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Abstract

Unsustainable development and rapid urbanization have led to changes in the hydrological

characteristics of watersheds, and the risk of flooding has been increased consequently. One of
the solutions used for quantitative and qualitative control of urban runoff is green infrastructure
and low impact development (LID) based approaches that have attracted the attention of many
researchers. In this study, SWMM was used to simulate the rainfall-runoff process in region 1,
district 11, Tehran. Six scenarios, including different combinations of several LID types such as
Green Roof, Rain Barrel, Bioretention Cell, Porous Pavement, Vegetated Swale, and Dry Pond
were developed. Then the SUSTAIN model was utilized to assess each scenario's performance.
Optimal solutions were then obtained using non-dominated sorting genetic algorithm-II
(NSGA-II), and a cost-effectiveness Pareto frontier curve was performed for all scenarios.
Results showed that the selected solutions of scenarios one to six reduced the runoff volume by
53%, 4%, 66%, 72%, 31%, 34%, respectively. Scenario 4, with a combination of rain barrels,
porous pavements, and vegetated swales with a runoff volume reduction of 72% and an
implementation cost of $ 12.2 million, showed the best performance, comparing the other
scenarios' corresponding optimal solutions. Scenario 6 also came in next with a 34%
effectiveness and a cost of $ 7.1 million. The combined use of SUSTAIN and SWMM, in
addition to the technical evaluation, helped to attain optimized, cost-effective solutions for
developed scenarios as well. The results of this study can also help relevant organizations and
decision-makers to design, evaluate performance, and implement costs of different LID
scenarios.
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Table 1. Designed scenarios for comparison, optimization, and performance
assessment of different combinations of LIDs

LID type
Scenario On-site On-site Routing Regional
interception treatment attenuation storage/treatment
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S6 GR+RB BC+PP VS DP
Y LUl sl i olob 036 5 s ol slr

LID (b 5 L (g5lwaag -\-Y

s $n e SUSTAIN s s i 45 et Sl oy
Js3le 0t JLad (saa3Y «SLID ;2 o bso o sloas o
Lo akie ad s ya e sl ¥ s llas ol (g5luae
5 S5 G kB LID slass cJsb Jold (2ns ) 55 s
e )t s it a8 S 5 5y S/ gl
SUSTAIN 5 55> sa SLe bl SGLSILID o asly sy 5o
Gy b Gl dibie g 5lodng bl ) shteg ol ssliza
o138 ol s Jome 5352 50 UL e Coniy
SUls, ks 658 5l plosen o (65 5be ad (s Lol
sleelS 5l a8 0T S a5 0l 5 Copmss atate o JUIS Lo 5
U by e Sl 53 U wil g5leas 55 (S
ol & S50 53 S5 0o @ st plal s 5 OO
s e a il a e e lS /0 5l S s> 5
ASIJNEXCAINSTE JPS WU I Y AT & J7 3 IOWS.
38 e 7 JSE s (Mao et al, 2017) 5 5 asl 5 ao s
el st aite 01 s 5355 5 W LID o 31 5,18

s gyl 3 Shos—ay 3o 5JLT-Y-Y
58 b 542 5,15 SUSTAIN Jus 45 555l & 0 Sl
s Shas o gl e v 3Lt Ja3le 5 Shas— g 50 5T
GV USG5 s ad g ola il apr JIB s gl e

% Weir Height
3 Aggregate Simulation
Distributed Simulation

Journal of Water and Wastewater

© 55N b a5 L el st aslizad Lo lozs L
BC im am dl> 0 & ' RB s sud s ,55 Oy, wad 4 S,
s (S8 3 sl dl s a0 sl ol ol 5 0 a5
O3 5o eado 35 QU el Js (e 4y e
Jsl oL 00 ¥ gl 50 428l 52 4 o s BC 4 0L
Colae pisdsa plas 4 ol (25,5 5 8L 3 GR L s Ol
S5 4 (e 55 wiad) 093 Al o 5lailadl ULy, o5 e
g0 Colan 4 5> 55 (25 B 4 e 5 428,

SlaS sl (ol L cals ¥ golw st 5l
oL 53352 50 DUl T sl s ol sl @ 0L 03l
ool s sl Lo lozs

3ot sslitad GLaLID ol ol ol y5 20 gyl
P8 534S (5 ybay ol oad 5 S S LT BN sloy Lo
BERS (\—.' 50 03w 5l (S5 & st Joe 53 2L s
2358 e g (s 5 SIS Glad sk Sl e s wiai o8
o oslial el 6o 5l e 3 Bl dl> e 45

5 s S gl b el O (g g5l wlie B 5 i
S s sk b i G )2 6l S (2 B (S0
ol ol QL B b USE 6801 JeeSS s esde b
Sl Tl ol s 5 OB S e 5l
o sanlin BB O IS5 5 o iy a5 (slo gy sl

: Rain Barrel (RB)

Vol. 32, No. 4, 2021

\Fe. dl.wn\c G)L@.&’h“* 099



dx.doi.org/10.22093/wwj.2021.285296.3138 ol 5 5olid o]

\FO
Scenario 1 Scenarlo 2
Roof top Impervious Pervious Roof top Impervious Pervious
[ [
=~ Z z S 7
GR [ ) BC QOutlet
Scenario 3
Roof top Impervious Pervious
1
NP4 pa
GR PP QOutlet
Scenario 5 Scenario 6
Roof top Impervious Pervious Roof top Imperv1ous Pervious
[ 1
< b Q I < 5
GR+RB ﬁ} BC+PP [ ) VS QOutlet GR+RB§> BC+PP QOutlet
Fig. 5. Defined aggregate LID scenarios schematic
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Table 2. Decision variables for scenario optimization and LID's construction cost
Range Cost data
BMP type Decision variables Min Max Linear cost Area cost Volume cost  Constant cost
($/m) ($/m%) ($/m’) )
Diameter (m) 0.5 0.9
Rain barrel Height (m) 0.9 1.8 0 0 654.1 0
Number of units 0 35087
Length (m) 9.1 15.2
Weir height 0.1 0.2
Green roof eir height (m) 0 187 63.3 0
Soil depth (m) 0.1 0.5
Number of units 0 14032
Length (m) 122 244
Blﬁretentlon We%r height (m) 0.1 0.2 243 105 963 96
ce Soil depth (m) 0.6 1.8
Number of units 0 88
Length (m) 3 30.5
Weir height 0.1 0.2
Porous eir height (m) 343 38.4 50.8 0.2
pavement Soil depth (m) 0.6 1.2
Number of units 0 2140
Vegetated Number of units 0 88 41 0 0 0
swale
Length (m) 122 305
Dry pond ) 0 5.5 119.5 1852
Soil depth (m) 0.3 0.9
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Fig. 6. Case study map, watershed delineation, aggregate LID placement, runoff routing
and land use distribution (Pavement, Pervious, Impervious)
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Table 3. Selected optimum solutions specifications and details for each scenario including total cost, BMP
implementation cost, runoff volume reduction, total area covered by scenarios, and BMP number of units

Total Total

. Number 2 Cost Vol.
SEED - LD of units Gy (ThS) ail::;f?:)%) (;‘E;‘) reduction(%)
G.R 12250 1055332 224458
S1 B.R 267 6886 1748 1063902  226.3 53
V.S 124 1382 62
R.B 1130 0 81
S2 B.R 85 3038 720 4128 0.8 4
V.S 66 736 33
G.R 160 13378 4374
S3 P.P 1550 68781 11033 83444 15.4 66
V.S 74 825 37
R.B 1370 0 158
S4 P.P 1410 75423 12031 75820 12.2 72
V.S 16 178 8
G.R 130 11566 3321
R.B 2740 0 398
S5 B.R 4 93 14 45746 7.0 31
P.P 740 32911 3277
V.S 42 468 21
G.R 130 10870 3042
R.B 2050 0 302
B.R 11 321 66
B P.P 600 31884 3572 402D vel 2k
V.S 20 223 10
D.P 1 372 92
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