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A s | %000 | 398% el ois | 29500 | 125% [l EM= | 6500 | 028%
S| RIS | 85500 | 362 [l EE | 29500 | 1.5% |Wif| sXfs | 6000 | 025%
| sis | 84500 | 358% [l RS | 29500 | 1.25% || AR | 3000 | 013%
(N dgs | 7750 | 328% el =M= | 29000 | 123% U] zEs | 2000 | 008%
N ues | 72500 | 307 el xe= | 28000 | 118% [ siis | 1500 | 006%
PN us | ess0 | 290% oM awis | 26500 | 112% |l 2== | 1000 | 004%
N =25 | 500 | 275% || 8F& | 2500 | 0% |Ucl| HES | 1000 | 004%
U s | eoom0 | 254% [ eis= | 20000 | 085% [EO EES | 1000 | 004%
| == | 500 [ 216% e o [ 19000 [ 080% [l Eels | - | 000%
| = | 47500 | 20 [ D= | 18500 [ o78% Al == | - | 0o0%
A ool | 42500 | 180% RSN SIS | 18000 | 076% [N XIS | - | 000%
G ARBis | 40500 | 171 RS asE | 17500 [ 074% | * HiRIRE ciole e

EX UK - A712H2019)

S4B (m?) BEAUY (n)  EEATH HIE (%)
s 3,730,420 944,495 2,785,925 74.7
L=l S 4,246,555 2,015,411 2,231144 52.5
CHetks 8,957,789 4,611,881 4,345,908 48.5
LS 4,370,589 2,503,860 1,866,729 427
ESS 4,352,819 2,834,281 1,518,538 34.9
At 6,250,880 4,499,723 1,751,157 28.0
ESmE= 5,329,101 4,339,978 989,123 18.6
s 6,180,992 5,057,425 1,123,567 18.2
las 4,812,562 4,540,682 271,880 5.6
<GS 4,523,793 4,355,653 168,140 3.7
QA 268,059,223 197,152,810 70,906,413 26.5

EX URIE - 271242020
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(& 1-4] 39 B2 eH9E8A(Red=d) 8 54 (BOD 7I¥b 23}

T A %  I5d =3 Aok JHA FA T48A s
ik
(Kid) 27.894 | 31.860 | 0.676 1.601 | 84.955 - - 33.072 | 3.024 2.320
pakat 4.380 4.240 2.690 1.450 1.490 - - 10.280 | 33.100 | 7.250
(kgareday) | * . ) ) ) . . .
s
122.176 1 135.086 | 1.818 2.321 [126.583 - - 339.980 | 100.094 | 16.820
(kg/day)
T FHE 4L Z3: A= sk A FA A %°]
HZ
(Km?) 0.232 0.243 1.786 | 19.739 | 3.323 | 24.355 | 0.605 6.894 0.298 0.078
k]
9 12.420 | 12.420 | 33.100 | 12.420 | 12.420 | 1.600 1.600 1.600 1.600 1.600
(kg/km*eday)
Ll
2.881 3.018 | 59.117 |245.158 | 41.272 | 38.968 | 0.968 | 11.030 | 0.477 0.125
(kg/day)

w7
(Km?)
A4

(kg/km’+day)
A

(kg/day)

0.433 | 7.279 | 3.938 | 0.099 | 0.417 | 2.162 | 1.855 | 8.876

1.600 | 7.250 | 7.250 | 14.870 | 1.600 | 1.600 | 1.600 | 1.600 |1 352 ke BOD/day

(1.352 ton
0.693 | 52.773 | 28.551 | 1.472 0.667 3.459 2.968 | 14.202 BOD/day)

[E 1-5] TN 7:9- A vjRe Q=4 vk (BOD 7HP B4

L A¥32E [Pollutant load] (kg) 2A QT 5 ()
Parameter
Event 1 Event 2 Event 3 Event 1 Event 2 Event 3
a7 g 106.0 2,062
g1 | 08 121 871 (qaqy | 122 285 1 L8 1 ea7
IS A
ijzg 0.7 0.2 100 109 (0.7)| 14 4 195 | 212 (70)
M|
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1. AVSHIEX|(Bioretention)

1) e 9 E3
O 71e
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* @ 0238 O 39, 4 HE -« H20ES
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[ 2] ARHIRK S8 3 BYEhY

- @rREs TRIT RS - Col EAfe mtnt op|
o QUSH FET MY o OKSIO|| EjoF
g T

. HTS U4 HEARE X

o EA 7|2 Xz « T=C= Z Hie7d 22| S0t

A= AR, 2rERRISH, MIHLD7 et 710|=2H0l 2013

O 7|&8s

[E 2-2] AHRX| 7 lemg

QEMIHQ
Zn 99%
23"~547%, 22"~A9P%, 172~817% 40"% 80"%
Pb 99°%

1) Virginia Tech, Bioretention Basin Practices, 2011

2) HEL, PULEFEZRTISX, 2012

3) HUD's Office of Policy Development and Research, The Practice of Low Impact Development, 2003
4) Dane county erosion control and stormwater management manual, 2007

XfE - 2ES, s Et MEEHLID7 el 710|=2101 2013

O ADHESH AVUMIEX| 2& EX|FEIATR ARIRIRA| 25
X2 : USSR, https://blog.naver.com/geumganglove/222063812597, T4 2021.09.29

OOoTT T 0o
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BUEY 22 BEUE 248 A% 37 U8 B8 20079FE 201097142] BMP
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[ 2-3] SAkt 58 3 T/

- U99ES OIYEWHE 9 . S 5F ob ZETR
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. N0 Tl W EA eehent o W D Badp SOMIR B0t

A= BHES, HERRSH, MIPHLLID)7 el 710[=21RL 2013

O 7lea&

[ 2-4] Sis3t Vfeeg

FEMUEQ

90"% 50 ~ 71.7%% 80"%

1) Charles River Watershed Association Low Impact Best Management(BMP) Information Sheet, 2008
2) SIS52tEelB| et =5t AARI0| ZRREARN 0Kz Fe, 2009
RIZ © B SRARR L MDD (8R4 Jlo/=2Rel 2013

=

2 2P le S, HIESEMIAD e E M -Sa=sl/HEH=st 2015

X2 U



M =iel ARIEAL 21

2) = AP
O 7iv}c} Wik, Water Sensitive Future
WS AB20] & e w0l FT2] Alagle o8 B8 agelal v
or} 7

1
Fe nashe] el 9712 ghselskort V1ol wah A%E AuAe thd Ao

oY

of 7ldl s 5 B ] o] RERISith BAIZE A&H 0w s 71Ee] st
TIe el o B2 sHo) ZheiAlar, Alde) ATt sk ARl 2t

170190tk ool TA] Hjog ‘Bl RzEt nH's AAste] =

rlr
>

AMiAZ o Fad Z¥ 25
A= - U2, 2RIAEl Zakd 24, 2020, 2EAEHTR

lE
N
(2}
B
El
>

22 H4E L LD 28 2&

2 U2F, HRIE| Bty 24, 2020, £2ALIAHTH



22

AT 9 oREAe) Gt IR S chesl e sl A
8 9 A45eE =gelt  102n el
]

242 4o

0
E
to
ults
il

m

Athletes wa,

it 'm«-r
ll_..l 1—]2. l_ul

g
:

Ontario Strest

prasnlyCSlumbia Street

Wiest st Avenue

AMHAZ gl SAIT7IOZ EL : cl= oa
A& U2G, HAE] =ikd 24, 2020, fEAEETE

[32) 2-7] S| L LD H8 2¢

Sl == |



M =iel A=A 23

ol
-/

o =
FPREINE Flo] FEG FoNE BEHS TPssh sk SANEE 24

I loer AL W 1007hm'e] SARsEl 2448 B R kal k. 2014 AJFSE L2
E @A FHEA Uell= 80mwE RS SAssht ks AEigleon % 10k
Al el 100m" £74=531s F7lsh= 21s B3xE st vk AReAe 53 98s
3l =] SAEs dw Aol diE Alds Algshy, @4 Ale \A 5o A
2Rg Fxlskar vk

SAp=siS Sof SO0, FABUOR BRTIS

XF= : Gty of Hamburg. Hamburg's Green Roofs Economic Evaluation, 2017



24

3. YR XK Treebox filter)

e & EX
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2-5] LI2O{pAR ML & AH/CRY

['E —
Aol ooz okt ASH St I Mrdmo| 2f6t A
= Its

EA & =0l ofet 2
FNEE(LID) 7] 8 4 7ol =)ol

S| g
5|

YRS TBHE [
. o=y oz Xt

HEQY U2, HEAR X[
PAEE e, A9 . 2013

O 7lea&

[ 2-6] LIFOnfAt Va2
85"% 822%
1) 258, fAEEBRRR I SXE, 2012

SHES, SRS, MIRHMLD)?7 ea4s J0|=2R 2013

54"%
2) Fairfax County - LID BMP Fact Sheet -Reforestation/Afforestation(treeboxfilter) February28, 2005
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A= BES, HERRSH, MIPHLLID)7 el 710[=21RL 2013

O 7|&=8%&

(& 2-8] A2l 7ieas

TSS

54"% 49"% 65"% 40°% 97%% 673% 9%

1) BHEE, SAEZZUE [SXE, 2012

2) Low Impact Development Center, 2009

3) Virginia Tech, Bioretention Basin Practices, 2011

Xfm - 2R, st a8, MESHLLD)7 el J10|=210l 2013
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K& SEMCOG, A Design Guide for Implementers and Reviewers,2008
Tetra Tech. Green Infrastructure in the greater lansing area, 2014

[A2 213] ASNHRIE 2&
O v, Wejslo}

3 2129, 2QUIE| FIHY £, 2020, SRR
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5. 4/82+2(Bio swale)
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[ 2-9] AWIAE X2 & BT

° 7}-00*)\ Xlol. |E OE

. ouEy aE A

. MEQY Un, HEARH X
. & JjexRED

o EAb SO ofeh Aol Rt
o HiEH O FYAl FRf
« H=CE 2 tierg 22| 20t

Az SHEE, She ST MNEEWHLULID)7 a4 710|=2121 2013

O 7lead

(& 2-10] 442 Tleag

I 5% | 10~ 25"% - 30 ~ 65"% Zn 99°%
° 451) ~ 622)0/0 482) ~ 510/0 ° 842)0/0 Pb 993)(:%)
1) 2B, SUHBYREP IEALY, 2012

2) Analysis of Bioswale Efficiency for Treating Surface Runoff, Donald Bren School of Environmental Science and
Management, 1999

3) The Practice of Low Impact Development(HUD's Office of Policy Development and Research, 2003
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10. 2YA2PEX|(Sand filter)
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1. YES(Rain barrel
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Abstract

Research on Introduction Strategy of Low Impact Development
(LID) in Goyang city [3]

Jiyed Im™, GARAM SO**

1. Overview of the study

[ ] The background of the study.

O Seoul and Gyeonggi-do account for 10.7% of Korea's total area due to the centralization of the
population, but the total population accounts for 44.1%.

O As a result, the development of neighboring satellite cities accelerated, resulting in a sharp
increase in impermeable area.

O Due to the increase in the impermeable area, many problems such as urban floods, ground
cracks, subsidence, and depression, depletion of surface water and groundwater, and deterioration
of water quality are causing.

O Therefore, there is a need for fundamental improvement in land use due to urbanization.

[ ] The purpose of the study.
O Through the creation of green infrastructure, we intend to derive an environment that can restore

natural functions in urban areas with damaged natural functions.

* Senior Researcher, Goyang Research Institute, Korea

** Assistant Researcher, Goyang Research Institute, Korea
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- Deriving Natural Based Solutions (NBS) such as Low Impact Development (LID) and Green
Infrastructure (GI) to respond to climate crises and preserve living environments and ecosystems
due to increased impermeable areas in the city center.

- Looking for the introduction of measures to restore natural functions in urban areas where natural

functions are damaged.

O Looking for a Goyang-type LID project that fits the characteristics of Goyang-si.

- By establishing an impermeable area in the city as a small ecosystem to preserve the natural
ecosystem and reduce heat island phenomena, and by applying LID technology to improve the
impermeable area in areas vulnerable to climate change, vulnerable groups are protected from the

climate crisis.

2. Case studies.

[] Features and Cases by LID Element

O The contents of each LID element are as follows.

- vegetative retention

A small-scale storage facility covered with vegetation that controls rainfall runoff by filtration by
soil, biochemical reaction, penetration, and storage.

St. Paul's City, Lake Como, etc. in the U.S.

- Rooftop
Rain spillwater is collected from the rooftop, filtered, evaporated, and stored to reduce runoff in
urbanized areas, and consists of vegetation such as moss, grass, and small shrubs.

Germany Hamburg, Green Hamburg, etc.

- Tree filter box.

A structure (concrete box) including a filtering unit at the bottom of the street tree is buried to
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introduce rainwater flowing out during rainfall and installed to flow out to the existing excellent

pipeline through filtration and penetration mechanisms.

- Vegetation filter box

Facilities that can store and stay excellent water by utilizing spaces such as pots where existing
trees are planted.

the United States

Michigan Avenue, etc.

- Grassed swale
It is a drainage structure with a function similar to that of vegetation, and functions of filtration,
penetration, and drainage of river milk discharge.

Toronto, Edward Garden, etc.

- Vegetable filter Strip
It consists of soil that is advantageous for gravel and dietary attachment, reduces river milk
discharge, stabilizes slopes, and performs filtration functions to improve water quality and function

as a green space in the city center.

- Infiltration trench

It is a ditch filled with stones that holds runoff water in case of rainfall and penetrates the
technology

Netherlands Zballer, Schillerhawk, etc.

- Infiltration box
Technology that is filled with gravel or stones and is connected to the groove of the building or

is installed so that the outflow water from the impermeable surface can flow into the soil.
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- Porous pavement

Technology that penetrates river milk water into the soil and reduces pollutants by passing through
voids of porous asphalt, concrete, and water blocks, etc.

Chicago, USA.

The Green Allley Program, etc.

- Sand filter
Technology for improving water quality by removing contaminants and suspended substances in the
effluent through sand filtration from the precipitated surface of the precipitated milk.

- Rain bucket
It is a storage facility installed to use roof runoff water, reducing runoff volume and securing

alternative water for small rainfall.

[] Case of applying LID city in Korea

O Green Rainwater Infrastructure Creation Project

- The Green Rain Water Pray Project is a project promoted by the Ministry of Environment to
expand LIDs in urban areas, and to verify the applicability of LIDs to manage rainwater leaks in
urban areas with high non-point pollutants and promote LIDs (Suwon-si Jangan-gu Office, Asan
City Hall, etc.

- The main facilities to be introduced are pitcher blocks, rooftop greening, and vegetation areas.
O A pilot project to zero rainwater spills.

- The Ministry of Environment has promoted a pilot project for Ochang Science Industrial Complex
in Cheongju and Seogok District in Jeonju since 2013 to review the possibility of LID application
to large-scale urban drainage basins (38 to 40ha) along with the medium-sized rainwater spill zero

project.
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- The main facilities to be introduced are plant cultivation plants, vegetation sites, etc.

O Leading city in water circulation

- The Ministry of Environment selected local governments to build models with low-impact
development techniques and to reduce non-point pollutants and install green infrastructure due to
the high impermeable area rate in large cities in Korea.

- The main facilities to be introduced are water-permeable packaging, penetration measurements,

vegetation sites, plant cultivation plants, etc.

3. How to apply LID technology in Goyang-si.

[] Storage-type LID technology.

O Vegetable storage.

- Applicable to various locations such as residential complexes, industrial complexes, various parks,
roads, and parking lots.

- If the existing green space is not used, a relatively large site area is required, so the installation
site is secured in advance when establishing a land use plan (such as establishing a new city plan,
etc.).

- [Example] It's the vegetation reservoir in Deok-ee's earth.

O Underground rainwater reservoir

- Due to the underground burial method, the upper part can be used for various purposes (road,
parking lot, park, sports facility, etc.), creating a valuable space with both storage and water-friendly
facilities.

- (Example) Juyeop Elementary School rainwater reservoir.

O Low-current pitcher block

- It is possible to improve the water circulation and improve the residential environment by
installing it in the sidewalk section that needs replacement repair due to aging.

- It can be applied mainly to sidewalk areas, parking sections, and spaces directly connected to



14

excellent residences from sidewalk blocks for impermeable floors that lack water circulation

functions.

[] Penetrating LID technology.

O Penetration measurement

- It is easy to apply to constrained spaces and is installed at the edge of houses, parking lots,
playgrounds, roads, etc.

O Penetrating rain trap

- Maximize the water supply capacity by first applying it to areas where rainwater is insufficient,
such as major flooded areas in the city (Recently flooded areas in Goyang-si, Minmaru area in
Pung-dong, etc.).

O Tree filter box

- Since existing or newly planted street trees are used, additional land requirements are low, making
it easy to apply to cities or roads.

- Installation adjacent to the impermeable surface to facilitate inflow of outflow water generated

from roads, sidewalks, parking lots, etc.

[ ] Multi-use LID technology.

O Rooftop recording.

- When applying rooftop recording, it is necessary to change the applicable type according to the
structure of the building or check whether there is an additional structure reinforcement work
through a structural review.

- In the case of public buildings (administrative welfare centers, libraries, cultural centers, etc.) in
Goyang-si, consultation and coordination are relatively easy, so it is advantageous to create rooftop

greenery in public buildings first through local government support projects.

4. Commercialization of cat-type LID.
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[ ] Applying LID technology to build a small ecosystem in the city center.

O Urban small ecosystem development project

- The Ministry of Environment is promoting the rooftop greening of Ilsanseo-gu Office through the
project to create a small urban ecosystem, and through this, it intends to play a role in establishing
a bridge connecting ecosystems in the city.

- The rooftop green technology used in the project is one of the low-impact development (LID)
technologies that stores and delays excellent runoff water and discharges it to sewage treatment

facilities, as well as reduces urban heat islands, air purification, and greenhouse gas emissions.

[ ] Apply LID technology to vulnerable areas in climate change

O A project to support vulnerable groups in climate change.

- Through the Ministry of Environment's climate change support project, the Climate Response
Green Zone is formed in Jugyo-dong, Deokyang-gu, to form a space with various low-impact
development (LID) technologies so that vulnerable groups can adapt to climate change and live.
- The impermeable area is mainly recorded so that rainwater can easily penetrate, and rainwater

facilities will be installed so that stored rainwater can be used for various purposes.



