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Abstract The current water-management paradigm is changing from the expansion of reservoirs and
facilities for simple outflows and non-point source management to the building of a sound water
circulation system throughout the watershed. Based on this, water management for the watershed as a
whole is establishing standards through local ordinances. The purpose of this study is to establish water
cycle targets that are resilient to water management even after the development of cities in watersheds
where water management is highly needed. This was done by referring to research and ordinances
related to water circulation by local governments. A method is proposed based on a storage and
infiltration method for rainfall. Through a comparison of percentiles, it was found that the water
circulation target of a planned waterside city can be treated with 52% of total rainfall and 80% of rainfall
of 17 mm per day. To quantitatively improve the quality results of these calculation procedures, it is
estimated that the calculation of water cycle targets will be more reliable if other various variables such
as the safety of low impact development factors or the selection of appropriate specifications are

considered later.
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Table 1. Study Case for Change of Water Balance in Downtown

Analvsi Water balance (%)
naysis Target area Evapotrans S Reference
method o Infiltration Surface runoff
piration
Before
Ltzlrf; Seoul development 433 46.1 106 2413 [3]
After development 25.0 23.1 519
Misa dstrict, Before
Ltzlrf; Hanam-si, development 78 432 49.0 217.7 [6]
Gyeonggi-do After development 11.1 22.3 66.7
_ Dongtan, Before
St};(;rr; Hwaseong-si, development 30 18 52 2447 9
Gyeonggi-do After development 16.3 33.8 49.9
Before
Lt(:ri_ Gwangju development 53.9 46.1 0.0 2183 4]
After development 53.9 27.8 18.3
Bef
Long- Gapcheon basin, devefozl;ient 37.6 28.8 33.6 “17.0 51
term Daejeon After development 24.6 24.8 50.6
Long- Gwanpyeong basin, devifszl;iem 43 86.1 9.5 £63.1 71
term Daejeon After development 6.7 20.7 72.6
Long- Chungcheongnam-do, dev}Ziﬁ;iﬁem 14.2 45.7 40.1 2381 (ol
term Asan-si After development 13.9 7.9 78.2
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Table 2. Ordinance on rainwater management by local governments [11]
Name of local government Date of Final revision
No e ] Name of local statutes enactment date
igher ower
1 Seoul All Ordin““‘;i;ﬁ :ﬁ;‘g’:fgsfi;al“cfyeme“t in 2005.12.29. 2012.05.22.
2 Gwangju Gwangsan-gu Ordinance on rainwater management in 2011.09.27. 2014.08.14.
3 ) Namgu Gwangju metropolitan city 2015.08.10. 2015.08.10.
4 All 2009.11.09. 2011.10.24.
5 Incheon Bupyeong-gu Ordinance on rainwater management in 2017.09.25. 2017.09.25.
6 Dong-gu Incheon metropolitan city 2011.10.01. 2016.11.01.
7 Nam-gu 2016.11.14. 2016.11.14.
8 All Ordinance on establishment of 2012.12.28. 2015.04.30.
rainwater management facility in
9 Goyang-si Gyeonggi-do province 2013.10.04. 2015.01.00.
10 Hwaseong-si 2013.06.13. 2013.06.13.
1 Pocheon-si Ordinance on rainwater management in 2014.02.27 2014.02.27
Gyeonggi-do province i M
12 Uijeongbu-si 2013.03.19. 2013.03.19.
13 Gyeonggi-do Ansan-si 2005.04.20. 2005.04.20.
14 Anseong-si 2014.05.01. 2014.05.01.
15 Gapyeong-gun Ordinance on establishment of 2009.10.01. 2016.03.16.
16 Gunpo-si rainwater using facility in Gyeonggi-do 2005.06.03. 2005.06.03.
17 Gwacheon-si province 2007.06.22. 2017.06.30.
18 Icheon-si 2005.06.09. 2005.06.09.
19 Siheung-si 2006.03.16. 2006.03.16.
20 All 2009.05.14. 2016.12.29.
Gyeonsangnam . Ordinance on rainwater management in
21 “do Yangsan-si Gyeongsangnam-do porvince 2011.11.11. 2012.12.31.
22 Chanwon-si 2010.07.01. 2014.12.24.
23 All 2013.12.30. 2013.12.30.
Gyeongsangbuk I Ordinance on rainwater management in
24 Ao Gyeonsan-si Gyeongsangbuk-do porvince 2012.11.30. 2012.11.30.
25 Yeongyang-gun 2013.03.08. 2013.03.08.
26 All Ordinance on rainwater management in 2009.10.05. 2017.11.02.
Jeollanam-do .
27 Naju-si Jeollanam-do porvince 2010.01.20. 2011.02.14.
28 Jeollabuk-do Jeonju-si Ordinancjeegﬁagﬁ?_‘t;teprOE?E:Semem in 2009.11.04. 2015.12.30.
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Table 3. Ordinance on water cycle by local governments [11]

Name of local government Date of Final revision
No Name of local statutes
Higher Lower enactment date
1 All Master planning ordinance on recovery 2014.02.09. 2018.01.04.
Seoul of water cycle and Low Impact
2 Gangdong-gu Development in Seoul metropolitan city 2015.12.30 2016.05.04.
. Master planning ordinance on water
3 Gwangju All ) . . . 2017.01.01. 2017.01.01.
cycle in Gwangju metropolitan city
4 Daejeon All Ordinance on improvement of water 2017.12.29. 2017.12.29.
5 Seo-gu cycle in Gwangju metropolitan city 2017.04.10. 2017.04.10.
Master planning ordinance on recovery
6 Ulsan All of water cycle in Ulsan metropolitan 2017.12.28. 2017.12.28.
city
Master planning ordinance on water
7 Namyangju-si management and water cycle in 2009.10.21. 2017.12.26.
Gyeonggi-do Gyeonggi-do province
8 Suwon-si Ondinance on water cycle management 2009.06.19. 2012.10.04.
in Gyeonggi-do province
9 Gyeongsangbuk Andon-si Ondma.nce on rec?very of ‘fvater cycle 2018.04.18. 2018.04.18.
-do in Gyeonggi-do province
10 Gyeonsangnam Gimhae-si Ondlnancg on 1mpro-vement of water 2018.04.27 2018.04.27
-do cycle in Gyeonggi-do province
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Table 4. Domestic construction case applied LID
Type Target area Element technologies Note
Master Plan for Rainwater . . e ) . e EStab.l ISh.mg tbe first
. . Infiltration facility, rainwater harvesting facility quantitative rainwater
Management in Seoul Metropolitan| .
management plan in Korea
Urban X . Mandatory installation of
i Seoul(each government) Infiltration trench, porous pavement . :
regeneration sidewalk and driveway
L. Bioswale, infiltration channel, infiltration trench, First LI_D application district by
Seoul(magok district) rainwater management
porous pavement, wetland ordinance
X . Considering initial infiltration
Gwanggyo new town Detention reservoir, wetland .
and storage of rainwater
. Bioswale, infiltration channel, infiltration trench, An.ex-amp le of-the first
Asan-tangjeong new town distributed rainwater
porous pavement, wetland X
management system in Korea
. . s . Acquisition of incentives by
Bioretention, infiltration trench, porous pavement, N
Pyeongtaek godeok new town . lowering the green rate due to
tree box filter, wetland o
New town LID application

development

Busan eco-delta city

Bioswale, infiltration chamber, pland box, tree box
filter

LID applications by the special
law of the hydrophilic zone

Sejong haengbok city

Bioswale, infiltration channel, infiltration chamber,
infiltration trench, porous pavement, rain garden,
wetland

Examples of cooperation
between Ministry of
Environment and local
lgovernments for LID application

Songsan green city

Bioswale, infiltration trench, wetland

LID applications by the special
law of the hydrophilic zone

Chungcheongbuk-do ochang,
Jeollabuk-do jeonju

Bioswale, green roof, infiltration trench, porous
pavement, tree box filter

Demonstration project of zero
storm drainage

Green N -
- o Plant box, porous pavement, rain garden, tree box Apply green rainwater
rainwater  |Daegu(bukgu government building) ) ) . .
. filter infrastructure during remodeling
infrastructure — — -
. Suwon-si(jangan-gu government . . Rain city demonstration for
(Ministry of ) Green roof, porous pavement, rain barrel ; .
. building) drainage reduction
environment) 5 . T ; o=
ioswale, green roof, infiltration planter, porous reen rainwater
Daejeon(city hall) 5 ! P I P ) pply g ‘ )
pavement, rain garden, tree box filter infrastructure during remodeling
Gwangju chipyeong-dong Bioswale, green roof, porous pavement
Daejeon dunsan‘wolpyeong-dong Bioretention, green roof, porous pavement
Water cycle

leading city
(Ministry of
environment)

Ulsan samho-dong

Bioswale, porous pavement, rainwater harvesting
facility

Establish water cycle ordinance
and promote pilot project

Andong-si urbanization area

Infiltration basin, porous pavement, rain garden

Gimhae-si

dongsang-hoehyeong-buwon-dong

Infiltration-vegetated facility, porous pavement
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Table 5. Water cycle goal by each city

Target area Water‘ cycle goal Calculating method
percentile mm
Reduced runoff before
Andong } 20 and after development
X Reduced runoff before
Daejeon 20 N
and after development
Gimhae ~ 20 Reduged runoff before
and after development
G ) _ 15 Reduced runoff before
wangju and after development
Sejong 90 30 Precipitation fiepth by
percentile
Ulsan 85 25 Precipitation erth by
percentile
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Table 6. Landuse of development district in Songsan green city

Classification Total 2area Area ratio Bulk ratio of Buildin% area
(m®) (%) Seoul(SMG(2013), %) (m®)

Publicreducation 87,464 2.47 0.77 27,294
Park-green 1,350,472 38.11 0.07 2,449
Traffic-infrastructure 550,698 15.54 1.72 60,770
Large scale 881,306 24.87 13.75 487,128
Small scale 673,416 19.01 11.35 402,267
Total 3,543,356 100.00 27.65 979,908
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Table 7. Water cycle goal by percentile

Vear Precipitation Less than 5 mm/day Less than 10 mm/day Less than 15 mm/day Less than 17 mm/day
(mm) mm % mm % mm % mm %
2008 1,343 318 24 503 37 627 47 671 50
2009 1,541 268 17 449 29 582 38 628 41
2010 1,471 413 28 669 45 841 57 898 61
2011 1,976 325 16 556 28 746 38 811 41
2012 1,748 335 19 533 30 687 39 742 42
2013 1,240 363 29 589 48 761 61 813 66
2014 1,029 285 28 439 43 532 52 564 55
2015 751 305 41 459 61 568 76 597 79
2016 1,023 257 34 403 54 536 71 585 78
2017 1,329 316 42 491 65 612 81 652 87
Average 1,345 319 24 509 38 649 48 696 52
300 gith. SOpercentileo]A9]  A3HLS 3.5 mm,
250 | 60percentile @739F 5.5 mm, 70 percentile &
- A9FS 9.7 mm, SOpercentile YZFS 17.0
% 0 mm, 90percentile L3 34.0 mmZE HERHTE
5 150 2 A7 AN = 7€ 8 A4 2 IR
: . EASOIA SR G BEE 28 ¥ 235
: + 80 percentile?] 9% Aelg 5RE HAAsIR0
1 ™, ol 17.0 mm/day °Jst9] Al A} JF9
0 j , ; i AYgS B0l FAHolA BE At REFZ
T e Hzokohe 2 uisiet Beg B3 A wet o
) . ) ) Had 3% 5 AGdloF sk 91L(mm)E Table 73+
Fig. 5. Daily rainfall by percentile o] Aejalglty. AT B4T ZE 80 percentile
2 IE o = 0/0 =
Percentile® A9 &RIT £ 91, ol AH iﬂ\]:_lﬂi?j— Ez};‘;_ E]I{;]ai—S :—Z ;u?;-é]]-d 0% mnss 7
o wEolo] Wt Ae) Jhs Azhd BFenE o % 7 T CoE T

Table 8. Calculation for Storage depth & Management Water Cycle Goal

Calculation for Storage depth Management water cycle goal
Precipitation

Year (mm) Loss Storage Runoff [Water cycle goall Storage Infiltration
(mm) (mm) (mm) (mm) (mm) (mm)
2008 1,343 208 573 562 671 161 510
2009 1,541 191 628 721 628 176 452
2010 1,471 236 691 543 898 194 704
2011 1,976 188 606 1,182 811 170 641
2012 1,748 206 671 871 742 188 554
2013 1,240 231 652 357 813 182 631
2014 1,029 190 500 339 564 140 424
2015 751 201 445 106 597 124 473
2016 1,023 184 605 233 585 170 415
2017 1,329 239 533 557 652 149 503
Average 1,345 207 591 547 696 165 531

484



FHEA 243 B8 APY W a4

109 395 *l%%i Hdste] Eq. (99 Eq, B)=
olgsl AolA FEMANY AIYE Exceld] AZ
AEAER A4l $35eE A AT RS
34 mmollA AHT 5= e AdE, AR FEHe #
ESFOE ANE RIS A-FRE &AHeE o
AR &7 AT, §ETE Table 83 o] A
sttt AA| Aol A85t9S Y] A% 7 A
FE 591 mmE, hAA 9 AE WE 27.7 %5 1Y
5to] 165 mmE A% AR 227} 7hssitta g
4t} ol= E% 53X 80 percentlle’] A3S- 17
mmE AT A2 1HNE o, A4 1,345 mm
959 12.3 %, B4 53 696 mme] 23.8 %S A
A ost §& A adE HldE AL ulst
ot gAY AEEE 27.7 %S AT 2,653,961 m’
9] gAE AR ELT EH 696 mm F AR
165 mmE A 531 mmE HFEIZ A5
Table 83} Zo] s3irt. AFAILY] AL = XA
1,345 mm9] 39 5 39.5 %, 2<% 3 696 mm
9] 76.2 %9 %& A% 8IE M

Az

23 165mm§ 11
2.1 mm/hr_QE AlZvF
2.1 mm °J5te] = BF AGAER A2g & Qlck

FAQ B EE Q5 AlzhE glERE e s Yehw
=R 5o AFAAE WA 979,907 m*S 15
2,033 m’/hrg A Fs3t Ao BEAEI) JFA|
Ao o5t &A1 2 531 mmE 245 99 3.1
mm/hr9] BEH S 79, A)7Fd 3.1 mm ©ls}
9] 79 HEA sl f&o] LA gt Al
o HiEggo s YehE 2,563,449 m’S] HZ ]

o

)

A 7,939 m’/hrE HE]7Kss1

Precipitation (mm)
3 8 3
e

111108 11110 1112 11114 11116 11118

Date

Fig. 6. Processable hourly precipitation by water
cycle goal
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Table 9. Ability of water cycle goal for rainfall management

Storage Infiltration Total
Water cycle
goal Height |Rainfall management ability| Height [Rainfall management ability| Hejght [Rainfall management ability
(mm) (mm) (mm) (mm)
(mm/hr) (m’/hr) (mm/hr) (m®/hr) (mm/hr) (m®/hr)
696 165 2.1 2,033 531 3.1 7,939 696 5.2 9,972
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