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Abstract

Water disasters such as flash floods and inundation caused by localized heavy rainfall in urban areas have a large impact on

climate change but are also closely related to the increase in impervious areas as pointed out in domestic and international

studies. It is difficult to secure natural green areas in urban areas that have already been developed. So, urban regeneration can

be expected using water management optimized with technologies to secure infiltration and storage capacity such as

Low-Impact Development technology. In this study, the water cycle improvement ability was confirmed by applying the LID
technology within the district unit plan of the environmentally friendly village, and the economic feasibility of LID application
was analyzed by estimating the costs and benefits of installing the facilities. The site was planned to conserve sufficient green
and plans for securing the watershed infiltration and storage capacity were formulated with the application of additional LID
technology, such as infiltration trenches, rain barrels and permeable pavements. The LID design method applicable to the site
was established, and the water balance of the watershed was analyzed through simulations of the SWMM model. The water
circulation improvement effect was confirmed through the water balance analysis, and the cost-benefits were determined

according to the estimation method, and the economic analysis was conducted. This study confirms that the investment of LID

technology is economically feasible for the hydrological improvement effect of the housing complex.
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2. Materials and Methods
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Fig. 1. Geographical position of eco-friendly village.
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Table 1. Watershed information by land use for eco-friendly village

Land use 7 Area % Note
Building area 57,000 47.5 Building-to-land ratio 50%
Residential area Green area 48,000 40.0 40% of the total area
Pavement area 9,000 7.5 Remaining part of residential area
Sum 114,000 95.0 -
Road area 6,000 5.0 District units plan
Total area 120,000 100.0 -
Table 2. Watershed information by subcatchments £ Koo and Seo (2017)7F Z=AINE XA A Y
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Table 3. Annual average precipitation by 10 years in Suwon meteorological station

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average
Precipitation (mm) 1,325.0 | 1,3429 | 1,541.2 | 1,470.6 | 1,9759 | 1,748.3 | 1,240.1 | 1,029.1 751.1 1,023.4 1,344.8
Table 4. Monthly average evaporation and temperature by 10 years in Suwon meteorological station
Month 1 2 3 4 5 6 7 8 9 10 11 12
Evaporation (mm/day) 1.23 1.69 2.55 3.53 4.60 5.03 3.70 4.24 3.70 2.86 1.65 1.23
Temperature (°C) -2.53 0.74 5.75 11.83 17.93 22.68 25.33 26.36 21.82 15.16 7.51 -0.14
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Table 5. Design for SWMM option

SWMM 5.1 options

Routing model Kinematic wave Infiltration model Horton
Start-end date 2006-12-31 to 2017-01-01 Simulation interval (min) 15
Subcatchment summary
Subcatchments (EA) Total area (ha) 12
Average impervious area rate (%) 50 Average slope (%) 0.5
Manning’s roughness N-impervious 0.035 Depression storage Impervious 0.3
coefficient N-pervious 0.055 (mm) Pervious 1
Infiltration model : Horton
Maximum infiltration rate of the 762 Minimum infiltration rate of the 3302
Horton infiltration curve (mmv/hr) Horton infiltration curve (mmv/hr)
Decay constant of the Horton infiltration curve (1/hr) 4.14 Drying time a fully saturated soil (days) 7
Table 6. Information of LID application by land use
LID Subcatchment area | Household Area per
Land use technology m’ % (EA) householcllj (m®) Note
Building area Rain barrel 57,000 47.5 235 Building area(m?)<0.01(m)
Residential Green area - 48,000 40.0 198 -
area Pavement area | Infiltration trench 9,000 7.5 43 37 100% of pavement area
Sum - 114,000 95.0 469 -
Road area Permeable pavement 6,000 5.0 - 100% of road area
Total area 120,000 100.0 - -
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Fig. 3. Flow chart for runoff process.

e ;(1@—/\]}\—1_9_ /l%;‘(]—g,‘]_ Ao7 187 7]_%__9_ n]-&-é-]_odg_q_ - B _
S e 0T AARAE 089%S APFSEte] Table 89 FEstith vl E-
HEs AHEA AdY Faate HEs &89 Hddde Hol BAgo oS o 5 B
. - o e Aol BAE A% 7R AP e JdAEFELE 2011 A
2 Qo FEE U Z2agn, T2 8d FREE o oo 00 .
o . o mEL = N ¥ HAJAHMinistry of Strategy and Finance (MSF),
Fe ALdsta A Wl 4§ 7hed AFs FE 7€l Smse - Azm So =
= deE e o ST ATS WE TSN 0 A8RA9 A 152 389 M A%E 59 Az
AFote EFTFHAS oz JFEIAE H&aadt Az m Qz=Holo] Fa= EZ 409< 7|Fo= &
e Ny - - L 5 AF 4 PEAFHHQ AZZIYER 4038 VFoE ¢
FFEMAE =25 A A FAHEH 114,000 m*9 .
AT
'I SWhM 5.1 - ECCling
| DEEE DA G BNE: (3
|l¢@ovo8-FlOO®T, e 1
;"'wet' Map If suocatchment SUB.EES 51 (7. Study ares Map —TETE 2 8
TitlesNotes Vabue
Options | Description T |
Climatalogy = — .
Rain Gages |Rain Gage 1 P
L MR | Gutier i = ] e
Aquitess | =
Snow Packs ipa |
Unit Hydrographs | wicen 2
LID Controds |5 Slope 05
Hydraulics |
Qusiiy [ mpery %
Cusves |NImpers 0.055
Tome Suries {M-Pery 085
Tine Patterns 1
Map Labels | Dstore-mpery 03
| Datore-Pery 15
|5Zeoimpery 5
|Subsres Routing  QUTLET
|PercentRouted 100
|infiktration GREEN_AMPT
L 1 Eur“unﬂﬁanl YES
e T——r 1] [SnewPack
Subcatchments {UID Controls
SUBEES | Land Uses 0
|initiad Busteup NOME
suB_EE3 | e Lemgt 0
SUB_EEL |
SuB_gEE2 L a
SUB_ROAD LD contreds (click to edit)
.Aukn-unurn:m! = | Offsets Depth = | FlowUniteCMS = | CF | Zoom Levek 100% | XY: 2450.009, 14575.00 ot [ e

Fig. 4. LID design for SWMM model.

Table 7. Estimate method of benefit for LID application

Classification Classification detail Quantification References
Direct Initial installation cost O Company survey
cost Management cost (@] Company survey and Lee et al. (2012)
Reduction for water supply charge (@] SK (2017),
Water charge - : s
. Reduction for production cost of water supply o The water statistics (ME, 2015),
reduction - .
Direct Reduction for cost of sewage treatment o Lee and Kim (2016)
irec
benefit Reduction for cost of regular roof management o Company survey and Kim, Choi et al. (2014)
Reduction for electricity charge of
Energy charge . e SK (2017),
. air-conditioning O .
reduction - - Lee and Kim (2016)
Reduction for gas charge of heating
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Table 8. Annual average for real discount rate

Year |Interest rate (/,)|Inflation rate (#)| Real discount rate (Z)
2007 5.01 25 245
2008 5.67 4.7 0.93
2015 1.72 0.7 1.01
2016 1.47 1.0 0.47
Average 3.252 2.34 0.89
(1+1,)
]R - 1+ F -1 (1)
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Table 9. Comparison of estimate for rain barrel by construction company

Construction Total Materials cost (won/rain barrel)
company (won/rain barrel) Sum Barrel Pipe Pump Log Etc.
A 5,447,000 5,149,000 3,102,000 847,000 738,000 297,000 165,000
B 3,512,000 2,961,000 1,421,000 715,000 550,000 275,000 -
C 2,857,000 2,857,000 1,233,000 542,000 450,000 - 632,000
Table 10. Cost information for porous pavement
Pavement type Replacement period (yr) |Initial installation cost (won/m?)| Pavement overlay cost (won/m’) | Management cost (won/m?)
Porous ascon pavement 10 70,912 62,671 2,672

BIE=8EaR| M4 M1, 2018
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Table 11. Estimate method of direct benefit by classification

Classification Classification detail Estimate method

Reduction for water Annual reduction for water supply charge (won/yr) =
supply charge total daily rainwater use (m*/day) x 365 (day/yr) x water supply cost (won/m’)

Reduction for cost of | Annual reduction for cost of regular roof management (won/yr) =
regular roof management | annual roof water proof cost (won/m*-yr) X total area (m’)

Private . .. Annual reduction for elecricity charge of air-conditioning (won/yr) =
Reduction for electricity . .. . o
benefit charee of air-conditionin annual reduction for elecricity of air-conditioning (KWh/yr) x
g e production charge of electricity (won/kWh) x rate of roof storage (%)

Annual reduction for gas charge of heating (won/yr) =
annual reduction for gas of heating (MJ/yr) x production charge of gas (won/MJ)
rate of roof storage (%)

Direct benefit Reduction for gas charge
of heating

Annual reduction for production cost of water supply (won/yr)=

Reduction for production total daily rainwater use (m*day) x 365 (day/yr) x

cost of water supply

Social production cost of water supply (won/nr’)
benefit Reduction for cost of fnn;lul;? rzi(ﬁ::i;;n qflcl);n:i(t)}s/t (Ei/i‘:;’;’g: treatment (won/yr) =
sewage treatment unit cost for waste water treatment (won/m’)
Table 12. Availability for rain water reuse 20159 HEEEACGA AAGF 2 2F 784 won/m’
Use Component ratio Auvailability for %+ ddske %6‘9 Y= 7]%3% grE s 902
of water use (%) rainwater won/m*S AAsgth @A A G WEE Table 119 4
Toilet 24 O T2 aF A7 FAd Yy 23, 31873 }\]tﬂu]-o A A
Washbowl 9 < 9 Azt Aen FAZAALS 13,448,000 won/yr, FFE AL
Bathtub 16 x A7} AZNL 15482,000 won/yrO 2 EA Qi’it}.
e > = seAge e a3 A0 9@ A98elg 3
o 5 o HE ot §lo] skeAu g dAdel g AFSA He
TS 1SR Lee and Kim (2016)2] A|Stol] wa} <7+
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HIE Ao]8S 1ste 2tz AL A4E a9 & 213 Zo] LID Ald A&z A9t At §&F AdT
2ol g AFRWelF AT AAA7F Az gid Abs) ST st H &S ALtst vebd Sl 23
A WAL TFHIAT HE o]goT Qd AT HL A g WE&S vtgez AT 417.54 mm FaT F
é;m A A Lee et al. Q12)°1 AN ARG B ST AARH 120000 n'e] HE3AA FHN AT
NE ol §FL Eq. T A& Adstsich AN AMshe SEE 27 305 won/m'el @S 31
%& wge A Azt steAul g Azl 49,297,000
B, =R, <R, <K, @ won/yro. 2 EAF A}
A71A, B AU LB HE ol &
R: AEESF 5 HEE Mg 2.5.2.2 F718 |4 22| 08 2
R : QY AWF AELF ALY FHTER Y HEE AT Al AFELRE AF o] olate
R AN BE 7L F g G73< Ho]'—/v\‘:o"/‘]"% T8ty wEel F713% %’8’
WEFA H &S A7 F At Y FE3AE Aldst
ALE&F T HEOE HE(R)S Kim et al. (2007)°] L ax e HQEY ER wa stAe HF Ak &
Table 12614 AAS GEFE S AA J&E&F 5 HEs F FEIAL AT AZPA 33X BHE vus A3, 3
o AZEFE AT 9} @%Tsﬂr et 4 Fol WE k¥H|Y o7t AEE FFHo AFT &
Y €98 T 33%S &9 19T dEF 4 Qe ABHEZ 71Fo2 AA7LE AP A8 QA
&5 AR 20159 %#E%zﬂoﬂﬂ AAlE sHgAl 9 4L BFHJE 15S 711 AAE ek AA

2 3
190 19 5% 361L & 7F8 & 64%%] 231.04 L/dayS At 57000 m*9 LAt T¥SPL o A& =
&SR, AU B 7HE F(R)E 2005904 2015 63,000,000 won .2 A]*@xﬂoﬂﬂ A A HJAE
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Table 13. Annual average of water balance for LID application
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Fig. 5. Water balance change for LID application.
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Before LID application
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After LID application
% 100.00 13.58 32.32 17.70 36.40
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Improvement effect

% - 6.63 6.74 17.70 -31.07
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Table 15. Benefit for LID application
Private benefit Social benefit
Total t i
Year otal cos Sum Water supply | Regular roof Energy charge Sum Production of Sewage
charge management water supply treatment
(won)
Sum | 5,435,562,921 | 3,263,962,099 450,826,705 706,473,475 | 2,106,661,920 | 2,171,600,822 519,011,726 | 1,652,589,096
1 160,710,430 96,503,851 13,329,356 20,887,930 62,286,565 64,206,579 15,345,347 48,861,233
2 320,001,343 95,651,455 13,211,621 20,703,432 61,736,403 63,639,458 15,209,805 48,429,653
39 5,321,859,189 68,885,586 9,514,651 14,910,050 44,460,884 45,831,413 10,953,689 34,877,724
40 5,435,562,921 68,277,137 9,430,611 14,778,354 44,068,172 45,426,595 10,856,938 34,569,657
Table 16. Cost-benefit analysis for LID application
Classification 10 years 20 years 30 years 40 years
Cost (won) 1,990,000,000 2,559,000,000 3,079,000,000 3,555,000,000
Sum (won) 1,545,000,000 2,958,000,000 4,252,000,000 5,436,000,000
Benefit Private benefit (won) 928,000,000 1,776,000,000 2,553,000,000 3,264,000,000
Social benefit (won) 617,000,000 1,182,000,000 1,699,000,000 2,172,000,000
B/C ratio 0.78 1.15 1.38 1.53
Cost recovery(yr) 15
6000 323 H|8-HOl Z8 24
T BA7ITE AZEIYEXRY WEdAs 7RI 404
5000
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4. Conclusion

Fig. 6. B/C ratio for cost-benefit analysis.
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