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MORELAND CITY COUNCIL STREETSCAPE WSUD RAINGARDEN AND TREE PIT DESIGN PACKAGE

[bookmark: _Toc360740107]INTRODUCTION
[bookmark: _Toc360740108]Project Description
Moreland City Council (Council) has recently made modifications to the intersection of First Avenue and Alpha Street in Cleanwater. Kerb outstands have been added to each corner and space made available for the construction of raingardens on two of the four corners. A review of Council’s concept design has been undertaken and the general proposed layout adopted. The key features of the proposed design include:
Two raingardens located in the existing kerb outstands;
Treatment of stormwater runoff from adjacent local catchments to meet Best Practice Environmental Management Guidelines objectives;
Pedestrian refuges and landscaped concrete stepped sides to comply with Council safety standards; and
Landscaping to match the surrounding planted areas.
[bookmark: _Toc360740109]Report Summary
This report outlines the detailed design basis for the First Avenue and Alpha Street raingarden/tree pit works. This report includes the following sections:
Section 2 – Background
Section 3 – MUSIC modelling
Section 4 – Design Basis
Section 5 – Cost Estimates
Section 6 – Conclusions
[bookmark: _Toc360740110]BACKGROUND
[bookmark: _Toc360740111]Project Background
The site is located in a residential/commercial/industrial portion of [Insert suburb] at the intersection of First Avenue and Alpha Street.  Figure 1 shows the precise location of the works.
[image: ]
[bookmark: _Ref360738487]Figure 1 Site Locality Plan
[bookmark: _Ref360739367][bookmark: _Toc360740112]Existing Conditions and Site constraints
Define site conditions and constraints.  An example is provided below:7
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The site is defined by the raingarden footprints allocated in the newly constructed kerb outstands. The north-east site is largely bare except for a planter box which will need to be removed prior to construction. The south-east site has some scattered planting that appears to have been undertaken by the community.  This planting will need to be removed prior to construction.
Generally these sites are bounded by footpaths, the road kerb and garden beds. To protect the roots of nearby established trees no works have been proposed within their drip-lines.
A Dial Before You Dig request was submitted for the site. The responses revealed a number of potential conflicts including:
Electricity: underground high voltage conduits run through the eastern portion of the southern raingarden site. The raingarden design has been modified to avoid this conflict;
Telecommunications: cables run beneath the southern portion of the southern raingarden.  The raingarden layout has been adjusted slightly to avoid this service; and
Gas: only crosses the inlet channel, which will be at or near the grade of the old gutter, so should not present a conflict.
[bookmark: _Toc360740113]MUSIC MODELLING
[bookmark: _Toc360740114]Summary
Describe whether the whole system meets Best Practice Objectives or only part of it.
The MUSIC modelling shows that Raingardens 2 meets Best Practice objectives, however Raingarden 2, due to its larger catchment and service conflict, does not meet objectives for TSS and TN. The system as a whole meets Best Practice Objectives.
[bookmark: _Toc360740115]3.2	Catchment Delineation
The catchment was delineated based on contour information and stormwater asset plans provided by Council.

[bookmark: _Toc360740116]Meteorological Data Input
Melbourne City is an appropriate station to use in most cases for the Moreland municipality as recommended in the Melbourne Water MUSIC Guidelines (2010).
The model runs were based on Bureau of Meteorology (BOM) rainfall data for Melbourne City. For the water quality performance model the rainfall data for Melbourne City supplied within MUSIC for the year 1966 was adopted. This year was selected as a representative year, based on the consistency of the mean annual rainfall and 90th percentile rainfall with the long-term record. In addition, the monthly average areal potential evaporation data for Melbourne were also sourced from within MUSIC (Table 1).
[bookmark: _Ref360738469]Table 1 Monthly Potential Evapotranspiration for Melbourne City adopted for MUSIC Modelling
	
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	OCT
	NOV
	DEC

	Et (mm)
	4.8
	4.3
	3.0
	2.0
	1.2
	1.0
	1.0
	1.3
	2.0
	3.3
	4.2
	4.3



Model Development
For the purposes of the water quality modelling, the following catchment parameters were adopted:
Catchment delineation based on local drainage network information, contours, aerial photos and site inspection;
Impervious fraction of 0.85 based on the typical value given in the Melbourne Water MUSIC guidelines for the relevant planning zone and allotment size; and
Urban pollutant loads stochastically generated.
As illustrated in Figure 2, the proposed works are represented in MUSIC as a treatment train with four catchments and three bioretention nodes. All raingardens have been modelled as bioretention nodes that are lined and have a submerged zone to enhance the removal of nitrogen and phosphorous.
[image: ]
[bookmark: _Ref360738603]Figure 2 MUSIC Model Layout [Take a screen shot of MUSIC model]

Model Input Parameters
The bioretention model parameters for these systems are summarised in Table 2.
[bookmark: _Ref360738693]Table 2 Modelled Bioretention Parameters
	PARAMETER
	RAINGARDEN 1
	RAINGARDEN 2

	Extended detention depth (m)
	0.2
	0.15

	Surface Area (m2)
	44.0
	40.5

	Filter Area (m2)
	33.4
	40.5

	Filter Depth (m)
	0.25
	0.4

	Filter Media Saturated hydraulic conductivity (mm/hr)
	180
	180

	Unlined filter media perimeter (m)
	0
	0

	Exfiltration rate (mm/hr)
	Not Applicable
	Not Applicable

	Total nitrogen content of filter media (mg/kg)
	800
	800

	Orthophosphate content of filter media (mg/kg)
	40
	40

	Overflow weir width (m)
	2.4
	2.4

	Submerged Zone Depth (m)
	0.35
	0.45



MUSIC Model Results
The MUSIC model was run to estimate the treatment performance of the raingarden systems. Table 3 summarises the treatment train effectiveness of the proposed water quality works versus Stormwater Quality Targets for the City of Moreland. The Targets aim for reduced pollutant loads entering the receiving environment against a 2004 baseline of:
80% reduction in Total Suspended Solids (TSS)7
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60% reduction in Total Phosphorus (TP)
45% reduction in Total Nitrogen (TN)
This indicates that the system will provide significant water quality improvement benefits.
[bookmark: _Ref360738893]Table 3 Modelled Bioretention Performance
	
	FLOW
(ML/YR)
	TSS
(KG/YR)
	TP
(KG/YR)
	TN
(KG/YR)

	Best Practice Target (%)
	-
	80%
	60%
	45%

	Raingarden 1
	
	
	
	

	Sources
	7.00
	1470
	2.98
	20.0

	Residual load
	6.9
	362
	1.44
	11.4

	Percent reduction
	1.4%
	75.4%
	51.6%
	42.9%

	Raingarden 2
	
	
	
	

	Sources
	3.19
	634
	1.29
	9.21

	Residual load
	3.07
	53.5
	0.55
	3.40

	Percent reduction
	3.8%
	91.6%
	57.5%
	63.1%

	Total
	
	
	
	

	Sources
	10.2
	2100
	4.27
	29.2

	Residual load
	10.0
	731
	1.99
	14.8

	Percent reduction
	1.9%
	80.2%
	53.4%
	49.3%



[bookmark: _Toc360740117]DESIGN BASIS
[bookmark: _Toc360740118]Hydrology and Hydraulics
Design Flows
The raingarden is design to treat up to the 1 in 3 month ARI flow event.  The design flow was calculated using the Urban Rational Method as detailed Australian Rainfall and Runoff[footnoteRef:1]. [1:  IEAust (1997). Australian Rainfall and Runoff, A Guide to Flood Estimation. Institution of Engineers, Australia, 1997.] 

Inputs to the Urban Rational Method were as follows:
Catchment areas were obtained from [insert source of catchment data];
Site specific rainfall intensity data was obtained from the Bureau of Meteorology’s Online Intensity-Frequency-Duration Program;
Time of concentration was assumed to be [5 minutes initially for flow to travel from allotments to the gutter plus gutter flow time calculated using Manning’s equation]; and
A Fraction impervious of 85% was used, consistent with Melbourne Water MUSIC guidelines for high density residential allotments.
Table 4 below shows the design peak flows (1 in 3 month year ARI) adopted.
[bookmark: _Ref360739075]Table 4 Design Flows
	RAINGARDEN
	AREA (ha)
	IMPERVIOUS
FRACTION (%)
	TC  (MINUTES)
	INTENSITY
(mm/hr)
	ESTIMATED
FLOW (m3/s)

	1
	1.461
	85%
	9.08
	80.85
	0.256

	2
	0.734
	85%
	9.10
	80.78
	0.129



High Flow Bypass
The raingardens were designed so that at least the 1 in 3 month ARI flow event would be intercepted by the kerb openings and directed into the raingarden for treatment.  The raingardens would fill until the stormwater reaches the ponding depth (extended detention depth) then overflow via the high flow diversion.
The capacity of the high-flow diversions was checked using the broad- crested weir equation and orifice flow equation where applicable.  A blockage factor of 50% was assumed.  Heights above the extended detention depths need to be less than freeboard allowed in the raingarden to avoid flooding neighbouring footpaths and streets.  High flow bypass calculations are summarised in the table below.
Table 5 High Flow Bypass Check
	RAINGARDEN
	HIGH FLOW
(m3)
	WEIR LENGTH
(m)
	FREEBOARD
(m)
	WEIR FLOW
DEPTH (m)
	ESTIMATED
FLOW (m3/s)

	1
	0.240
	2.4
	0.22
	0.15
	0.256

	2
	0.119
	2.4
	0.21
	0.09
	0.129



Inlet Capacity
The capacity of the inlet channels was checked using Manning’s Equation. As a conservative approach the concrete channels were assumed to have a consistent grade of 1% and a Manning’s roughness coefficient (Manning’s
n) of 0.020, which is consistent with rough stone in mortar. The largest flow requiring conveyance through this channel profile will originate from the eastern catchment of raingarden 1. A separate rational method calculation was undertaken to determine a peak 1 in 3 month ARI flow of 0.123 m3/s. Using Manning’s equation with the aforementioned inputs yields a capacity of 0.140 m3/s which is sufficient to convey the maximum inflow of 0.123 m3/s.
Summary of key levels
Table 6 below presents a summary of the key levels as determined based on site topography and the considerations in Section 2.2.
[bookmark: _Ref360739350]Table 6 Key Raingarden Levels (RLs)
	RAINGARDEN
	TOP OF FILTER
	OUTLET LEVEL
(TOP OF
EXTENDED
DETENTION)
	MAXIMUM
PONDED LEVEL
	MINIMUM ADJOINING
LEVEL (FOOTPATH/ WALL)

	1
	5.90
	6.10
	6.25
	6.32

	2
	5.89
	6.04
	6.13
	6.21



Maximum Infiltration Rate
The maximum infiltration rate for each raingarden was calculated using Darcy’s equation.  The saturated hydraulic conductivity of the filter media was assumed to be 180 mm/hr.  This is consistent with the hydraulic conductivity assumed during MUSIC modelling. Other equation input parameters and results are summarised in Table 7 below.
[bookmark: _Ref360739500]Table 7 Maximum Raingarden Infiltration Rates
	RAINGARDEN
	FILTER AREA
(m2)
	DEPTH OF
FILTER (m)
	EXTENDED DETENTION
(m)
	MAXIMUM
INFILTRATION
RATE (m3/s)

	1
	0.240
	2.4
	0.22
	0.15

	2
	0.119
	2.4
	0.21
	0.09



Perforated Collection Pipes
The inlet capacity of the perforated collection pipe was calculated using an orifice flow equation.  Pipe characteristics were assumed to be 1500 mm2/m water entrance, with 50% blockage and 1.5 mm x 7.5 mm slots. It was assumed that each slot acts as a sharp-edged orifice.7
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Table 8 Perforated Collection Pipe Inlet Capacities
	RAINGARDEN
	DEPTH OF TOP
LAYERS (m)
	EXTENDED
DETENTION (m)
	PIPE LENGTH (m)
	PIPE INLET
CAPACITY (m3/s)

	1
	0.7
	0.2
	6.0
	0.017

	2
	0.75
	0.15
	6.3
	0.017


All pipe inlet capacities exceed the maximum infiltration rates for the relevant raingardens, hence pipe inlet capacity is adequate.
The capacity of the perforated pipes were checked using the Colebrook- White equation.  The internal diameter of the 100 mm perforated pipes is 86 mm and the Darcy-Weisback roughness is 3.0 mm. Due to the submerged zone the pipes will be laid flat, hence the slope was assumed
to be the head of water over the pipe divided by the length of pipe to the pit.  The head of water over the pipe was assumed to be 0.05 m, which is the depth of the transition zone.  This assumption is conservative because it allows for maximum infiltration rate to flow through the pipe even once the filter layer has mostly drained.
Table 9 Perforated Collection Pipe Capacities
	RAINGARDEN
	TOTAL PIPE
LENGTH (m)
	PIPE CAPACITY
(m3/s)

	1
	6.0
	0.028

	2
	10.3
	0.021


All pipe capacities exceed the maximum infiltration rates for the relevant raingardens, hence pipe capacity is adequate.

[bookmark: _Toc360740119]Design Elements
A number of non-standard design elements were incorporated into the design to meet Council requirements and specific site constraints.
Safety Features
Safety has been considered throughout the design process and the following features have been incorporated into the design:
Maximum drop of 190 mm at raingarden edges.
600 mm wide planted pedestrian refuges between raingardens and the street to allow pedestrians to escape from traffic in an emergency without having to step down into the raingarden.
500 mm wide planted buffer between raingardens and footpaths to reduce the risk of pedestrians falling into the raingarden.
Filter media footprints within raingardens located to accommodate offsets from existing services, including gas and electricity.
Grated Inlet Channel
Grated inlet channels divert stormwater from the kerb and channel into the raingardens. These grated inlet channels have a number of features:
Rough stone bases at their inlets to help settle out sediment prior to it entering the raingarden;
A stepped base (where grade allows) to help dissipate energy prior to entry into the raingarden;
Removable heelguard grates for easy maintenance of the inlet channel; and
Grates that extend 500 mm beyond the edge of the footpath to reduce the risk of pedestrians stepping into the channel.
Submerged Zone and Adjustable Inlet Riser
Each raingarden features a submerged zone formed by a high outlet level and contained by the fully lined system. This submerged zone aids plant health during prolonged dry periods and improves the treatment efficiency of the raingarden.
An adjustable inlet riser in the raingarden outlet pit allows the level of the submerged zone to raised or lowered. It is recommended that the
submerged zone be set to a raised level (200 mm below the filter surface) during the plant establishment phase and lowered to the standard operating level (50 mm below the base of the filter) once plants are established.
Raingarden and Edge Planting
Raingarden and edge planting species were selected to match the existing Council planting palette in the Illustrated Catalogue and to comply with species recommended the FAWB Adoption Guidelines[footnoteRef:2]. [2:  FAWB (2009). Adoption Guidelines for Stormwater Biofiltration Systems, Facility for Advancing Water Biofiltration, Monash University, June 2009.] 

[bookmark: _Toc360740120]CONCLUSIONS
The key features of the proposed raingardens at the corner of First Avenue and Alpha Street in Cleanwater are:DESIGN BASIS MEMORANDUM TEMPLATE

Two raingardens in the treatment train achieving Moreland Stormwater Quality Targets;
All raingardens designed to comply with Moreland City Council safety requirements for maximum fall height and pedestrian refuges;
Grated inlet channels to allow for ease of inlet maintenance and passage of footpaths between the raingardens and the adjacent kerb low points; and
Adjustable depth submerged zone to increase treatment efficiency and allow for maintenance of plant health during dry periods.
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