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Abstract As the storm water runoff characteristics in urban areas have changed owing to urbanization, centralized
facilities to reduce the urban flood runoff had been implemented. On the other hand, because they have their
limitations, LID (Low Impact Development) of the distributed facilities for storm water runoff reduction is being
actively planned and applied. The purpose of this study was to analyze the runoff characteristics for the spatial
distribution of typical LID element techniques. This study set a study basin consisting of the five subbasins with the
same basin and drainage systems, and analyzed the flood runoff characteristics from the two scenarios, one is for
the locations and the other is for the number of green roofs (GR) and permeable pavement (PP), respectively, selected
as typical LID element techniques. The SWMM implementation results showed that GR reduces 11.07% of the total
and 3.42% of the peak amounts of storm water runoff, and PP leads to 18.09% of the total and 17.94% of the peak
discharge reduction for a subbasin. Such a reduction rate is constant regardless of the LID locations, and increases
linearly with the number of LID applications. The different runoff reduction rates between the GR and PP applications
appear to be due to the effects of the different hydraulic conductivities in the control parameters for each LID.

Key Words : Green Roof(GR), LID(Low Impact Development), Permeable Pavement(PP), Stormwater Runoff
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[Fig. 1] Study Basin
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[Fig. 31 Runoff hydrograph results from Scenario B

3987

100 150 200

Time(min)

50

(B) Permeable Pavement

[Fig. 2] Runoff hydrograph results from Scenario A



A &ee =R A5Y A6E, 2014

2

4 A= WA oE FRAEAe B9 Bmmhrol 3o 4
He fANEE Ags, A9 A3 A
57he] FA AL AR AfGom PHE 1M0mm/hre] A5 Bl b 360~
LIDSA7149) #7148 RE 2§ 479 917 2 1940mnvhre] 9 3t ol F4E e T
AR heel BE FEEHS B4l ne G2 ARSETh RS k] BAA S
& AES =&AL = Tl vl AF3el 951% (58mm)=A]
48 259 930 G AE PHIRY, S ¥, F T us) FRAe el Seds
she A8 &Y AR Aaglel T fEol 7} 1/10057520] e}, wheba] SAFEshs 283 AH
813m*(11.07%), A+ FrE& %] 0.05m*/sec(3.42%) = Z10)7} ZAEA| uF B=x)o] L] wjio] B E
A AR JERT B £ 23 A Aol Wal SraESE BHeR AR 42
A8 A A6l uglel & ol B4 Lok ARWo A7 FEAE Ao B
1328m*(1809%), A+ FrE& %] 0.27Tm*/sec(17. 94(V) i2l=4
2 A AES el wheba] SWMME (1) Wb FF Aol = LIDEES )=l vz
o LIDRES 18T Sk oA AW bgel 99 9] AGSlok o, el
B 9REANY nole 48 279 ANH= Y N ssele) BA0lg4HE delqow 7
o] glrka ke, o] Q1o)e] LID £471%9) 4 4WAL FHAsIA,
Smalst BT A8 a5 AR, I, AAFAY A 259 EX o] gAH 2AE v
5ol W& 554 BAE, 7LD f47])E B B0 7148 LD Q4740 ALwAL A3
T3 2 57 259 A8a%e 2 1) 269 4 of 3 Zolt}
$73te] Auldshs 2ehE Bk webs] SWMM
2g LIDEEOIA $4%aeh FRYLge 44
o] 4wl alste] §EALEAA YeEhtE Aow References
Ak}
FY3 WA SA=3lo} FEAEAAS AR [1] National Institute of Environmental Research. The Study
Aeslg o) S49=ako] AR FIe BT of Development Projects and The best Nonpoint Source
o] LB T = GEo| AUl 16w, AF G2 ;mnagementt pralct;i)(zis 21309 Workplace to Pollution Load
. anagement, ppl-306,
ol 3l 549 & ATRIS HERHRH. olet [2] C. Enyiung, T:j Analysis of LID Adaptation Efficiency on
EE FEAGRI} Aolel A A= 23] 4 Urban Basin  based on SWMM-LID Model, pp.1-102
& 7lETdzARE i e R SWMME g 2] LIDE Pusan National University, Department of Civil and
Eoll AHEH mi/iS ghs 248 A ve 2 Environmental Engineering, 2012
t} SA=3le] A% Eoko] L7} 152.4mm, A% [3] P. Junho, Y. Yonggu, P. Youngkon, Y. Heetack, K.
29] 7107} 4572mmE E ARZolE 609.6mmE Jonggun, P. Younshik, J. Ji-Hong, L. Kyoung Jea,
MAET = A A TAE S “Analysis of Runoff Reduction With LID Adoption using

the SWMM, Journal of Korean Society on Water Quality,
- Vol. 24, No. 6, pp.806-816, 2008
55L6mm=E AR EATE WA, 7 7EH] e B [4] K. Junhee, P. Inhyeok, H. Sungryoung, “The Analysis of
O~

S YJEE FEdERER e 24 53] S Runoff Characteristics by Alterations of SCS-CN Value
127mm/hr, FFAEA9 A 120mm/hr= A4 using LID Method”, Journal of Environmental Impact
T2 127mm/hrE Ab Assessment, Vol. 19, No. 1, pp.49-57, 2010

i
Aol MG e [5] S. Dor.lgsoo, P. Jeabfef)m 'K Dookee, .]. D‘eokjun, An
p— ~ Analysis of Runoff Mitigation Effect Using SWMM-LID
hya 5= [e] o1 .
36~36mm/hre] 8k = 7HAok ] o Model for Frequently Inundated Basin, Vol. 13, No. 4, pp.

ol |9l & T 127/mm/hrE AREshoh g o 303-309, 2013

3988



SWMM &S o]&3t LID 847]&9]

T BEo| BE $44554

24

[6] L. Yongkyun, A Study of LID Technologies for Friendly
Environmental Urban Development, pp.258  Pusan
National ~ University, Department of Civil
Environmental Engineering, 2010

[7]1 H. Curtis, W. Bruce, Low Impact Development Technical
Guidance Manual for Puget Sound, pp.1-304 ,Washington
Stats University Extension, Puget Sound Partnership
Leadig Puget Sound Recovery, USA, 2012

[8] L. A. Rossman, Storm Water Management Model User’s
Manual Version 5.0, pp.1-285, EPA, 2010

[9] Korea Water Resource Corporation, The Stufy of Optimal
LID Technology for Hydrophilic Space, pp.1-189, 2012

[10] J. Deokjun, L. Naeun, J. Byeonghoon, K. Dookee, “A
Determination of the Acceptable Design Extreme Rainfall
for the Improvement of Flood Disaster Prevention Ability,
Korean Society of Hazard Mitigation, Vol. 12, No. 3, pp.
307-311, 2012
DOL: http://dx.doi.org/10.9798/KOSHAM.2012.12.3.307

and

H & 4Jong-Sang Yeon) (X359

02013 9% ME
3 (F3Hh

o014 39 ~ @A : A
kel Ajs &

gl Bt

EoigtaL

<FAEop>
FAAAI 2R et A28

Xt

2 F £=(Young-Su Jang) (A3 9]

20119 29 @ FAtigta BB}
3 (@
*20139 29 @ Fikigha BB

B9 (3o
2013 3€ ~ AA : it
E2333} vy

3989

0| X} Sd(Jae-Hyuk Lee)

02000 29 : FAbdisha EEES)
I (b

2002 29 : el Syl
(&84}

201041 59

2%
2013 9¢ ~ AA : Fakdisha

M 2 M(Hyun-Suk Shin) [(H=lH]

01990 24 : uHUigty 53
T8t} (FEA

01993 249 : nHY sty EE3A
T8t (FEIAh

01997 1€ University  of
Colorado E5317-88} (F81MA})
01998 3¢ ~ dA : FAtgistw
BTy ug
2 2 M(Eung-Seok Kim) [5]24)
019954 24 : FRUgtu EEFE

<HARop>
—|—~X]»~°rl }\] /\Eﬂ A]—O].

o~
T

| 20024 29 :

3} (FEAD

01997 2€ @ wEgh E
2} (33D

aE ety EEs

_._31— (13}-&1—/\})

B
ot
o




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


