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ABSTRACT

KEYWORD

Purpose: The purpose of this research is to evaluate rainwater storage capacity of green roof system with

ANy
2|25}

management trains and to find optimized alternatives. Low Impact Development(LID) techniques has been osatajos
introduced and researched in Korea mitigating urban flooding issues caused by rapid urbanization and climate [RZ2F
change. The management train comprised of several LID components and its integrated capacity is required in real

projects, so this research set up the optimization process and conducted it. Method: In this study, the Magok

Low Impact Development
Optimization

Community Farm was selected as the target site, and the appropriate size was optimized for efficient stormwater  gwnm

runoff treatment to each catchment area when applying multiple LID components combination through the train ~ Runoff

plan of LID techniques. Bio-retention Cell, Rain Barrel, Infiltration Trench, Vegetative Swale were selected among

LID technology factors by reviewing rainfall data and soil conditions, and parameters of appropriate values were

derived and applied for analysis through EPA SWMM model. Result: This paper showed that the appropriate size  , ¢ cEpTANCE INFO

calculation of LID facilities is more effective in terms of efficient rainwater management. This study is expected to
be used as a reference material for the future LID method linkage plan and calculation of an appropriate scale.
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1. Farm Shelter Cafe
2. Rest Room

3. Lounge Cafe

4. Entrance

5. Self-kitchen

6. Urban Farm Studio 1
7. Farmer Cafeteria
+8. Atrium

}9. Entrance

10 Hanging Farm

11. Gardening Therapy Room
12. Farmer Hotel

13. Mushroom Farm
14. Farmer School#1
15. Farmer School #2
16. Farmer School #3
17. Entrance

18. Smart Farm#2

19. Smart Farm #1

20. Farm Valley

21. Farming Tool Cafe
22. Rice Peddy

23. Parking Lot

Seoul Botanic Park

Fig. 2. Site Plan
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b) Section diagram/[8]

Fig. 3. Section diagram
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Stepping Stone
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HDPE Drain Pipe

T200 Gravel (g 10~25mm)
Non-woven Fabric

T730 Masato and Perlite (5:5)
T200 Gravel (¢ 10~25mm)
HDPE Drain Pipe

Non-woven Fabric

T20 Drain Board HDPE Perforated Pipe

Fig. 4. Management Train of basic subcatchment
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Fig. 6. Rainwater Runoff Flow Plan
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Fig. 7. Detailed runoff flow diagram of subcatchment 13
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T » V/ a= Rain Barrel Area ()
RB N " ¥I——— Vb = Berm Height (mm)
7 == BC: Bioretention Cell
7 IT : Infiltration Trench
# Outlet VS: Vegetative Swale
RB: Rain Barrel

Fig. 8. LID plan of the roofiop garden and variable diagram

BB Precipitation

Fig. 9. Monthly precipitation for the last 10 years in Seoul
(2011.11-202.11)

Precipitation on Auhust 3, 2020
mm

Fig. 10. Precipitation on August 3rd, 2020
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Fig. 11. 24 hour rainfall profile of Seoul with 10 min interval and 100 return
years developed by K-PRISM
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1) A7 A (Bio—retention Cell)
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Open Level:Z Al H AYAFA] ol 715 +t= Wol 1 39
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2) 4~%(Rain Barrel)
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Table 1. Sub-catchment Property

Property Value
Area Var.
Q Width Var.
Q
: ooy
% Slpoe entire 1%, roof 1%
% Imperv Var.
b N-Imperv[9] 0.015
é N-perv[9] 0.24
. Dstore-Imperv[9] 1.52
Dstore-perv[9] 7.62
Max. Infil. Rate 114.3
?: Infiltration Min. Infil. Rate 12.7
g Data[14] Decaty Constant 6.5
é. (HORTON) Drying Time 7
Max. Volume 0
Rain Barrel,
Vegetaive Swale

o AR £2 BHO| 7]-&7](Surface Slope)E 2%= St wHE
=5 Q| AA =2 FH O] 7]-27](Swale Side Slope)= 3% 2 ¢!

2, 37004 AAIRLID Aget 9 £4 295 Edi2 LID 2§
50 S-REAT Aot 20 4 WA ihE A A2 E
L &3}7) 915te] B =0l (Barrel height)of] 2 AJ7HE 2411 9]
(Storage Level) & T2 Z= Leff| Q.

Fig. 13.2 & =°|(Barrel height)2} H# #3lo] 2 =2 (Rain
Barrel) ©] A%+ 4=$](Storage Level)E YEFH AT, Fig. 13.9] a)+=
%5 =0](Barrel height)& 651.5m= 7}45t1 4% (Rain Barrel) H
A St S AZEO.= 2nt A ST ZIE T A AL 4-9] WEkE vEhd
Jgzeltt. (A & UAS SmiEhd 7P o A 49
(Storage Level) 9] Hi5} F0|5 HolF11 9}, o|uff 32+ A&} 3]
ol $HA| 54121 Open Level 584.2mE Z3}5ko] x0f A 2] 5] o9}
+ Hleo] 25 sto] 32 B9l HiarE ol R (Over flow) 'F
A A, ol2fet A= £ (Rain Barrel) 9] 5 o] (Barrel
height) S 651.5mm, &% WAL 5w 2 7ML H¢ 2 A E577]
AT 4 Qe TRtth Eu (B)oF o] & WAS 27nf o)

7 o

T = i
o2 AYYPE F9 A 59 (Storage Leve) = HAF 76T,

e 7
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Table 2. LID Control Parameter (mm)

Layer Parameter BC IT RB VS
Berm Height 0 100 - 1
Vegetation
Volume 0.15 0 - 0
Fraction
Surface Roughness | 0.012 0.023 0.11
Surface | Mannings n) 21 | [ ) [17]
Surface Slope (%) 2 2 - 2
Swale Side Slope 3
(run/rise)
Thickness 684.2 - - -
Porosity
(volume fraction) 0433 . ) )
Field Capac1.ty 0.19 i ) )
(volume fraction)
Soil[12] Wilting Point 0.085 ) i )
(volume fraction) '
Conductivity 0.43 - - -
Conductivity
10 - - -
Slope
Suction Head 433 - -
Thickness 241 604.5 - -
Void Ratio
(Voids/Solids) 06 0.6 - -
Storage Seepage Rate 25.9 25.9 - -
Clogging Factor 0 0 - -
. 651.5,
Barrel Height - - 300 -
Flow
Coefficient[14] 175.95 250 29.38 B
Flow
) Exponent[14] 03 0.5 0.5 .
D Offset Height 7933 | 10 20 -
Drain Delay (hrs) - - 0 -
551.5,
Open Level 584.2 30 200 -

2 //(r-a.a.
~ 7

Dmy)
i i 7
. 4

4. 7 iz

Fig. 12. SWMM Modeling of the entire site



el - A2y

[l

mm H=651.5mm Storage level (mm)
600 A)
1

500

300

200

100

—5m’

7m =9 =11 =13 —15m —17m —19m

21m' ==23m' ==25m' ==27m’ ——29m’ ~29.26m’

a) Storage Level with a Barrel height of 651.5 mm

mm H=300mm Storage Level (mm)

250
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b) Storage Level with a Barrel height of 300mm
Fig. 13. Storage Level with a Barrel height

mm H=651.5mm Drain Outflow (mm/hr)
2500

(E)
2000

1500 h
\
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—Sm'—7m' —9m' —11m' —13m'—15m' —17m'
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Fig. 14. Drainage Outflow with a Barrel height

Table. 3 Minimum area of ponds by subcatchment according to barrel height

Subcatchment 1 2 3 4 5 6 7 8 9
Area H = 6515 5 8 17 1 9 16 16.69 15 16
() H = 300 17 15 42 30 35 42 59 59 59
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() H = 300 42 19.32 30 21 29.26 23 24.97 5 7

Open Level 584.2mE AA G OHA S-fE71 2 P s A
= & 4 Stk Fig. 13.9] b)+= & &°l(Barrel height) S 300m= 7}
HS A9 A7 = (Storage Leve) S YeHALE (O)& 29
Aol Snietal 7HYgE W 42 (Rain Barrel)©] 2L 49
(Storage Level) H18} 0] 5 H ol Qle}, ofuff +F+= 274 Z|Tf
A 49121 Open Level 200mE Z1}6te] 20 A2 =0 QlE f
Fo] 2Hgsto] 32 ol HirE o] A A ARt o
3 A= 4% (Rain Barrel) 9] 5 &0|(Barrel height)S 300mm,
Z AAL SR TR B9 9 A ARV & e
(D) £229] 5 =o|(Barrel height)= 300m, H2-2 743
29.26m'Y wf AA3 =9(Storage Level) S HENH T S},
~
ES

‘2 oox
Nom

A, ol
Mo ro 4L

w
S
o

m= AR 2 AGASAE A got DR/ T 9
ke

Fig. 14. = 5 =0|(Barrel height) o} |7 #sle| 2 39 =
2% -5 (Drain Outflow)& UEFW AT Fig. 14.9] a)= & =°]
(Barrel height)2 651.5m& 735t 2 AAS 2mA Z7HA 7
< 19 =491 = (Drain Outflow)& Vrehdl & Zolt}, (E)
v % HWAg SwEd 7HE%e W B9 #E%F(Drain
Outflow) 2] M2} 0] & Yetiglon, of -9 A% 2o oA 4
g zdtsto] =89l &3 (Drain Outflow)o] F5oH1L 47

o
557} R4 UL Fo k2 o147} o] Fashe P Bt

e o 2 oM >

o,
AT
dlo
tlo
)
Auj
P

Fig. 14.9] b)+= 5§ =°](Barrel height) & 300m= 7435t =2
WA SmiE AlFCE 2md ST ZE 9] EQ) 5 (Drain
Outflow)< Yebd Jefjzolt}, (F)& & HWAE Soretal 7H3 3
S o) =9l §$&%(Drain Outflow) 2] ¥} 05 Vet gl o,
o] A% A% Ao A F9& st = FEFHF(Drain
Outflow)o] 55t FE57t vl Fof Hi= w47t &
o] gfcts Fe Btk (GA oAl =] FEF(Drain
Outflow)o] F7lste Hg& B ou | A HAS9AE A
21 Z T E 9t Fig. 14.9] &8¢l &% (Drain Outflow)2
& =ol(Barrel height)&} TA glo] WA o] A Zrtdr= =ed
&% (Drain Outflow) 9] o] 2} F4ashe A& &lskdth.

a3E 31 LID 719 A-8-& 95l 5 =ol(Barrel height)2} HA 4
o =&% LID 7193l $X(Rain Barrel) 9] |4 28 HA (7F1)
th23t 2ot F =0l (Barrel height)7F 651.5mn & off 4=%2] 2|4
18 WAL 27 oF e & AEsfof shal, F =ol(Barrel height)
7F300mn o o} -2 0] 4 A8 HA AE HAQ1 29.26m

© =
=
OO A} AR YFS RFL $44E4E AR

[e)

2 rlo 1o

b 0 2 AR W BE §-919] H 4 4% (Pond) BA

(©2021. Korea Institute of Ecological Architecture and Environment all rights reserved. 81



B SSUS HIYNE HE U REY 2(AS AE - M2 sYSAT(OIY)E SH2=2 -
5 7E:I§ DXK. Lee, Analysis of Urban Runoff with LID Application - Focused

: on Green Roofs and Permeable Paver, Korea Planning Association

47(6), 2012, pp.39-47.)

A2 EAR AT ERAEO T LA B Rl WY S Be e B AT Awien e A g
= = _ - 7T, ot AARHel=E, 2015, pp.70-71. / (G.Y. Yu,
Ao g LIDo| Wizt A7t 2hds] A A =] LID B A Development and Performance Assessment of a Bioretention
9 A7t AAE G o, AEA] AFAA R Lo A 27] AF Al Technology Treating Urban Stormwater Runoff, Republic of Korea :

LID 71'-& A-&5k= Al|7F Z7kokar Uk, kgt @) =ufofl
O] LID A-§-2 AA 9 A5 AP Al 23] o] FE3F Ao = o]
£ 7HAdst7] Slef ti/dA /o] el 74 é
of ot 7 7]&of| tiet & 4Hge] n
2 AFoA = OF)Edse=S tid ]i j_xgg}oq 2 el
LID A& Al 4 WA o] w2 T84 95 ﬂ%
Z(Pond)9] #4 HA(HF2)Z A ATt 4
1003 HH = 7 -2F 5 oF A Aol A thAdA]
AH LID 9] 2 & H913hs EPA SWMM &
FS 2 oSt & 5 =o](Barrel height) ¢ 42 WA
d735}o] EPA SWMM 29| A3} F A% 1 #H( torage
=9l §&%(Drain Outflow)-2 H] - 245}
Aol ;b2 % (Pond) 9] |4 HA A& A|AlsH3d
27] A&l & =o](Barrel height) 651.5mmQ] 7
= A8 A 26.72nf Hr} §E o] FolE WAl 11
T AR U o] Aol 4fET7 RH R
202 ettt A, 5 =o](Barrel height) 300mm3]
Aol 26.72m Y wo = Y= 2 o] o] glo] w4
Alofsh= A 02 Yepyith o 50 WA

o] % w0l

o

el

o

=
=

3|

7]-

~

ﬂBw %
o

O{NKQOHﬂ-lOHnJ

-
pul
7
=
=

A0 A2
TTI—%TE

HET}4.28n 715 3t Y of $4-fES
the Ao 2 yehyth

7 9o A% WAo] a2 420 4 HAL B
29| A8 WHo] 242 g o] £
R Ao BN $4u
7 bttt whebA LID 719 &
Al A Z} 71&849] 0474] 71”9%}5
X—}o]— 74]9,]

=

dr d9 =L w30 g 10

o g Ho el e 2 >

1%
i,

=

m Bopx 4>

O o oax
N e Lo

iz NN

ﬂﬂo e

o,
il
e,
re
-
N
N
i)
ko
sk
poty
o
fru

r

Reference

ZJ"&# G 7129 28 84 B4 71) 1T 9 A4

o=t RAdieln dAER=E, 2018, pl. / (Y.S. Jang,
Development and Application of Water Cycle Efficiency Analysis
Method for Low Impact Development Technology, Republic of Korea :
Pusan National University Ph.D. thesis, 2018, p.1.)

[2] o182, A&7Fse B8 248§t AP LD 537 A%
AR, AEaTy, AddA 1278, 2013, pp.91-106. / (Y.G. Lee,

Characteristics of Low Impact Development(LID) and Application
Cases for Sustainable Water Environment, Gyeongnam Institute, THE
GYEONGNAM DEVELOPMENT No.127, 2013, pp.91-106.)
3] ¥l 9] 4¢l, AGYNLLID) 28] HE =AY f5 BAH-5Y
=5 ol B4 TS SAHOE, dRIEERAAESS] A47d Zﬂ6
9, 2012, pp.39-47. // (C.Y. Bae et al, C. Park, SH. Kim, LK. Choi,

82 KIEAE Journal, Vol. 21, No. 2, Apr. 2021

Kongju National University Master thesis, 2015, pp.70-71.)

(5] Bhed, 49, A4, R HAst 18 olgs 44 A
27 A7), FaAsts] =27 A6 Ads, 2016, pp.313-321. //

(YK. Kim, SH. Jang, S.D. Kim, Optimum Installation of Permeable
Pavement Using Multi-Objective Optimization Technique, Journal of
the Korean Society of Hazard Mitigation, 16(4), 2016, pp.313-321.)

[6] A7, olFd, AT T AL AA- s 45 FE 73 3
A AR ZeAx IAPHEEAEGE =2 Alvd ABRT,
2019, pp.15-28. // (B.Y. Kim, B.Y. Lee, Integrated Planning System
for Low-Impact Development - The Recursive Planning Process
achieving Multi-function Performance Objectives, KIEAE Journal, 19(3),
2019, pp.15-28.)

[7] Floarchitects, “Urban Farm”, http://floarchitects.kr/, 2020.12.13.

[8] ZRAEAME, “5UE3F=", https:/project.seoul.go.kr/view/viewDetail
Arch.do?cpttMstSeq=245&pageIndex=1&paramMap%e5B%2 7prev%e27%5D
=cpttMstSeq%253D245%2526pagelndex%s253D1, 2020.12.13. I
(PROJECT SEOUL, “Magok Community Farm”, https:/project.seoul.g
o.kr/view/viewDetail Arch.do?cpttMstSeq=245&pagelndex=1&paramMap%o
5B%27prev%27%S5D=cpttMstSeq%253D245%2526pagelndex%253D1,
2020.12.13.)

O] HEE ¢ 791, SWMME o]8%F £ A% 1279 LID HE&g2
= o]o]- o= 71—/\Ek] H}\-] ~]—5|LE_Q].7:101-94 zlixq 1124;14 1161
2014, pp.806 816. // (J.H. Park et al, Analysis of Runoff Reduction
with LID Adoption using the SWMM, Jonurnal of Korean Society on
Water Qualith 24(6), 2014, pp.806-816.)

[10] Dream for AutoCAD, k-prism, https://autoc.tistory.com/300, 2020.12.15

[11] A7, AGPNE 7sar A AL A4 AL 9 48, &= -
=5 01'_1"17_ AAFSESI=5 2019, p.138. // (B.Y. Kim, Development
and Application of Management Train Planning System for Low-Impact
Development Technologies, Republic of Korea : Chungbuk National
University Master thesis, 2019, p.138.)

[12] Lewis A. Rossman, Wayne C. Huber,

Model  Reference  Manual ~ Volume I -Hydrology(Revised),

Environmental Protection Agency, 2016, pp 66-126.

7o)z 9] 3¢, 94l SEuTASWMM), FALY A5

St 7)a7d AR, 2011, p9. / (LH. Kim et al, Sustainable Water

Resource Research  Center, Storm Water Management Model

Application Manual, 2011, p.9.)

[14] 791, ATY, SWMME o83 ZAAERAY FE3 o5 e

P T e A, dEeALeEl=ER Aled AlSE,

2017, pp.303-313. // (Y.M. Koo, DI Seo, Parameter estimations to

improve urban planning area runoff prediction accuracy using

Stormwater Management Model (SWMM), Journal of Korea Water

Resources Association 50(5), 2017, pp.303-313.)

Lewis A. Rossman, Storm Water Management Model User’s Manual

Version 5.1, U.S. Environmental Protection Agency, 2015, pp.178-249.

Lewis A. Rossman, Wayne C. Huber, Storm Water Management

Model Reference Manual Volumelll-Water Quality, U.S. Environmental

Protection Agency, 2016, p.127.

Lewis A. Rossman, Wayne C. Huber, Storm Water Management

Model Reference Manual VolumeII-Hydraulics, U.S. Environmental

Protection Agency, 2017, p.176.

Storm Water Management
us.

[13]

[15]

[16]

(17]

1) A= 9671(19.1.1.7158) 2] T2 14 #8ZE7H](ASOS © Automated Synoptic
Observing System)@} 50071(19.1.1.715) 9] A7 | ATHEAH|(AWS
AutomaticWeather System) & ©1-8-510] 2H5- 0 2 271/ d5-& okt ok

2) 7]”iq A (https://www.weather.go.kr/weather/main.jsp) ol A A

ok = V1% A=




	도심 공공건물 저영향개발 계획 및 유출량 최적화 계획 - 서울 농업공화국(가칭)을 중심으로 -
	ABSTRACT
	1. 서론
	2. 분석모형 설정
	3. 분석모형 적용
	4. 분석 결과
	5. 결론
	Reference


