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Abstract : Urbanization caused various environmental problems like destruction of natural water
cycle and increased urban flood. To solve these problems, LID(Low Impact Development) deserves
attention. The main objective of LID is to restore the water circulation to the state before the
development. In the previous studies about the LID, the runoff reduction effect is mainly discussed
and the effects of each techniques of LID depending on rainfall types have not fully investigated.
The objective of this research is to evaluate the effect of LID using the quantitative simulation of

rainwater runoff as well as an amount of infiltration according to the rainfall and LID techniques.
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To evaluate the water circulation of LID on the development area, new land development areas of
Hanam in South Korea is decided as the study site. In this research, hydrological model named
STORM is used for the simulation of water balance associated with LID. Rainfall types are separated
into two categories based on the rainfall intensity. And simulated LID techniques are green roof,
permeable pavement and swale. Results of this research indicate that LID is effective on
improvement of water balance in case of the low intensity rainfall event rather than the extreme
event. The most effective LID technique is permeable pavement in case of the low intensity rainfall
event and swale is effective in case of the high intensity rainfall event. The results of this study could

be used as a reference when the spatial plan is made considering the water circulation.
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Table 1. Classification of rainfall types for the hydrological simulation
Rainfall type Duration Precipitation(mm)
small rainfall event 2011.5.6.~2011.5.11. (6days) 29
heavy rainfall event 2011.7.26.~2011.7.29. (4days) 506

Figure 1. Location and design plan of the study area
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Table 2. Ground soil characteristics of the site condition before the development

Depth Soil characteristic Conductivity (mmy/s)
0~5m Silty loam 0.0018

5~10m Loamy clay 0.000028
10~22m Silty sand 0.0083

Table 3. The proportions of spatial types according to the scenarios

Sl b Before the development (m?) After the development (%) Aﬁe;;hfg E”lylg)a £
Total area 72,755(100%) 72,755(100%) 72,755(100%)
Impervious surfaces 0 0%) 50,420( 69%) 43,671( 60%)
Natural surfaces 72,755(100%) 8,902( 12%) 8,902( 12%)
Artificial ground green area 0 0%) 13,433( 19%) 7,193( 10%)
Green roofs 0 0%) 0 0%) 4,070( 6%)
Permeable pavement 0 0%) 0 0%) 2,678( 4%)
Swale 0( 0%) 0( 0%) 6,240( 8%)
uh 9] A9 U AEe] Ao R TAE] 9 Aksh Bama AR dEos Ausig), LIDA
© ALR WHSIGIL ARAL AIE Hxste] o A <)o ExJolgof tieh Y W ot vhefshyt
o] = H4EL o} Table 29+ 2}, European Commission(2012)2} Eckart(2012)2] ¢
M 5-of Exjo] g2 FA AAE Aol AR oA AAZE STORMEE S 8 98 WisE &
42 23 A2 A8 2R, AR, dFA atske] & Aol Ao F8 lg HE Table 49
o] Al 7R 2 ekl on o] Fig. 19] Erof A LER At
I <= 9lct, Table 3 /=]l =11 LIDA] STORME G2 siHioll A= e Al de] 47
A2 @A S=e) B4 28, AR AE S S0 28 v glom SR HlEo] 84l
Eof Qi T & B AAHO] Qiok, A Fob A AR 9 B 7| ER(2010)014 AIAE EF4
LIDAE $ A2 2.9] Ao LIDA o] =] Ut R EAAs FEASE FILstol
HA SR QE AR Kof W2o] Fofs A Table 4°f A} CH o]0 wp2ha] e ufj 7
off ek, FA=B] A 71EY EFHY 240l £ A&sith, fEAs AeANte] EAY B
Fr7t 7he® S0l HAUAL, B 2H B S e T A B 25 AdHet S5t A
T 2RO BH Ao Sg=dlet B £ gekdlen. S A AdHe B =48
ol ol webA s HARtEe EFHo]l %, 328, FrAse Hias] e AA &
Aokl AR A5 A AolAe 2 FE3t Al ARl AS ARE A8 B4
29| 71E9 deARt] E=shs A= A g o] R ESHAA AS ARE 8, A8 F
Ao B2 LIDEY F Aluz] Lo Me A2 HA FeYo SR AT AR A E 3=
Th AE AR WA o] s, B3} F4AE Table 49} Zo] JZsiolet, Aef
STORMYL GOl A 29 7Hsdt A2 ZAH 8l 29| A4 Fa3 A s AR HA, AR
AAA| A& HEst 24 YleE] A =9 7t 7ks Rt & WA, Bk FeAle ol dAl A
3, B, AYdx, EdA], SA=eh ARz A= AFe] 3} Zlo]S WSl BEY 542 <
TOE TR, tidAlol = 7he LID Al AR S dsHA Jskiltt. olelof e g |
T P



168 SHAGEI M24H 2%

Table 4. Parameters for the model simulations

Spatial type Parameters Values of guideline(2010) Values Unit
Wetting loss 0.5 0.5 mm
. Trough loss 1.8 1.8 mm
Impervious surfacesx —
Initial runoff parameter 0.25 0.3 -
Final runoff parameter 1 1 -
Wetting loss 2 2 mm
Trough loss 3 3 mm
Initial runoff parameter 0 0 -
Artificial ground green area Final runoff parameter 0.3 0.3 -
Soil depth 1.2 m
Field capacity 20 %
Conductivity 0.0018 mnys
Soil depth 0.3 m
Field capacity 61.6 %
Green roofs Conductivity 0.04 mm/s
Overflow height 0.06 m
Pore volume 60 %
Thickness 0.15 m
Permeability 7.9 mm/s
Permeable pavement —
Void ratio 20 %
Overflow height 0.005 m
Side slope 2.5 -
Height 0.3 m
Swale Field capacity 20 %
Conductivity 0.001 mm/s
Overflow height 0.25 m
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Table 5. Water balance of the case of smalll rainfall event

. . Water balance
Scenario Areal rainfall (m°) - -
Runoff (7°) Infiltration & Storage (m°) |  Evaporation (m°)
Before the development 112( 5.3%) 1,033(49 %) 964(45.7%)
After the development 2,109 1,040(49.3%) 409(19.4%) 660(31.2%)
After the application of LID 893(42.3%) 547(25.9%) 669(31.8%)

Table 6. Water balance of the case of heavy rainfall event

. . Water balance
Scenario Areal rainfall (m°) - -
Runoff (m°) Infiltration & Storage (m®) |  Evaporation (m°)

Before the development 29,561(80.4%) 6,640(18%) 613(1.6%)

After the development 36,814 35,175(95.5%) 1,083( 3%) 556(1.5%)

After the application of LID 33,979(92.3%) 2,218( 6%) 617(1.7%)
100 100
% 90
80 80
70 70
60 60
% S0 % 50
40 40
30 30
20 20
10 10
[+] 0

runoff infiltration & storage evaporation runoff infiltration & storage evaporation

M before development W afterdevelopment M LID application M before development M afterdevelopment M LID application
Figure 2. Water balance of the case of small rainfall event Figure 3. Water balance of the case of heavy rainfall event
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Figure 4. Runoff hydrograph in case of the heavy rainfall
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Figure 5. Runoff hydrograph in case of the small rainfall

event event
Table 7. The peak flow reduction effect of LID according to the rainfall types
Peak discharge (m%/s)
Small rainfall event Heavy rainfall event
After the development 1.43
After the application of LID 1.15

Table 8. Results of water balance analysis according to the LID techniques and rainfall type

. Water balance according to the rainfall type
LID Techniques - ; ;
Rainfall type Water balance Small rainfall event Heavy rainfall event
Runoff 4.3% 87.5%
Green roofs Infiltration 70.4% 11.1%
Evaporation 253% 1.4%
Runoff 0% 81.5%
Permeable pavement Infiltration 72% 17.6%
Evaporation 28% 0.9%
Runoff 2% 72.71%
Swale Infiltration 63.7% 24.5%
Evaporation 34.3% 2.8%
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