W 4 WES Bejs 5 9l
L 2o AL TR THver. 5.0.022). U o)A % SW-
MM-LIDE 28 177} 23E 5 i), S8
A2012)2 LID 719 % AEEAA, A5E 9 UEE
8ot =A et e Faol s =i
& wosg R 4G4 5

o

o r2 [ o of e

i
oy, Mo
o
N
52
|o
)

o RpA 2 go] 1%

ZF 71 A stetulE o] digh FA1A Q1 2] A4 Sl

Aol glo] LID 719 2§ wE o @Rt Agam
g AP sl e REG Aol
2 ATFNME WA =4 Aol W 9]

Fgdtol 42 L LN UEEHS
o} $l3te] LID 7ol 2§ AlEe Ao 45t
I, 5% W 0@ ARERE el - BAFORA =
Al kel A LID Z14e =elstad @ o Fas 2
22 BE TFFES Sk

2. A1

2.1. SWVMMe| EM

B QAT0H AR SWMME EA] 94923} 34 3
710] ke M) 91ste] 1971 EPAS] X €102 Met-
calf & Eddy(il)7} =160 shA] 28] Yol 4 o] gakat
SAe ROl 4 QES uE mYPolh o]t AN}
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Landuse characteristics

Total area (m?

Residential Forest Paddy and dry field Industrial Inland wetlands Etc.
1,236,000 201,490 633,650 352,260 25,460 11,190 11,950
100% 16.3% 51.3% 28.5% 2.1% 0.8% 1.0%
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Table 2. Landuse types after the town development

Total area Landuse characteristics
(mz) Residential Medical facilites  Park  School Cultural facilities Commercial Government building  Neighborhood facilities  Parking lot
1,236,000 603,110 260,000 287,590 38,000 1,370 29,830 4,780 7,720 3,600
100% 48 8% 21.0% 233% 29% 0.1% 2.5% 0.5% 0.6% 0.3%

Raﬁ\ barrel(3 sites)
Rain garden(10 sites)-

[-o

E"

= { —

- | S Tl 2 g 2 <
Fig. 1. Landuse characteristics of D town before (a) and after (b) development,
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Table 3. Build-up and wash-off parameters before and after the town development
BOD COD TSS T-N T-P
Parameter
Before After Before After Before After Before After Before After
Build Qfact (1) 2.09 3.15 226 3.38 426 6.30 1.40 0.15 0.60 0.04
uild-u
P Qract (2) 1.40 1.45 147 1.50 1.58 0.40 1.40 1.30 1.00 0.30
Poff(t) 1.50 1.50 1.40 1.50 1.50 1.60 1.20 1.60 1.50 1.30
Wash-off
k 0.20 0.15 0.15 0.10 0.20 0.20 0.20 0.23 0.08 0.10
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Table 4. Parameters related with evaporation for S weather sta-

tion (2008)

Parameter Minimum Maximum Average
Monthly base (mm/month) 124 50.3 50.3
Daily base (mm/day) 04 17 17
Corrected evaporation co- 03 12 12
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Table 5. Scenario composition for simulation eyt ZF gefngE2 FU419] AA HEAEE Zx
i 3 A A 28 7ko] 3 Talsl Ao 5+s]
Condition SCEI’(])&I’IO Description ste] Akl ghe] ghelo] eteh -p-off ¢sthed
. SWMM 174 9] default {H2 83
Before the town
1 Before development
development
w/o 5 General drainage system without LID
LID technologies 3. 7E:|J_-'-|' aj _—ll_g
Application of permeable pavement
. . 2 —_
3 for re&denpal arlea (Total 150,777 m°, 3.1. 427 0H QEEM
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A]Itg\;vtnhe Application of rain barrels for 3 schools ZA N A - o] A4 @ Q=2 (BOD, COD, TSS, T-N
3 f - -
develop- UD. 4 (; o2tzca)lo6r(T)1(3))m , each rain barrel volume 9 TPy 9% 9 dHsle} LID 7| A7tagS Bt A
ment | 3PP AHA BA3E7] Slste] 29 FrE(&TtS, F75 9 o)
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6 girzualtr?g%ous applications of scenario A7}322008. 03. 29, 10.3 mm)E ZoJgt A3}, At T &

FrHHEe] 7ol wet HRE/AFES 91.8%C A 33.8%
2 oF 1/3 AL, FEES 5.2%004 49.9%2 oF 104]

Table 6. Input parameters of LID techniques
Z71s9let. 2 3714 9) LID 79 S0 H8e 3¢

01
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Layer Parameter pavement barrel garden 48.1%2] IAF/AF-E&L 37.9%2] FEES UERHSITE LID
Storage depth (mm) 2 - 150 ZHEELE ELAEZR HEAY 2 HEARFRY &A4Z
Surface Vegetation volume fraction 0 - 0.05 ;}jl AFZEo] GolA = HhH S E25L 1 oo £AE =

Surface roughness (Manning'sn) 0,013 - 0.15

l?_
Ae Ao et
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Thickness (mm) - - 600 2835t 9] 23.9%=2 UEGTh LID 7|HE JE/AFE

Porosity (Volume fraction) - . 02 2 0 2590] £i] ESF A7)0} Zost Ao g mojr|irh

Field capacity (Volume fraction) - - 0.19 o 7+-$-(2008. 06. 02, 47.5 mm)Z2 R O3t Ax}, 7 A

Soil  Wilting point (Volume fraction) - - 0.1 49.0%9] AE/A2LS Ho] A7 W E7100| H|Flo] A
Conductivity (mm/hr) - - 10 R oz o zke Jepyglch o] djtm 7poo] Ao

qomeel sope C 3 Ral Admom olgolai g AMAYL B4l
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Height (mm) 300 3,000 - =/42g0] AakEy] g5l AorEch m ol A
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Table 7. Summary of simulation results for a weak rainfall

. 2 Precipitation Impervious area Infiltration + Run off Evaporation
Constituent Area () (mm) ratio (%) storage (%) (%) (%)
Before the town development 6.1 918 52 30
After the town development (without LID) 645 338 499 163
Porous pavement (A) 523 449 432 119
. 1,236,000 103
LD Rain barrel (B) 62.1 353 493 154
Rain garden (C) 519 38.7 453 16.0
A+B+C 507 48 1 379 140
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Table 8. Summary of simulation results for a medium rainfall

. 5 Precipitation Impervious area Infiltration + Run off Evaporation
Constituent Area (m’) (mm) ratio (%) storage (%) (%) (%)
Before the town development 6.1 928 56 16
After the town development (without LID) 645 78 785 137
Porous pavement (A) 523 228 65.4 18
) 1,236,000 305
LD Rain barrel (B) 621 124 73.0 146
Rain garden (C) 519 13.1 721 148
A+B+C 507 239 621 140
Table 9. Summary of simulation results for a heavy rainfall
. 2 Precipitation Impervious area Infiltration + Run off Evaporation
Constituent Area (') (mm) ratio (%) storage (%) (%) (%)
Before the town development 6.1 490 476 34
After the town development (without LID) 645 30 93.4 36
Porous pavement (A) 523 16.3 809 28
) 1,236,000 475
LD Rain barrel (B) 621 47 913 40
Rain garden (C) 519 50 911 39
A+B+C 50,7 16.7 793 40
%)
100
80 M Scenariol
M Scenario2
60 ™ Scenario3
M Scenariod
40 -
® Scenarios
20 M Scenario6
U -
Infiltration/Storage Runoff Evaporation
(@) Weak rainfall
%)
100
80 - mScenariol
= Scenario2
60 mScenario3
0 . = Scenariod
= Scenarios
20 mScenariob
o -
Infiltration /Storage Runoff Evaporation
(b) Medium rainfall
(€0)]
100
80 mScenariol
= Scenario2
Ly m Scenario3
m Scenariod
4‘] 7 .
mScenarios
20 4 mScenariob
[' -

Runoff
(c) Heavy rainfall

Infiltration/Storage

Evaporation

Fig. 2. Infiltration/storage, runoff and evaporation rates according to rainfall scale,
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Table 10. Comparison of runoff characteristics according to LID
techniques

Porous pavement Rain barrel Rain garden

Division Infiltration Storage Infiltration ~ Storage
rate (%) rate (%) rate (%) rate (%)
Weak rainfall 100.0 987 629 36.5
Medium rainfall 999 852 281 194
Heavy rainfall 100.0 823 28.0 78

Table 11. Reduction of runoff pollutant load according to LID

techniques (unit : kg/mZ/yr)
Description TSS BOD COD T-N T-P
Porous pavement 032 0.28 0.32 0.07 0.04
Rain barrel 1473 1046 1176 498 303
Rain garden 496 339 388 49 24
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