Design optimization for bioretention systems
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1. Background

» Rainfall runoff is the driving force of urban nonpoint
source pollution.

» Urban or rural nonpoint source pollution is already ’ N
close to or more than point source pollution. '
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Hydrology in the urbanized condition
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Management practices for controlling urban nonpoint
source pollution:

» Best Management Practice (BMP) /LID in America
» Sustainable Urban Drainage System(SUDS) in
England

»Low Impact Urban Design and Development
System in New Zealand

»Water Sensitive Urban Design in Australia

» Bioretention system Is one of the most important
BMPs/LID for controlling urban nonpoint source pollution.
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Bioretention functions

Water Quantity Treatment
Water Quality Treatment
Groundwater Recharge
Wildlife Habitat
Micro-Climate Alteration
Vegetative Buffering
Natural Area Protection
Aesthetic Improvement
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Bioretention structure
Source from http://www.google.com.hk/imgres?imgurl=http
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Bioretention system planning
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The Goal of The Present Study

> It is difficult to design the bioretention systems so that their
effectiveness can be maximized. Design optimization includes
the optimal selection of media and plants. Research is needed | ’
to provide good guidance on designing bioretention systems. *
» Planners and designers also need efficient and reliable tools
to simulate the processes and evaluate the effectiveness of these
facilities so that an optimal stormwater management system
can be identified.

» The goals of the study are to determine the optimal selection |
of the media and plants for a bioretention system, and to /
develop an assessment tool for such systems. ‘
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A study on bioretention system

Design optimization

» Soil media selection for pollutant removal
»Plant selection for pollutant removal
»Comprehensive assessment tool development
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2. Soll selection

Soil media selection for pollutant removal
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»Vermiculite

>Haydite “5
> Perlite £
»Bark of white poplar

»Bark of sophora japonica
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Table 1 Characteristics of bioretention media

Sand Clay Silt Classification

mm dy, dy, de/d,, PH % % % sand
Media | 0072  0.22 3 9.05 96 4 0 Sandf): +-
Media 1I 0.05 0.1 2 9.11 90 10 0 Sandﬁl/l‘i
Media II 0.005 0.088 17.6 8.68 61 37 2 Sandy clay i/} Jgifl -+
Media IV 0.05 0.23 4.6 9.17 89 11 0 Loamy sand@}ﬁi}?@
+
MediaV 0.02 0.11 5.5 8.79 72 28 0 Sandy clay loamfy} it
R+
Media VI 0.026 0.246 9.5 9.03 85 15 0 Loamy sandﬁ//l‘)ﬁig?g
+

Media VIl  0.009 0.061 6.8 8.28 52 44 4 Sandy clayfy} i fil 1
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3. Plant selection

All species are native;
Each species can be alive in a sandy loam;
Plants are potentially suitable both in wet and in dry condition.

Pollutants: NO3;-N , NH*,-N , TP, Cd, Cu, Zn, Pb;
Plants:20 species

Pollutants: NO3-N , NH*,-N , TP, Cd, Cu, Zn, Pb &
Plants:20 species
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Plant classification

Table 2  Plantsused in experiment+

Order  Abbreviation of Species+ Spectes+’
14 HC# Hemerocalliz citrina+ R i
14 H.E.# Hylotelephium erythrosticium +
3+ PAS Plantago asiatica +
4+ ARS# Amaranthus reiroflexus +
3+ AT# Aster tataricus +
6+ PAS Pennisefum alopecuroides+
1a 5.1+ Saussurea iodosiegia +
8+ CA~# Chenopodium album +
O+ BG# Rehmannia glutinosav
10+ H3# Humulus scandens +
11# L3+ Liriope spicata +
124 5.0.4 Sonchus oleraceus + :
13+ HEFP.# Hosta plantaginea + :
144 Al# Artemizia iavandulaefolia ¥ .
15+ 5.0.4 Sanguisorba officinalis ¥ -
16+ D.5.# Digitaria sanguinalis+¥ “
17e AM# Abelmoschus manihot¥
13+ HT#+ Herba Taraxaciv

194 CL# Chlorophytum laxum+
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Simulation experiment
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Simulation experiment

Pollutants removal by
plants

Plant species and pollutants used in experiments
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Synthetic stormwater

Table 3 Characteristics of the synthetic stormwater in experiments

Pollutants Chemical Concentration(mg/L

except for PH)

PH HCI or NaOH 7.0+0.5

Nitrate (mg/L as N) NaNOs 30 (as N)

Ammonium (mg/L as N) NH4Cl 21 (as N)

Phosphorus (mg/L as P) NazHPO4 0.7 (as P)

Cadmium Cd(NO:s)z2 0.048
Zinc ZnCl2 1.44
lead PbCl2 0.16

Copper CuSO4 0.17
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Result analysis
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Types of plas

Removal efficiency of Cd ~ Cu ~ Pb -~ Zn
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4. Comprehensive assessment

Mathematical models for assessing pollutant removal by
media and plants were developed. | % ‘
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OSPA model

Construction of objective vector function+

v

Construction of objective vector of monitoring points+

'

Weights obtzmed by selving nonlinesr optmization
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Table 4 The calculation method of multivariate connection number of Hog ¥
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Table 5 _
Madiztypsa Five-member connsction dagrss. Connection number Evzlustion zrads.
--Medial a w, = 0T1EL41+ DO9RESL:, + 01784 - 03887, High.
- Madiall p,, =04335+001ITEE + D 204018 + Q106564 02248, Hizh-
----- MadizIIT i, =000 DU1SSTIE, + DD0RSE 03382, Hizh-
----- Mediall', iy, =0.200+ 008349, + QOEI0F, +0524G 02671, Laws
----- MedizV . w, =0 B0 D1D155E | 08042, Higher,
----- MedizTT., i, =0E5003 & 0134064, + Q2065 | 05192, Hizh.
----- Medizvl., g, = 0385433+ 0.07806T + 017618, +0512838 01789, Mladinm.
CONCLUSIONS Beferencesand Notes.,
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.ompatible: mfermation and- it is- & good: asssssmant
el for managing the optimal selsction- of hioretantion
di.a..l
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ANNGA model

Input layer Hidden layer Output layer
Xi—p 3
X —p 3 /

/ Neuron performing y | Summation @Transfer function

No processing
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ANNGA Procedure
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Comprehensive assessment results for plant selection
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Comprehensive assessment results for
plant selection
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