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Optimal installation method of

LID facilities for urban drainage
catchment using SUSTAIN

Lee, Jeong Hoon

Department of Environmental Engineering, Graduate School,

Pukyung National University

Abstract

Watershed and stormwater managers need modeling tools to evaluate
alternative plans for water quality management and flow abatement
techniques in wurban and developing area. Government and local
watershed planning agencies demand a watershed-scale,
decision-support framework based on cost optimization to coordinate

watershed-scale investments to achieve necessary improvement in water

_Vi_



quality. The U.S. Environmental Protection Agency(EPA) has been
working since 2003 to develop such a decision-support system. The
resulting modeling framework 1is called the System for Urban
Stormwater Treatment and Analysis INtegration(SUSTAIN). SUSTAIN
provides  evaluating, selecting, and ©placing LID(Low Impact
Development) facilities in an urban watershed based on user—defined
cost and effectiveness criteria.

This paper estimates LID  facility scale-.and number of units in
oncheoncheon watershed to evaluate applicability of SUSTAIN. Required
data to drive the model reflects the domestic situation; estimated the
optimal scale and quantities of LIC facility using cost - ‘effectiveness
curve derived from /an optimization process. Applied 'estimations
calculates geoje urban drainage catchment, TP load reduction to be 20%
costing about 1.1 billion Korean Won. Outlook of LID installation for
optimal effectiveness can be bright if observational data-is applied in a

calibration and verification.
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1. SUSTIAN 23 47

A3 vpel o] SUSTAIN(System for Urban Stormwater Treatment

Fig. 2.1 SUSTAIN front screen.
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Data Collection & Analysis

+ Study area review

+ GIS data: land use, stream, DEM, BMP sites, etc.
+ Watershed and BMP information/data

+ Compile monitoring data (calibration/validation)

Project Setup

+ BMP representation: placement, configuration, and cost
+ Land/Watershed Representation

» Routing network

» Assessment point(s)

» Test system application (externally calibrated model)

+ Calibrate/validate model (internal model)

Put Optimization Processor to Work

+ Select decision variables (BMP dimensions)

+ Select assessment points (BMP/Outlet locations)

» Select evaluation factors, control targets (end points)

Define application objectives:
- What questions need to be answered?

Results Analysis and Representation (Post-Processor)
+ Optimum BMP dimensions
+ Alternate solutions

Fig. 2.2 SUSTAIN application process

SUSTAINS ArcGISE 7Rte & 3lo] o8 7[x B EEo] A4
THH ol gikst A2AYS U f9 9 O gdE 2 gdot
SUSTAIN-2 ESRIAFe}L. ArcGIS 9.37} Spatial Analyst 7} A x| =]o] Qlojof
3ty Axte] BEA3 A 9d] post—processor® Microsoft Excel 2003

& AgdEe of e AAHo} glojof B},

- Framework Manager
- Land module

- LID module



- Conveyance module
- Optimization module.

— Post-Processor

Rain + Snowmeilt

Evapotranspiration
A Surface Runoff

élr Infiltration -
/ ) ‘ =

LAND Simulation Processes

\

1

[}

\ - —

Groundwater [
Outflow

00

Groundwater Recharge

Fig. 2.3 Land module.
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7}. Framework Manager
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Y. Simulation Modules
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ABRE AF3H7] Yo, SUSTAINS MAFoz dy AlLEHE 9
2ol o yHS Agste] o]lE HAAUT olul HAEH EFLS LA

A

12

FFHE A4S ¢33 SWMM (Huber and Dickinson 1988), 3}
Qg HSPF  (Bicknell 2001), =83 /9 =Ed8 A==
LSPC(Loading Simulation Program—C++) (Tetra Tech and USEPA 2002
oIt

o
o

rlo
)
A
(i
ta

dol ofi- @as Bolshy] Sla AgHEAE Uehy

- Watershed/landscaple ‘models

b 2]

ol

: SWMMe| 77, Agk™, A

’

- Conveyance and pollutant-routing

: HSPF/LSPC RCHRES ¢} SWMM o]% =9
- LID simulation models

Prince George’'s County BMP module (Tetra Tech, 2001) 3}
VFSMOD (Munoz-Carpena and Parsons, 2003) ¢ W3 ¢ &9
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t}. Optimization Module
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- A9-A A9 (Storm Event Classification)

pEle] A A7 AEAFelY A B R 2wt AR S 2
Gt} o= ARl mE LID Al A B7E 87l flal Zast
tH(Fig. 2.6).

Sorted by Total Precipitation Volume

Sorted by Peak Précipitation Intensity

Selected Interval (Percentile) W Total Rainfall mPeak Intensity

Fig. 2.6 Example storm event classification graph.
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7924 ®H7] (Storm Event Viewer)
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- Q¢ B34 (Performance Summary Report)
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Fig. 2.8 Example performance summary report graph.
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B 14 (Cost-Effectiveness Report)
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Scale in Watershed Planning

_—

Regional

Uses of SUSTAIN

= Tiered watershed approach

Subdivide into relevant management
zones
Pilot studies on selected watersheds

=100

Tiered and aggregate watershed

10-100 approach
Large watershed plan ( Sy Detailed modeling of selected high
priority watersheds
- Tiered and aggregate BMP

approach used for initial planning
Detailed modeling on all or some

Midsize watershed plan C-m_ 5q.
watersheds

Detailed modeling and optimization
of management practices

Site scale

&y

Fig. 2.10 SUSTAIN’s multiple scales of application.
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Fig. 2.11 Tiered application of SUSTAIN for developing cost-effectiveness curves.
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Fig. 2.12 Geoje urban drainage catchment.
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Table 2.1 Weather component Unit for SUSTAIN

Weather Component Unit
Temperature degree F
Potential evaporation in./day
Wind speed mi./hr
Precipitation n
Relative humidity friction
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Fig. 2.13 Geoje urban drainage catchment DEM and Land Use.
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Table 2.2 Land Use Group for SUSTIAN

Land Use Group

Forest

Agriculture

High-Density—Residential
High-Density-Residential-Pervious
High-Density-Residential-Impervious
Medium-Density —Residential
Medium-Density -Residential-Pervious
Medium-Density —Residential=Impervious
Low-Density-Residential

Low-Density -Residential-Pervious
Low~=Density -Residential-Impervious
Commerial

Commerial-Pervious
Commerial-Impervious

Road

Rooftop
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Ul CHUSEPA; 1983).

=

=
maximum buildup possible(mass per unit area. e.g., lbs(acre)

pollutant buildup (mass per unit area, e.g., Ibs/acre)

- Pollutant Buildup (exponential function)

A 2ol A BMC 9
B=C x(1—e%"")

B
G

j
a-

exponential function



C, = buildup rate constant (per time, e.g., per day)

At = time, e.g., number of days

Table 2.4 Typical EMCs in Urban Runoff

Pollutant(mg/L) EMC
TSS 180-548
BOD 12-19
COD 82-178

Total P 0.42-0.88
TKN 1.90-4.18

NO,/NO,— N 0.86-2.2

Total*Cu(ug/L) 43-118

Total Pb(ug/L) 182-443

Total Zn(ug/L) 202-633

) fELOE A HEHOE A% vAMSEE Table 255%

R4
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Table 2.5 Parameters of washoff and buildup

Land Use C; (& EMC

Paddies 0.0069 0.024 0.1525

Forest land 0.0016 0.024 0.0350

Site 0.0230 0.024 0.5250

Etc. 0.0003 0.024 0.0068
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Fig. 2.14 Bioretention.
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Fig. 2.17 Rain Barrel.
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Table 2.6 LID facilities Basic Dimensions

LID Width Length WP Desien Weir
facilit (ft) (i) of Urits | Drainage | Height
aciity Area(ac) (ft)

Infiltration Trench 20 40770 1730 0.5 0.5
Green Roof 40 60780 1710 0.5 0.5
Porous Pavement 33 60780 1715 0.5 0.5
Bio-retention 20 40760 1710 05 05
0.8 in 595
Rain Barrel (Orifice . 107100 0.05 3
) (Diameter)
Diameter)

o Al HE 7IHE Green-Ampt HS AEgl o Table 2.7 (Rawls
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et al, 1983) <

Loamy Sand & 7]

A& Table 2.8 3 72t}

Table 2.7 Green—-Ampt Parameters

Saturated . . -
Soil Texture Hydraulic Suction Porosity Flek,l Wﬂpng
L. Head . Capacity Point

class Conductivity . (fraction) . .

. (in.) (Fraction) | (Fraction)
(in./hr)

Sand 474 1.93 0437 0.062 0.024
Loamy Sand 1.18 2.40 0.437 0.105 0.047
Sandy Loam 0.43 4.33 0.453 0.190 0.085

Loam 0.13 3.50 0.463 0.232 0.116

Silt Loam 0.26 6.69 0.501 0.284 0.135
Sandyf Clgy 0,06 8.66 0.398 0.244 0.136

Loam

Clay Loam 0.04 8.27 0.464 0.310 0.187
Silty, Clay 0.04 10.63 0.471 0.342 0.210

Loam

Sandy Clay 0.02 9.45 0.430 0.321 0.221
Silty Clay- 0.02 11.42 0.479 0.371 0.251
Clay 0.01 12.60 0.475 0.378 0.265
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Table 2.8 LID facilities Substrate properties

. Initial . Saturated
LID Depth 1 g i ol Field | 21 | Surface | 17itial Soil
.. of soil . . Wilting Moisture . .
facility (£0) Porosity | Capacity Point Water Content Infiltration
© Depth | ~O™¢ (in/hr)
Iniltration 3 0437 | 0105 | 0.047 0 0.15 118
Trench
Green Roof 2.8 0.437 0.105 0.047 0 0.15 1.18
Porous 3 0.437 0105 | 0047 0 0.15 1.18
Pavement
Bio-retention 2.5 0.437 0.105 0.047 0 0.15 1.18
Rain Barrel - - = = - - -

=
4, 2010)l A = Al Bl FAZEC 2 ABAIZES FH R s A& A}
&35t k(decay factor)E& AAstATE =4 A7 14 whgol wet

Hagrra 7F8(SUSTAIN v F4 &) glens

dC
P kC (2.5)
C=Ce *!
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Table 29¢ 2ol 28 #F 52 wAUSE de
Table 2.9/ LID facilities Water Quality Parameter
LID Decay Factor Reduction
facility (1/hr) Efficiency(%)
Infiltration Trench 0.022 70
Green Roof 0.020 62
Porous_Pavement 0.022 65
Bio=retention 0.022 65
Rain Barrel 0.125 95
LID A8 A0 g A4 ngedd AR A By 2T
@A AT, 200005 Faste] AdER [P ¥ §& A4St SUST
AN stieh ol AMs BAolM Az F 2H S AH3A o
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Table 2.10 LID facilities Cost Factors

LID $
facility (dollar)
Infiltration Trench 20
Green Roof 20
Porous Pavement 24
Bio-retention 20
Rain Barrel 25
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Fig. 2.19 Geoje urban drainage catchment subbains.
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Table 2.11 Sub basins LID facility for land use

Sub_basin

Land Use

LID facility

Apartment and
Parking lot

Commercial and
Industrial

Road
Residential

Commercial

Green Roof and
Porous Pavement

Bio-retention

Infiltration Trench
Rain Barrel

Porous Pavement
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Fig. 3.5 SUSTAIN-optimization result.
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Table 3.1 SUSTAIN optimization result

. . . Infiltration Rain Porous Porous

NSGA-II - Best population Green Roof Bio-retention Trench barrel Pavement Pavement 2

TotalCost Total Surface NUM NUM NUM NUM NUM NUM

NO. $) Area(ac) Length | iyrp o Length | "o | o8 | e, | uner | BP0 oner | Benet | o
1 7,656,711 2.237315 65 10 45 10 65 25 50 75 1 80 10
2 5,515,753 1.570113 60 3 45 8 67 3 60 70 9 65 13
3 5,014,949 1.461455 65 3 50 9 40 28 40 65 4 65 7
4 6,376,067 1.817823 70 2 55 4 60 27 30 65 7 80 8
5 5,596,929 1.682644 75 10 40 9 49 8 40 65 2 70 10
6 4,652,469 1.3795 70 8 45 ] 45 17 40 60 5 65 5
7 5,975,469 1.691252 65 2 50 5 41 19 40 75 7 75 12
8 4,330,840 1.271438 65 4 55 9 41 6 90 65 7 80 5
9 6,590,420 1.932478 75 8 45 1 853 27 90 80 6 65 6
10 5,302,233 1.56093 80 6 50 2 45 28 60 75 3 65 6
11 5,939,660 1.699696 60 3 60 6 54 14 90 80 3 70 15
12 7,017,673 2.019147 65 6 45 8 45 1kl 60 65 9 75 14
13 5,320,375 1.563032 60 5 50 b 60 19 70 60 8 70 3
14 3,071,267 0.956945 70 7 50 9 60 5 30 65 1 65 2
15 6,361,055 1.861929 70 8 45 5 55 14 70 80 1 75 14
16 4,997,015 1.442738 75 3 50 4 54 20 70 80 2 65 10
17 7,745,447 2.204759 60 5 45 3 53 26 30 70 9 70 14
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18 4,689,577 1.34165 70 2 60 3 47 20 80 60 4 70 9
19 3,953,973 1.158613 75 1 55 3 59 23 60 75 2 80 2
20 4,374,687 1.275011 80 4 50 6 54 5 30 80 9 70 3
21 7,813,137 2.23306 65 3 50 3 54 28 80 80 9 65 12
22 3,905,271 1.144114 75 4 40 7 5% 6 50 65 3 80 7
23 4,404,969 1.323371 75 7 40 4 42 27 40 75 1 75 3
24 6,150,689 1.808906 75 7 45 3 41 20 40 75 10 65 4
25 5,003,173 1.476793 75 6 50 9 45 3 60 65 2 80 11
26 3,623,773 1.07528 60 5 60 7 56 3 60 65 9 75 1
27 7,035,527 2.032813 65 3 55 2 55 17 30 70 4 80 14
28 3,771,731 1.100841 65 3 55 3 59 3 50 70 3 75 3
29 5,638,689 1.634435 65 6 50 3 40 23 40 60 4 70 11
30 6,401,384 1.812163 65 2 40 1 61 29 20 75 3 75 7
31 7,204,844 2.101533 80 6 50 10 53 17 20 70 6 70 13
32 4,171,893 1.209347 65 4 45 3 66 11 60 60 3 80 3
33 6,100,771 1.776917 60 6 45 5 66 24 50 60 3 75 4
34 5,307,437 1.563068 65 5 45 10 48 25 80 75 4 75 5
35 4,972,264 1.411338 80 2 50 6 45 4 20 65 6 75 13
36 7,251,162 2.124109 75 7 60 5 63 28 10 65 3 65 6
37 5,507,137 1.588664 75 2 55 3 69 29 80 60 1 70 7
38 5,686,169 1.628466 60 1 55 9 68 17 40 75 3 75 6
39 5,895,993 1.713822 75 7 55 4 48 2 60 70 6 65 15
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40 4,607,329 1.330487 75 3 60 7 60 2 40 80 8 70 7
41 5,577,613 1.592495 65 3 45 7 56 9 60 70 7 60 14
42 4,526,457 1.305378 65 2 40 2 60 29 80 75 2 65 4
43 5,230,487 1.488968 70 1 45 7 44 24 30 65 2 75 12
44 7,026,364 2.006492 75 3 55 4 62 25 20 75 6 70 12
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Table 3.2 Optimal cost—effectiveness

SOIEJ (t)l . TotalCost($) | Effectiveness | Effectiveness/$
1 7,556,711 0.234285 0.310036049
2 5,515,753 0.162926 0.295383199
3 5,014,949 0.211365 0.421469731
4 6,376,067 0.203561 0.319257615
5 5,596,929 0.161475 0.28850671
6 4,652,469 0.152578 0.327950639
7 5,975,469 0.190549 0.318886029
8 4,330,840 0.152242 0.351529036
9 6,590,420 0.217657 0.33026264
10 5,302,233 0.194113 0.366097332
11 5,939,660 0.191203 0.321908409
12 7,017,673 0.207205 0.29526153
13 5,320,375 0.198499 0.373092157
14 3,071,267 0.103826 0.338054864
15 6,361,055 0.183789 0.288927939
16 4,997,015 0.17641 0.353030678
17 7,745,447 0.235318 0.303814555
18 4,689,577 0.175659 0.374573147
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

3,953,973
4,374,687
7,813,137
3,905,271
4,404,969
6,150,689
5,003,173
3,623,773
7,035,527
3,771,731
5,638,689
6,401,384
7,204,844
4,171,893
6,100,771
5,307,437
4,972,264
7,251,162
5,007,137
9,686,169
9,895,993
4,607,329
9,077,613
4,526,457
5,230,487
7,026,364

0.164174
0.119251
0.265404
0.121426

0.17392
0.205522
0.139668
0.120675
0.184587
0.115801
0.193646
0.196512
0.212065
0.135809
0.204049
0.209598
0.130708
0.220493
0.194391
0.180552
0.151517
0.122965
0.178061
0.180893

0.19015
0.207628

0.415213571
0.272593861
0.339689901
0.310927928
0.394826456
0.334144758
0.279158
0.333009672
0.26236457
0.30702434
0.343423371
0.306983909
0.294337253
0.32553334
0.334464254
0.394912856
0.262873653
0.304079614
0.352979802
0.317528652
0.256983034
0.266839204
0.319243153
0.399644844
0.363541609
0.295497798
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Fig. 3.6 Cost-effectiveness for Geoje uraban drainage catchment.
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Table 3.3 Top 10 of effectiveness per dollar

&
&

Solution

NO NO TotalCost($) | Effectiveness | Effectiveness/$
1 3 5,014,949 0.21136491 0.421470
2 19 3,953,973 0.16417433 0.415214
3 42 4 526,457 0.18089754 0.399645
4 34 5,307,437 0.20959753 0.394913
5 23 4,404,969 0.17391982 0.394826
6 18 4689,577 0.17565898 0.374573
7 13 5,320,375 0.19849903 0.373092
8 10 5,302,233 0.19411334 0.366097
9 43 5,230,487 0.19014995 0.363542
10 16 4,997,015 0.17640997 0.353031
Optimal Cost-Effectiveness
0.45 60
= c
04 H———HE— = u oW i
e | | ] ‘ F.50] =
2 035 - s . N =z
=
c 03 40
2
E 0.35
=~ s - 30 # Effectiveness
ﬁ e bl ; + M Effectiveness/dollar
c + + + *
32015 20 A Dollar
t
v
w - 10
0.05
o o
0 4 6 8 10 12
No.

Fig. 3.7 Optimal cost-effectiveness for Geoje urban drainage catchment.
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Table 3.4 Optimal LID facilities basic dimension and cost

Green Roof Bio-retention Infiltration Trench
Length NUMUNIT 2_Length NUMUNIT Length NUMUNIT
65 3 50 9 40 28
Rain barrel Porous Pavement Porous Pavement?2
NUMUNIT Length NUMUNIT Length NUMUNIT
40 65 4 65 7
Cost
. ! . TotalCost($)
B1o_ Infiltration L I Porous Rain barrel
retention Trench Pavement
630,000 1,792,000 546,000 1,981,980 64,968.75 5,014,949
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Precipitation (in./hr)

Flow {cfs)

Wet Interval 182: Jun 24, 2006 10:00 PM - Jun 26, 2006 3:00 AM (0.92 in - 18 wet hours , peak: 0.18 in)

3]

Establish Storm Intervals Selected Interval W Total Rainfall B Peak Intensity Flot Timeseries |

eoje L@grainage catchment storm- vent viewer graph.
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Fig. 3.10 SUSTAIN. optimization result for subbasin 3.

Table 3.5 SUSTAIN optimization result for subbasin 3

NSGA-II - Best population Infiltration Trench
NO. ' | TotalCost($)"| TotalSurfaceArea(ac) Length NUMUNIT
1 64,000 0.022256 40 1
2 179,200 0.046734 56) 2
3 448,000 0.116835 56 5
4 448,000 0.116835 56 5
5 640,000 0.116835 40 10
6 852,800 0.290382 41 13
7 1,102,400 0.301663 53 13
8 1,164,800 0.303771 56 13
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Table 3.6 Cost-effectiveness for subbasin 3

E/$ Solution ) .
NO. NO. TotalCost($) Effectiveness Effectiveness/$
1 1 64,000 0.022256 0.347757188
2 6 852,800 0.290382 0.340503799
3 7 1,102,400 0.301663 0.273642271
4 8 1,164,800 0.303771 0.260792591
5 2 179,200 0.046734 0.260792578
6 3 448,000 0.116835 0.260792411
7 4 448,000 0.116835 0.260792411
8 5 640,000 0.116835 0.182554813
Optimal cost-effectiveness
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Fig. 3.11 Optimal cost-effectiveness for subbasin 3.
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Table 3.7 Comparison of optimization results

Optimization of subbasin 3 in Geoje-urban drainage catchment

Length NUMUNIT Effectiveness cost($)

40 28 43% 1,792,000

Optimization of subbasin 3

Length NUMUNIT Effectiveness cost

41 113 29% 852,800
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