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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

What WSUD achieves
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

What WSUD achieves
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Figure 5 — The Urban Water Cycle showing changes to the natural water cycle with Natural Altered

traditional urban development and with WSUD (Hoban and Wong, 2006) e pate



What WSUD achieves
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Integrated Management for
Stormwater Quality
Water Conservation Wastewater Minimisation Improvement and
Flow Control
+ Demand management * Demand management * Rain/stormwater reuse
+  Rain/stormwater reuse +  Greywater/blackwater reuse *  Aguifer storage and recovery
+  Aquifer storage and recovery » Infiltration inflow reduction * Peak flow reduction
+  Greywater/blackwater reuse +  Stormwater quality improvement
Integration into built form «  Preserving hydrologic
+ Landscape amenity characteristics

+ Infiltration inflow reduction
* Integration into built form
* Landscape amenity

1 ! !

Integrated Management for Water Conservation and Aquatic Ecosystem Protection
(including groundwater systems)

The Status of Water Sensitive Urban Design Schemes in South Australia

Goyder Institute for Water Research Technical Report Series
Figure 1 - The water sensitive urban design framework (Source: Wong, 2006, pg. 1-3). No.13/11 Adelaide, South Australia
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Cumulative Socio-Political Drivers

Water Supply

e
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Service Delivery Functions
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Figure 2 — Key transitional stages to aWater Sensitive City (Brown et al,, 2008)
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STATE GOVERNMENT (Source: WAPC .
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Guiding
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Selection /
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Procedures
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Construction
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(phasing)

Planning and Concept Design Process

WSUD
_ Technical

~ Guidelines for
. Western

_Engineering
 Procedures

Management guidelines

Master Plan Prel. Planning Devel. Devel. Sub-division
Submission Approval Submission Approval Design

Detailed Design and Construction Process

Opp Works
Approval

Construction &
Establishment

- Detailed design guidelines
r_l Information gap

Handover &

ongoing
maintenance

Essay

A Holistic Approach
to Addressing WSUD
Capacity Issues in
Local Government

Figure 1: Guidelines relevant to the planning and project delivery process (adapted
from Ecological Engineering 2005b)



Typical WSUD Information Needs

Water Sensitive Urban Design - Technical Design Guidelines for South East Queensland
Brisbance City Council & Mereton Bay Waterways & Catchments Parnership & Australian Government

RAFIEWSUDMENS R EN

Figure 1.1 Applicable information tools and resources for different aspects of WSUD implementation

Total water
cyclefwaterway
planning

Selection of WSUD
measures

Construction/asset
maintenance

Corcept planning and Final lot layout and Detailed design Construction, oparation and
prelminary lot layout conceptual design maintenance
{Prelodgement) iMatenal change of use / (Dperational works) {Plan sealing / off maintenance)

recanfiguration of lat)

Typical Stages of the Urban Development Approval Process



Water Sensitive Urban Design - Technical Design Guidelines for South East Queensland
Brisbance City Council & Mereton Bay Waterways & Catchments Parnership & Australian Government
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Regional planning
Regional land use and infrastructure planning provides direction to communities and land
developers about sustainable regional growth management.

District planning

Local government is responsible for strategic land use and infrastructure planning at

a municipal or district level, guided by regional land use and infrastructure planning
instruments and relevant state legislation and policy. Local Growth Management Strategies
(LGMS) are local government statutory planning instruments that outline how areas will
deliver the desirable regional outcomes (DRO) established in over-arching regional land use
and infrastructure plans.

Structure planning

Structure planning (sometimes called neighbourhood planning) and detailed master
planning is then undertaken by local governments for major development areas to ensure
developments:

- contain acceptable land uses

- achieve required targets for dwelling densities, land use and transport integration,
and open space

- are designed in accordance with best practice sustainability principles.



Evaluating Options for Water Sensitive Urban Design - a national guide

EAFIIEWSUDHIRIS R

The adoption of national guidelines provides a shared national objective, while allowing

flexibility of response to different circumstances at regional and local levels. Application of these
guidelines may vary between States/Territories, depending on local water management and other
arrangements.

Aspects of WSUD addressed in these Guidelines are regulated by States/Territories and are not
controlled by the Australian Government. State or Local jurisdictions may use their own legislative
and regulatory tools to refine these Guidelines into their own locally specific material. Relevant
State/Territory regulations, standards or guidelines, where they exist, should be consulted to ensure
that any local requirements are met. Where State/Territory guidelines differ from this document, the
State/Territory guideline should be followed or the local planning or regulatory agency consulted to
clarify appropriate requirements.

State/Territory regulatory frameworks which may be relevant to WSUD could include:

Planning approvals;

Water resource allocation;

Natural resource management, including works in watercourses or riparian zones;
Public health;

Pollution control;

Dam safety.
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Evaluating Options for Water Sensitive Urban Design - a national guide

T

Objectives /  runction

|'f - Design for maintenance
- Integrate services
- Multiple uses
- Adequate Life Cycle

Water Quality
\

- Achieve Concentration
' Targets

- Reduce Pollutant Loads
- Manage Acute Impacts
-Maintain Visual Amenity

- e,

/Water Supply

| - Demand Reduction|
- Potable Substitution
- Recycling

Water Sensitive Urban
Design

-

- Protect Sensitive Areas

/ Water Quantity - Preserve Natural

, Drainage Systems

III - Peak Flows - Integrate built

| - Duration environments within
- Frequency landscape

- Volume

Figure 2-1 WSUD Objectives



Water Sensitive Urban Design Technical Manual
Greater Adelaide Region

Principles
1.Incorporate water resources as early as possible in the land use planning process;
2.Address water resource issues at the catchment and sub-catchment level;

3.Ensure water management planning is precautionary, and recognises intergenerational
equity, conservation of biodiversity and ecological integrity;

4.Recognise water as a valuable resource and ensure its protection, conservation and
reuse.

5.Recognise the need for site-specific solutions and implement appropriate nonstructural
and structural solutions;

6.Protect ecological and hydrological integrity;

7.Integrate good science and community values in decision making; and Ensure equitable
cost sharing.
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Project Team

Step

Team Members

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Task

Step 1: Preliminary Site Analysis

5

Understand the mest recent W5UD policy and regulations

Identify regionally and locally significant ecosystems and understand the
wa site’s context in relation to the protection and/or enhancement of these
o ecosystems, particularly riparian and wetland ecosystems associated with

waterway corridors

&

e Identify environmental values and water quality objectives for key receiving
o waters within, and downstream of, the development

Establish ecological condition and management requirements for key
receiving waters within, and downstream of, the site

Establish the site’s existing hydrologic cyde and its regional context

Understand the regional and local integrated water cyde infrastructure
context

Understand the current and future flooding risk on, and downstream of, the
site

Understand the site terrain and soils

Prepare a preliminary WSUD oppertunities and constraints overlay

Step 2: Establish WSUD Objectives

Town Planners

Architects

Determine water conservation objectives

Determine wastewater minimisation objectives

Determine stormwater management objectives

Confirm WSUD design objectives with local coundil

Step 3: Conceptual Site Layout

Urban Designers
Landscape Architects
Civil Engineers
Environmental Engineers
Ecologists

Land Developers

W o - o

] Integrate the conceptual design process

Undertake detailed site analysis

Undertake quantitative modelling

=
=0
=%

® @@ @eEEeeE @ @@

P PSS SDSDD DS

Prepare final conceptual site layout and present to the local council at a pre-

lodgement meeting
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From Concept Design Guidelines for Water Sensitive Urban Design
. . . (South East Queensland Healthy Waterways Partnership)
How WSUD achieves its aims

|dentify Desirable WSUD Objectives

e ~

Best Planning Best Management
Practices < Practices
Site Analysis € >  Selection of BMP’s
Land Capability Assessment € > Feasibility Assessment of BMP’s

Site Layout




City of Mebourne WSUD Guidelines — Applying the Model WSUD Guidelines
An Initative of the Inner Melbourne Action Plan

How WSUD achieves its aims

Potable mains water
drinking water

Wastewater

greywater
(bathroomand laundry)
blackwater
(toilet and kitchen)

water mining (sewer)

Water harvesting
Rainwater (roofs)

Stormwater (surface runoff
including roads, parks, footpaths)

Ecologically Sustainable Development

Water Sensitive Urban Design
Urban Design & Built Form
Urban Water Cycle
Potable Water

Waste Water Stormwater

Integrated Management for

Potable Water Wastewater Stormwater
Conservation minimisation management

-
e Demand Management

# Rain/stormwater
reuse

« Demand Manzgement

# Rain/stormwater
reuse

* Rain/stormwater
reuse

Groundwater use

Aquifer storage and
recovery

* Croundwater use

» Infiltration inflow
recovery to protect
groundwater

* Stormwater quality
« Water reuse = Water reuse improvement
+ Greywater + Greywater * Protect groundwater
« Reclaimed + Reclaimed

quality

To Protect Aquatic Ecosystem

Protection of the Yarra River and Port Phillip Bay




Decentralised Water Master Plan WSUD & Stormwater Infrastructure Report

City of Sydney
How WSU‘Q,Wac,[;leves its aims
= Meoxtanasn
- Dposal water
R R s OO ... Y S e TP :
A A
i o eheries -
: = :
: runoft Water traatmoant :
- 5
: \ E

Figure 2 Integrated Water Management cycle



Melbourne Water. City of Melbourne WSUD Guidelines.2008.

How WSUD achieves its aims
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
Process

Third Party Documents Water by Design (SEQ Healthy Waterways Partnership Documents)

Figure 1 — Document map showing related guidelines and information resources



Essay

A Holistic Approach
to Addressing WSUD
Capacity Issues in
Local Government

Process

1. Develop a WSUD strategy for each project

1a. Demand management

1b. Supplement supply of potable water
with other sources

i1c. Stormwater treatment

2. Integration of WSUD into the urban design

Figure 2: Framework for implementing WSUD on Fairfield City Council projects



Evaluating Options for Water Sensitive Urban Design - a national guide

Process WSUD Objective Setting
(Chap 2)

Identify Desired WSUD Objeciives

v

Eest Planning Practices
{Chap 3.1)

Site Analysis

Land Capability Assessment

v

Best Management Practices
(Chap 3.2)

Selection of BMPs

Feasihility Assessment of BMPs

v
Site Layout Options

v

WSUD Option Evaluation
{Chap 4.1)

Evaluate site layout options against
identified WSUD objectives

v

Final Site Layout Proposal

v

Detailed Assessment
{Chap 4.2)

Detailed Assessment by Approval
Authority of Proposal Against WSUD
Ohjectives




Process

Step 1: Understand the Site

Step 2: Identify Olyjectves &
Tamgets

1

Step 3. |dentify Suitable WSUD
Measures

L

Step 4: Meet with Council &
Relevant Authorties

L

Step 5. Conceptual Site Design

L

Step 6; Model Base Case (if
required)

L

Step 7: Locate WSUD Measures

L

Step 8: Model Treated Case (if
required)

1

Step 9: Objectives Check

1

Step 10: Finalize Measures

1

Step 11: Obtain Approvals

L

Step 12 Underake Detailed
Design

N
f’ May ocour

_____ =  priorto

/ mesting

i
i

'l

[

Figure 3.1 WS5UD Decision Process Flowchart

i
i
Il

)
I

Water Sensitive Urban Design Technical Manual

Greater Adelaide Region



Water Sensitive Urban Design Guidelines
Melbourne Water Victoria

Process

Figure 1: Approval process for 1. Pre-Application Consultation between applicant & Council

planning applications for ; i
developments including WSUD. (Melbourne Water consultation may also be required)

( Stormwater treatment requirements identified -J

v

2. Applicant submits Conceptual Design
with Planning Application

Yos Does the conceptual design meet stormwater treatment
requirements for the development, to Council’s satisfaction?
Does Council wish to requesﬂ, (N_\, (Y—'\
further information? J‘ ) ()

Council engineers approve WSUD Conceptual

Council engineers do not approve WSUD

Conceptual Design. Advise planning. Design with conditions. Advise planning.

I%

Planning permit granted

3. Applicant submits Detailed Design

Does the detailed design meet stormwater
treatment requirements for the development,
to Council's satisfaction

Council request an ] o { A
amended design J \ Ne ) s )

<_

WS5UD detailed design approved
by Council engineers



Water Sensitive Urban Design - Technical Design Guidelines for South East Queensland
Brisbance City Council & Mereton Bay Waterways & Catchments Parnership & Australian Government

Process

Step 1 — Site Assessment

Assess the natural assets of the site and
appropriate measures to minimise water
impacts.

L

Step 2 — Establish Design Objectives
Determine required design objectives based
on local authority requirements.

L

Step 3 - Device Selection

Determine short list of suitable WSUD
measures or series of devices that can be
incorporated within the site to meet design
objectives.

L

Step 4 - Conceptual Design

Determine the optimal suite of WSUD
measures based on performance in meeting
design objectives and life cycle cost.
Computer modelling may be required to
demonstrate compliance with design
objectives.

e 2

Step b - Detailed Design
Undertake detailed design of selected
measures.

L

Step 6 - Operation and Maintenance
mplement operation and maintenance plan
for construction and operational phases.

WSUD Technical Design
Guidelines for SEQ

Figure 1.2 Exarmple WSUD Planning Process



\A St

2.1: V
% and process + Planning meeting
walpﬂmj + Preliminary site assessment
+ WSUD strategy and targets
Process | retered WD o
Agreement of WSUD Principles + Preliminary design, construction
at planning meeting and maintanance considerations

= Clause 56

st Aneemrt B o —

» Underground services

» Geotechnical characteristics

» Environmental/outtural
heritage

» Catchment characteristics

+ Planning contraints

ey Step3 Concept Design + Design considerations
+ Madelling WSUD performance

]

Submit concept design to council.
Does concept design meet council
WSLUD requirements?

Council request
further information? m

Yes

Design not approved. Design approved with
Advise planning. planning conditions.
Planning Permit granted.
Advise planning.
e ead  Step 5 Detailed Design + Dietailed site assessment

- Safety in design
+ Landscape and planting
» Construction and maintenance

considerations

Amend design Step 6 Hold Point 2

Submit detailed design to council.
Is detailed design approved by council?

e}

Yes

Design documentation for construction phase.

L

er Sensitive Urban Design Guidelines
South Eastern Councils



Figure 3.1:
Construction and

maintenance process
forWsubD.

Step1 Preliminary operation

and maintenance budget

Process

Water Sensitive Urban Design Guidelines

Step 2 Design documentation .

Tendering process

|

Detailed design drawings
Tender documentation
Specifications

+ Environmental management plan
= Traffic management plan
= O&M input

Step 3 Pre-construction meeting

+ Handover design documentation
= Confirm construction method
= Confirm asset protection

BT |

. Safety
+ Ervironmental controls
+ Validate construction and

Step 5 Operation and

maintenance plans

Asset protection
Site access
Underground services

materials

+ Hold Point — drainage connection

— Step 6 Construction completion

t Hold Point 2 Construction inspection
Is asset constructed according to
design without any damage?
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as required
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Step 7 Defect liability period

Hold Point 3 Asset Handover
Check — Is system functioning properly
(as per design) without any damage?

[an |
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Repair asset
as required
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Step8 Maintenance handover

« Crwnership mesting
+ Add to Asset management system
+ Handowver O&M plans

5tep9 On-going maintenance .

= Ongoing education
= Asset management
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Update lifecycle costs

South Eastern Councils



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Process

1.Understand the most recent WSUD policy and regulations
IR ERFTHIWSUDBER N ALE

2.Indentify regionally and locally significant ecosystems and understand the site’s
context in relation to the protection and/or enhancement of these ecosystemes,
particularly riparian and wetland ecosystems associated with waterway corridors.

e Ei‘ZLX&%iiﬂE%EI’JEU%%#ﬂ%’i '51%F' A N EXEESREAERY
mitiins, TTEHRSKRBERARIKBAGEESRS

3.Indentify environmental values and water quality objectives for key receiving
waters within, and downstream of, the development.

HESXI DIRBUKIER R A& N iR MM ELAR KB & B 1R

4 .Establish ecological condition and management requirements for key receiving
waters within, and downstream of, the site.

JIFRWOKIE R R S s S ETEEK
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Process

5.Establish the site’s existing hydrologic cycle and its regional context.

ENITHIN A IKEIA R B IR

6.Understand the regional and local integrated water cycle infrastructure context.

IR IR SR GBI BRI R

7.Understand the current and future flooding risk on, and downstream of, the site.

IR NI N i S BI AR ARRHIKX b

8.Understand the site terrain and soils.

IEfRipth o R 152

9.Prepare a preliminary WSUD opportunities and constraints overlay.

EE— P IERIWSUDHLBSIRHIRIZSIN
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Process

10.Detemine water conservation objectives.

REKZIRRIP BiR

11.Determine wastewater minimisation objectives.

RESIKE/NME B R

12.Detemine stormwater management objectives.

REFVKEEBR

13.Confirm WSUD design objectives with local council.

53tV S AWSUDIZH N BFR
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14.Integrate the conceptual design process.
AL SIRITTRE

15.Undertake detailed site analysis.

EF TR

16.Undertake quantitative modelling.

EFEEWERE

17.Prepare final conceptual site layout and present to the local council at a pre-
lodgement meeting.

EFRZGISMBEHETRESN LRSS R



Process

Table 2: Elements of the WSUD Project

Component

Description

Capacity building focus

WSUD Strategy

High level information on water
management 1n Fairfield
Step-by-step process for
implementing WSUD on a
typical council project

»  Knowledge and shalls
»  Policy and planming
»  Planning and design

WSUD Policy

Principles and obyectives for
WSUD

»  Policy and planming
»  Council comnutment
»  (orporate reporting

Fact Sheets

Practical information on WSUD
elements. mcluding:

Suitable locations

Kev design considerations
SIZING CUrves

Typical maintenance
requirements

Sources of further information
Examples in Sydney

Case Studies

Case studies demonstrafing the
potential implementation of
WSUD on typical council
projects, including a park
upgrade and a streetscape
upgrade.

Soil specifications

Vegetafion lists

Construction and maintenance
cost information

Traming

Series of traimng workshops
with Council

Enowledge and skalls
Planming and design
Implementation

Operation and mamtenance

On Site Training

In house traming of key staff on
the application of WSUD and
modelling

»  Organisational structure

Presentations fo
management

Presentations to senior
executive staff

»  Orgamsational structure
»  Council commutment

Essay

A Holistic Approach
to Addressing WSUD
Capacity Issues in
Local Government
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1.Water Conservation

IKORRIR Potable Waste
Water

Water S
. . . Demand
2. Wastewater Minimisation Conservation e Minimisation
= =
~ /1\ Greywater Reuse
1157J< HiJ 14:' Sustainable Reclaimed Water Reuse = Wastewater Quality
Supply Options Improvement
3.Stormwater Management Economic,
ERM/KEE Environmental

and Social | Reduced
Infiltration
to Sewer

Stormwater

Reuse Beneﬂts

Rainwater Reduced Sewer
Reuse Overflows

Stormwater Quality
Improvement

Hydrologic Management

Stormwater

Management
Figure 7 — Integrated Management of the Urban Water Cycle (Hoban and Wong, 2006)
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Demand management

Potable water demand management EMPs are not contentious and are reasonably easy to
introduce (see BMP 1). Mechanisms such as education, incentives, and regulation can be
used. Initiatives include (Landcom, 2004):

1. Education to achieve behavioural change with regard to:
tap maintenance
efficient garden watering practices

+ no hosing of paths and driveways
use of swimming pool blankets to reduce evaporation

+  reduced domestic water use (shower times, etc.).

2. A mix of education, incentives and regulation to achieve:
+  The use of Water Efficiency Labelling and Standards (WELS) rated water-efficient
plumbing fittings
The use of WELS-rated water-efficient appliances (e.g. dishwashers and washing
machines)
6/3 or 4.5/3 dual flush cisterns
+  Pressure regulation (depending on the type of household appliances)
Garden design incorporating low water requirement vegetation and mulching
(xeriscaping).
Potable water demand management BMPs can be implemented in most development
types. Queensland Water Commission provides useful information on demand management
initiatives at http://www.qwc.gld.gov.au/.
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Alternative water sources

Decision process for selecting alternative water sources

1. Identify site characteristics and interactions with the built environment:
+ development type and scale

+ current centralised potable water supply capacity

+ potential upgrades required to cater for development

+  potential offsetting investment in infrastructure upgrades with reuse treatment
opportunities.

2. Conduct a site water balance:

+ fit-for-purpose alignment of water sources and water uses
«  assess water demands with an end-use analysis

+ calculate water balance

« align demand profile with supply profile .

3. Identify water reuse options:
+  on-site
+ localised treatment

+ dual supply pipeline from centralised reclamation plant.

4. Consider social aspects and human health:

« adopt a risk-based approach to defining methods of delivery and corresponding water
quality requirements, including developing a Hazard Analysis and Critical Control Point
assessment (HACCP)

« define requirements for pre-commissioning monitoring and demonstration of
compliance to current health standards for reused water

« identify community receptiveness to different applications of reused water.

5. Evaluate the impact on the natural environment:
+  receiving water quality impacts
+ greenhouse gas emissions

+  land suitability.

6. Consider life cycle costing and economics:

+ economies of scale

+  capital, operational, replacement and decommissioning costs.

7. Select appropriate alternative water sources and associated water quality treatment

EMPs based on steps 1-6.
Source: Landcom 2006,
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KRR

1.Water Conservation

Table 4—Compatibility of water source, quality, and use
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Areas Of Water Use
Kitchen Laundry ) Bathroom
Garden Toilet

Source Cold Hot Cold Hot Cold Hot

POTABLE WATER 3 1 2 1 2 3 1 2

WASTEWATER

«  Purified 3 1 2 1 2 3 1 2
Recycled Water
(PRW)

« Class A+ 1 4 4 4 4 2 4 4
Recycled Water

«  Class A Recycled 2 - - - 4 4 - -
Water

«  Treated 2 4 4 4 4 2 4 4
Greywater

STORMWATER

«  Rainwater 2 2 1 1 1 2 2 1
Runoff

= Stormwater 2 4 4 3 3 2 4 4
Runoff

Adapted from Landcom, 2004.

*The information in this table is indicative only. Technologies for water treatment, as well as regulations, change from
fime to time. Practitioners must consult refevant local authaorities to obtain latest guidelines on occeptable use of various

water sources. Relevant autharities include Queensiand Health, Natural Resources and Water, and the National Health and
Medical Research Council.

A good understanding of the treatment required for each water source is important. This information
is shown in Table 5 to help appropriate treatment BMPs to be selected. BMP technologies and their
treatment efficiencies are outlined in more detail in Section 3: Stormwater Management and Section 5:
Best Management Practices.

Table 5§ — Summary of water quality and treatment requirements for
urban water sources

1 = optimal use of water source; 2 = compatible use; 3 = sub-optimal use; 4 = not
compatible

Water Source Quality Treatment Required

Potable Reticulated water  High quality Minimal — chlorination and filtration
drinking water  distribution

Rainwater Primarily roof Reascnable quality Low level — sedimentation occurs
runoff runoff within a rainwater tank

Stormwater Catchmentrunoff  Moderate quality Treatment to remove litter and
runoff — predeminantly reduce sediment and nutrient

urban impervious loading. More information is
surfaces provided in Section 5: Best

Management Practices.

{Landcom, 2006).
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Garden
Irrigation

Toslet Flush-

Figure 9 — Water harvesting, treatment and reuse options
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From Concept Design Guidelines for Water Sensitive Urban Design

(South East Queensland Healthy Waterways Partnership)

‘Light’ Shower, bath, Cleanest wastewater Moderate treatment to reduce
greywater bathroom basin — low pathogensand  pathogens and organic content.
organic content More information is provided
in Section 5: Best Management
Practices.
Greywater Laundry (basin Low quality — high High level due to high organic level
and washing organic loading and and highly variable quality. More
machine) highly variable information is provided in Section 5:
Best Management Practices.
Blackwater Kitchen and Lowest quality — high  Advanced treatment and
toilet, industrial levels of pathogens disinfection. More information
wastewater and organics is provided in Section 5: Best

Management Practices.
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Greenfield developments

Greenfield residential developments can cater for a wide range of alternative water sources.
Centralised and localised stormwater harvesting and reuse schemes are suitable. Currently,
reusing treated sewage effluent is an efficient way of supplying alternative water on a

large scale. The proximity to, and scale of, the local sewage treatment pllant determines the
viability of dual-pipe reticulation (Landcom, 2006).

Residential urban development or redevelopment

The scale of development will determine the suitability of alternative water source options.
Larger scale redevelopments enable localised schemes such as sewer mining (Landcom,
20086).

Initiatives in residential developments on a smaller scale, either an infill development (knock
down and rebuild) or renovation of an existing building, create opportunities for rainwater
harvesting and greywater re-use on individual lots (Landcom, 2006).

Mixed-use urban developments

Building height, density, landscape area and end use help to determine the integrated WSUD
strategy for mixed-use urban developments. Alternative water sources on a localised scale
are required for toilet flushing and garden irrigation (Landcom, 2006).

The ratio of roof area to number of residents will determine the feasibility of rainwater
harvesting. The feasibility of greywater re-use depends on the mix of residential and
commercial uses. Residential developments generate more greywater than can be re-used,
while commercial developments have a high re-use demand with low greywater generating
capacity. Co-locating high-rise residential land uses with high-density commercial land uses
maximises opportunities for precinct-scale re-use of treated greywater (Landcom, 2006)

In a higher-density environment, reclaimed water from sewer mining may also be a feasible
alternative water source (Landcom, 2006).
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High-rise residential development

A high-rise urban development is typical of future residential growth within cities.
Residential water demand is similar to a typical household, except for garden irrigation.
Rainwater capture from the roof is often limited due to the relatively small surface area to
water demand ratio. A combination of demand management, roofwater harvesting, and
greywater re-use is the preferred approach (Landcom, 2006).

Commercial developments

The commercial sector includes offices, schools, business premises, and event venues such
as sporting stadiums. In commercial buildings, water use is dominated by toilet flushing.
Relatively little demand exists for drinking water and garden irrigation. Greywater generation
is expected to be small as there is minimal showering in these buildings, so a combination

of demand management, roofwater harvesting at the allotment scale, supplemented by a
precinct-scale treated greywater source or sewer mining source is recommended (Landcom,
2006).
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2 Wastewater Minimisation
SIKERIME

Wastewater minimisation involves one or more of the following approaches to be
undertaken:

1. Reduce wet weather flows:
« reduce stormwater infiltration into sewers during wet-weather

eliminate illegal or accidental cross-connections between sewers and stormwater.

2. Reduce wastewater discharge from the development:

reduce generation of wastewater by adopting potable water demand
management BMPs (see BMP 1)

maximise opportunities for wastewater reuse as a replacement for potable
water (i.e. alternative water source BMP (see BMP 4)).
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(South East Queensland Healthy Waterways Partnership)

Wastewater minimisation within a Purified Recycled Water
(PRW) Scheme area

In Brisbane and Ipswich, wastewater from centralised treatment plants is treated

to PRW standard and re-used for industry, power stations, and recharge of the
greater Brisbane potable water supply. The investment in advanced water treatment
plants and infrastructure to supply PRW to end-uses in South East Queensland
requires a minimum allocation of wastewater flows to the PRW scheme. Wastewater
minimisation by on-site and local wastewater treatment and recycling witwehin

a PRW scheme must be carefully considered so it does not impact the yield of the
PRW scheme. However, it is possible to implement some treatment and recycling on
projects located within PRW schemes. For example, if wastewater flows are in excess
of the needs of the PRW scheme and it is cost effective and beneficial to implement
on-site and local treatment and recycling, a case can be made. If alternative sources
of water such as stormwater harvesting or local aquifer abstraction replace the
development’s wastewater flow contribution to the PRW scheme, on-site and local

treatment and recycling may be agreed by the PRW scheme regulator.
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Primary treatment BMPs

Primary treatment devices usually target litter, other pollutants, and coarse sediment.
Without primary treatment devices, there is a risk that secondary or tertiary treatment
devices will be become smothered, affecting their treatment capacity.

Gross pollutant capture devices

Gross pollutant capture devices retain gross organic and man-made litter washed from
urban surfaces. They rely on physical screening rather than flow retardation to remove litter.
Studies have found increased nutrient concentrations downstream of some gross pellutant
traps under dry weather flows. There are potential detrimental impacts on downstream
water quality where gross pollutant capture devices are used in isolation (i.e. when not used
in conjunction with a vegetated bioretention or wetland system). The maintenance costs
associated with gross pollutant traps must also be taken into account. (see BMP 5).

Sediment basins

Sediment basins store stormwater and promote settling of sediments by reducing flow
velocities and temporary detention. There are a number of types of sediment basin and
they can be used as permanent systems integrated into urban design, or used as temporary
measures to control sediment discharge during construction (see BMP 6).

Secondary treatment BMPs

Secondary treatment devices usually target sediments, partially removing heavy metals and
bacteria. These devices manage both quality and quantity of stormwater flows, but they
cannot provide adequate water quality treatment to meet the South East Queensland water
quality objectives when used in isolation.

Grass or vegetated swales

Vegetated swales disconnect impervious areas from downstream waterways and help
protect waterways from storm damage by reducing flow velocity. They remove coarse and
medium sediments and are commonly combined with buffer strips and bioretention systems
(see BMP 7).

Sand filters

Sand filters are similar to bioretention systems, except the stormwater passes through a filter
(sand) that has no vegetation on the surface. This reduces treatment performance compared
to bioretention systems. Vegetation is minimised due to the low water-holding capacity and
organic matter levels in sandy soils and lack of light because the systems are often installed
underground. Sand filters should only be considered where site conditions, such as space or
drainage grades, limit the use of bioretention systems (see BMP 8).
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Table 6 — Scale of Stormwater BMP Applications and Performance

Effectiveness
Scale Runoff Quality and C?uantirjr
Management Effectiveness
.
k= & e g 3 =z £ S
WSUD Measure * - é* =
Gross pollutant capture ¥ L L L
devices
Sediment basins ¥ M M L
(Grass or vegetated ¥ v M M L
swales
Sand filters v o M L L
Infiltration measures ¥ ¥ N/A L H
Bioretention systemns ¥ v ¥ H M L
Constructed wetlands ¥ v H H L
Rainwater tanks v L M M twith
Felse)
Porous pavements ¥ L L M/H

H =High: M = Medium; L= Low
* Quality treatment = effectiveness in removing key environmental pollutants (stressors) such as TS5,
TP and TN
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Tertiary treatment BMPs

Tertiary treatment devices remove nutrients, bacteria, fine sediments, and heavy metals
from stormwater. Without the inclusion of tertiary systems in a treatment train, South East
Queensland water quality objectives cannot be met.

Bioretention systems

Bioretention systems operate by filtering stormwater runoff through densely planted
vegetation, which then percolates runoff through a filter media. During percolation,
pollutants are retained through fine filtration, absorption, and some biological uptake.
Bioretention systems have flexible designs and can be applied at many scales, taking
different forms such as street tree systems, bioretention swales, and rain gardens

(see BMP 9).

Constructed wetlands

Constructed wetlands are densely vegetated water bodies that use enhanced sedimentation,
fine filtration and biological uptake processes to remove pollutants from stormwater
(see BMP 10).
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Source control BMPs

Source control devices minimise the amount of stormwater entering systems.

Rainwater tanks

Sealed tanks capable of collecting stormwater directly from roofs or other above ground
surfaces allow re-use of the collected water and can be located either above or below
ground. Temporary flood storage can reduce peak flows by up to two-year ARIs. Tanks also
provide some treatment by the settlement of suspended solids (see BMP 2).

Porous pavements

Porous pavements are pavement types that promote infiltration, either to the soil below or
to a dedicated water storage reservoir under them. They are more aesthetically pleasing than
conventional asphalt or concrete pavements (see BMP 11).

Infiltration systems

Infiltration systems do not treat stormwater, but capture runoff and encourage infiltration
into surrounding soils and underlying groundwater. This reduces runoff peak flows and
volumes, reducing downstream flooding, managing the flow entering downstream aquatic
ecosystems and improving groundwater recharge (see BMP 12).



Strategies

3.Stormwater Management

FEMMKEE

Bioretention systems vs
constructed wetlands

Bioretention systems and constructed wetlands are both tertiary treatment BMPs. Without
the inclusion of either of these devices in a stormwater treatment train, South East
Queensland water quality objectives will not be met.

Site characteristics and the overall intention of the landscape help to determine which
system to use. This is outlined in Table 7.

R odn.

&

| >1000mm

Figure 10 — Bioretention and constructed wetland systems differ in their requirements for
minimum vertical fall from inflow pipes or channels to ensure unimpeded free draining outfall.
The top image shows that a typical bioretention system requires at least 1000 mm to be able to
drain into the receiving environment from the base of the system. Adding a submerged zone to a
bioretention system decreases the required depth to at least 800 mm. Wetlands (bottom image)
require the least vertical fall (500 mm).
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Table 7 — Comparison of Bioretention Systems and Constructed
Wetlands for Different Design Considerations.

Design
Consideration

Bioretention System

Constructed Wetland

Available area for
treatment

Treatment area needs to be 1% to 2
% of the contributing catchment.

Treatment area needs to be at least
5% of the contributing catchment.

Flat site

Can be distributed throughout flat
catchments to treat stormwater at-
source. Design considerations on flat
sites include the depth required to
drain the systems (see Figure 10).

Flat sites are ideal as there are fewer
constraints on the location of the
system. They require less depth
difference between inflows and
outflows (see Figure 10).

Undulating site

Can be applied as a distributed
system. Smaller bioretention ‘pods’
can be distributed throughout the
site on small pockets of flatter land
within the catchment, reducing risks
associated with larger end-of-pipe

solutions.

Large areas of flat land are required.
This may result in large end-of-pipe
systems being created in low-land
public open spaces, which may
impact on other beneficial uses.

High sediment loads

Are at a higher risk of failure in
catchments with high sediment loads
resulting in clogging and smothering
of vegetation.

Treatment technologies provide an
inbuilt resilience to sediment loading,
making wetlands the preferred
treatment choice in catchments with
high sediment loads.

Landscape design

Do not retain water so can be
incorporated into an averall
landscape planting design for road

reserves and public open space.

Can provide an interesting focal point
in landscape design as they include
open water.

Construction and
establishment (see

Can take longer to become fully
established, depending on the
establishment method adopted.

Can become fully established in a
shorter timeframe than bicretention

systems.

ty

Do not retain surface water so there
is no requirement to restrict public

access due to open water.

Public safety is a consideration when
designing these systems due to

permanent open water bodies.
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Table 8 — Site Constraints for Stormwater BMPs

WSUD Measure

Low Permeability

Soil (e.g. Clay)

High Permeability
Soil (e.g. Sand)

High Sedime it

Land Availability

Input

% | Steep Site
O | shallow Bedrock

Gross pollutant capture
devices

Sediment basins

Grass or vegetated swales
Sand filters

Bioretention systems
Constructed wetlands
Rainwater tanks

Porous pavements

[ I e N o T v N o W w
n N < g aga

Infiltration measures

O | Acid Sulfate Soils

LR v R v B w N

K.

m

<,

A A A A s S

<,

“ 4% % 00 < 00

O | High Water Table

« OnMn N Ao

moM

<,

[ IS v I w B w B w BN

<,

R~ R A

C = Constraint may preclude use

D = Constraint may be overcome through appropriate design

¥'= Generally not a constraint
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Particle Size Treatment
i Treatment Measures
Grading Process
Gross Solids Screening
Gross
= 5000 pm Pollutant
Traps
Coarse- to Sedimentation
Medium-Sized
. Sedimentation
Particulates Rasins
5000 pmi— 125 (Wet & Dry)
m

Particle Size

Grading
Visual Sediment

Organics

Management Issue

Nutrients

Metals

Treatment Process

Fine Particulates

125 pm = 10 pm

Gross Solids T T

= 5000 pm

Coarse to
Medium

5000 pm - 125
pm

Fine Particulates Silt

125 pm - 10 pm

T

Plant Debris

Particulata

Particulate

Screening

Sedimentation

Enhanced
Sedimentation

Very Fine/
Colloidal

Particulates

10 pm — 045 pm

Very Fine/ Turbidity

Colloidal l
10 pm - 0.45 pm

Dissolved
Particles

< 0.45 pm

Matural &
Anthropogenic
Materials

Salubla

Colloidal

+

Adhesion and
Filtration

Biclogical Uptake

Dissolved
Particles

< 0.45 pm

Enhanced
Sedimentation

Adhesion and
Filtration

Biclogical
Uptake

Figure 11 — Stormwater management issues, pollutants and treatment

processes (Ecological Engineering, 2003)

Figure 12— Pollutant ranges for stormwater BMP treatment measures

[Ecological Engineering, 2003)
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Typical stormwater treatment trains
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»

BMP located at-source

BMP located end-of-pipe

b

Stor runoff conveyed at-surface

w

St runoff conveyed in stormwater pipe network



Strategies

3.Stormwater Management
ERMZKER
Treatment train assessment methods

Performance assessment of treatment trains is often based on estimating mean annual
pollutant loads from a site after it is developed. Using well-established computer models of
urban stormwater management systems is a recognised method for determining long-term
performance, such as the Model for Urban Stormwater Improvement Conceptualisation

(MUSIC, 2005).

Using models to predict the performance of individual stormwater BMPs or treatment
trains requires a level of modelling expertise. Most models are capable of providing reliable
predictions of likely water quality performance when used correctly.

Operation and maintenance considerations

A well-designed and constructed treatment train will not necessarily require operation

and maintenance costs above conventional stormwater infrastructure and public open
space. However, poor construction or damage caused during the allotment building phase
can result in escalated costs for stormwater BMPs targeting fine sediment and nutrient
removal. 5pecial design considerations are therefore required for stormwater BMPs with
astaged approach to construction and establishment recommended. An example of a
staged construction and establishment approach for bioretention systems and constructed
wetlands is shown in Table 9. A number of alternative approaches have also been
documented in Construction and Establishment of Vegetated Stormwater Systems (SEQ
HWP. 2009a).

More detail on life cycle design considerations for stormwater management BMPs is
provided in Section 5: Best Management Practices of these guidelines.
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Constructing and establishing bioretention systems and
constructed wetlands in a greenfield or infill development.

The following information on the typical construction sequencing for bioretention systems
and constructed wetlands is provided to inform the conceptual urban design process of
the different phases of system delivery including visual impacts and typical timeframes for
each phase. This information allows the conceptual urban design process to optimise visual
outcomes and delivery timeframes.

Construction and establishment should be staged to overcome the challenges associated
with delivering bioretention systems or wetlands when developing greenfield or infill
projects. Construction and Establishment of Vegetated Stormwater Systems (SEQ HWP,
2009a) gives further guidance on the construction of these treatment devices. Figure

13 shows a three-stage approach and the timings usually associated with subdivision
construction and allotment building.

Typical Period Tyr 2yrs 3yrs 4yrs

v

Sub-division Construction

Civil Works
Landscape Works
Allotment Building

Stage 1:

Functional Installation
Stage 2:

Erosion & Sediment Control
Stage 3:

Operational Establishment

Figure 13 — Staged construction and establishment of a greenfield or infill project (Leinster, 2006)

The staged approach for constructing and establishing bioretention and constructed
wetland systems is as follows:

« Stage 1: Functional stage. Construction of the functional elements of the systems at the
end of the subdivision construction and installation of temporary protective measures.

« Stage 2: Erosion and sediment control. The temporary protective measures guard the
systems from damage and provide temporary erosion and sediment control throughout
the allotment building phase to protect downstream aquatic ecosystems.

« Stage 3: Operational establishment. At the completion of the building phase, the
temporary measures can be removed along with all accumulated sediment.

The comparison of these phases for bioretention systems and constructed wetlands is shown

in Table 9. Note the differing landscaping and final operational timeframes for both systems

when life cycle considerations are included in the construction and operation of stormwater

BMPs.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Table 9—Comparison of Construction and Establishment for Bioretention Systems and Constructed Wetlands

Stage

Constructed Wetland

Bioretention System

Construction of functional elements: inlet zone, macrophyte zone, hydraulic control
structures and high-flow bypass channel

Temporary protective measures: disconnect inlet zone from macrophyte zone,
isolating the macrophyte zone from stormwater flows

Plant macrophyte zone and inlet and shore area with designed vegetation

Mot Shcnm Leivster  Ecologicnl Enginessing

Construction of functional elements: drainage layer, filter media, outlet structures

Temporary protective measure: filter cloth to cover filter media, which is then
covered with topsoil and turfed

Inlet zone acts as a sediment control device

Inlet zone de-silted and reconnected to wetland with established (2 -year old)
vegetation

System is now operational

Temporary filter cloth and turf are removed with all accumulated sediment
System re-profiled and planted with designed vegetation

System will be ional once ion is blished (2 years)
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Evaluating Options for Water Sensitive Urban Design - a national guide

BPPs(Best Planning Practices)

A BPP refers to a site assessment, planning and design component of WSUD. A BPP is defined as the best practical planning
approach for achieving or contributing to defined management objectives in an urban situation. This includes site assessment of
physical and natural attributes of the site and capability assessment. Using this as a basis, the next step is integrating water and
related environmental management objectives into site planning and design.

BPPs may be implemented at the strategic level or at the design level. At the strategic level, BPPs can include the decision to create
a foreshore reserve, make provision for arterial infrastructure or to include water sensitive policy provisions or design guidelines in
town planning schemes. At the design level, BPPs refer to specific design approaches. BPPs can be applied at a wide range of scales
within a WSUD project. Some examples of BPPs include:

The identification and protection of land to allow for an integrated stormwater system, incorporating storage locations, drainage
and overflow lines and discharge points;

The identification of developable and non-developable areas;

The identification and protection of public open space networks including remnant vegetation, natural drainage lines, recreational,
cultural and environmental features; and



BPPs(Best Planning Practices)

The identification of options for the use of water-
conserving measures at the design level for:

Road layout;

Building Design (e.g. encouragement of green roofs);
Internal services;

Housing layout; and

Streetscape (including regulated self-supply options)

A number of planning and design tools based on BPP
principles have been developed which relate to
the following:

Public open space networks;
Housing layout;

Road layout; and
Streetscape.

Evaluating Options for Water Sensitive Urban Design - a national guide

1.Public Open Space NetworksZyHEFFES B /2%
2.Housing Layout{F &3
3.Road Layout B0 /3

4 StreetscapesfEna =il



Evaluating Options for Water Sensitive Urban Design - a national guide

BPPs(Best Planning Practices)

1.Public Open Space NetworksZzHEFFRZS B4R

WSUD often incorporates multi-purpose drainage
corridors in residential developments. These integrate
public open space with conservation corridors,
stormwater management systems and recreation
facilities, with commensurate social and economic
benefits. Open space becomes more useable because
of the opportunity to link and share space for multiple
activities. Vegetated drainage corridors can also
provide buffer strip protection for natural water
features in the development. The development of
active recreation areas next to drainage facilities can
introduce some elements of public safety and health
risk. This requires consideration during the design
phase and can often be addressed using techniques
such as safety signs and barriers.

Figure 3-2

compares a ‘conventional” design with a ‘water-
sensitive” design of a neighbourhood, incorporating
public open space (P.0O.S.).
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BPPs(Best Planning Practices)

1.Public Open Space NetworksZzHEFFRES|BI 4%

Conventional Water sensitive
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Source: Whelans et al in Engneers Australia (2008)

Figure 3-2 Networked Public Open Space Incorporated in Development
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BPPs(Best Planning Practices)

2.Housing LayoutEE‘éﬁ%

A water sensitive housing layout integrates residential
blocks with drainage function and public open space.
Such housing layouts often include a more compact
form of development, which reduces impervious
surfaces and helps protect the water quality and health
of urban waterways.

Figure 3-3 illustrates how housing layout can be
adjusted to incorporate and highlight natural open
space, waterway and drainage corridors.

Existing vegetation
maintained and restored

Treatment measures
on tributary

Source: Whelans et al in Engineers Ausiralia (2008)

Figure 3-3 Integration of Housing with Waterway Corridor
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3.Road LayoutBI& 5

A water sensitive road layout incorporates the natural
features and topography of a site. It implements the
practice of locating roads beside public open spaces
wherever possible. This enhances visual and
recreational am8&nity, temporary storage, infiltration at
or close to source and water quality. It also aims to
minimise the extent of impervious road surfaces. As
with all road design, road safety should not be
compromised. Limitations also exist according to the
site’s topography, and in this case, road alignments
that allow for shallower grades by following contours
may be one possible method of facilitating WSUD
implementation.
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3.Road LayoutBI& 5
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Soamrce: Victorian Stormwater Commitee (1988)

Figure 3-4 Conventional Versus Water-Sensitive Road Cross Section
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3.Road LayoutBI& 5
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Figure 3-5 Conventional Versus Water-Sensitive Road Layout
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Conventional Water sensitive

3.Road LayoutBI&E
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Figure 3-6 Verge Design and Management
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4 StreetscapefinE =i

A water sensitive streetscape integrates the road
layout and vehicular and pedestrian requirements
with stormwater management needs. It uses design
measures such as reduced frontages, zero lotlines,
local detention of stormwater in road reserves and
managed landscaping.

Conventional Water sensitive
T VAN RN
K '| 1 o 'ri “ B \J l ¥ :
) | e | ! e |
il 1y
.‘-%‘_‘, | I 1
~f\

[T 4 o [‘“. ff\J MHew footpath
i Al b " alignment allows
for integrated
stormwater
management and
responds to
natural features

Variation in width

of the reserve facilitates
integrated design

of stormwater

Traditional setback creates unusable

space which reduces the function

and aesthetics of the street
management

Source: Victorian Stormwater Committee (1890)

Figure 3-7 Lot/Street Interface
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4 StreetscapefinE =i
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Figure 3-8 Streetscape Layout
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From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

BPPs(Best Planning Practices)

BPP 1: Steep and Undulating Sites

Topography is often one of the most important influencing factors when conceptualising
urban design layouts. Itis particularly important for water itive develop

Topography defines watershed boundaries and the p isting pathways for water
movement, and establishes ecological corridors that support regional biodiversity.

Urban design that responds sympathencaﬂy to mpography will generally deliver batter
environmental protection. In water pography informs spatial
location, scale, and form of and therefore infl es the

pattern of urban development.

Steep sites with a >15% slope are difficult to develop due to:

«  land stability
« the extent of earthworks to create road corridors and developable allotments
« challenges associated with treating stormwater runoff to protect aquatic ecosystems.

Strategic and statutory land use planning instruments should help to avoid urban
development on steep sites.

Undulating sites with a <15% slope generally support a range of possible WSUD layouts.

Most contemporary stormwater technologies (see Section 3: WSUD Strategies and
Section 5: Best Management Practices) operate in flat to gently undulating conditions up to
a 5% slope. The range of availabl diminishes as slopes increase up to 15%. More
complex and generally more costly forms of stor are required for mod:

to steep slopes. Efforts should be made to minimise the extent of public areas, such as road
reserves and open public spaces, with slopes >5%. On terrain steeper than 5%, aligning
road reserves tangentially to contour lines to achieve longitudinal road grades of less than
5% will help at-source stormwater management BMPs (also see BPP 4: Street Layout and
Streetscapes).

Where it is not practical to achieve public space slopes of <5%, consider:

= managing stormwater runoff at-source with a higher capital cost

«  using conventional pit and pipe infrastructure to convey flows to downstream low-land
locations where slopes are gentler and better suited to more cost-effective treatment
options.

The end-of-pipe treatment option is not the favoured approach of WSUD best practice
hierarchy, but is acceptable if all at-source options are exhausted.

End-of-pipe application of stormwater treatment
If an end-of-pipe treatment is the only viable option, consideration must be given to the
c quences of acc dating a system with a larger footprint in low-land

public open space. Low lands will often be linear open space corridors with natural waterway
corridors. Other important management issues for these public open spaces may include
retention or restoration of riparian vegetation, conveying flood flows, and ac:ommodatmg
other uses. These issues need to be considered within an appropriate decisi
process such as a triple bottom line assessment. This will ensure the optimal outcome, or
‘best net benefit; for the open space is reached. In some instances, it may not be optimal
to accommadate end-of-pipe treatment within the public open space and an at-source
pproach will be required. BPP 3: Multiple-Use Public Open Space also discusses integration
of stormwater treatment within public open space.

4l

End-of-pipe on steep and ing sites also:

«+ increase the risk of damage to the treatment facility from high sediment loads generated
from the contributing catchment if the timeframe for the subdivision development and
building phase is protracted

« increase the risk of a failure of the treatment facility if there is a toxic spill within the
contributing catchment.

It may take several years for the completion and build-out phases of multiple-staged
developments. During this time, sedi loads in stor runoff are likely be high

and potentially damaging to the stor facility. It is usual to incorporate

a temporary or removable protective barrier to treatment facilities, beneath which the
functional elements of the facilities are protected. However, if the protective barrier has to be
in place while several subdivision stages are constructed, the full operation of the treatment
facility is delayed for completed subdivision stages. This results in a poor level of protection
for aquatic ecosystems. Therefore, it is preferred to have end-of-pipe systems in locations
that avoid several subdivision stages within the contributing catchment area. If possible,
end-of-pipe facilities should only contain one subdivision stage of about 40-60 allotments.

The distributed nature of at-source applications of stormwater treatment substantially
remove the risks inherent in end-of-pipe systems.

Coomera Waters, Gold Coast

The Coomera Waters development s a good example of the incorporation of WSUD

on an undulating site on the Gold Coast. WSUD principles were integrated at every
level of the planning process. This was achieved by taking a multidisciplinary approach
and incorporating extensive stakeholder consultation into the concept design stage of
the project. WSUD is considered to be an integral factor in the urban planning process
for Coomera Waters, which has resulted in creative and cost-effective stormwater
management strategies that consider stormwater as 3 resource rather than a problem.

Through comprehensive early integration of WSUD, the master plan incorporates
innovative solutions throughout the urban environment to achieve best practics quality

objectives.

At-source and at-surface
treatments such as vegetated
and bioretention swales and
road reserve bioretention
raingardens have been
adopted at Coomera Waters,
On steeper topography,
conventional collection and
conveyance systems were
installed with downstream
wetlands and bioretention
raingardens collecting and
treating stormwater in public
open space.

The Coomera Waters WSUD
systems are widely recognised
by authorities and designers as
setting the industry standard
in South East Queensland.
Many of technical aspects

of the design are being
incorporated into regulations
and documented in industry
guidelines.

See Case Study 5 for more
information on this project.
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BPPs(Best Planning Practices)

‘BPP 1: Steep and Undulating Sites

End-of-pipe wetlands can be an appropriate response if there is suitable open space available.
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BPPs(Best Planning Practices)

BPP 2: Flat Sites

Flat sites can present a challenge for cost-efficient stormwater infrastructure, particularly
if the urban design and site earthworks are developed without considering stormwater
infrastructure requirements to protect aquatic ecosystems.

Traditional pit and pipe stormwater infrastructure can be expensive on flat sites due to
the need for large pipe diameters to compensate for the minimum grades. If long runs

of pipe are required, the pipes get progressively deeper, often ending up several metres
below ground surface levels. This can result in expensive laying costs and difficulties in
achieving free-draining outfall. Stormwater treatment is inherently difficult on flat sites
once stormwater has entered the pipe network. The depth of the pipe network in relation
to finished surface levels can result in treatment facilities set several metres below the
surrounding landscape. This creates a visual disconnect from the otherwise flat natural

terrain.

Figure 14 illustrates the difficulties treating stormwater runoff on flat sites after the
stormwater has entered the underground pipe network.

ong
scape and are

Figure 14 — Challenges treating stormwater on flat sites after it enters the pipe drainage network
(Hoban, Eadie and Rowlands, 2007)

To overcome these challenges, the traditional response has been to incorporate a deep,
centrally-located water feature (lake) into which the stormwater drainage pipe networks
can discharge. The excavation for the water features can be a source of fill material to
provide flood immunity. In the majority of cases, the lake becomes the principal stormwater
treatment element with pre-treatment of inflows limited to the removal of gross pollutants.
Many of the 'urban lakes’ created by this response have poor water quality and ecological
health with aquatic plant growth and algal bloom issues.

Adopting an at-surface approach to conveying and treating stormwater on flat sites can
address most of the challenges and issues faced by the traditional approach. At-surface
treatments also have the potential to significantly reduce the overall capital cost of
stormwater infrastructure and improve visual integration of stormwater within the urban
fabric. To achieve at-surface management on flat sites the urban design and site earthworks
need to ensure street layouts and allotment orientations accommodate at-surface collection,
transport, and treatment.

Figure 15 shows a model WSUD for a flat site where roads are the primary conveyance
system. Street leg lengths from high points to sag points, longitudinal grades, and pavement
cross-falls ensure stormwater is conveyed within the road carriageway to stormwater
treatment sites located at sag points. The stormwater is treated before entering the pipe
drainage network (or discharging directly to a receiving waterway). Figure 16 shows the
model layout applied to an urban design for a flat site.

Figure 17 illustrates the benefits of treating stormwater while it is still ‘at-surface' in terms of
achieving a free discharge of treated water to the receiving waterway.
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BPP 2: Flat Sites

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Figure 18 — Bioretention is clustered at the entry to the local
access street. The figure also illustrates the preferred allotment
orientation adjacent to entry points to local access streets on
flat sites. A typical apphication of bioretention to the road verge
for stormwater treatment is also shown.

Figure 18 illustrates the benefits of at-surface treatment in terms of integration of the
treatment system with local streetscape landscapes.

The model urban layout results in stormwater treatment facilities that are typically clustered
atentry points to local access streets. Contemporary landscape architecture uses themed
mass plantings at the entry to local access streets to establish a sense of identity and place.
Clustering stormwater treatment at entry points to local access streets allows treatments

to be integrated within a broader mass planting, creating cost advantages and providing 2
visual relationship between stormwater runoff and the sustainability of local landscapes

Another design consideration to support at-surface management of runoff on flat sites is
the orientation of allotments, particularly adjacent to entry points of local access roads. By
aligning allotments on either side of entry points to local access streets, the long access

of the allotment runs parallel to the street. The allotment frontage and driveway ensures

a relatively unencumbered length (30-40 m) of street verge adjacent the sag points at the
entry to the street. These verges can then support stormwater treatment as part of the verge
landscaping without driveway crossovers. Some widening of road reserves and offsetting of
carriageways may be required to accommodate stormwater treatment to both verges.

Figure 18 illustrates the preferred allotment orientation adjacent to entry points of streets on
flat sites. It also shows the typical application of bioretention treatment to the road verge.

The model water sensitive design layout for flat sites allows stormwater runoff to be carried
on the road using the hydraulically efficient kerb and channel to deliver flows via the kerb
cutout directly onto the surface of the treatment system. Stormwater is managed at-surface
before discharging to the pipe drainage network.

An alternative to kerb and channelling for at-surface runoff on flat sites is roadside swales
located within the road verge (Figure 19). Flush kerbs deliver stormwater runoff as sheet flow
from the carriageway to the swale where the stormwater is pre-treated before discharging
to a tertiary-level treatment device such as bioretention or a constructed wetland. However,
using roadside swales on flat terrain can be difficult due to the low longitudinal grade

of the swale, which is often <0.5%. This can create poor drainage along the swale invert.

A further, and more significant risk, of roadside swales is the requirement for adjoining

allotment owners to maintain the conveyance capacity of the swale. If one resident changes
the hydraulic characteristics of the swale, either by filling within the swale or increasing the
swale's hydraulic roughness with additional planting, it will impact the drainage from the
road.

Using road side swales on flat (and undulating) terrain is not a preferred solution, except
where the urban design can achieve separation of the swale from allotment frontages. This
can be done through shared driveways to create an ‘island’ between the road carriageway
and the shared driveway (Figure 20). Refer to BMP 7: Grass or Vegetated Swales for more
information on the use of swales.
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BPP 2: Flat Sites

Bellvista, Sunshine Coast

Bellvista Estate is locatad on the flat coastal plan of the Sunshine Coast. The low
relief of the site and the surrcunding environment required urban drainage
solutions to avoid creating expensive, low gradient, large diameter pipe drainage
networks. These networks could not free-drain into the shallow drainage channels
that run through the site.

The only way to drain deep-piped drainage systems is to construct deep open-
water bodies at the pipe outfalls. Using deep pipe outfalls usually precludes
the use of bast practice stormwater treatrment measures such as constructed

P 4 1] wetlands and bioretention systems to deliver water quality objectives for the site.
Z : L4 4 )| : = : After considering several approaches, an at-source and at-surface approach
ml’—&ales‘lwouemtkhmmdm : 6 ¥ N %
Kﬂg and adkoking alt i > was adopted using bioretention pods in residential streets. This strategy is the

best outcome for the site given the constraints of low-lying, flat topography and
sensitive receiving waters. By using an approach that finds the synergies between
stormwater quality, road drainage, traffic calming, and landscape design, Bellvista
Estate delivers innovative streetscapes that provide at-source treatment of
stormwater integrated into the urban landscapa.

The solution represents current best practice in urban stormwater management
by protecting natural systems, integrating stormwater treatment into the
landscape, protecting water quality, reducing runoff and peak flows, and adding
value while minimising development costs. Stormmwater sustains the landscapeat
Bellvista Estate, and the landscape provides an important ecological function by
protecting the local waterways.

See Case Study 4 for more details.
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Figure 20— Shared driveways can achieve separation Ptz Ao Ndan /ca gk Evyraerng
between allotments and swales
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BPPs(Best Planning Practices)

BPP 3: Multiple Use Public Open Spaces

Open space corridors serve multiple functions. Therefore, they must be carefully planned
and designed to generate the best net benefit to the local community and to the natural
environment. Contemporary design principles for public open space include {Landcom
2008a):

»  being meaningful to place and community
+  being multi-functional and adaptable
»  providing diversity

» encouraging social interaction

« promoting health and well-being

«+  providing equity and accessibility

» embodying environmental sustainability
»  ensuring financial stability.

The integration of WSUD within public open space networks must be considered within

this context and deliver the best outcome across all these design principles. At-source
stormwater treatments should always be given first consideration so that local parks and
open space corridors can maximise public amenity and extend and enhance remnant natural

ecosystems.

Stormwater quality systems in retarding basins

Stormwater quality systems such as bioretention systems can normally be located
within flood-retarding basins provided appropriate design considerations are

followed.

Further discussion is provided in BMP 9.

Mince ks Ratsad wotland bozrwak

Rovegotation patng Rowvagetstion to nabsal terplate

Figure 21 — Multiple use open space corridor incorporating WSUD BMPs, a constructad wetland and bioretention
systems to treat stormwater runoff from adjoining development areas.
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BPPs(Best Planning Practices)

BPP 3: Multiple Use Public Open Sépaces

Figure 21 shows an example of a multiple-use public open space corridor incorporating
water sensitive urban design BMPs including constructed wetlands and bioretention
systems.

Where at-source stormwater treatment is not practical, ir ing stc t it
within public open space networks should be quided by a number of general principles:

+  The footprint of the stormwater treatment facility should not take up more than 50% of
the available public open space. It should be located to maximise the amenity and use
of the balance of the area and next to active public open space where possible. In open
space areas that contain a stormwater treatment facility as part of a larger, continuous
corridor of open space, a larger footprint may be required. The local council should be
consulted about using dedicated public open space for stormwater management.

+  The stormwater treatment facility should fit seamlessly within the surrounding landscape
setting considering form, public safety, community education, terrestrial landscape
plantings, and controlled public access using viewing platforms and boardwalks.

+  The form of the treatment facility should maximise visual interest and amenity while
adhering to guiding principles for optimal foreach
type. Refer to Section 5: Best Management Practices.

«  Stormwater treatment fadlities located along waterway corridors should be located
away from flood flows capable of impacting treatment performance. Flood flows that
can impact the performance of treatment are flow velocities in excess of 2 m/s for
constructed wetlands, bioretention systems, and vegetated swales. Where flow velocities
permit, and inundation durations are short (hours not days), the stormwater treatment
facility can be wholly, or partly, within the flood extent used by the local council to
designate public open space. For example, if the developed catchment 20-year ARI flood
extent is used to delineate public open space, locating the stormwater treatment fadility
within the 20-year ARI flood extent will minimise the impact of the facility, provided flow
velocities permit. The facility should not impinge on the riparian zone where it would
result in loss of existing vegetation and discontinuity of riparian canopy cover.

+  Remnant vegetation should not be removed to accommodate stormwater treatment
except where it can be regeneratad to the same extent within a reasonable timeframe.
The needs of local fauna and issues of land and waterway stability must be taken into
account.

«  Opportunities should be sought to collect treated stormwater to re-use for irrigation or
for public water fi such as art installati

South Australian Museum Forecourt, Adelaide

The South Australian Museum Forecourt is a large rectangular space in the centre of 2
busy precinct of North Terrace in the Adelside CBD. The space is used for both informal
activities such as sitting and picnicking, as well as more structured events suchas
performances, fairs, and exhibition openings.

A key objective of the forecourt redevelopment was to showcase the museum's
commitment to a sustainable environment. At an early stage in the project it was
decided that urban water management is an important component of environmental
sustainability in South Australia, and tahat this aspect of the forecourt should be explored
for opportunities to capture water and re-use it in the space.

A fully integrated bioretention re-use system was constructed that captures diverted
water from North Terrace as well as from surrounding rooks. It is designed as a living
display’for the museum and incorporates seating and rest areas and supplies sufficient
irrigation for the forecourt and the adjoining North Terrace landscape.

Early collaboration between engineers and urban designers was an essential element in
the project’s success. Critical parameters of the water system, such as the bioretention
area and storage tank volume, were estimated early in the project, confirming the spatial
requirements and viability of the scheme. These areas were then implemented by the
urban designers.

(Allison and Taylor, 2004)
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BPP 4: Street Layout and Streetscapes

WSLD preferences the management of stormwater runoff at-source and at-surface.

This means streats play an integral role in accommodating stormwater BMPs. Streets

are a primary generator of stormwater runoff and pollutants. In most urban situations,
except sandy sites, streets also receive stormwater runoff from adjoining allotments via
drainage outfalls to the kerb and channel system, Streets also corvey stormwater runoff to
underground pipe drainage netwarks and provide overland flow pathways for stormwatar
runoff to trunk drainage systems such as opan channels or natural receiving watarways.

Urban streets perform multiple other functions including: acting as movement corriders
for vehicles, pedestrians, and bicycles; providing space for utility services; acting as public
area connectors; and providing place-making and community amenity through visual
centainment and continuity. As dwelling densities inaease to reduce the urban footprint,
streets take on an even greater impertance as movemnent corriders and public area
connectors, The incorporation ofWSUD within streetscapes requires careful consideration
by aninter-disciplinary team with experience in the various aspects of street design and
function.

Streetlayout is most often influenced by the shape of the development area, site
topagraphy, street hierarchy, the presence of significant natural features, and the need to
provide connection to existing surrounding streets.

WSUD influences the horizontal and vertical alignment of streets and their cross-sectional
composition to ensure:

the safe passage of stormwater runoff while trying to maximise the travel time for
stormwater runcff by aligning streets parallel or tangential to contours for steep sites of
5%

stormwater runoff volumes and pollutant loads are reduced by encouraging vegetation
and soil-based filtration and infiltration and harvesting of treated stormwater for re-use

utility services can be accommeodated within verges, together with stormwater
treatment facilities and pedestrian and bicycle movemnent.

The WSUD imperatives, aimed at minimising the impact of urban development on the
natural water cyde and aquatic ecosystern health, may be at odds with other equally
impertant design principles for urban streets, such as:

aligning streets perpendicular to contours for steeper sites [>5%) to avoid the creation
of "high-side’ and ‘low-side’ allotments (Landcom, 2008k)

maximising the length of streets with east-west orientation to create nerth-south
allotrments for optimal selar orientation

minimising starmwater infiltration within the verge adjacent to the street carriageway to
prevent swelling and shrinkage of pavement sub-basa.

o
e i

Flgure 22 —W5UD street layout 1: Streets aligned parallel (ortangential) to
comtour and with open space corridor anlow side’ of the street

[=rr—
Figure 24 — WSLD street layout 3: Street on flat topography (< 1%) aligned to
manirnise east-wast street orientation and with allotments on both sides of the
strest

T

Flgure 23 —WSUD street layout 2: Streets aligned parallel (ortangentiall to the
contour with allotrents on both sides of sirest

Integration of WSUD within streets will normally invohre using bioretention tachnology
(refer to Section 5: Best Management Practices) operating with a complementary
conveyance system to deliver runoff to the surface of the bioretention system. Stormwater
flows treated by bioretention trestment are usually discharged to a cornventional pipe
drainage network together with excess stormwater flows. The pipe drainage network and
major overland flow netwark continue to provide important flood flow conveyance.

With careful planning of street networks at the earliest stage of the concept design
process, it is possible to maximise the use of kerb and channel comveyance and minimise
underground pipe drainage networks, reducing the overall cost of stormwater drainage
infrastructure fas discussed in BPP #1 and BPP £2,). This is particularly relevant for flat sites
(see BPP 2 Flat Sites).

When considering using bioretention treatment within streetscapes, there are a number of
key design cansiderations to ensure the amenity and functionality of the street is protacted.

Figure 25 — WSUD street layout 4 Streets with centre medians on flat to gently
undulating topography (< 5%) with allkotments on both sides

These include ensuring:

safe and un-encumbered access from streets to allotments for pedestrians, cydists and
wehicles

safe and easy access from the strest to the verge for pedestrians and cyclists if suddenly
confranted by avehicla

safe egress to the verge from cars parked along streets

pedestrian safety is not compromised

ease of access to utility services for maintenance

streetscape landscapes incorporating stormwater treatment protect a sense of place
with legibility and continuity.

Figures 22-25 model WSUD street layouts illustrate the application of bioretantion treatment
within streetscapes for a range of typical situations. These street |ayouts are by no means
exhaustive and are provided to inform early consideration of street layout and funiction as
part of conceptual design of urban layout.
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BPP 4: Street Layout and Streetscapes

Example of WSUD street layout 1: Bioretention ark on the low si ee Example of WSUD street layout 2: Bioretention swale located on the high side of street (note Example of WSUD street layout 3: Bioretention ‘pod’ located within street verge

Example of WSUD street layout 3: Bioretention in the form o Example of WSUD street layout 4: Bioretention swale in centre median
within the street verge with the same system on opposite verge
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BPP 5: Symbiotic Land Use Clustering

Symbiotic land-use dustering enhances the potential for water recycling by co-locating land
uses that can benefit from using recycled water with suitable sources of recycled water.

Water recycling is a key objective of WSUD, maximising the resource value of urban water
streams (potable water, wastewater, and stormwater) by capturing all available opportunities

to recycle and re-use water as it moves throughout the urban environment. This abjective
delivers multiple benefits induding:

delayed, or avoided, augmentation of existing potable water supplies

protection, or restoration, of environmental flows in river systems supporting existing
potable water supplies

reduced wastewater flows

improved resilience of water supplies and aquatic ecosystems to potential future
climate change.

Strategic land use planning can, and must, play a significant role in maximising the benefits
of water recycling.

Sources of recycled can be:

regicnalsale supplies such as redlaimed wastewater supplied via dual reticulation from
centralised wastewater treatment plants, either as PRW or as various classes of tertiary-
treated wastewater

precinct- and allotment-scale supplies such as reclaimed wastewater (treated greywater
and blackwater) from local-scale wastewater treatment plants {including sewer mining};
roofwater and stormwater harvesting (including aquifer storage and recovery); and
groundwater.

Beneficial use of recycled water is any end use that does not require potable water quality.
This includes most end uses that carry limited risk of human ingestion, typically:

internal uses such as toilet flushing; laundry [cold taps); cooling towers (for multi-unit
dwellings); and industrial process water
external uses such as landscape irrigation, vehicle washing, and swimming pool top-ups.

Using recyded water for hot water is possible # the quality of the recycled water camies a low
risk of pathogens. Recycled water sources such as PRW and rocfwater may be suitable sources
for hot water systams. Section 3: WSUD Strategies provides a more detailed discussion on
alternative water sources and fit-for-purpose matching of water sources to end uses.

Distance from the source to the end use and the fit-for-purpose quality of the recydled water
are the major determinants of the economic feasibility of water recycling schemes, Strategic
land use planning can capture economic efficiencies by:
locating land uses with beneficial end uses close to the available recycled water sources,
matched on a fit-for-purpose basis to the quality of the available recyded water
identifying land uses that generate recycled water and land uses that demand recycled

water to co-locate compatible generating and demanding land uses within mixed-use
precincts

Examples of symbiotic land use clustering

Major industrial water users clustered around a centralised
wastewater treatment and reclamation plant

Major industrial land uses such as refineries, food and beer manufacturers, and concrete
batching plants are a significant consumers of urban potable water supplies. If located within
close proximity to a large centralised wastewater treatment and reclamation plant, water
intensive industries can significantly reduce their use of potable water by using recycled
water to meet part, or all, of their processing water needs.

In South East Queensland, the Australia Trade Coast (ATC), which includes the Brisbane
Airport, the Port of Brisbane, and a significant area of greenfield 2nd brownheld land, is
located adjacent to Brisbane's two largest wastewater treatment plants—Luggage Paint and
Gibson Island. These two wastewater treatment plants produce tertiary treated effluent, the
majority of which is further treated to PRW standard in advanced water treatment plants.
This water is supplied to the Western Corridor Recycled Water Pipeline for delivery to end
users, including the Brisbane potable water supply. The ATC will also receive recycled water
from the Luggage Point and Gibson Island treatment plants and is an example of symbiotic
land use planning.

Large 'shed” bulk storage warehouses co-located with recycled
water demanding land uses

Large, portal frame warehouses generate significant roofwater runoff, but usually have
minimal on-site demand for the recyded water. These types of land uses can cause
significant increases in stormwater runoff wolumes and peak flows, which impact on aguatic
ecosystem health. A precinct master plan that co-locates warehouse buildings with land
uses with a high demand for recyded water would enable the excess rocfwater resource to
be used by adjoining land uses. Storage of the roofwater could be on the warehouse site, if
the site area permits, or within a dedicated precinct storage area with inputs and off-takes
metered to enable water supply and demand to be monitored. Figure 26 illustrates a few of
the passible water cycles that could be employed at the individual building or precinct scale
to maximise water recycling opportunities.

High-rise residential tower co-located with commercial office
tower in a mixed use precinct

Residential towers generate a large amount of greywater. Under current Queensland
building regulations, the QDC, treated greywater is an accepted alternative water source
for certain non-potable water uses. Therefore, separating greywater from blackwater with
separate plumbing enables greywater to be collected, treated, and re-used within the
residential tower. However, end uses for treated greywater are typically limited to toilet
flushing, landscape irrigation, and for cooling tower water provided salt and ammonia
concentrations are low. Also, treated greywater can anly be stored for a maximum period of
24 hiours, after which the stored water must be purged to the sewer (Qld DIF 2008a).

The typical generation of greywater from a residential tower will significantly exceed the
re-use demand, resulting in an excess of treated greywater being purged each day to the
sewer. However, if a commeercial office tower is located adjacent the residential tower, the
excess treated greywater from the residential tower can be used for toilet flushing, landscape
irrigation, and cooling tower water neads within the commiercial site.

Commercial office towers generate very little greywater. The majority of the wastewater
they generate is blackwater from toilet flushing. Due to regulations restricting use of on-site
treated blackwater, commiercial towers are limited to roofwater collection and re-use, which
falls well short of meeting daily re-use demand. Large precincts of commercial office towers
without any co-located high-rise residentiz| towers, or other sources of recycled water,

will deliver poor water re-use outcomes and poor potable water conservation outcomes.
Howeever, mixed-use precincts containing both commercial and residential towers produce
the best potable water conservation outcome.

Figure 27 shows a schematic representation of the water recycling opportunities within and
between a residential high-rise tower and a commercial office tower located along side sach
another.

Mixed use commercial and residential tower

An extension of the previous example is to have both residential and commerdal uses in the
same building with the residential floors located on top of the commercial floors. Thisis also
shown schematically in Figure 27.

These examples are by no means exhaustive, but they are provided to illustrate the role of
strategic land use planning in the optimisation of water recycling opportunities.

Strategic land-use planning processes informed by expertise in WSUD and, in particular,
axpertise in water recycling opportunities at regional, precinct, and allotment scales, should
deliver:

significant savings of potable water
a reduction in wastewater and stormwater discharges to aquatic ecosystems
improwved resilience of urban systems to the threat of climate change.

Conversely, a poorly informed strategic land use planning process is likely to limit future
water recycling opportunities or, at least, make water recycling more costly than it needs
1o be.
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Model land use 1 — High water-demanding industries requiring high quality PRW for
process water and roofwater for all other non-potable uses. These land uses can be clustered
in close proximity to distribution pipelines carrying PRW from water reclamation plants.
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Model land use 2 — High water demanding industry NOT requiring high quality PRW for
any on-site water demands. These land uses use roofwater as the primary alternative water
source and can be clustered to form a precinct of similar high water-demand land uses and
located adjacent to precinets of roofwater generating land uses (i.e. model land use 3).
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Model land use 3 — Low water demanding industry NOT requiring high quality PRW for any
on-site water demands. These land uses (typically large storage warehouses) use roofwater
as the primary alternative water source. As the on-site water demand is low, these land uses
become potential roofwater generating land uses for use by adjoining high water-demand
land uses (ie. model land use 2).

Figure 26 — Water recycling opportunities for industrial and warehouse landuses
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Figure 27 — Water recycling opportunities within buildings based on cument building regulations
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BPP 6: Industrial Sites

The impacts of industrial development

Industrial development is typically characterised by:

large impervious areas

the presence of a wide range of industrial chemicals and other potential pollutants.

Therefare, industrial areas often discharge large volumes of stormwater containing a wider,
miore toxic, and a more varizble range of pollutants than stormwater from residential or
commercial areas.

Water consumption and sewage generation on industrial sites is highly variable depending
on the nature of the industrial activity. Warehouses typically consume small volumes of
water and produce low amounts of sewage compared te sites where |arge volumes of
processed water are used and discharged to the sewer, usually under licence.

Applying WSUD to industrial development

Effective application of WSUD to industrial sites may be achieved by:

structurally separating work areas from roofs and car parks to prevent industrial
pollutants from contaminating stormwater so standard urban stormwater treatment
devices can be applied

maximising stormwater harvesting and reuse opportunities.

These prindples can be applied to new and existing industrial developments ranging from
greenfield subdivisions to small individual lots.

Structural separation

WSUD can be used to achieve best practice stormwater management standards if pollution
from work areas is structurally separated from stormweater runoff pathways. Work areas

include arcas where industrial pollutants may be stored, used, transferred, or manufactured.

For most industrial sites, work areas include all parts of the site other than car parks and
landscape areas.

Structural separation can be achieved by roofing work areas, directing wash-down water to
storage tanks subsequently pumped out as industrial waste or to the sewer, and controlling

activities undertaken in areas connected to stormwater drains.

If work areas are not separated, WSUD measures designed to treat the typical range of
pollutants in urban stormwater may be overloaded by industrial pollutants.

Alternative stormwater management strategies, based on treating known pallution from a

particular industrial activity, may be ineffective in the longer term because of unforeseen
pollution from a cumrent or future tenant. Businesses change premises regularly and
therefore so do the key pollutants and the likeliheod of their release. Devices tailored to the
needs of one business are unlikely to suit subsequent businesses. Devices aimed at treating
a wide range of pollutants may have limited ability to accommodate storm events or may
require combinations of treatment devices and specialised management.

As an alternative to roofing work areas, structural separation may also be achieved by
containing runoff from wark areas and dispasing of it in an acceptable way. Acceptable
disposal may indude, for example, reusing the water in industrial processes or treating

the water and then infiltrating it to groundwater. However, the size of storage required to
contain the runaff from high intensity summer rainfall in South East Queensland reduces the
feasibility of this aption for mast sites.

Stormwater harvesting

The viability of stormwater harvesting is site-specific and depends on the potential to
capture, store, and re-use stormwater at each site. Roofwater is typically of suitable quality
for many re-use purposes; however, high nitrogen levels may need treatment before storage
in open water bodies. Water usage can vary greatly across industrial sites depending on
whether the site is used for warshousing or manufacturing.

Raising awareness for tenants

Education programs to promote good environmental practice by tenants in industrial
precincts are also impartant to help sites to meet water quality objectives. Education
programs should promote operational practices that minimise opportunities for industrial
pollutants to enter the stormwater system, as well as raising the environmental awareness of
individuals working in industrial precincts.

Water sensitive industrial site design also applies to
industrial precincts. However, designers of industrial
precincts have an opportunity to consider solutions that
extend beyond individual lot boundaries.

Designing water sensitive industrial sites
or precincts

Defining design abjectives
Design objectives for stormwater management are usually set by the local government. For
industrial locations, achieving design cbjectives involves:

isolating industrial pollutants from stormwater catchments

treating stormwater to ensure compliance with design objectives.

Some sites will also need to meet specific water-cycle management objectives set by the
local government, for example:

reuse of stormwater or wastewater

environmental flows in a local creek

recharge of local groundwater resarves.

attenuation of peak discharges during heavy rainfall events
minimal use of potable water or minimal discharge of sewage.

Site appraisal

The proposed development site should be assessed for opportunities and constraints,
including:

identifying natural drainage lines and possible pathways and discharge locations for
runcff from miner and major storm events

identifying any external catchments draining through the site and assess flood
Cﬂni’E:’E nce I'Equll'el'l'lEfﬂ'S

assessing the site topography to determine feasible WSUD strategies.

Table 10 provides a guide to the feasibility of stormwater treatment approaches for degrees
of steepniss. Only steep sites will have sufficient relief to enable end-of-pipe stormwater
treatment, where underground pipes can be‘daylighted” to deliver water to a vegetated
treatment system. Most other sitas will require stormwater to be treated before it enters tha
underground drainage system. This will typically require an iterative approach to drainage
and site design.

Where the elevation difference between the lowest impermeable surface of the site and the
legal point of discharge is bess than 1m, it will be difficult to drain bioretention systems. To
meet treatment requirements, combinations of the fellowing optiens may be required:

filling the site
using stormwater treztment wetlands
contributing to a local offset scheme, where available.

When the opportunities and constraints of the site are assessed, a preliminary drainage
strategy or lot layout can be developed.
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Structural separation of work areas
Structural separation of work areas includes designing the layout of structures within lots to:

ensure all potential work areas are covered with a roof, or that runcff from work areas can

be contained and re-used

avoid small spaces behind, or beside, buildings that could potentially be used for
informal storage or disposal of materials.

Achieving structurzl separation enables the site to support a range of future industrial
activities without significant site redesign. Where the risk associated with a particular activity
is compatible with a simple and generic means of treating stormwater to best practice
pollution targets, structural separation may nat be necessary. This exemption from structural
separation would need to be reassessed if the nature of the work activity changed. Figure 28
illustrates structural separation.

Establishing a WSUD strategy for stormwater runoff

Local government requirements for stormwater treatment can generally be achieved using
a combination of rainwater tanks and bioretention systems. Other available technelogies
include wetlands and gross pollutant traps. Site design will need to ensure that runoff can be
delivered to these systems.

Dwuring concept design, provisional allocation of space for stormwater treatment areas
should be made at 1.5-2% for bioretention systems (BMP 9) and 5-7% for wetlands (BMP 10).
Guidance on the detailed design of WSUD systems is available from Water Sensitive Urban
Design Technical Design Guidelines for South East Queensland (SEQ HWF, 2006).

Table 10—Feasible t it

Elevation difference between Likely feasible

Treatment area required
lp.gtpd-m.qfﬁg.mlm stormwater treatment {as % of ! )
point of

End-of-pipe
2 2%
m lste=e) bioretention

1 m (relatively flat) At-surface bioretention 2%

Less than 1 m {flat) Constructed wetland 5%

Consideration must be given to water cycle objectives such as harvesting and re-use of
roofwater for end uses such as toilet flushing, landscape irrigation, vehicle wash down, and

processing water. Check with local gowvernment agencies about locally specific requirements.

Many industrial areas have minimum landscape requirements. With a considered approach
to site design, WSUD systems can generally be accommodated within these minimal
designated landscape areas without impacting on developable site area.

Stormwater management in
industrial precincts

Developers of industrial precincts are required to provide treatment for stormwater
runoff from road reserves and public areas, as well as for any untreated stormwater runoff
from allotments. The pollutant profile of these areas is generally compatible with simple,
conventional WSUD treatment measures. Transport of materials within industrial estates
presents an inherent risk of industrial pollutants entering W5UD systems, potentially
resulting in significant and costly damage. Distributed stormwater treatment systems are
mare robust than centralised treatment systems where a chemical spill could disable a
precinct’s entire stommwater treatment system.

Forindustrial pracincts, developars have the flexibility of assassing the relative life-cycle
costs of providing treatment for stormwater runoff from allotments and in public areas.
Developers can enlarge the size of treatment systems that would otherwise be required
to treat road reserve runoff rather than treating all allotment runoff within allotment
boundaries.

Factors to consider in assessing the balance between allotment-based treatment and
precinct-based treatment include:

+  site topography

+  proposed future ownership structures and maintenance responsibilities
= construction staging

« potential impacts of on-site WSUD requirements on future tenants

«  therizks to centralisad WSUD.

Features of site layouts that prevent industrial
pollution entering stormwater systems can be
incorporated into greenfield and redevelopment sites
at an acceptable cost if they are considered during
the planning and design phase.

Key messages

Structural separation

Roof over all work areas
— then drainage on
floors is not directad to

If unattainable, then

‘Contzin runoff from,
‘open work area and
do not dispose to

Allinternal areas drain to an internal sump and
not to the carpark. The sump is periodically
jpurged to the sewer under local governmeant or
[EPA licence.

Roof extends to the site
boundary to prevent informal
uncoverad work activities or
material storage.

Figure 28 — Example of structural separation
{wource: SEC) HWE, 2007)

Developing industrial areas using conventional approaches can have a

substantial negative impact on the natural water cyde and on waterway

health.

WSUD can be effectively applied in industrial areas to minimise the impacts of
industrial development on the natural water cycle.

Structural separation of work areas from roofs and car parks is a key aspact of
stormwater management in industrial areas. This prevents industrial pollutants
from contaminating stormwater so that standard approaches to treating urban
stormwater can be applied.

Roofed areas within industrial sites can generate large volumes of water
suitable for a number of uses. To minimise potable water requirements,
opportunities for lecal re-use of this resource should be investigated.
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WSUD reconsiders traditional approaches to urban water management. In particular,
stormwater management, which has employed an ‘out of sight, out of mind' approach, is
represented in new ways.

WSUD celebrates water in the urban landscape and re-engages people with water and the
natural environment by predominantly using at-surface conveyance and treatment systems
integrated within public areas. Integrating waterscape public art installations within WSUD
stormwater systems can provide an effective means of enhancing the community’s response
to these systems and assist in communicating the aesthetic and resource value of urban
stormwater.

A number of leading WSUD projects in Australia have incorporated waterscape public art

to enhance the overall project aesthetics and legibility of WSUD systems. The Dockland's
redevelopment in Melbourne and the Victoria Park re-development in Sydney are two well-
known examples where public artists created waterscape installations incorporating the use
of treated stormwater runoff.

Waterscapes can be incorporated within WSUD systems as purely aesthetic installations such
as ornamental fountains or as more interactive installations encouraging human contact
with the water such as water play areas. In cases such as water play areas, care is required

to ensure the quality of water is suitable for the level of human contact. Where treated
stormwater is used, UV irradiation treatment is recommended.

‘Take thought, when you are speaking of water, that
you first recount your experiences, and only afterwards
your reflections.’

Leonardo Da Vinci

‘The Memory Line’, Clear Paddock Creek, Sydney
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Evaluating Options for Water Sensitive Urban Design - a national guide

BMPs(Best Management Practices)

A BMP refers to the structural and non-structural elements of a design that perform the prevention,collection,
treatment, conveyance, storage and reuse functions of WSUD. Existing technical literature provides detailed
descriptions of BMP techniques. This section of the Guidelines provides a brief overview of selected strategies and
their relative key features. The reader is directed to the more detailed manuals listed in Section 7 of this report for
greater design and performance detail on individual techniques.

There are physical constraints on the use of many of the BMPs presented below, particularly the effluent reuse,
greywater and stormwater BMPs (e.g. catchment area, soils, slopes, depth to groundwater etc). The reader is referred
to the relevant detailed design guidelines presented in Section 7 for more information in this regard. This is an
important issue for option selection and evaluation. Also important is the ongoing maintenance obligations with the
implementation of WSUD and this should be considered as part of the overall evaluation process.

For convenience, BMPs have been grouped into two generic assemblages, these being ‘potable water demand
reduction techniques’ and ‘stormwater management techniques’. In many cases there are overlaps or synergies
between BMPs within these groupings (e.g. rainwater tanks and stormwater harvesting and reuse will also assist in
managing stormwater quantity and quality). These groupings do not imply singularity of purpose.

Appendix B provides a more detailed description of selected practical issues associated with these
Techniques.



Evaluating Options for Water Sensitive Urban Design - a national guide

BMPs(Best Management Practices)

A Portable Water Demand Reduction Techniques
a. Water Efficient Appliances
b. Water Efficient Fittings
c. Rainwater Tanks
d. Reticulated Recycled Water
e. Stormwater Harvesting and Reuse
f. Greywater Treatment and Reuse
g. Changing Landscape Form
h. Water Use Education Programs
i. Aquifer Storage and Recovery

B Stormwater Maanagement Techniques
a. Sediment Basins
b. Swales and Buffer Strips
c. Bioretention Swales
d. Bioretention Basins
e. Sand Filters
f. Constructed Wetlands
g. Ponds and Lakes
h. Infiltration Systems
i. Aquifer Storage and Recovery
j. Porous Pavement
k. Retarding Basins
|.Green Roofs / Roof Gardens
m.Stream and Riparian Vegetation Rehabilitation
n.Water Quality Education Programs

C Cost Implications



Evaluating Options for Water Sensitive Urban Design - a national guide

BMPs(Best Management Practices)

Table 3-1 Potential WSUD Options for Various Development Types and Scales
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Water efficient appliances

Water efficient fittings

Rainwater tanks

Reticulated recycled water
Stormwater harvesting and reuse
Greywater treatment and reuse
Changing landscape form

Water use education programs
Sediment basins

Bioretention swales

Bioretention basins

Sand filters

Swales and buffer strips
Constructed wetlands

Ponds and lakes

Infiltration systems
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Retarding basins
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BMPs(Best Management Practices)

1.Demand ManagementZe K &E1E
2.Roofwater(Rainwater) HarvestingEm7K/FIZKISLEE
3.Stormwater Harvesting 2RI 5

4 Wasterwater Treatment for Re-Use;57K4MEEBFI
5.Gross Pollutant Capture Devices ™5 AR =
6.Sedimentation BasinsjjLiErt?

7.Grass or Vegetated SwalesELa & 1EH 1t
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10.Constructed Wetlands A T ;E1th

11.Porous PavementsiE7K e

12.Infiltration Measures N2Fa]tE



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

BMPs(Best Management Practices)
A

By way of summary, Figure 29 aligns each BMPs with its potential contribution to the three

WSLID strategies and to its application within the urban setting (i.e. within developments - 2
located in the urban core, urban centre, suburban and peri-urban settings). There will of I
course be opportunistic cases where individual BMPs can be implemented in areas where v
they would otherwise typically be un-suited. Figure 29 is therefore provided as a guide -
only and should not be used as reason to rule out a specific BMP based on a development’s
location.
WSUD Strate, 1
8y Peri-Urban
BMP Urban Core | Urban Centre Suburban
Water Wastewater | Stormwater (Rural)
Conservation | Minimisation | Management
Demand Management
«  Intemnal v W W W ¥ ¥
«  External W L v
Roofwater Harvesting o ¥ ¥ ¥ ¥
Storrrwater Harvesting o 'l b 'l
Wastewster Treatment and W - - v ( v
Re-Llse
Gross Pollutant Capture Devices " + -
Sedimentation Basins v L v
(Grass or Vegetated Swales v v v
Sand Filters L v v
Biaretention Systems v v ¥ ¥ ¥ ¥
Constructed Wetlands L v L v
Porous Pavements v ¥ ¥ ¥
Infiltration Measures v v ¥ ¥

Figure 20 — BMP potertial contribution to'WSUD strategies and application within the urban setting.



BMPs(Best Management Practices)

1.Demand ManagementZERESTH

Description

Demand management refers to both behavioural change measures and structural measures
to reduce water use in the urban environment. Behavioural change measures include
community education and the creation of new water sensitive urban environments.
Behavioural change measures seek to enhance social awareness of issues such as regional
water security and water resource depletion and to shift personal and business water use
patterns to reduce overall water demand. Structural measures include the deployment of
more water-efficient appliances and fittings within buildings and the use of lower water-
demanding urban landscapes (commonly referred to as xeriscapes). Amending sandy soils
to improve water- and nutrient-holding capacity can also significantly reduce irrigation
water demand for urban landscapes. Some typical examples of water-efficient fittings

and fixtures include: low water use taps and shower roses, 4.5L/3L dual flush toilets, front
loading washing machines, waterless urinals for commercial and industrial applications, and

compaosting toilets.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Contribution of demand management to
WSUD strategies

Demand management measures (both bohavioural and structural) serve to extand the
safe sarvice capacity of existing water supply systems and reduce the drain on regional
water resourcas to'carmy’ the future needs of urban water users. Demand management
measuras can deliver significant benefits for water conservation by reducing overall urban
water demand, and wastewater minimisation by reducing the quantity of water used in
wastewater generating urban uses such as toilets, showers, washing machines. While less
explicit, demand management also indirectly benefits stormwater management because
it reduces the pressure on regional water resource systems such as rivers, streams and
groundwater aquifers.



BMPs(Best Management Practices)

1.Demand ManagementZERESTH

Who needs to know about demand
management?

Demand managemeant measures nead to be well understood by all imvolved in the
conceptual design of urban developments as the creation of more water sensitive urban
environments is as fundamental to the behaviour change journey as targeted education.
State regulations governing water savings to be achieved in new buildings requires
knowledge of the minimum reguirements and assoCiated targets. Knowladge is also
required about the range of available structural demand managemeant measures to
demonstrate compliance with state regulations. Behavioural change measures are the
domain of both public and private sector practitioners with education the responsibility of
both civic leaders and design leaders. Structural measures tend to fall more sguaraly onto
the private sector designers who must design for and specify the most appropriate water
efficient fittings and fixtures in order to satisfy the new statutory requirements. The national
Water Efficient Labelling Scheme (WELS) provides design practitioners with considerable
information on the water efficiency of water-using appliances. The WELS uses a star rating
system to rank the water-use efficiency of appliances and enables designers to make
informed cholces. A minimum three star rating is required under current state regulation
QDC MP 4.1 (Qld IR, 2008a).

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Considerations when incorporating demand
management measures in a concept design

Statutory compliance requirements

The QDC MP 4.2 establishes minimum water-saving targets to be achieved in all new typa 1
buildings in Queensland. For all non type 1 buildings, the Queensland Govarnment must be
consulted to establish the current statutory water savings requiraments.

spatial (land take) requirements

Structural demand management measuras work within conventional building infrastructure
and typically do not require allocation of additional floor space within a building.

Low watar-demanding landscapes are an alternate form of landscape to traditional urban
landscapes and tend to use more native and indigenous plantings. Therefore, a low water-
demanding landscape nead not taka any more land.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

BMPs(Best Management Practices)

1.Demand ManagementZERESTH
Whole-of-lifecycle considerations

Capital and operating costs

Capital and operating costs for structural demand management measures are consistent
with other less water-efficient equivalents.

Low water-demanding landscapes may have a slightly higher capital cost than traditional
urban landscapes if soil amendment is required to increase water- and nutrient-holding
capacity. However, ongoing costs can be expectad to be considerably lower due to lower
rates of active irmigation.

Expected effectlve service life

Most structural demand management measures would have an effective service life
consistent with other less water-efficient equivalents.

Low water-demanding landscapes could be expected to have a longer lifecyde and lower
plant mortality rates than more traditional urban landscapes.

Visual and aesthetlc transformations over service life

Mot applicabla.

Decommissloning and/or re-Installation requirements

There is no difference to traditional, high water-use appliances and fittings.

Typlcal maintenance requirements

Thera is no difference to traditional high water-use appliances and fittings.

Low water-demanding landscapes will require less active imigation than traditional urban
landscapes, but may require specific knowledge of the responsible maintenance party to
maintain them properly. If that knowledge doas not currenthy exist, it may be necessary to
provide explicit documentation on appropriate maintenance actions in support of a low
water-demanding landscape design proposal

Demand management can occur both internally and externally to effectively reduce watar
demand.



BMPs(Best Management Practices)

1.Demand ManagementZERESTH

BMP performance risk considerations

Potentially constraining physical site characteristics

If there is an existing problem with transporting solids within the sewer network due to a
combination of low pipe grades and low dry weather flows, it may preclude retrofitting
water-efficient appliances and fittings. While not comman, this situation requires care to
avoid reducing dry weather flows. If flows are too low, solids in the wastewater may block
the sewer network resulting in uncontrolled sewsar overflows.

Low water-demanding landscapes should be implementable in all site conditions, although
it may be necessary to amend soils to achieve appropriate water- and nutrient-holding

capacity.

Poor design
Poor design can reduce the effective service ife of demand management measures. For

water-efficient fittings and fixtures, WELS should be relied on to make informed decisions
about new appliances and fittings.

Best practice design for low water demand landscapes is well documented. Cueensland's
Department of Natural Resources and Water provides design advice for low water-
demanding landscapes (www.nrwv.gld gov.au/waterwise) .

Operational risks

Most water-afficient appliances will deliver measurable water savings independent of
operator behaviour and, due to their capital cost, are not likely to be readily replaced with
higher water—use equivalents. Low water-use fittings on the other hand, such as low-
pressure shower roses, can be more easily replaced with high water-use equivalents and the
individuals behavioural preferences, such as shower time can potentially negate any planned
water savings from low water-use fittings. ‘Ongoing education will probably be needed

to maintain low-water use behaviour pattems to realise the full benefits of low water-use
fittiregs.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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BMPs(Best Management Practices)

2.Roofwater(Rainwater) Harvesting @ 7K/ Fa7K UL EE
Description

Roofwater harvesting involves the collection of minwater from roofs and podiums within
above- or below-ground storage systems for re-use. Roofwater harvesting will often require
a pump to deliver the collected rainwater to its intended end uses. Where the storage system
can be elevated above the intended and uses, then the need for a pump may be remaoved,

or reduced. Another method that may be used to reduce the energy required to re-use
harvested rainwater involves a small solar pump (or low-duty electric pump) to lift the stored
rainwater to a header tank elevated above the intended end uses.

Raimwater contains substances such as nitrogen that are harmlass in most urbamn non-
potable uses (and even beneficial if usad for irrigation) but that can be harmful to water
environments such as bays and inlets. Maost of the nitrogen in rainwater is absorbed from
the air as the rain falls. Rainwater can be used directly (without treatment) for most non-
potable household applications. It can also be used in hot water systems with a storage
temperature of 60°C. This temperature will affectively destroy most pathogens. If pathogens
are a particular concern, then chemical or UV disinfection can be used. Racent innovations
using Light Emitting Diodes (LED) for water disinfection offer a low anergy altarnative to LV
disinfection. A greater level of treatmant may be required for cartain industrial uses.

Due to the episodic nature of rminfall and the variable patterns of end use demand, it is
typical for roofwater harvesting systems to be 'backed up'by a secure water source, such
as the local potable mains water supply to ensure full reliability of supply. The reliability

of supply of a roofwater harvesting system operating without back-up is determined by

a combination of variables including: local minfall patterns, connected roof area, storage
system size (capacity) and the magnitude and pattern of connected end uses. In general, a
skillion roof arrmangement will be the most efficient for minwater collection. For other roof
types, it is possible to maximise the roof area connected to a rainwater storage system by
sealing the downpipes and providing underground connections between the downpipes
and the storage system (i.e. using the hydraulic head between the roof gutters and the
storage system to drive water into the storage). This type of roofwater harvesting system is
often referrad to as a ‘wet' system.

Watar demand will vary depending on the internal appliances and fittings to which tha
rainwater storage is connected and the type and area of landscaping irigated. For any
given rainwater storage size, constant demands such as indoor uses will be met with greater
raliability than variable outdoor uses such as imigation. If ralnwater storages are baing used
within a stormwater treatment train as a means to attain best practice’ stormwater pollutamt
removal targets and hydrology management targets, then the selection of a constant
demand may enable a smaller storage system to be used.



BMPs(Best Management Practices)

2.Roofwater(Rainwater) Harvesting @ 7K/ Fa7K UL EE

Contribution of roofwater (rainwater)
harvesting to WSUD strategies

Roofwater harvesting contributes to both water conservation and stormwater managemeni
outcomes. While rainfall dependent, the performance of rocfwater harvesting systems for
water conservation is much less sensitive to drought conditions than traditional reservoirs
or diversions that are supplied from rural or natural catchments. This is because roofwater
runoff, like stormwater, is from hard surfaces that are not affected by dry soil conditions
that absorb large amounts of rainfall before a runoff threshold is exceeded. Under climate
change uncertainty, roofwater harvesting systems are a useful water supply alternative to
traditional dams, resenvoirs and weairs.

Roofwater harvesting systems can be part of a stormwater traatment train providing water
quality and quantity management benefits. Re-use of harvested roofwater reduces the
volume of stormwatar runoff entering urban streams and associated stormwater pollutant
loads.

Who needs to know about roofwater
(rainwater) harvesting?

Roofwater harvesting systems is most effective when considered as early as possible in
the conceptual design of a building. Maximising connected roof areas and connecting to
a regular daily demand will yield greatest return on investment. Architects and building
services engineers will need to know how to configure a building to optimise its roofwater
harvesting potential and to provide the most aesthetically pleasing solution.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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2.Roofwater(Rainwater) Harvesting @ 7K/ Fa7K UL EE

Considerations when incorporating roofwater
(rainwater) harvesting in a concept design

Statutory compliance requirements

Roofwater harvesting is an acceptable solution to achieve mandatory water savings targets
for new type 1 building in Queensland (QDC MP 4.2) and is an acceptable alternative water
source for non-potable uses in new commerdal and industrial buildings in Queensland (QDC
MP 4.3).

The Queeansknd Plumbing and Diaina ge Act, 2002 and its related regulations control the
plumbing requirements for rainwater harvesting systems to prevent cross connection with
potable mains water supplies and to minimise the risk of mosquito breeding within storage
systams. Dasigns for rainwater harvesting systems must therefore comply with the relevant
state and local government regulations.

Spatial (land take) requirements

The land take required for a roofwater harvesting system is dependent of the scale of the
system, which is driven by site specific characteristics such as: roof area; end use demand;
storage size [optimised to demand); and whether above- or balow-ground storage is usad.
For multi-storey buildings, it is commaon for the storage to be located within basement
carparks while detached residential housing commonly use above-ground tank storage
systems. Recent innovations in above-ground tanks provide a broad range of tank shapes
and forms allowing for increased storage capacity with reduced land take (eg. slim line
tanks).

Consideration could also be given to ‘internal’ locating of roofwater storage systems, taking
adwantage of the high thermal mass qualities of stored water.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)



BMPs(Best Management Practices)

2.Roofwater(Rainwater) Harvesting @ 7K/ Fa7K UL EE

Whole-of-lifecycle considerations

Capital and operating costs

Roofwater harvesting systems. have a relatively high capital cost and a high lifecycle cost but
have the benefit of being a self-contained water source not impacted by use restrictions that
may be imposed on centralised water supplies. Capital and operating costs can be optimised
vy correctly sizing the roofwater harvesting system (i.e. not over-sizing storage systems

in pursuit of an unrealistic reliability of supply) and by seeking ways to reduce energy
requirements.

Expected effective service life

The effective sarvice life of a roafwatar harvesting systam depends on the type of storaga
system used (i.e. above ground or below ground and materials such as plastic versus stael).
Typically, a well-maintained roofwater harvesting system should have an effective service life
of 20 to 30 years for the storage element, with pumps potentially requiring more frequent
replacement (typically every 10 years) depanding on the intensity of their use.

Visual and aesthetic transformations over service life

There is considerable choice of roofwater harvesting storage systems with a range of
shapes, configurations, materials and colours available. Early consideration of the roofwater
harvesting system in building design can further enhance the aesthetics of reofwater
harvesting systems by more seamlessly integrating them within the building architecture.

Decommission ng or re-installation r equiraments

Roofwater harvesting systems will require individual elements to be replaced over time and,
therefore, provision must be made in site and building design for access to each element to
decommission or remove expired elements and to install new or replacement elements.

Typical maintenance requirements

Regular maintenance of roofwater harvesting systems is important to manage water quality
{l.e. avoid excessive ingress of organic matter and other non-desirable elements into storage
systems from reofs and gutter systems) and to mitigate mosquito risk. Guidance on proper
maintenance of roofwater harvesting systems can be found in the Queensland Department
of Matural Resources and Water's "Waterwise’ advice at: hittp/www.nrw.gld.gov.au‘water/
waterwise/pdf/rainwater_tanks.pdf.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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2.Roofwater(Rainwater) Harvesting @ 7K/ Fa7K UL EE

BMP performance risk considerations

Potentlally constralning physical site characteristics

Shallow rock or high groundwater may preclude the use of below-ground storage systems.

The variety of above-ground storage systems means there should be a suitable storage
system fior all site conditions.

Some roof material types may be unsuitable for roofwater harvesting if there is potential
for human ingestion of the collected roofwater. For example, roofs painted with lead-based
paints, coated in bitumen or treatad timber roofs are typically not suitable for roofwater
harvesting. Similarly, roof areas subject to dischargas from wood burner flues or air
conditioning units should also be avoided.

Mosquito risk is a major concemn with roofwater harvesting systems. Regulations require
effective screening of open access points into storage systems and regular inspection of
thesa screans. Failure to do this can create conditions conducive to mosquito breeding and
potential exposura to mosquito-borne viruses.

Poor design

& poorly designed roofwater harvasting system may result in poor returm on investment in
terms of cost per unit of water generated and may increase public health risk. Correct sizing
of roofwater harvesting systems using appropriate water balance methods and adherence
to design requirements in relevant state and local regulations should ensure good overall
performance from roofwater harvesting systams.

Operational risks

The expected water savings and stormwater management benefits from roofwater
harvesting systems is largely dependent on how the system will be used by its owner.
Connecting the system to regular internal uses such as toilet flushing removes a certain
amount of user influence on system performance, whereas more discretionary usas such
as outdoor watering, which can be highly variable based on the user's watering habits, can
significantly influence system performance.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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3.Stormwater Harvesting SEFEUSEE

Description

Stormwater harvesting capturas stormwater flows from ground surfaces such as roads,
car parks, and pedestrian areas. Depending on the land use mix, urban stormwater can
contain gross pollutants, sediments, nutrients, heavy metals, hydrocarbons, and faecal
contamination. Catchments that may generate potentially toxic contaminants within
stormwater runoff (e.g. industrial spills) should generally be avoided. Stormwater can be
harvested from pipes, culverts, or open channals.

All stormiwatar must be treated before it can be re-used. Pre-treatment of harvested
stormwater for environmental pollutants such as organic litter, nutrients and heavy metals
may also be necessary before it can be safely stored. Treatment is particularly necessary

if stormwiatar is being stored within an above-ground open surfaced storage system such
as an urban pond or lake which may develop eutrophic conditions if excessively loaded

by environmental pollutants. After treatment, and depending on the level of treatment
provided, harvested stormwater can potentially be used for a range of indoor non-potabla
uses, irrigation, and for industrial and commercial uses.

Stormwater harvesting, like roofwater harvesting, requires a storage system to balance the
timing of supply with the timing of demand. The size of the storage varies depending on:

the reliability of the supply required (if no supplementary supply is available)
the desired cost or benefit of the system, if a supplementary supply is available.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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3.Stormwater Harvesting SEFEUSEE

Storage of pre-treated stormwater runoff may be in large centralised storage systems
(typically urban ponds or lakes) or within smaller distributed storages such as allotment- or
pracinct-scale tanks. A further storage option is the use of natural or constructed aquifers.
Aquifer storage and recovery (ASR) is widely used in other parts of Australia, particularly
Adelaide, to store pre-treated urban stormwater runoff for subsequent urban re-uses. An
ASR scheme has also been implemented in the Coomera-Pimpama region on the Gold
Coast.

Because of the cost of providing treatment for even the smallest stormwater harvesting
projects, the economics of stormwater harvesting tend to improve as the scale of tha
project increases. Howewver, allocating sufficient land area for an optimally-sized stormwater
harvesting storage system can be difficult and expensive in large-scale projects or if
retrofitting into an existing urban area. In areas where ASRs can be used for stormwatar
storage, the land take constraint is removed.

Because of the economies of scale and management complexities, stormwatar harvesting
systemns are typically less well-suited to individual properties and are more appropriately
located at the downstream end of a stormwater catchment, preferably dose to where the
stormwater will be re-used, to reduce distribution costs.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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BMPs(Best Management Practices)

3.Stormwater Harvesting SEFEUSEE

Contribution of stormwater harvesting to
WSUD strategies

Stormwater harvesting contributes to both water conservation and stormwater
management outcomes. While rainfall dependent, the performance of stormwater
harvesting systems for water conservation is much less sensitive to drought conditions than
traditional reservoirs or diversions that are supplied from rural or natural catchments. This is
because stormwater runoff, like roofwater, is from hard surfaces that are not affected by dry
soil conditions that absorb large amounts of rainfall before a runoff threshold is exceaded.
Under climate change uncertainty stormwater harvesting systems are a useful water supply
alternative to traditional dams, reservoirs and wairs.

Stormwater harvesting systems can be part of a stormwater treatment train providing water
quality and quantity management benafits. Re-use of harvested stormwater reduces the
volume of stormwater runoff entering urban streams and associated stormwater pollutant
loads. Capturing and re-using wp to the first 15 to 20 mm of runoff from impervious surfaces
can assist in protecting or restoring the pre-developed natural hydrologic conditions of an
urban waterway.

Who needs to know about stormwater
harvesting?

Stormwater harvesting systems reguire an adeguate allocation of land for the main

storage element and any pre-treatment systems (such as swales or bioretention systems).
Therefore, designers responsible for allocating land use need to be familiar with the land
take requirements of the stormwater harvesting system. Sizing of the elements is typically
undertaken by a civil engineer with experience in water balance modelling and the design
of stormiwater treatment facilities. If the storage element is intended to be an urban pond

of lake, these elements require considerable knowledge of urban lake ecology to ensure the
storage system itself does not become an envirenmental or public health risk. Experienced
aquatic ecolegists and hydrologic engineers are needed to ensure the appropriate sizing and
design of pond or lake systems.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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3.Stormwater Harvesting SEFEUSEE

Considerations when incorporating
stormwater harvesting in a concept design

Statutory compliance requirements

Regulations relating to stormwater harvesting change from time to time. For the latest
requirements, refer to the relevant local government’s policy and regulations on stormwater
harvesting. The most recent wersion of the Australian Guidelines for Water Recydling:
Managing Health and Emvironmental Risks (Phase 2} — Stormwater Harvesting and

Reuse (Enviromment Protection and Heritage Council, the Natural Resource Management
Ministerial Coundcil and the Australian Health Ministers" Conference, 2008) for acceptable
treated stormwater requirements for managing public health risk.

Spatial (land take) requirements

The spatial requirements for stormwater harvesting systems are site-specific and depend
largely on the level and type of pre-treatment required and the type of storage system used.
Pre-treatment of stormwater to remove environmental pollutants is typically provided by
WSUD BMPs configured in treatment trains and sized to comply with local regulations. As

a guide, EMPs to remove particulate and soluble nutrients and fine sediments generally
require the greatest land take (e.g. bioretention systems will typically require a land area

equivalent to 3% of the contributing catchment and constructed wetlands may requine up to

7% to 10% of contributing catchment).

The storage element of a stormwater harvesting scheme can also consume significant
land area, particularly if above-ground storage systems are used and particularly in larger
stormwater harvesting schemes. Water balance modelling is required to establish the final
land take requirement for the storage element.

Treatment to disinfect the stored water prior to re-use involves either UV radiation or
chlorine dosing. Both of these processes require only a minimal land take.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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3.Stormwater Harvesting SEFEUSEE

Whole-of-lifecycle considerations

Capital and operating costs

Capital costs for stormwater harvesting systems are typically higher than most other non-
potable water sources. However, the cost of the pre-treatment infrastructure (i.e. the same
pre-treatment infrastructure is typically required under regulation to protect waterway
health) is a cost to development imespective of whether or not stormwater harvesting is to
be implemented. Therefore, the true capital cost of stormwater harvesting is the cost of the
storage element, final disinfaction treatment system and the reticulation infrastructure.

By over-sizing the storage element to achieve an unrealistically high reliability of supply or
over-treating the stormuwater are two issues that can significantly increase the capital cost
of stormwater harvesting. Engaging the right expertise to undertake the water-balance

modelling and water guality treatment system sizing is central to optimising the capital cost

of stormwater harvesting.

While capital costs may be high for stormwater harvesting systems, it is important to also
consider the energy costs of stormwater harvesting to other non-potable water sources.
Typically, stormwater harvesting has a low energy footprint because the treatment options

use low-enengy processas and the reticulation distances from source to end use are typically

much shorter than other non-potable water sources.

Oparating costs should be relatively low and relate to maintaining the pre-treatment system

performance. Again, this cost is independent of whether or not stormwater harvesting is

implementaed in a development). There are also operating costs associated with maintaining

the water quality in the storage element and maintaining the disinfection infrastructura.

Expected affective service life

Stormwater harvesting systems should have a long effective service [ife with pre-treatment
systems typically having 20 year life, storage elements a 50+year life and disinfection
treatment systems 10+years.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Whole-of-lifecycle considerations

Visual and aesthetlc transformations over service life

The visual appearance of the pre-treatment and storage (above ground only) elements
of stormwater harvesting systems will transition over time as these elements matura as
functioning systems. Consideration should be given in the conceptual design to both
short-term and long-term visual impacts and, where necassary, provide landscape
elements for visual screeming.

The potential requirement for future re-set of elements of stormwater harvesting
systems should alse be considered in the conceptual design with compensating
lamdscape elements provided to off-sat the visual impact of the decommissioning
and rebuilding of these elements.

Decommissioning or re-Installation requirements

The pre-treatment alements of a stormwater harvesting system ara the only elements likely
to need periodic (20+years) decommissioning and re-installation. Specific decommissioning
and re-installation requirements for these pre-treatment elements can be found in this same
section of the other EMPs covered in this guideline.

Typical maintenance requirements
Maintenance of stormwater harvesting systems incluedes maintaining:

the pre-treatment system performance
the watar quality in the storage alament

the disinfection infrastructure.

Conceptual design should make appropriate allowance for maintenance vehicle access to all
elements of stormwater harvesting systems.
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BMP performance risk considerations

Shallow rock may preclude the use of balow-ground storage systems.

Poor groundwater quality, particularly highly soluble nutrients, may impact on the quality of
water stored in open-water storage systems such as ponds and lakes where these intercept
the groundwater table. Lining the pond or lake may be required if groundwater quality is
poor. Care is needed to ensure the draw down of the pond or lake does not create conditions
where a high groundwater table results in buoyancy conditions lifting or cracking the lining.
Poor groundwater quality may also preclude ASR.

The varety of above-ground storage systems means there should be a suitable storage
systemn for all site conditions.
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BMP performance risk considerations
Poor design

As mentioned earlier, poor design resulting in over-sizing treatment and storage elements
can significantly reduce the aconomic return on investment of a stormwater harvesting

systam.

Poor design of pre-treatment systems can compromise the suitability of harvested
stormwater for its intended end uses and, if using open water storage systems such as ponds
and lakes, can impact on the health and aesthetic amenity of the storage system. Guidance
on best practice design for pre-treatment systems can be found in WSUD Technical Design
Guidelines for South East Queeansiand (SEQ HWE 2006).

Poor design of the storage elements, particularly if using open water storage or aquifer
storage, can impact on the guality of the harvested stormwater and compromise its
suitability for the intended end uses. Detailed guidance on the design of urban ponds

and lakes can be found in various references; however, when used as part of a stormwater
harvesting system, it is highly recommended that an experienced freshwater ecologist with
specific expertise in urban lake ecology is engaged to advise on the design of the storage
element.

Similarly, detailed guidance on ASR can be found in various references, but given the highly
specialist nature of this method of stormwater storage and recovery, it is recommended that
specialist advice is engaged.

The S5EQ HWP have prepared detailed techmical design guidance for stormwatar harvesting
systems in the document Stormwater Harvesting Techincal Guidelines (5EQ HWE, 2009k,
This should be referred to avoid poor design.

Operatlonal risks

The expected water savings and stormwater management benefits of stormwater harvesting
systems are largely dependent on how the system is used. Connecting the system to regular
internal uses such as toilet flushing removes a certain amount of user behaviour influence on
system performance, whereas more discretionary uses such as domestic outdoor watering
and public realm landscape watering can significantly influence system performance. As a
rule, the more rapidly the stormwater storage is dawn-down by connected end uses, the
more effective the system yield.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Description

Wastewater includes blackwater and greywater. Blackwater is wastewater from toilets and
kitchen sinks. Greywater is wastewater from non-toilet plumbing fixtures such as showers,
basins, washing machines, and taps.

Wastewater can be treated to ‘fit-for-purpose’ standards at centralised or decentralised
(small) sewage treatment plants for a rmange of re-use applications including: industrial
uses, agricultural uses, non-potable domestic uses, urban open space irrigation, and for
indirect potable re-use if treated to PRV standards. National guidelines for recycled water
use provide minimum water quality requirements for recycled water uses (Environment
Protection and Heritage Council, the Natural Resource Management Ministerial Council and
the Australian Health Ministers’ Conferance, 2006).

Table 11 lists the main wastewater treatment processes and their effectivenass in treating
target environmental and public health pollutants. Table 12 lists more specific treatmant
process, their typical operating bounds, spatial requirements and typical application.

The different treatment processes each have limitations and it is usually necessary to
combine aither physical (i.e. membrane) or biological treatment processes with chemical
disinfection (or other means of disinfection such as UV irradiation) to deliver ‘fit-for-purpose’
recycled water as shown in Table 11. Biological treatment processes should generally be
avoided if there is a high risk of toxic spills entering the wastewater stream. Toxic substances
may adwversaly impact on biological processes and diminish the treatment performance and
potentially lower the effective service life of biological wastewater treatment systems.

Current regulations in Queensland prohibit decentralised wastewater treatment and re-

use in sewered areas. Dacentralised greywater treatment and re-use is, however, accepted
usually at the discretion of the local government and is listed as an acceptable alternative
water source for new industrial and commercial buildings in Queensland (Q0C MP 43). The
Queensland Government is currently trialling decentralised blackwater treatment and re-use
on a number of pilot sites to test the performance of treatment processes and operational
requirements. The outcome of these trials may be a future amendment to current legislation
and regulations to enable decentralised blackwater treatment and re-use in sewered areas.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Description

Depending on the intended end use, greywater may require less treatment than blaclmrater
although it is generally agreed that the treatment process can be just as onerous as for
blackwater given the highly variable guality of greywater.

Sewer mining (or water mining) is another means of sourcing wastewater for treatment and
re-use. Sewer mining imvobees ‘mining water from the town sewer using pumps to extract
a portion of the wastewater flows for treatment and re-use. Typically, not more than 50% of
the dry weather flow in the sewer can be extracted to avoid solids build-up. Sewer mining
has the advantage that the treatment facility can be located close to the end use demand,
reducing distribution costs.

Drual reticulation is the provision of a non-potable water supply to communities in a second
supply pipe network. This secondary supply of water can be used for toilet flushing, irrigation
and other outdoor uses.

Implementing wastewater treatment for re-use within a conceptual design will often be
driven by a regional strategy or policy driver such as minimising wastewater flows from a
new development into an already overloaded trunk sewer or avoiding a costly augmentation
of downstream trunk sewer networks and wastewater treatment plants. Other drivers may
be localised and may include securing a reliable locally-generated recycled water source to
sustain private and public realm landscapes or to supply fit-for-purpose recycled water to

a specific industrial process. The drivers will dictate the scale and nature of the wastewater
recyding scheme and the requirement for the conceptual design process to make
appropriate urban design and infrastructure provision to accommaodate the specific land
take and infrastructure reguirements of the scheme.

Orther equally important considerations when deciding on a wastewater treatment and re-
use scheme include:

»  Community acceptance of the use of recycled water for intendad end uses
»  public and environmental health risk management requirements
»  suitability of soils and terrain for irrigation by treated wastewatar

»  sensitivity of local ecosystems to potential surface and groundwater runoff from areas
under irrigation by treated wastewater.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Table 11 — Wastewater Treatment Processes and their Removal
Effectiveness in Removing Pollutants

Treatment T55 Biodegradable Nitrogen Phosphorus 5alts  Pathogens
Procass Organics

Physical Yas Function of Lirnited Limited Mo Limitad
filtration size

Chemical Mo No Mo No Mo s
disinfection

Biological Yes Yas Yag Limitad Mo Limited

processes
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Contribution of wastewater treatment for re-
use to WSUD strategies

Wastowater treatment fior ne-use reduces the demand on potable water supplies and
reduces the discharge of wastewater and its associated environmental pollutants
{organics, particulate and soluble nutrients, pathogens) to receiving aguatic environments.
Wastewater treatment fior ne-use contributes to the WSUD strategies of water conservation
and wastawater minimisation.

Wastewater treatment for re-use does not contribute to stormwater management, in somse
circumstances if adopted as an alternative to stormwater harvesting, may potentially result
iman adverse impact on the health of local waterways receiving stormwater runoff if it is not
managed to best practice standards.
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Who needs to know about wastewater
treatment for re-use?

An experienced civil engineer with a strong knowledge of the local and regional wastewater
infrastructure context and its owerarching strategy and policy drivers is essential to

ensure the most appropriate wastewater treatment and re-use scheme is selected for the
development. Architects and building services engineers will need to understand the spatial
requirements and intermnal infrastructure requirements for wastewater treatment and re-use
schemes.

Considerations when incorporating
wastewater treatment for re-use in
a concept design

Statutory compliance requirements

Relevant national, state and local government policy, guidelines and regulations must

be reviewed before embarking on a wastewater treatment and re-use scheme. Current
regulatory restrictions on blackwater treatment for re-use in sewered areas may change in
the near future and it is recommended that relevant government departments are contacted
to confirm the current regulatory position.

Spatial (land take) requirements

Spatial requirements will vary depending on operating requirements (i.e. daily throughflow)
and treatment processes. It is important to have selected the most suitable treatment
process for the particular development and intended end uses as part of the conceptual
design process. This will ensure adequate allowance is made for both floor space, land take
and infrastructure provision to ensure seamless implementation of the scheme in detailed
design. Table 12 describes the range of different treatment processes typically employed
within proprietary wastewater treatment systems and their associated operating bounds
and spatial reguirements.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Table 12 — Summary of Wastewater Treatment Processes

Water Quality Generally Sultabla

Treatment Procass Operating Range For: Footprint (m?) Application
Matural — hurmus filter situated at each
0.5-10kLAd Subsurface irmigation 2-1 Single household, clustered development
hiousehald
) ) i ) Toilet flushing, irrigation, cold washing ) i

Biological filtration + membrane filtration 0.5 - 100 kL/d ) 3-60 Single household, localised development
machine tap
Toilet flushing, irmigation [disinfecti

Subsurface wetland 0.5 - 360 kLid r;uim:;’ ing, imigation (disinfection 59 Single household, clustered development
Toilet flushing, irigation, cold washin Single household, localised residential

Membrane bioreactor 0.5 - 500 kLid _ . ) 9 1200 . ’ S )
machine tap (disinfection required) development (e.g. multi-unit dwellings)
Restricted irrigation (additional

Biological — fixed film bicreactor 1-150 kL™ . ) : 2 Single househaold, clustared development
treatment required)

Biological system — pri ttli

ological sysiem — primary seing + 5 _yowuvd Restricted irrigation 20 - 200 Clustered development

recirculating media filtration

Membrane filtration 40— 3000 KL/d Tnilet.ﬂushing, irrigation, cold washing 7_10 Ln:ufalised residential dev_eln:upr_nent (e.0. multi-
machine tap unit dwellings), large residential developmant
Additi | treat t ired to attai

Filtration 9000 — 38000 ki/d fHonatireatment requiredfo atiain - 4 g Large residential development

non-potable urban water uses
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Whole-of-lifecycle considerations

Capiltal and operating costs

The capital cost of decentralised wastewater treatmenit systems are highly dependent on
the selected treatment processes and the type of device (i.e. most decentralised wastewater
treatment systems are proprietary systems). Typically there is more than one proprietary
systermn available to meet the requirements of the project and, therefore, it is prudent to
assess all options.

Cperating costs also are highly dependent on the selectad treatment process and type of
device. Biological treatment systems may require more regular maintanance to protact
treatment efficiency whereas physical filtration (i.e. membrane) systems require periodic
replacemant of membranes due to fouling over time.

Expected effective sarvice life

The effective sarvice life of decentralised wastewater treatment systems is dependant on

the selected treatment process, the type of device and importantly, the effactive operation
and maintenance of the scheme. Typically there is more than one proprietary systam
available to meat the requirements of the project and, thersfore, it is prudent to assess all
aptions to establish the scheme with the lowest lifecycle cost, while meeting the operational
requirements of the scheme.

Visual and aesthetlc transformations over service life

Maost decantralised wastewater treatment processas are contained within a surrounding
encasement or structura or are located underground. The visual impact will therefora be
minimal provided due consideration is given in building design or urban design to locate the
systemns appropriately and, where necassary, to screen or buffer the systems.

Decommissioning or re-installation requirements

It is likely that decentralised wastewater treatment systems will need to be decommissioned
and re-installed within the operating life of the building or urban development. Conceptual
design must make adequate provision for future access for routine maintenance and for
ultimate decommissioning and replacement.

Typlcal malntenance requirements

Maintenance depends on the selected treatment processes and type of device. Operation
and maintenance of decentralised wastewater treatment and re-use systems is typically
be carried out by a contractor with demonstrated experienced in the operation and
maintenance of wastewater treatment systems and is often the same contractor that
suppliad the treatment device.
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BMP performance risk considerations

Potentially constralning physical site characteristics

The variety of available decentralised wastewater treatment processes and their associated
operating bounds means there is a suitable treatment system for most projects.

Where treated wastewater is intended to be usad for landscape irrigation, the following
physical site conditions may praclude this:

= steap terrain that may result in treated wastewater re-exprassing itself as a surface flow
down slope from the irmigation site

»  heavy clay soils that may accumulate salts and nutrients

= free draining soils that may leach salts and nutrients to groundwater, which may then
impact on receiving aquatic ecosystems or other beneficial users of the groundwater
resource

«  shallow groundwater table, which may restrict infiltration and cause surface runoff of
treated wastawater.

Poor deslgn

Selecting the most appropriate treatment processes and type of device for the project
based on expected quality of raw wastewater flows and intended end uses for the treated
wastewater will be critical to the success of the scheme.

As a guide fore selecting treatment processes and proprietary devicas, refer to Water Rie-use
in the Urban Enviranment: Selection of Technologies (Landcom, 2006).

Operational risks

Inappropriate operation of wastewater treatment and re-use schemeas results in a high risk to
the performance of the system. The scheme may not deliver on the water consarvation and
wastewater minimisation expectations and it may also cause an unacceptable public and
environmental health risk. All decentralised wastewater treatrnent and re-use schemes must
be accompanied by a detailed operation and maintenance plan and implementation should
be by gualified, experienced professionals.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Description

There are many types of gross pollutant capture devices with varying levels of performance
efficiency (Table 13). These devices may be located at the point of entry into the drainage
system or ‘on-line"within the drainage system. Devices located on-line within the drainage
system may be‘dry’ traps such as simple nets placed over the end of pipes, or'wet well'traps
that cam potentially trap much smaller particles.

The choice of device should be basad on the expectad gross pollutant loads being
generated in the contributing catchment. Gross pollutant capture devices are ideally suited
to catchments in shopping centres and commercial precincts that have high man-made litter
loads (such as plastic bottles, bags and styrofoam) and low organic loads.

Residential catchments are likely to have high organic loads (such as grass clippings and
leaves) and only relatively small anthropogenic (human-generated) litter loads. The capture
of organic loads in wet well traps can be problematic due increased decomposition rates and
the release

of nutrients and toxins into downstream environments. This nutrient release will negatively
impact on recaiving environments unless the wet well system is located at the start of a
treatment train in which flows from the system will discharge into a secondary or tertiary
treatment device that can remove the nutrients prior to discharge into the receiving
environment. If the device is to be used in isolation, it is preferred to have a dry trap to
capture the high organic loads to reduce the risk of nutrient and toxin release. These dry
trap systems are typically located above-ground and can therefore be difficult to integrate
into the landscape and can present a potential public health risk if collecting dangerous litter
such as syringes.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Description

Gross pollutant capture devices serve as primary (first) stormwater treatment devicas in a
stormwater treatment train as they target litter, coarse sediments and other large particles
(larger than 5 mmj} (See Figure 30). This pre-treatment of stormwater flows can help to
reduce the risk of secondary or tertiary treatment devices, located downstream, from being
smothered, affecting their treatment performance and effective service [ife. These secondary
and tertiary stormwater treatment devices are required in addition to gross pollutant capture
devices to manage fine sediments and nutrients such as TW and TP to meat best practice

load reductions.

Gross pollutant capture devices may often be the only retrofit treatment option in highly
constrained sites such as in the urban core and urban centre. In this situation, the preferred
treatment train may consist of a side-entry basket to remove litter followed by a cartridge
media filter type device that can then remove sediments and some heavy metals and
nutrients. This soluticn will not meet best practice load reductions, but may be the only
practical solution for inner-city locations.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Commercial — . |End-of-pipe wetland or
undulating site | bioretention system
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Figure 30 —Gross pollutant capture devices as part of stormwater treatment trains

*This treatment train will not meet best
practice pollutant load reductions and should
only be used when other treatment devices
cannot be used.
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Contribution of gross pollutant capture
devices to WSUD strategies

Gross pollutant capture devices contribute to stormwater quality management outcomes,
in particular the removal of visually obtrusive litter. These davices do not contribute to
water conservation or wastewater minimisation outcomes, or to stormwater quantity
management.

Who needs to know about gross pollutant
capture devices?

Typically civil engineers salact the most appropriate range of devices to match the hydraulics
of the drainage system and the specific stormwater treatment train configuration. Urban
designers and landscape architects refine the selection to match device aesthetics to the
available site location.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Considerations when incorporating
gross pollutant capture devices in a
concept design

Statutory compliance requirements

The South East Queensland Regional Flan Implementation Guideline No 7 Water Sensitive
Urban Design (Qld DIP, 2008b) establishes the minimum reduction of gross pollutants at
00%.

Spatial (land take) requirements

The spatial requirements of gross pollutant capture devices differ depending on the type of
device used. Underground systems will impose minimal impact on how a site is developed
orused. Dry traps are typically located above ground and may require visual screening for
successful integration with the landscape, especially in residential areas.

Typically, gross pollutant capture devices require minimal space compared to other
stormwater treatment BMPs, due their ability to operate under high hydraulic loading rates.

Table 13: Gross pollutant capture devices management of stormwater runoff water quality and ydrology

WATER QUALITY HYDROLOGY
. Disconnect -
Coarse Anthro  Organic  Hydro-  Heavy 5 Provide
Treatment Type Sediment T35 TP TN Utter  Litter Carbons  Matal Impeswu.ls r ion
Point-ofentry'liter o NS NS NS H M NS NS NS NS
basket or side-antry pit
Within-drain” trash NS NS NS H NS NS NS NS
rack or naet
Davi ith sedimeant
VIcE with secimen L L L H NS NS L NS
trapping function
Cartridge media filter M M M -H M M NS NS

L-Low; M- Medium; H-High; NS - Mot Suitable (requires pre-treatment];
Shaded cells indicate where removal of this pollutant would be problematic to the long-term performance of the treatment measure and
wisuld significantly increase the maintenance frequency. Pre-treatment of this pollutant is therefore required.
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Whole-of-lifecycle considerations

Capital and operating costs

The capital costs of gross pollutant capture devices can be high, so their usel should be
carefully consideraed and matched to catchments considered most likely to generate high
anthropogenic litter loads (2.9 commercial and industrial precincts).

The ongoing operational costs associated with the maintenance of gross pollutant captura
devices is higher than other stormwater treatment BMPs due to the high mass or volume of
gross pollutants compared to other stormwater pollutants. Some devices require purpose
built machinery or plant to maintain the devices. Thesa devices should only be considerad if
there is a local operator with easy access to the required machinery or plant

Expected effectlve service life

Most gross pollutant capture devices have an effective service life consistent with other
structural stormwater infrastructure (e.g. 50+ years).

Visual and aesthatlc transformations over service life

The visible accumulation of high litter loads within gross pollutant capture devices should be
considered when datermining the location and type of device. Smaller distributed systems
are usually visually unobtrusive as they can be constructed underground or within gully pits.
Larger above-ground systems can be visually obtrusive with a hard engineering structure
and a highly visible accumulation of litter. Visual screening of above-ground systems using
lamdscape plantings should be considered while ensuring provision for maintenance access.

Regular maintenance is important to ensure that gross pollutant accumulation in abowve-
ground devices does not become an visual or aesthetic issue.

Decommissioning or re-Installation requirements

Due to their long service life, gross pollutant capture devices do not require regular
decommissioning or re-installation. Provision must be made for access when it is required.

Typlcal malntenance requirements

Frequent maintenance by a nominated system operator is essential for gross pollutant
capture devices to work successfully.  This maintenance responsibility depends on the type
of device and the resources available to the owner or operator of the system. Many systems
are simple to maintain, but larger, more complex devices may reguire cngoing maintenance
to be undertaken by a private company with purpose built machinary.
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BMP performance risk considerations

Potentlally constraining physical site characteristics

Gross pollutant capture devices are able to be located at many locations and scales. Sites
with shallow rock and high groundwater tables may restrict the use of sunken wat well
systems. Gross pollutant capture devices can also be problematic in areas influenced by

backwatering, such as in tidally influenced areas. Backwatering can dislodge and resuspend
litter and organic loads back into the catchment

Poor design

A5 most gross pollutant capture devices are proprietary devices, their design and
construction is well controlled and therefore poor design or construction should not be a risk
to the performance of the davice.

Operational risks

For gross pollutant capture devices to operate as designed, they require regular clean-outs.
If regular clean-outs are not undertaken, flows and their gross pollutant loads will bypass
the device and be deposited in downistream receiving environments. If the gross pollutant
capture device is located in a treatment train before a wetland or bioretention system, the
failure of the capture device to retain gross sediments and litter will potentially impact on
the treatment performance and maintenance requirements of the downstream treatment
System.

Care should be taken when maintanance is undertaken on devices located downstream of
areas that may contain harmful gross pollutants such as syringes etc.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Description

Sedimentation basins are typically located as part of a stormwater treatment train and sized
to achieve approximately 80% reduction in coarse sediment loads (> 125 microns) from the
contributing catchment.

It is important that sedimentation basins are sized correctly. If they are undersized, larger
sadiments will be deposited into downstream treatment devices, which can be problematic
to the performance of downstream treatment elements. Conversely, an oversized system

is also problematic as it will capture fine sediments that have heavy metals and nutrients
attached to them. These pollutants cannot be effectively managed in sedimentation basins
due to the absence of densa wetland vegetation. For this reason, sedimentation basins are
typically located upstream of tertiary treatment devices such as bioretenticn of constructed
wetlands

(see Figure 31).

MNote: Sedimentation basins described in this section are only for the operation phase

af urban development e after all subdivisional warks and allotment construction is
completed. Sediment basins for sediment and erasion cantral during the earier phases of
urban development are described in other documents.

Commercial — flat At-surface gross pollutant capture device - W ‘} “x‘fms:"gy”::“:am
. X system inclusive ediment forebay located within the
site teeesvseenedl  (such as trash rack) that captures litter E of forebay bioretention system instead of an up-stream
but limited coarse sediment sediment basin

- - - As the catchment size becomes larger, reliance

_)I e — I_)l End-of-pipe bioretention I v singhe bioratintion systets imolves grester
system risk and the capital cost of a formal sediment

basin may then be preferred over a simple

Residential —
undulating site

STORMWATER SOURCE

3 End-of-pipe watland sediment forebay. Such a decision is also
i including inlet pond influenced by the superior aesthetic outcome
. . that a wet sed| 1t basin might provid
Residential — ﬂar w iment basin might provide.
site . | At-source bioretention
ts of forebay™®|
Key
""""""""" ¥ Stormwater runoff conveyed at-surface

— Stormwater runoff conveyed in stormwater pipe network

Figure 31 —Sediment basins (and sediment forebays) as part of stormwater treatment trains
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Contribution of sedimentation basins to
WSUD strategies

Gross pollutant capture devices contribute to stormwater quality managemeant outcomes,
in particular the removal of coarse sediments. These devices do not contribute to watar
Cconservation or wastewatar minimisation outcomes.

Who needs to know about sedimentation
basins?

Typically, civil enginears size and design sedimentation basins to match the required
sediment removal for a catchment and the specific stormwater treatment train configuration
e.g. upstream of a constructed wetland. Urban designers and landscape architects then
design the sedimentation basin to match its aesthetics to the available site location e.g. hard
edges structure versus a natural form with edge vegetation.
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Considerations when incorporating
sedimentation basins in a concept design

Statutory compliance requirements

The South East Queeansiand Regional Flan Implemenita ion Guideline No 7 Water Sensitive
Urban Design (Qld DIP, 2008b) establishes the minimum reduction of pollutant loads from
stormwater runoff to be:

B0% reduction in total suspended solids
60% reduction in total phosphorus
45% reduction in total nitrogen.

Thesa targets should be met by using sedimentation basins as part of stormwatar treatment
trains as these load reductions will not be possible by using sedimentation basins in
isolation.

Spatial (land take) requirements

The land area required for a sedimentation basin is generally less than 1% of the contributing
catchment area with the basin's water surface area typically being sized at 0.5% of the
contributing catchment araa.

From Concept Design Guidelines for Water Sensitive Urban Design
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Whole-of-lifecycle considerations

Capital and operating costs

Most sedimentation basins ara simple, excavated pools with basic hydraulic contral
structures such as riser pipes and overflow weirs. As such, they are relatively low capital
cost structures. The low frequency of clean-out (typically every five years) means annual
operating costs are also low.

Expected effective service life

Most sedimentation basins would have an effective service life of more than 50 years. Clean-

outs once every five years are required to ensure that the accumulation of sedimenits does
not impact on the treatment capacity of the systems.

Visual and aesthetic transformations over service life

Sedimentation basins are typically located as the first or second element of a treatment train
and are therefore likely to have relatively turbid water, especially after high rainfall events.

Floating plants can establish in poorly designed sedimentation basins (i.e. if no dense
littoral emergent macrophyta vagetation is present) and can lead to the deterioration of
the aesthatics of the basin. Dense-adge vegetation not only improves the aesthetics of the
systemn and reduces the risk of floating plant growth, but it also restricts public access to
open water zonos and haelps to maintain agrobic conditions.

In sedimentation basins where regular maintenance is not upheld, sediment may
accumulate to a point where the sedimentation basin no longer has a parmanent pool. This
can lead to the growth of weed species throughout the system.

From Concept Design Guidelines for Water Sensitive Urban Design
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Decommissioning or re-Installation requirements

Sedimentation basins should not need to be decommissioned or re-installed unlass
unexpected damage to the system occurs. As re-installation typically requires heavy
earthworks machinery, an appropriate provision for future access should be made in the
conceptual design. The periodic removal of accumulated sadiments from the sedimentation
basins will require maintenance access for an excavator or equivalent machinery. This
maintenance acoess should be adequate for re-installation.

Typlcal malntenance requirements

When sadimentation basins are cleaned out (approximately once every five years)
disturbance to the edge vegetation is likely to occur. An allowance for the replacement
of these plants is required, together with careful consideration during the concapt design
process of plant species selection and provision for maintenance access.

BMF performance risk considerations

Potential constraining physical site characteristics

The area required for sedimentation basins typically precludeas their use in highly constrained
urban settings such as those in the wrban core and urban centre.

Poor design

Sizing sedimentation basins to target the capture of coarse sediments (=125 microns) is

the most important design requirement. As discussed earlier, if the basins are too small,
excessive sediment loads will be released to downstream systems. If the system is too large,
nutrients can be transformed in the basin and released to downstream systems in a highly
bio-available form.

Best practice design for sedimentation basins is well documented in the WSLUD Technical
Guidelines for South East Queenskand (SEQ HWP 2006).

Operational risks

Routine removal of accumulated sediments from the sedimentation basins is critical to the
systermn’s performance. This is a simple task and should be well within the capacity of most
local government or community-based asset management teams.

From Concept Design Guidelines for Water Sensitive Urban Design
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Description

Swales are shallow, open, vegatated channels that serve as secondary stormwater treatment
devices in stormwater treatment trains (see Figure 32). They also provide a means of
conveyance instead of, or in concert with, undarground pipe drainage systems. The
vegetation in the swales can range from mown turf to sedges and rushes.

Grass and vegetated swales can be incCluded into urban design along streets in median
strips or verges, in parklands, and between allotments where maintenance access can be
preserved. They are ideally located ‘near to source’ where stormwater flows are relatively
small and can be easily arranged as low velocity, shallow flows across the base of the swale's
Cross section.

From Concept Design Guidelines for Water Sensitive Urban Design
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Contribution of grass or
vegetated swales to WSUD strategies

Grass or vegetated swales contribute to stormwater quality management outcomes by
removing coarse sediments and some nutrients and heavy metals. Grass or vegetated
swales also contribute to water conservation through passive irrigation of these landscape
elements from stormwater, thus reducing demand on alternative water sources for irmgation.

(Grass or vegetatad swales do not contribute to wastewater minimisation outcomes.

Who needs to know about
grass or vegetated swales?

Typically, civil and environmental engineers work together to size and design the grass or
vaegetated swales to match the conveyance requirements for the site. Urban designers and
landscape architacts integrate the swale systems into the landscape and urban design for
the site. Collaboration between the engineers and landscape architects is important to
ensure the planting palette is consistent with the swale design parameters, in particular
finding a balance between maintaining the swale conveyance function and the desired
landscape aesthetic.
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Considerations when incorporating grass or
vegetated swales in a concept design

Statutory compliance requirements
The Sawuth East Queansland Regional Plan Iimplementation Guideline No 7 Water Sensitive

Urban Design (Qld DIP, 2008bD) establishes the minimum reduction of pollutant loads to be:

»  80% reduction in total suspended solids
«  B60% reduction in total phosphorus
«  45% reduction in total nitrogen.

These load reducticns will not be possible by using swales in isolation. A stormwater
treatment train that incorporates swales shoukd be designed to meet these targats.

spatial (land take) requirements

Grass or vegetated swalas typically require a land area of less than 1% of the contributing
catchment areas, depending on site grades and the required extent of bunds and batters.
Conceptual designers should confirm with the local coundil if swales can be credited as
forming part of the development's open space contribution.

From Concept Design Guidelines for Water Sensitive Urban Design
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Whole-of-lifecycle considerations

Capital and operating costs

Swales provide stormwater conveyance and therefore reduce the requirement for
underground pipe drainage. This can result in capital cost savings to the overall stomwater
infrastructure costs of a development. The relatively simple construction reguirement

for swales also results in the capital costs for swales being lower than other stormwater
treatment BMPs. Driveway crossovers increase the capital cost of swale systems.

The operational costs depend on the type of swales. Vegetated swales, once established,
typically have a lower ongoing maintenance cost than grassed swales, which reguire regular
mowing to maintain their ydraulic capacity.

Expected effective service life

The effective servica life of grass or vegetated swales is dependent on the ability to maintain
the design conveyance capacity of the swale and an acceptable landscape aesthetic. The
service life can be maximised with regular maintenance to maintain the design vegetation
height and remove accumulated sedimeant.

Visual and aesthetic transformations over service life

The potential accumulation of litter and sediments in the swale diminishes the visual and
aesthetic values of the system. This should be considered when determining the suitability
of swales in areas with known high anthropogemic litter loads. Regular maintenance is
important to ensure that litter and sediment acoumulation i the swale systems does not
become an visual or aesthatic issue.

Decommissioning or re-installation requirements

Grass or vegetated swales should not need to be decommissioned or re-installed unless
the conveyance capacity is substantially reduced requiring the swale to be reprofiled and
revegetated or turfed.

Typlcal maintenance recquiremeants

It is critical that the designed hydraulic capacity of the swales is maintained. This requires
maintaining the design vegetation heights and removing accumulated sediments,
introduced weeds and litter or debris. For this reason, it is prefamed to have swales located
im public open spaces rather than at the front of private property where residents may not
maintain the swale as required.



BMPs(Best Management Practices)

7.Grass or Vegetated SwalesER e & BT E

BMP performance risk considerations

Potentlally constraining physical site characteristics

Swales are not ideally suited to flat sies (<2%) or steep sites (>5%) with large contributing
catchments (> 2ha). As discussed earlier, swales can be problematic in areas with driveway
crossovers as they can increase design and capital costs and introduce risk of damage
associated with ongoing operation.

Poor design

The size, longitudinal grade and location of swales must be carefully considerad during
conceptual design. Systems that are not sized comectly may result in localised flooding.
Swales designed with low grades (< 2%) may retain water and experience boggy inverts,
while swales designed with steep grades (> 5%) may experience scour and erosion. Swales
can be problematic in areas with driveway crossings as they can increase the costs and risk
associated with the implementation of swales. One way to acocommodate these issues into
the swale design is to have shared driveways, reducing the amount of driveway crossovers. lt
may be preferred to place swales in locations with no driveway crossings, such as open space
areas and median strips. If street width allows, swales can be placed into central median
strips, avoiding driveways altogether.

Bast practice design for swalas is wall documentad in the WSUD Technical Guidelnes for
South East Queensiand (SEQ HWE 2006).

Operational risks

Routine removal of accumulated sediments, litter and weeds from the grass or vegetated
swales is critical to the system’s conveyance and treatment performance. This is a simple
task and should be well within the capacity of most local governments or community-based
asset management teams.

An operational risk of roadside swales is the requirement for adjoining allotment owners
to maintain the conveyance capacity of the swale. If one resident changes the hydraulic
characteristics of the swale, either by filling within the swale or increasing the swale
hydraulic roughness with additional planting, it will impact the drainage from the road and
increase the risk of floeding.

From Concept Design Guidelines for Water Sensitive Urban Design
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On steep and undulating sites, roads should be aligned to The preferred solution is to have swales on grades
reduce the grade. The suitability of swales on moderate between 2% and 5% with local access to allotments via
slopes (2% to 5%) is increased, but the presence of driveway shared driveways.

aossovers can be problematic.
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Description

5and filters serve as secondary stormwater treatment devices and also delay runoff peaks
by providing retention capacity and reduced flow velocities. They consist of two layers
of filter media—a drainage layer consisting of gravel-sized material to encase perforated

underdrains and a sand filtration layer. They oparate in a similar way to bioretention systams;

however, sand filters do not have vegetation growing on their surface. This increases their
likelinood of blocking and reduces their stormwater treatment performance. This reduced
performance is due to the absence of a binlogically active soil layer created around the root
zone of vegetation planted in bioretention systems, which help to maintain porosity and
infiltration capacity.

5and filters should only be used when bicretention (BMP 9) or constructed wetlands (EMP
10) cannot be used due to limited available land area or in situations where the treatment
neeads to be provided below the surface (e.g. under a carpark pavement).

Contribution of sand filters to WSUD
strategies

Sand filters contribute to stormwater quantity and guality management outcomes. They
slow stormwater flows and target the removal sediments and some nutrients and heavy
metals.

Sand filters do not contribute to water conservation or wastewater minimisation strategies.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Who needs to know about sand filters?

Typically civil and environmental engineers work together to size and design sand filter
systems to match the catchment hydrology and the spedific treatment train configuration
requiremnents. Urban designers and landscape architects then integrate the swale systems
into the landscape and urban design for the site.

Considerations when incorporating sand
filters in a concept design

Statutory compliance requirements

The South East Queensland Regional Plan Implamentation Guideline No 7 Water Sensitive
Urban Design (Qld DIP, 2008bD) establishes the minimum reduction of pollutant loads to be:

»  80% reduction in total suspended solids
«  60% reduction in total phosphorus
« ALY reduction in total nitrogan.

These load reductions are not possible using a sand filter in isolation.

Spatial (land take) requirements

Sand filters typically require an area of kess than 1% of the contributing catchment areas and
can be located underground or as part of the urban design.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Whole-of-lifecycle considerations

Capital and operating costs

Sand filters will typically be implementad beneath hard surfaces such as car parks and
industrial hard stand areas and, therefore, will likely be contained within a load bearing
structural surround, typically reinforced concrete. This makes sand filters high capital

Cost stormwater treatment systems. The absence of vegatation is likely to result in higher
operational costs than bioretention systams due to the requirement for regular maintenance

to manage clogging.

Expected effective service life

Due to the absence of vegetation in these systems, the expected service life of sand filters
is [ikely to be less than vegetated stormwater treatment devices such as bioretention or
constructed wetlands. As sand filters have no ability to convert or dispose of nutrients, fine
particulates and accompanying pollutants such as heavy metals, there is a limited life-span
fior the filter media. The absorptive capacity of the sand filter can quickly be exhausted as
there is no inbuilt mechanism to translocate nutrients inte biomass through uptake by plant
roots.

This life-span is highly variable depending on the catchment, but is potentially as little as 2-5
years before the sand should be replaced.

From Concept Design Guidelines for Water Sensitive Urban Design
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Visual and aesthetlc transformations owver service life

Large, at-surface sand filters can be unattractive due to the absence of vegetation. Without
appropriate pre-treatment and maintenance, the surface of the system may also become
loaded with sediments and other gross pollutants. Most sand filters will, however, be located
below ground and are therefore unlikely to be visually obtrusive.

Decommissioning or re-installation requirements

Due to the shorter life-span of sand filters compared to other stormwater treatment BMPs,
sand filter media requires removal and replacement on a regular basis. The timeframe for
this may be as little as 2-5 years.

Typical maintenance requirements

The ability of a sand filter to operate as designed depends heavily on reliable maintenance
by the owner or operator. Proposals for sand filters should therefore be supportad by formal
arrangements for scheduled maintenance.

Maintenance access must be provided in the design of these systems to allow for regular
maintenance and for pericdic removal and replacement of the sand filter media.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

BMPs(Best Management Practices)

8.Sand Filtersi& /1T e

Proprietary Media Filters

A range of proprietary media-filled filter systems are available which are more closely related to sand
filters than gross poliutant traps . These often use engineered filter media to enhance the pollutant
removal performance. When considering proprietary products it is important to obtain independent,
peer reviewed performance results and to understand the ongoing maintenance costs and

requirements. Such systems can be useful in underground installations and highly constrained sites.

Sand filters do not have vegetation planted in them
because their filter media does not retain sufficient
moisture to support plant growth. Some sand filters are
installed in low light areas or underground.




BMPs(Best Management Practices)

9.Bioretention Systems EYNHER R
Description

Bioretention systems operate by filtering stormwater runoff through densely planted
surface vagetation and then percolating runoff through a prescribed filter media. During
percolation, pollutants are retaimed through fine filtration, adsorption and some biological
uptake. These systems are quite flaxible in their design and can be applied at different
scales, taking many different forms including street tree systems, bioretention swales, and
raingardans.

Bioretention systems serve as tertiary (last) stormwater treatment devices in a stormwater
treatment train (see Figure 33). They target fine sediments, metals, particulates and dissolved
nutrients. Particulates including organic matter are captured on the surface of these

systems while dissolved pollutants are removed as the stormwater percolates into the filter
media. Bioretention systems provide the highest level of stormwater treatment per unit of
treatment area and, in the absence of constructed wetlands, are required to meet current
best practice stormwater poliutant load reduction targets. The tertiary level treatment

of stormwater helps to protect the receiving environment (waterways, oceans) from the
imipacts of increased stormwater runoff and pollutants associated with development.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Contribution of bioretention systems to
WSUD strategies

Bioretention systems deliver significant stormwater quality management outcomes through
the reduction in pollutant concentrations and loads. They also contribute to hydrology
management by slowing the rate of discharge of stormwater to the receiving environment
and reduce volume through evapo-transpiration. Water conservation outcomes are
achieved through the passive irrigation of thase landscape elements by stormwater,
reducing the demand on alternative water sources for irrigation. Bioretantion systems do not
contribute to wastewater minimisation outcomes.

*Bioretention systems may use a coarse
sediment forebay located within the
bioretention system instead of an up-
stream sediment basin.

i As the catchment size becomes larger,
Commercial — At-surface gross pollutant capture device !'eliam:e ona sing.le binretenli:-n.ﬂystem
ﬂﬂf site s ba o raa {such as trash rack) that captures litter but inwolves greatF_jr risk and the capital cost
limited coarse sadiment of a formal sediment basin may then
be preferred owver a simple sediment

forebay. Such a decision is also
—‘ Sediment basin !

influenced by the superior aesthetic
outcome that a wet sediment basin
might prowvide.
Resrrdentiaf - """'-
flat site

Key

sremmsassssssnd  Siormwater runoff conveyed at-surface

Commercial — Underground gross pollutant collection device
undulating site L e e that captures [itter and coarse sediment

Residential —
undulating site

L
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— Stormwater runoff conveyed in stormwater pipe network
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Who needs to know about bioretention
systems?

The bioretention systems form an integral part of the landscape and stormwater drainage
network. Therefore, urban designers, landscape architects and civil engineers must

work collaboratively to ensure optimal design outcomes are achieved for stormwater
management and landscape aesthetics.

>1000mm

Bioretention systems require enough vertical fall to allow for free drainage from
the system. Including a submerged zone in the design not only increases nitrogen removal,

but also reduces the vertical fall required between the inflow and the receiving environment
required.
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Considerations when incorporating
bioretention systems in a concept design

Statutory compliance requirements

The South East Queensland Regional Flan implemenitation Guideline No 7;: Water Sensitive
Urban Design (Qld DI, 20080} establishes the minimum reduction of pollutant loads to be:

B0% reduction in total suspended solids
60% reduction in total phosphorus
45% reduction in total nitrogen.

These load reductions can be met by bioretention systems designed to meet best practice
design standards.

Spatial (land take) requirements

The area required for a correctly designed bioretention system is generally 2% to 3% of the
contributing catchment area depending on site grades and the required extent of bunds and
batters. The actual bioretention treatment area (i.e. the surface area of the bioretention filter
media) is typically 1.5% to 2% of the contributing catchment area. Bioretention systems,
being vegetated systems, are essentially an alternate, passively watered, form of landscape
to traditional urban landscapes.

Conceptual designers should confirm with the local coundil if bioretantion systems can be
credited as forming part of the development'’s opan space contribution.

From Concept Design Guidelines for Water Sensitive Urban Design
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Whole-of-lifecycle considerations

Capital and operating costs

Capital costs for bioretention systems are comparable, on a capital cost to expected
benefit basis, with other stormwater treatment systems targeting fine sediment and
nutrient removal, namely constructed wetlands. Land take is, however, less than wetlands

and therefore total capital cost, when accounting for land take, will typically be less for
bicretention systems than for constructed wetlands.

Ongoing costs can be expected to be similar to traditional landscapes on the basis that
active irrigation is not required, however, some sediment and debris removal will be required
to maintain aesthetics. The frequency of maintenance will depend on the contributing
catchment area, land use and the treatment train adopted.

Expected effective service life

Bioretention systems are expectad to have a service life of 20 to 30 years. After this time it
may be necessary to replace some or all of the filter media to reactivate effective pollutant
removal. The type of filter media installed and its ability to adsorb pollutants (i.e. the number
of adsorpticn sites) is one determinant to the effective service life. Sustaining dense and
healthy vegetation will ensure the maximum service life of these systems. The movement

of foliage and growth of roots maintains a high infiltration capadty (saturated hydraulic
conductivity).

From Concept Design Guidelines for Water Sensitive Urban Design
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Whole-of-lifecycle considerations

Visual and aesthetic transformations over service life

The visual aesthetics of bioretention systems is largely dependent on the vegetation
selection and maintenance regime. Visually, bioretention systems will transform
commensurate to the growth and maturity of the vegetation used. The life span of the
plants selacted is an important design consideration as to is the height, form and colour
of foliage. Where trees are planted within bioretention systems, the effective service
Iifie of the system must be acknowledged to avoid community refute when the system
requires resetting. Plant species that require high levels of maintenance such as pruning or
slashing should only be considered in locations where this intensity of maintenance can be
appropriately maintained by the local coundil or by a body corporate.

A suitable stormwater treatment train, guided by the catchment size and land usa, will
influence the rate of accumulation of sediment and Iitter within the bioretention systam.
Maonitoring and maintenance is important to ensure that accumulated sadiment or litter
does not become a visual or aesthetics issue.

Decommissioning or re-installation requirements

Reinstallation of new filter media will be required at the end of the system's service life to
maintain its stormwater treatment function. At this time the vegetation will also require
replacement. The effective service life is commensurate to the typical renewal period of
most landscaped gardens. At this ime, the function and capacity of the under-drains and
drainage media, pits and pipes should also be chiecked and replaced if damaged.

From Concept Design Guidelines for Water Sensitive Urban Design
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Whole-of-lifecycle considerations

Typlcal malntenance requirements

The most intensive period of maintenance is during the first two years of plant
establishment. In new developments, this maintenance is usually the responsibility of the
developer (via a landscape contractor). Maintenance focuses on establishing healthy, densa
vegetation and ensuring high sediment loads associated with catchment development do
not impact on the permeability of the filtar media.

Cnce vegetation is establishied in bioretention systems and the system is ‘on-ling] active
immigation is typically not required because the system is passively irrigated by stormwater.
Proper maintenance of bioretention systems requires specific knowledge. If the responsible
party for maintenance does not have that knowledge, it may be necessary to provide explicit
documentation on appropriate maintenance actions in the design proposal.

Conceptual design must therefore make provision for maintenance access. The type of
access required depends on the scale of the bioretention system. For example, streetscape
bicretention systems will not require a maintenance access track as the adjoining road
provides access. Large bioretention systemns located at the end-of-pipe in parkland areas
require provision of a maintenance access track for de-silting sediment forebays (if included
in the design) and for ongoing vegetation management and ultimate decommissioning and
re-installation. The frequency of required maintenance is likely to be low; attempts should
be made to provide a maintenance track that is visually integrated into the surrounding
landscape.

From Concept Design Guidelines for Water Sensitive Urban Design
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BMP performance risk considerations

Potentlally constralning physical site characterlistics

Sites with steep topography, high water tables and shallow bedrock require additional
design considerations.

roor aesign

Poor design can reduce the effective service life of bioretention systems.

Best practice design for bioretention systems is well documented in the W5U'D Technical
Guidelines for South East Queensiand (SEC HWE, 2006).

Operatlonal risks

In the context of a large development site and assoCiated construction and building works,
delivering bioretention systems and establishing vegetation can be a challenging task due
to the inherent large sediment load and movemnent of contractors and machinery. Therefore,
bioretention systems require a carefully staged construction and establishment to ensure
the basin establishes in accordance with its design intent.

Suitable filter media selection and careful installation (without compaction) together with
successful vegetation establishment is the key to maintaining the treatment performance of
bioretention systems. Failure of the filter media to maintain an appropriately high infiltration
capacity is the most significant operational risk for bioretention systems.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

BMPs(Best Management Practices)

9.Bioretention Systems&EYIE R Rt




BMPs(Best Management Practices)

10.Constructed Wetlands A L2l
Description

Constructed wetlands are densely vegetated water bodies that use enhanced sedimentation,
fine filtration, adhesion and biclogical uptake, and transformation processes to remove
pollutants from stormwatar. They generally consist of an inlet zone (sediment basin);

a macrophyte zone, which is a shallow, densely vegetated area; and a high flow bypass
channel, which is typically a wide vegetated swale from the inlet pond around one side of
the watland.

Constructed wetlands serve as tertiary (last) stormwater treatment devices in a stormwater
treatment train (see Figure 34). They target fine sediments, metals and particulates, and
dissolved nutrients. This tertiary level treatment of stormwater helps to protect the receiving
environment (waterways, oceans) from the impacts of increased stormwater runoff and
pollutants associated with development. Constructed wetlands can achieve current best
practice stormwater pollutant load reduction targets and are, therefore, important elements
to consider in the concept design of new developments.

Wetlands can be constructed on many scales, from lot scale to large regional systems. In
highty urban areas, wetlands can have a hard edge and be part of a streetscape or forecourt.
In regional settings, they can be more natural looking, with some systams over 10 ha in size,
providing significant wildlife habitat. They must be sized appropriataly for the catchment

to ensure hydraulic loading is not too large or too small to hinder the wetland's stormwater
treatment performance.

Underground gross pollutant collection
hasas device that captures litter and coarse
sediment

Commercial —
undulating site

Residential —
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Contribution of constructed wetlands to
WSUD strategies

Constructad wetlands deliver significant stormiwater quality management outcomes
through a reduction in pollutant concentrations and loads. They also contribute to
hydrology management by slowing the rate of discharge of stormwater to the receiving
environment and volume reduction through evapo-transpiration. These landscape elements
consist of a permanent pool of water and, therefore, do not require irfigation, with the
exception of the landscaped surrounds. Constructed wetlands therefore indirectly result

in water consarvation outcomes. Constructed wetlands do not contribute to wastewater
minimisation outcomes.

Who needs to know about constructed
wetlands?

Constructed wetlands form an integral part of the landscape and stormwater drainage
network and therefore landscape architects and civil engineers must work collaboratively to
ensure optimal design outcomes are achieved for stormwater management and landscape
aesthetics.

Wetland treatment areas are typically sized at 5%-7%
ofthe contributing catchment area. The system’s total
footprint will increase depending on batter design.

12500mmn
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Considerations when incorporating
constructed wetlands in a concept design

Statutory compliance requirements

The Sowuth East Queensliand Regional Plan Implementation Guideline No 7: Water Sensitive
Ubran Design (Qld DIP, 2008b) establishes the minimum reducticn of pollutant loads to be:

- B0% reduction in total suspended solids
= B0% reduction in total phosphorus
- 45% reduction in total nitrogen.

These load reductions can be met by constructed wetlands designed to meet best practice
design standards.

spatial (land take) requirements:

The area required for a commectly designed constructed wetland is generally 7% to 10% of the
contributing catchment area, depending on site grades and the required extent of bunds
and batters. The actual treatment area (i.e. the surface araa of the macrophyte zone) is
typically 5% to 7% of the contributing catchment araa. While they offer significant landscape
aesthetics, passive recreation and education benefits, under current land development
guidelines, constructed wetlands do not constitute creditable public open spaca.

From Concept Design Guidelines for Water Sensitive Urban Design
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Whole-of-lifecycle considerations

Capltal and operating costs

Capital costs for constructed wetlands are comparable with other stormwater treatment
systems that target fine sediment and nutrient removal, such as bioretention systems, on a
cost-benefit basis. Land take is, however, more than that required for bioretention systems
and therefore total capital cost, when accounting for land take, will typically be more for
constructed wetlands than for bioretention systems.

Ongoing costs can be expected to be similar to traditional landscapes on the basis that
active irmigation is not required, however, sediment removal from the inlet pond and debris
ramaoval will be required to maintain aesthetics and inlet pond capture efficiency. The
frequency of maintenance is typically low as the inlet pond is usually designed with a chean
out frequency of once avery five years.

Expected effective service life

Constructed wetlands are expected to have a service life of 20 to 30 years. After this time

it may be necessary to remove accumulated sediment and reset the bathymetry of the
wetland. Sustaining dense and healthy macrophyte vegetation in the wetland ensures the
maximum service life is achieved by maintaining a high surface area for biofilm growth, even
flow dispersion and effective water filtering.

Visual and aesthetlc transformations over service life

Wetland macrophytes tend to establish relatively guickly and maintain their visual aesthetics
when the wetland is designed with appropriate hydrology and water depths. Seasonal
floating plants such as Azolla sp. may colonise and cover the open water pools during
warmer months, but typically die off reasonably quickly. Similarly, filamentous green algae
can proliferate over summer and float to the surface where it can be visually unappealing

fior a short period of time. The inlet pond of constructed wetlands is generally turbid,
particularly after rmin events. While inlet ponds should appear as open water pools with
vegetated edges, if they are not maintained, sediment can accumulate and result in more
extensive plant growth.

A suitable stormwater treatment train, guided by the catchment size and land use, will
influence the rate of sediment and gross pellutant accumulation in the wetland inlet pond.
Monitoring and maintenance is important to ensure that accumulated sediment or gross
pollutants do not become a visual or aesthetics issue.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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10.Constructed Wetlands A L2l

Whole-of-lifecycle considerations
Decommissioning or re-Installation requirements

Removal of wetland sediments, reprofiling {including provision of new topsoil) and
replanting is required at the end of the systemn’s service life to maintain stormwater
treatment function. This should only be undertaken if it is identified through monitoring that
the constructed wetland is no longer performing as designed.

Typlcal malntenance requirements

The most intensive period of maintenance is during the first two years of plant
establishment. During this period, water level management is aritical to ensure the wetland
plants do not drown and that the ephemeral marsh and littoral plants do not dry out.

Weed management may also be required. In new developments, maintanance is typically
the responsibility of the developer (via a landscape contractor). Maintenanca focuses

on establishing healthy, dense, emergent wetland plants to achieve 80% coverage in the
macrophyte zone.

Cnce wetland vegetation is established and the system is ‘on-line] infreguent sediment and
debris removal from the inlet pond is the key maintenance task required (generally onca
every five years). Constructed wetlands require specific knowladge to maintain property. It
may be necessary to provide explicit documentation on appropriate maintemance actions in
the dasign proposal.

Conceptual design must therefore make provision for maintenance access, espedcially for the
wetland inlet pond, which will typically reguire earthworks machinery to remove sediment
and debris, generally once every five years. Access to the other sections of the wetland, such
as the macrophyte zone, will typically be required for routine vegetation management with
heavy machinery access only required when the system is to be decommissioned or re-built.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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10.Constructed Wetlands A L2l

BMP performance risk considerations

5ites with undulating and steep topography (> 2%), high water tables and shallow bedrock
require additional design consideration and, in some instances, may preclude the use of a
constructed wetland.

Poor design can reduce the effective service life of constructed wetland systems.

Best practice design for constructed wetlands is well documented in the WSUD Technical
Guidalines for South East Queensland (SEQ HWP 200&).

Constructad wetlands can be highly efficient at removing organic and anthropogenic
litter, however, it is not recommended to use them to target these pollutant as they can

be problematic to the long-term performance of the system. It is also likely to significantly
increase the maintenance fraquancy. Pre-treatment using primary treatment measuras
such as GPTs to target these pollutants in a treatment train approach should be provided
in casos whera the pollutant load from the contributing catchment is high (e.g. commercial
catchments).

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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11.Porous PavementsiZEK fiids

Description

Porous pavaments are an alternative to typical, impermeable pavements and ara available
in sevieral commerdally-available forms. They consist of modular block pavemants or
permeable pavements overlaying a shallow storage layer of aggregate matarial.

Porous pavements provide some removal of sediments and attached pollutants by
infiltration though an underlying sand or gravel media layer. However, their main purposa
is to reduce runoff volurme by infiltration into the sub-soils and delaying runoff peaks by
providing retention storage capacity and reducing flow velocities. They should be designed
to function parallel to stormwater treatment trains.

Contribution of porous pavements to WSUD
strategies

Porous pavements serva as source-control stormwater treatment devicas as they minimise
the volume of stormwater antaring downstream systems and provide primary lavel
treatment through the removal of particulate pollutants. They do not provide tertiary lavel
stormwater traatment or contributs to water conservation or wastewater minimisation
strategies.

Who needs to know about porous
pavements?

Typically, civil enginears detarmine the required infiltration rate and sub-surface design
and collaborate with urban designers and landscape architects to select a suitable porous
pavement product to integrate with the landscape and urbam design for the site.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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11.Porous PavementsiZEK fiids

Considerations when incorporating porous
pavements in a concept design

Statutory compliance requirements

Statutory compliance requirements do not apply to porous pavements.

spatial (land take) requirements

Porous pavements ara only intended to be usad to replace axisting or planned paved areas
30 the landtake depends on the planned paved area that is suitable for porous pavements
within a development.

Porous pavements can be successfully retrofitted into
small residential streets, pathways, and car parks.
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11.Porous PavementsiZiK flids

Whole-of-lifecycle considerations

Capital and operating costs

Capital and operating costs for porous pavements are higher than traditional, impervious
paved areas. This increased cost is due to the process involved in the manufacturing of these
pavers, the subsurface storage requirements, as well as the continued maintenance required
to ensure they operate as designed.

Expected effective service life

The service life of porous pavements depends on the sediment and pollutant loads from the
catchment and the frequency of maintenance. An allowance for a 50% reduction in design
capacity over a 20-year life-span should be made during design.

Visual and aesthetlc transformations over service life

Porous pavemnents can provide a more aesthetically pleasing surface compared to
conventional asphalt or concrete pavements. The build-up of debris and sadiment will
imipact on the visual and aesthetic values of the pavers over time if regular maintenance is
not undertaken.

Decommissloning or re-Installatlon requirements

Porous pavements and underlying aggregate nead to be replaced once vacuuming and
high-pressure hosing is not able to de-dog the system. This replacement may need to occur
about every 20 years.

Typlcal maintenance requirements

Drebris and sediment should be removed every three to six months. For lattice pavements
incorporating vegetation, weeding or mowing may also be needed, depending on the
design. Regular vacuuming, sweeping, or high pressure hosing can be used to clear blocked
pores in the top layer of the pavement to avoid permanent clogging.
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11.Porous PavementsiZiK flids

BMP performance risk considerations

Potentlally constraining physical site characteristics

Porous pavements should not be located in areas with high sediment loads or with
impermeable in-situ soils. They are ideally suited to sites with light wehicle weights such
as small car parks and low-traffic streets (Cul-de-sacs) within residential and commercial
developments.

Poor design

The performance and lifecycle of porous pavements is reduced if they are not designed
or installed in accordance with the manufacturer’s recommendations and not maintained
on a regular basis. They should only be included in designs as a hydrology managemeamnt
techmology and on sites with favourable in-situ soil conditions and landuses.

Operational risks

If porous pavements are not maintained adequataly, there is risk that they will not operate
as designed, potentially leading to ponding of water and localised flooding. The visual and
aesthetic value of the pavement will also be compromised if maintenance is not carried out
when required because sediment and debris will accumulate.

Porous pavements are only intended to be used to replace
existing or planned paved areas and are not intended

to treat stormwater runoff from adjoining impervious
and pervious areas. They should be designed to function
parallel to treatment trains by reducing runoff volumes.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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12.Infiltration Measures Fi&$&htE

Description

Infiltration measures consist of a 'detention volume’ located either above or below
ground, designed to capture runoff and an ‘infiltration area’ or ‘surface’ through which the
captured stormwater is subsequently infiltrated into the surrounding soils and underlying
groundwatear.

Infiltration systems can operate at a variety of scales ranging from small, lot scale systems
receiving inflows from rainwater tanks, to larger regional systems receiving treated
stormwater runoff from whole urban catchments. There are four basic types of infiltration
systems: leaky wells, infiltration trenches, infiltration scak-aways, and infiltration basins. The
choice and size of the system depends on the size of the contributing catchment.

Infiltration measures are not intended to act as a stormwater treatment system and should
anly form the final element of a traatment train (i.e. after a tertiary level stormwatar
treatment elemeant) to facilitate groundwater recharge.

Infiltration systems are best suited to sites with moderate
to highly permeable soils.
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12.Infiltration Measures Fi&$&htE

Contribution of infiltration measures to WSUD
strategies

Infiltration measures contribute to stormwater quantity management as thay minimise
the volume of stormwater entering downstream environments. They can also contributa
to water conservation when they are designied as part of an aguifer storage and recovery
strategy. They do not contribute to stormwater quality management or wastewater
minimisation outcomes.

Who needs to know about infiltration
measures’?

Typically, civil enginears determine the raquired infiltration rates when sizing and designing
an infiltration measure as part of a stormwater treatment train. Urban designers and
landscape architects then integrate any surface infiltration systems into the landscape and
urban design for the sita.

Considerations when incorporating
infiltration measures in a concept design

Statutory compliance requirements
Statutory compliance requirements do not apply to infiltration measures.

Spatial (land take) requirements

The size of infiltration systems is based on the rate of infiltration and storage volume. The
infiltration system can also exist in the same footprint as the pre-treatment device. For
example, a bioretention system may be configured with an infiltration system below it rather
than a drainage layer connected to the downstream drainage system.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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Whole-of-lifecycle considerations

Capital and operating costs

The capital costs of infiltration measures depend on the size and type of system chosen,
the infiltration rate of in-situ soils, and the size of the storage required. Operating costs

are dependent on the maintenance regime to maintain the infiltration rate. Typically,
maintenance requirements are minimal due to the tertiary level treatment of stormwater
prior to entering the infiltration measures. However, over time, the accumulation of fine
sadiments may require the removal of the surface layer to maintain an adequate infiltration
rate.

In large catchments with parmanent baseflows, maintenance costs will increase to maintain
infiltration by removing surface biofilm growth. However, careful design should aim to avoid
permanent fiow through infiltration systems.

Expected effectlve service life

Infiltration system life-cycles can be affected if they are clogged with sediments or biofilms,
which will in turn impact on the infiltration rate. The service ife of infiltration measwras is
dependent on loads from the catchment, catchment size (permanent baseflows) and pre-
treatment efficiencias (especially the removal of sediments) and maintenance.

Visual and aesthetlc transformations over service life

Infiltration measures can be located below ground reducing the risk of a decrease in visual
and aesthetic transformations over their service life. The absence of vegetation on above-
ground systems (due to difficulty in establishing vegetation) and the build-up of debris and
sadiment will impact the visual and aasthetic values.

Decommission ng of re-installation requirements

Re-installation of the infiltration media is required when the measure is compromised by
clegaing. This may only require the removal of the surface layers of media.

Typlcal malntenance requiraments

Regular maintenance of upstream treatment devices, as well as the infiltration system, will
be required to ensure there is no clogging of the infiltration surface.
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12.Infiltration Measures TNi&¥&htE
BMP performance risk considerations

Potentlally constralning physical site characteristics

Infiltration measures should not be located without pretreatment of flows, or in areas with
impermeable in-situ soils. It is generally recommended that the base of infiltration systems
is designed to be a minimum of Tm above the seasonal high groundwater table.

Infiltration systems should not be located near building footings to avoid the influence of
continually wet sub-surfaces or varying soil moisture content on structural integrity.

Poor design

The performance and lifecycle of infiltraticn measures is reduced if they are not designed

as part of a best practice stormwater management strategy. This will typically rely on
infiltration measures only being included in designs as a hydrology management technology
(receiving tertiary treated flows only) and on sites with favourable conditions such as
permeakle soils.

Operational risks

If infiltration measures are not maintained adequately, there is risk that they will not operate
as designed. This can lead to ponding of water and potential mosquito issues. The visual
and aesthetic value of surface infiltration measures will also be compromised if maintenance
is not carried out when reguired.

Infiltration can be an important part of a W5UD

strategy. It helps to address the hydrological impact

that urbanisation has on stream ecology. However, it
must be recognised that infiltration measures are not
treatment systems and they need to be located at the end
of a treatment train to achieve best practice reduction of
pollutants.

From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)
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MAINTENANCE RENEWAL

Life circle cost

ESTABLISHMENT  ONGOING
{FIRST TWO YEARS)

< 500 m? $150/m? S10/myr Mo data

SO0 to 10,000m*  $100/m? S2imeiyr
> 10,000 75/ $0.5/mPAyr
< 250 m? $250/m? S20/mfyr Remove and dispose of:
250t0 1000 m?  $200/m? $10/mdfyr Dry waste = $250/m?
> 1000 m* $150/m? $s/meiyr Liquid waste = $1,300/m’
< s0m? $2000/m? S30/myr Minaor reset =
50 to 250 m? $1000/m? S15/mifyr $50 to $100/m?
> 250 mf $500/m? S10/myr
< 1007 $1000/m? $s/mEyr No data
100 to 500 m? $350/m?
= 500 m? $250/m?
= 10 m total $8000/m* Mo access issues Mo data
10tosOm? total  $5000/m? Twoto = $150/assetyyr
> 50 m? total $1000/m? e B
ongoing .
maintenance or specialist
cost equipment required
= $500/asset/yr
Seaded — Smeiyr Mo data
no subsoil drain $1s/m?
Seaded —
subsoil drain $25/m’
Turfed -
no subsoil drain S20/m?
Turfed —
subsoil drain $35/m?
MNative grasses
astablished S60/m’
1s0/m? S5/mefyr No data
< 300Lfs $50,000/ asset N/A Inspection Mo data
300 to 2000 Lfs $150,000¢ asset = 5100/ visit
> 2000 Us $250,000 assat Cleanout
= S1000/visit

1 Includes planning and design
2 Area at normal water kevel
3 Area of filter media at bottom of extended detention

4 Total vegetatad area
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Evaluation & Assessment

Assessed at two quite distinct levels:
WSUD option evaluation: providing guidance to WSUD designers on how to evaluate a range of
potential WSUD options;

WSUD option assessment: providing guidance to a consent authority (e.g. Local Government) on
how to evaluate a specific WSUD proposal submitted by a developer.
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Evaluation & Assessment

WSUD Option Evaluation

Taylor (2005) suggests methods for evaluating projects using a triple bottom line (TBL) framework. Within this
framework, a 12 step process is proposed. While this may be appropriate for larger strategies, for specific

WSUD projects (e.g. evaluating the WSUD measures proposed for a single subdivision, it is suggested that
these steps involve:

1 Definition of the project’s or strategy’s objectives and evaluation criteria (e.g. financial targets, water quality
objectives, amenity outcomes);

2 Clear definition of the issues to be addressed (improvement in water quality by a certain amount,
restoration of habitat, improvement in pedestrian access, cost-benefit ratios identified);

3 Identification, description and screening of potential options; and

4 Evaluating options against objectives (the evaluation process).
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Evaluation & Assessment

WSUD Option Evaluation

Objectives: The objectives can include water management and other objectives, which can be usefully
considered in a triple bottom line (TBL) framework.

Options: Section 3 of these Guidelines outlines a range of potential structural (BMP) and planning (BPP)
WSUD options which could be considered. Table 4-7 provides information on potential options, which can be

used with Section 3 and Table 3-1 to identify potential options for different development types and scales to
meet the water management objectives.
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Evaluation & Assessment

WSUD Option Evaluation

Evaluation: An initial screening assessment should be undertaken, whereby options that are likely to be clearly
unfeasible or inappropriate are not considered further (e.g. options requiring maintenance equipment or
expertise not held by the local council). For almost all developments, more than one action will be required to
meet the water management objectives. Development of a WSUD strategy will usually involve an initial
screening assessment of potential options, combination of various potentially feasible options into different
strategies and subsequent evaluation. The focus should initially be on a source control approach that seeks to
adopt best planning practices which aim to reduce the overall impact of the project on the water cycle, rather
than simply focus on best management practices (usually structural). This is likely to be an iterative process,
often completed with stakeholder input. This is also likely to involve an assessment of site constraints and
opportunities which may support or hinder specific options. Further guidance on the detailed process is
provided in Taylor (2005).
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Evaluation & Assessment

values that are
relatively easy
to express in
financial
terms)

WSUD Option Evaluation
Table 4-1 Potential Triple Bottom Line Objectives for Urban Stormwater Projects
(from Taylor 2005)
Category Possible TBL Assessment Criteria to Assess the Project's Performance Against
Objectives (Note: these criteria can be assessed in a qualitative or guantitative)
Financial The life cycle cost of the project over a given life cycle/ span (note that to properly compare
(i.e. project | alternative stormwater projects, the time period over which the life cycle costing analysis is
costs and | undertaken needs fo be the same). For details on how to calculate a life cycle cost for

stormwater projects, see Taylor (2003).

The equivalent annual payment cost (i.e. the life cycle cost divided by the life cycle/ span).

The total acquisition cost (i.e. the initial capital cost including all costs associated with
feasibility studies, design and construction).

The typical annual maintenance cost (this may include an energy cost component for
stormwater reuse projects).

The cost of land occupied by the stormwater management measure (may include the cost of
the land and the cost of not being able to use the land for another purpose).

Savings associated with a reduced need for reticulated potable water (may include the
avoided cost of using mains water as well as avoided costs associated with water supply
infrastructure).

Changes to the value of nearby properties as a result of the project.

The ability to fund/ resource the asset's costs over the whole life cycle.

Savings associated with a reduced need for maintenance of downstream stormwater
infrastructure and waterways (e.g. due to reduced downstream erosion associated with small,
frequent storm events).

Hidden costs (e.g. costs associated with taxes, delays in gaining a development approval,
environmental permits, environmental monitoring, environmental management during
construction, insurance, eic).

Contingent costs (e.g. possible additional costs relating to construction, environmental fines,
property damage, legal expenses, etc).

Changes to annual property rates of nearby properties due to changes in their value.

The impact on the rate of sales for lots’ houses on new estates.

The organisation’s exposure to financial nsk.




Evaluating Options for Water Sensitive Urban Design - a national guide

Evaluation & Assessment

WSUD Option Evaluation
Social The impact on the area’s general amenity/ liveability (a broad social critenon that reflects
(iLe. ‘use | many of the more specific criteria in this table).
values’ that
relate to
people’s
quality of life)

The impact on the safety of people using the area (e.g. the nisk of drowning).

The impact on the health and well-being of nearby residents who may be affected by disease
vectors (e.g. mosquitoes), pests and odours.

The impact on the area’s aesthetic values.

The intra-generational equity associated with the project. That is, ensuring the benefits and
costs of the project to the community are equally shared rather than one part of the
community experiencing substantial costs/ benefits compared to the broader community (e.q.
substantially elevated property values in the immediate vicinity of a public project or
disadvantaged disabled citizens as a result of a new design).

The inter-generational equity associated with the project. That I1s, ensuring the project
produces costs and benefits that are equally shared by current and future generations. For
example, ensuring an option does not degrade ecosystems services within n a local estuary,
so that future generations are unable to enjoy these services.

The impact on passive and active recreation around the stormwater asset (e.g. walking,
Jogging, cycling, bird-watching, etc).

The impact on individual and community well-being and welfare (e.g. social cohesion and
economic prosperity).

The impact on research and/or educational opportunities (e.g. In association with a
constructed wetland).

The maintenance burden for local residents (e.g. maintaining grassed swales in the road
reserve).

The inconvenience associated with nuisance flooding (e.g. temporarly ponding in swales

outside of residential premises).




Evaluation & Assessment

WSUD Option Evaluation

Social

(e ‘use
values’ that
relate to
people's
quality of life)

The inconvenience to people using the road reserve (e.g. car parking may be restricted due
to the presence of stormwater treatment measures).

The impact on transport opportunities along and/or through the water/ drainage corridor (e g.
walkways, cycle paths and bridges).

The acceptability to stakeholders of the project.

The impact on the area’s cultural and spirtual values (indigenous or otherwise).

Likelihood of associated behavioural change and/or participation by local stakeholders.

Flexibility of the project to accommodate changing social expectations over its life cycle.

The impact on commercial fishing, aquaculture and/or recreational fishing in affected
receiving waters.

The impact swimming and/or boating in affected receiving waters.

The impact on tourism and/or water-based transport in affected receiving waters.

The risk of vandalism and/or theft in association with the stormwater infrastructure (e g. theft
of release nets).

Impact on the availability of shallow groundwater for local reuse.

Shading/ cooling, air quality improvement and carbon sequestration benefits from the use of
vegetated stormwater treatment measures (e.g. wetlands, street trees that filter road runoff,
etc).

The magnitude of greenhouse gas emissions associated with the project's power use
(potentially relevant to stormwater reuse projects with electric pumps).
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Evaluation & Assessment

WSUD Option Evaluation

Ecological
(lLe.  ‘intrinsic
values' that do
not relate to
the current use
of ecosystem
services by
people)

The impact on the ecological health of affected local and/or regional ecosystems (i.e. the
impact on the ‘existence value’ of these ecosystems). Several secondary critena and
indicators may be developed to assess the likely impact on ecological health. For example,
the loads of nutrients entering downstream wetlands could be used as a secondary criterion.
In this case the indicator could be kilograms of nitrogen and/or phosphorus per hectare per
year, as estimated by modelling. For examples of typical ecosystem health indicators of fresh
water, estuarine and marine system, see the ‘Ecological Health Monitoring Program for South
EFast Queensland’. (EHMP, 2004).

The impact on the value of having healthy aquatic and riparian ecosystems for potential use
in the future (i.e. the impact on the ‘option value’ of these ecosystems).

The impact on the value of providing future generations with healthy aquatic and niparian
ecosystems (i.e. the impact on the ‘bequest value’ of these ecosystems).

Ecological impacts associated with the project's materials, wastes and/or energy use during
construction, operation, maintenance and/or decommissioning.
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Evaluation & Assessment

WSUD Option Assessment

The formalised Assessment process is beneficial to determine whether a proposed strategy is suitable and/or
appropriate in terms of the defined principles and objectives.

This section of the Guidelines is intended to provide guidance on the more detailed assessment of a WSUD
option, and provides checklists that can be used to supplement other, more formal, tools. It is not intended to
be used in preference to other tools, simply to highlight those matters which should be considered when
assessing a WSUD option.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Aims

As outlined earlier in these Guidelines, the application of WSUD requires addressing a range of broad
principles and, often site specific, objectives. These can be grouped into the following generic ‘outcomes’:

* Integration of the whole water cycle;

* Management and minimisation of hydrologic impacts;

* Protection and enhancement of the ecological function of local and regional receiving environments;
*  Provision of alternative sources of water/reduction of potable water use/reduction of waste water
generation and discharge;

* Maintenance and/or enhancement of visual and social amenity values;

*  Minimisation of whole of life asset costs

Any assessment of the suitability of a WSUD option needs to consider how well the proposed design
addresses these outcomes. Given that every site has different characteristics, the aim should be to optimise
the design such that the majority of the outcomes are met, realising that some may be more adequately
addressed than others. The result of an assessment should not be a rejection of WSUD if one of the outcomes
cannot be efficiently delivered, but a consideration of how the majority of them can be maximised through
the use of WSUD.
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WSUD Option Assessment

Assessment Process

Assessment of a WSUD requires consideration of the above outcomes at several levels. A broad scale
assessment of compliance with the outcomes may initially be appropriate to ensure that a proposal complies
with the overall intent of WSUD and identifies key objectives. Further, detailed, local scale assessments may
then be needed to identify if site specific water quality, hydrologic and potable water use/wastewater
generation reduction objectives are satisfied. Finally, examination of the fine scale design elements of each
measure may be needed to ensure they are adequate to treat the required stormwater flows and loads being
discharged to them and achieve the required potable water/wastewater reduction targets. This hierarchy of
assessment is illustrated below and discussed further in Section 4.2.4 to Section 4.2.6.
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WSUD Option Assessment

Assessment Process

Broad Scale Assessment
- Intent of WSUD principles and objectives reviewed
(integration, hydrology, ecology, amenity, alternative water sources,
water use/wastewater generation reductions, life cycle costs)

!

Local Scale Assessment
- Compliance with specific objectives assessed
(achievement of water quality, hydrological and potable
water/wastewater reduction targets)

!

Fine Scale Assessment
- Detailed design elements assessed
(reviewed against Technical Design Guidelines)

Figure 4-1 Assessment Hierarchy
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WSUD Option Assessment

Assessment Process
1.Broad Scale Assessment

Initial broad scale assessment of a WSUD should review the overall level of compliance of a project against
the previously defined principles and objectives. To assist in this process,

Table 4-2 presents a checklist of items against which a WSUD can be reviewed.

Where a strategy has been checked against Table 4-2 and the majority of outcomes are expected to be
achieved, it indicates that the development is likely to be consistent with WSUD principles. In addition, there
may be Local, State or National outcomes which need to be considered, (for example Local Environmental
Plans, State Planning Policies (e.g. coastal management, water reuse, plumbing codes, building codes etc) and
National Guidelines and Standards for specific WSUD elements (e.g. Australian Standards). These policies and
guidelines may have mandatory requirements, so the practitioner should be familiar with these where they
are applicable.
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WSUD Option Assessment

Assessment Process
1.Broad Scale Assessment

In regard to these broad scale assessments, there are numerous examples within Australia of largescale water
efficiency programs (e.g. BASIX in New South Wales, Queensland Development Code Part 25: Water Savings
Targets), which have had major benefits in regard to reducing potable water demands and wastewater
discharges, both key objectives of WSUD. Publications such as the previously referenced enHealth rainwater
tank guidelines and various State specific guidelines are also available to assist in this regard.
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WSUD Option Assessment

Assessment Process

Table 4-2 Broad Scale Assessment Checklist
1.Broad Scale Assessment

Qutcome Intent Achieved
Y N

Iintegration of the whole water cycle
- Single WSUD measures deliver multiple water related benefits
|[Management and minimisation of hydrologic impacts

- Hydrologic Objectives have been identified (design events, conveyance requirements,
peak flows, environmental flows etc)

- High flows have been catered for (bypass structures efc)

- Impacts upon the receiving environment have been determined and minimised where
appropriate (erosion protection, minimisation of velocities etc)

|Protection and enhancement of the ecological function of receiving environments
- Water Cluality Management Objectives are identified

- A treatment train approach has been developed

- Source controls are used where practicable

|Provision of alternative sources of water

- Use of rainwater harvesting considered

- Alternative water sources identified and used appropriately
|[Maintenance and/or enhancement of visual and social amenity
- WSUD measures have been integrated into landscape form

- Multiple use assets and/or corridors are proposed

- Public Health and Safety issues considered and addressed
Minimisation of whole of life asset costs

- Maintenance requirements are considered (plans, access etc)

- Asset life cycle costs determined

- Asset ownership and responsibility defined and agreed

- Cost-effectiveness of strategy evaluated and maximised

|Potable waterfwastewater generation

- Potable water use reduction targets achieved

- Wastewater generation reduction targets achieved
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process
2.Local Scale Assessment

Broad scale assessment of a development may indicate whether it can effectively be ‘considered’” as a WSUD,
however this may not provide the necessary confidence that the WSUD practices proposed can be delivered
successfully ‘on-the-ground’. Considerable effort has been directed in recent years toward increasing
awareness of the need for WSUD implementation, and this has led to a significantly improved understanding
of the importance of WSUD. As such, there is currently considerable scope for the adoption of WSUD in
developments and urban renewal projects Australia wide.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.1 Overview

A common barrier raised in this regard is the lack of guidance at the conceptual design level as to what is
needed to demonstrate that a WSUD proposal can be effectively and successfully implemented. Practitioners
and agencies responsible for assessing WSUD strategies are required to understand the implications of
specific WSUD practices and measures, and how these may achieve WSUD outcomes. This section of the
Guidelines outlines processes to provide confidence that a WSUD application will be successful, and provides
tools which can assist in understanding whether the proposed measures or group of measures (sometimes
called a treatment train) which will ‘constitute” a WSUD are appropriate.

As such, this document sets out two broad sets of local scale assessment or checking tools, one which
qualifies the overall applicability/suitability/risk profile of WSUD to a particular site (Section 4.2.5.2), and a
second which assists in evaluating whether an appropriate configuration of management measures has been
adopted within a WSUD (Section 4.2.5.3). As these assessments focus on the stormwater elements of WSUD,
Section 4.2.5.4 subsequently provides guidance in regard to local scale assessments of the potable water and
wastewater elements of WSUD.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.2 Site Stormwater Treatment Suitability Assessment

Without a proper understanding of a site, it is unlikely that any application of WSUD will be successful. This
understanding of a site is best conducted by field assessments — there is simply no substitute for ‘kicking the
dirt” if the opportunities and constraints of a site are to be properly understood. During this review, it usually

becomes apparent where specific practices may be placed, and also how an overall strategy may best be
implemented.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.2 Site Stormwater Treatment Suitability Assessment

It follows that there are several key characteristics of a site which can influence the overall delivery of WSUD
and which equally may increase the risk of failure. These characteristics can dictate the level of detail
necessary to give confidence that WSUD can be successfully delivered. To assist in determining the level of
information necessary, Table 4-3 provides a scoring system to determine the potential risk of WSUD
implementation. If the risk is identified as being high, the level of detail necessary to demonstrate that the
WSUD strategy can be successfully implemented will also need to be high.

In particular, terrain and topography can be critical to the selection of stormwater treatment devices as such
influences can totally preclude some BMP options for consideration. The basic design and layout of a
development needs to carefully consider this issue.



Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment

2.2 Site Stormwater Treatment Suitability Assessment

The ‘score’ derived using Table 4-3 can then provide a

guide as to the level of information required. A

suggested set of information requirements related to
the risk profile is provided in Table 4-4. It is highly likely

that other, site specific, issues may require further

information to demonstrate that a proposed WSUD
strategy can be implemented successfully, for example
acid sulfate soil impacts, soil structure, environmental

flow assessments, groundwater etc.

Table 4-3 Site Suitability Review
Potential Implementation Constraint

Characteristic Score

Low Moderate High

% Imperviousness (post _n 1. e

implementation) 1=0-10% 2 = 10-50% 3 = 50-100%
Average Slope 1=2-5% 2 =0-1% 3 ==5%
Developed Area 1=<=1ha 2 =1-10ha 3 ==10ha

Mean Annual Rainfall

1= <B00mmAyT

2 = 600-1200mmfyr

3 = >1200mmiyr

Soil permeability

1= 3.6-2600mm/hr

2 = =3600mm/hr

3 = =3 6mm/hr

Groundwater Elevation

1 ==2m below
surface

2 = 1-2m helow
surface

3 = <1m helow
surface

Salinity or Acid Sulfate

Hazard

1 = Not in defined
hazard area

2 = low to moderate
hazard

3 = high hazard
area

Tofal Score

Evaluating Options for Water Sensitive Urban Design - a national guide
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.2 Site Stormwater Treatment Suitability Assessment

Table 4-4 indicates the level of detail necessary for
most common site issues. The risk level noted is
associated with the degree of complexity of WSUD
implementation, in that those that score highly in

the site suitability review are likely to have issues which
may present challenges to construction and/or
application of WSUD technologies on-site.

Evaluating Options for Water Sensitive Urban Design - a national guide

Table 4-4 Information Requirements
Total [Implementation| Local Scale Assessment - -
e Risk Level LII‘DITII&I:IOII requirements
] Site Plan showing location, size
land dimensions of measures
Demonstrate - . : )
~ ) N ) i) Detailed design calculations
7-9 Low '”"ifc’][;?gtétémi‘)fu;?t compliant with relevant guidelines)
P q iii) Public Health and Safety Issues
lconsidered and addressed
IOverall Water Management Plan provided,
including:
i Site Plan showing location, size
land dimensions of measures
Demonstrate how relevant |[ii) Detailed design calculations
WSUD ohjectives are compliant with relevant guidelines)
10-16 Medium achieved (e.g. load based |{iii) Estimates provided to show how
reduction targets achieved, \WSUD targets are achieved (e.g. MUSIC
peak flows compliant with modelling, Hydraulic assessments,
hydraulic objectives)  [compliance with planning codes for
landscape elements efc, % of potable water
demand satisfied by altemative sources)
) Public Health and Safety Issues
lconsidered and addressed
IOverall Water Management Plan provided,
including:
] Site Plan showing location, size
Demonstrate how relevant a__nd dlmensm_ns of measures
o i) Detailed design calculations
WSUD objectives are ) . i
. ) compliant with relevant guidelines)
achieved (e.g. load based | . )
) ] iii) Estimates provided to show how
reduction targets achieved, -
. ’ = WSUD targets are achieved (e.g. MUSIC
17 -21 High peak flows compliant with delling. Hydraul
hydraulic objectives) madelling, Hydraulic assessments,
icompliance with planning codes for
Demonstrate how high risk landscape e_Iements etc, % qf potable water
factors addressed demand satisfied by altemative sources)
v) Detailed assessment of risk factors
land proposed mitigation
v) Public Health and Safety Issues
iconsidered and addressed
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Evaluation & Assessment

WSUD Option Assessment
Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment - overview

In managing stormwater quality and, to a lesser extent, quantity, WSUD practices are best utilised via a series of
measures, each focussing on one or more objective(s) or target pollutant(s). This ‘treatment train” approach is
utilised to ensure that the measures selected operate most effectively in terms of their specific hydraulic and

treatment capabilities.

It is therefore important to understand the locations where treatment measures may be utilised within a WSUD so
that the quantities of pollutants and flow likely to be received at each location are appropriate.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment - overview

A sequence of stormwater treatment measures should be formulated which aims to manage specific size ranges
of pollutants at appropriate timescales, based on the areas available for siting treatment measures. For example,
coarse sediment will settle out of stormwater in a matter of minutes once stilling of the flow occurs, whereas
removal of nutrients can take hours to days. As such, a treatment measure that is effective at removing coarse
sediment may not necessarily be suitable to remove nutrients. It may also mean that a stormwater treatment

measure designed to remove nutrients may require more frequent maintenance if it also has to remove coarse
sediment.
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment — treatment processes

As discussed above, each stormwater treatment measure operates over particular hydraulic loading rates and
pollutant size ranges, however the pollutants typically targeted for removal by the stormwater elements of a
WSUD (e.g. sediment, nutrients, litter etc) can have very large size ranges. This is shown in Table 4-5 below.

From Table 4-5, it can be seen that to treat a certain suite of pollutants, one treatment measure will not be
suitable. For example, while a vegetated swale may be able to remove some nutrients, it will not be effective in
removing colloidal and dissolved material, and a wetland or bioretention system may provide more efficient

treatment. The swale may then become the pre-treatment measure for the wetland, and hence a ‘treatment train’
is created.



Evaluating Options for Water Sensitive Urban Design - a national guide

Evaluation & Assessment
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Assessment Process

2.Local Scale Assessment
2.3 Stormwater Treatment Train Assessment — treatment processes

Table 4-5 Relationship of Particle Size and Hydraulic Loading (adapted from
Size Rang Pollutant Treatment Measure Hydraulic Loading
Gross . Rate Inflow/Surface
() . . . _ Sediment | Swales and | Constructed .
Litter Sediment Mutrients Organics Metals Pollutant Basins Buffer Strips| Wetlands Biofilters Area (mlyr)
>5000
(Gross 1,000,000 - 100,000
solids)
5000 -125 50,000 - 5,000
{Coarse)
125 -10
(Fine} 2,500 - 1,000
10 - 0.45
{Colloidal) 500 - 50
<0.45
(Dissolved 10

CRCCH 2004)
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Evaluation & Assessment

WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.3Stormwater Treatment Train Assessment — treatment processes

It also shows that to treat gross pollutants and coarse sediment in stormwater, the hydraulic loading rate (i.e. the
quantity of water able to pass through a given surface area of a treatment measure) can be very high, whereas to
treat nutrients or metals a much smaller hydraulic loading rate is required. This means that either less water can
be treated, or the treatment measure needs to be much larger to treat an equivalent amount of water. The space
requirements for a device are then inversely proportional to the hydraulic loading rate; the lower the loading rate,
the larger the measure.

For this reason, treatment trains should be focussed on treating gross particulates (litter, larger organic matter etc)
first, then coarse particulates (sediment) and finally fine, colloidal and dissolved material.

One treatment measure cannot treat all of the particle size ranges and a combination of measures
will be most effective.
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WSUD Option Assessment
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2.Local Scale Assessment
2.4 Potable Water / Wastewater Assessments

The key issues to consider in the context of local scale assessments of the potable water andm wastewater
elements of WSUD essentially relate to the suite of techniques which have been applied and whether these
techniques are suitable to the particular area under investigation. Key considerations in this regard are
summarised in Table 4-7, and are also discussed below:

* Generic considerations relating to technigues applied
Have a range of techniques been applied; and
Has consideration being given to both demand reduction and water reuse/recycling techniques.

» Specific considerations relating to the local site on which the techniques are being applied

Are local soils a potential constraint (e.g. recycled greywater/wastewater cannot be applied to certain soil
types);

Is the local vegetation suitable for receiving recycled waters;

Are there local groundwater issues that would constrain certain recycled water applications;

Are there any specific public-health issues which would constrain or preclude certain recycled water
applications.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.5 Combined Stormwater, Water and Wastewater Assessment

To assess whether a WSUD system is appropriate requires an understanding of the requirements of
WSUD outcome, and the suitability of particular measures to assist in achieving those outcomes. In
developing a proposed WSUD strategy, it is often necessary to review this on an iterative basis, so
that the characteristics of different elements can be appropriately integrated.

The information provided in Table 4-6 is intended to assist in the strategy development and review
process. To ‘demonstrate’ compliance may require further, more detailed assessments, either
through a fine scale assessment (see Section 4.2.5.4), or via predictive modelling of the performance
of a WSUD. Such modelling may be used to assist in the decision-making process.
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WSUD Option Assessment

Assessment Process

2.Local Scale Assessment
2.5 Combined Stormwater, Water and Wastewater Assessment

Within Table 4-6, if a particular goal is determined as being an essential component, a score of 1 for that objective
suggests that the measure or treatment train needs to be re-examined. Once again, this is simply a guide to assist
the practitioner where other, more detailed, guidelines are not available, but can also provide an overview of how
measures can be optimised to achieve objectives.

In certain local area specific applications of the material presented in Table 4-6, there may be a desire or need to
rank or weight the suite of objectives presented to ensure that good performance on less critical issues does not
mask poor performance on important issues.

It should be apparent from Table 4-6 that particular measures may not achieve all objectives and some may be
completely unsuitable. As such, guidance is also required on which types of measure or practices are most
appropriate to specific objectives. This is provided in Table 4-7.
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3.Fine Scale Assessment

The fine scale assessment process is usually conducted in accordance with detailed design guidelines, (e.g.
Melbourne Water’s WSUD Engineering Procedures — Stormwater) and also in conjunction with applicable
standards such as those provided by the Water Services Association of Australia and Standards Australia. For
National Guidelines such as these, it is not considered appropriate to provide additional guidance beyond
those documents. WSUD practitioners are therefore advised to consult Chapter 7 for detailed guidance
material available for specific measures, or appropriate to the area of application.
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3.Fine Scale Assessment

Table 4-6 WSUD Design Suitability Assessment
Essential
Objective Suitability Score | Component
{y/n)
Water Quality
Treatment Train elements
) 2 = Incidental )
- Primary Treatment 1= MNone 3 = Dedicated
3 ! ) . (measure may treat though - . Y
(Screening f Sedimentation) (no specific measure) not designed to) (e.g. GPT, Sediment Basin)
- Secondary Treatment 1 = None 2 = =h0% Vegetation 3 ==50% Vegetation
(Enhanced sedimentation / - coverage coverage
Vegetative filtering) (no specific measure) (2.g. pond) (e.g. wetland, swalg)
) 2 = Filtration Only 3 = Filtration + Vegetation
- Tertiary Treatment 1= None . "
- : . {e.0. sand filter, porous (e.q. bioretention system,
(Biological uptake) (no specific measure) pavement) raingarden)
- ] 1 = No compliance for _ ) ) 3 = Full Compliance f Mot .
Load Based Reductions Achieved any parameter 2 = Partial Compliance Applicable Y
Water Quuantity
%;ciﬂr;;?{%:ciEtr{i‘q'ggf 3 = Disconnection achieves
Disconnection of Impervious areas 1 = no disconnection directly coﬁnected =10% directly connected
impernvious area IMpervious area
1= ?éga\t;l:ﬁr;tldrrw:giases 2 = minor increases in 3 =maintenance or
Maintenance of hydrologic regimes frequencies and mhnﬂ volumes, frequencies andfor improvement of pre-
d peaks runoff peaks development regime
) _ ! ) 2 = detention component |2 = detention for major flows
Detention 1=no detention capacity provided for minor flows integrated into measure
Water Supply
Measure can provide alternative water _ - 2 = One potable water 3 = Two or more water
1 = None possible ) ;
source source can be substituted | sources can he substituted
1= No demand reduction 2 = 0-20% reduction 3 = =20% reduction .
Reduces Potable Water Demand possible expected expecied ¥
Wastewater
Reduce Wastewater discharge 1 = No reduction possible 2 =0-20% reduction 3= =20% reduction ¥
expected expected
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3.Fine Scale Assessment
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Amenity

Multiple uses provided by the

measure 1= only has one function

2 = has an amenity function
in addition to primary
function

3 = has multiple functions

1 = discontinuous from

Form is integrated into landscape other landscape elements

2 = has one or more
consistent features with
overall landscape character

3 = completely integrated
within landscape

1 = =25% natural features

Existing natural features retained retained

2 = 25-T5% features
retained or enhanced

==T5% of natural features
retained

1 = likely to pose public

Fublic safety elements addressed safety hazard

2 = public safety elements
incorporated into desiagn

3 = No public safety issue

1 =links severed hy
measure

Linkages (pedestrian, bicycle,
vehicular) maintained or enhanced

2 = existing links retained
through measure

3 = existing links maintained
and additional linkages
provided

Functionality

1 = no dedicated
maintenance elements
incorporated

Maintenance elements incorporated
within measure

2 = maintenance access
provided

3 = maintenance access
provided, working areas
highlighted and provision for
waste handling included

1 = no maintenance plans

Maintenance plans provided given

2 = generic maintenance
plan provided

3 = maintenance plan
specific to measure
provided, including costings

1 =no services allowed

Service corridors allowed for for

2 = services can be
included, but constrained

3 = senvice corridors
dedicated and sufficient

* indicates this may not be required in all applications

Total Score:

19 — 29 — Strategy, measure or treatment train may need considerable refinement

30 - 42 - Strategy, measure or treatment train may achieve W3UD objectives, however further refinement would be beneficial

43 - 57 — Strategy, measure or treaiment train has a high likelihood of successiul implementation
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Table 4-7 WSUD BMP Functionality Assessment
3.Fine Scale Assessment
Objective
Water Quality Water Cuuantity Water Supply ‘Wastewater Amenity Functionality

E

1
:

r Demand/Wastewater Generation Reduction Technigques

Measure

Primary Treatment
Secondary Treatment
Tertiary Treatment
Achieve WQOs
water source
into landscape
riparian corridor
Minimal public safety
issues
Linkages (pedestrian,
bicycle, vehicular)
Imaintained or enhanced
Maintenance elements
can be incorporated
within measure
be provided

JReduce Pollutant Loads
Disconnect Impervious
areas
[Reduce potable demand
IMeasure allows multiple
uses
J|Form can be integrated
Retain natural features
and enhance or restore
Maintenance plans can
Allows integration with
service corridors

Can provide alternative

Potable Watel

W ater Efficient Appliances

Water Efficient Fittings

Rainwater Tanks

Reticulated Recycled Water

Greywater Treatment/Reuse

|Stormwater Harvesting/Reuse

[Changing Landscape Form

Water Use Education Programs

Stormwater Management Techniques

Sediment Basins

Bioretention Swalas

Bioretention Basins

Sand Filters

[Swales

Buffer Strips

(Constructed Wetlands

Ponds and Lakes

Infiltration Systems

Porous Pavements

|Aquifer Storage and Recovery

Water Quality Education Programs

Practice/Measure ideally suited
Practice/Measure may assist|
Measure generally unsuitable
Mot applicable




From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

1. Rainwater Capture and Reuse

Rainwater capture and reuse is typically seen as being a low risk activity, provided appropriate measures are put
in place. In regard to rainwater capture and reuse, the key risks and issues relate to the quality of water stored
in the tank and the uses to which this water is put (together with what treatment measures are applied).
Rigorous studies in Australia and internationally have been conducted which show conclusively that stored
rainwater has acceptable ‘fit for purpose’ quality for uses such as toilet flushing, external usage and clothes
washing (i.e. all non-potable uses), provided:

* Tanks are appropriately sealed to prevent the ingress of external waters;
* Inflowing water is screened to remove leaf litter and debris; and
*  First flush runoff is diverted from entering the tank.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

1. Rainwater Capture and Reuse

Key references in regard to these studies include CRC for Water Quality and Treatment (2004), the previously
referenced enHealth guidelines and Coombes (2000).

One other risk potentially associated with rainwater tanks is that they may provide a site for mosquito breeding.
In this regard, all tanks should be sealed and screened to ensure this potential risk is minimised.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

Wastewater, stormwater and greywater reuse is typically seen as being a moderate to high risk activity,
depending on the degree of management measures put in place.

Similarly to rainwater capture and reuse, recycled wastewater, harvested stormwater and greywater are regularly
considered as a source of non-potable replacement/substitution for water otherwise used for purposes such as
toilet flushing and outdoor usages.

In regard to the risks which may be associated with such reuse activities, a particularly comprehensive
compendium of relevant advice and support material is provided in the National Water Quality Management
Strategy publication, ‘Australian Guidelines for Water Recycling: Managing Health and Environmental Risks
(Phase 1). This publication can be obtained at the following web address.

http://www.ephc.gov.au/pdf/water/WaterRecyclingGuidelines-02_Nov06_.pdf



From Concept Design Guidelines for Water Sensitive Urban Design
. (South East Queensland Healthy Waterways Partnership)
Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

This document is supported by the ‘Australian Guidelines for Water Recycling Phase 2 - Stormwater

Harvesting and Reuse and Managed Aquifer Recharge’. This publication can be obtained at the
following web address.

http://www.ephc.gov.au/ephc/water_recycling.html



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

These documents analyse the issue of wastewater, stormwater and greywater reuse and present the
following:

*A framework for the management of recycled water quality and use
*Guidance on managing health risks associated with recycled water

*Guidance on managing the environmental risks associated with recycled water
*Guidance on monitoring

*Guidance on Consultation and communication

This is a complete and rigorous presentation and analysis of all cogent risks associated with
wastewater, stormwater and grey water reuse.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

* Aframework for the management of recycled water quality and use
System assessments;
Preventative measures for recycled water management;
Operational procedures and process controls;
Verification requirements;
Incident and emergency management;
Operator and end-user awareness and training;
Community involvement and awareness;
Documentation and reporting;
Evaluation and audit; and
Review and continuous improvement requirements.

* Guidance on managing health risks associated with recycled water, including consideration of:
Risk assessments;
Performance targets;
Preventative measures; and
Monitoring.



From Concept Design Guidelines for Water Sensitive Urban Design
. (South East Queensland Healthy Waterways Partnership)
Risk & Issues

2. Wastewater, Stormwater and Greywater Reuse

*Guidance on managing the environmental risks associated with recycled water, including
consideration of:

Risk assessments;
Preventative measures;
Monitoring.

* Guidance on monitoring, including consideration of:
Types of monitoring;
Monitoring for management of health risks;
Monitoring for management of environmental risks;
Quality assurance/quality control;
Laboratory analyses;
Data analysis and interpretation;
Reporting.

*Guidance on consultation and communication, including consideration of:
Factors that influence community attitudes to water recycling;
Essential features of successful communication strategies;

Establishing partnerships and engaging stakeholders;
Public crisis communication.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

Stormwater treatment is typically seen as being a low risk activity, provided appropriate design and operation
and maintenance measures are put in place.

The main risks and issues typically associated with the stormwater Best Management Practices (BMPs) applied in
WSUD can be summarised into the following five categories:

*Services;

*Construction & Establishment;
*Erosion/ Scour;

*Public Safety;

*Maintenance.

These risks and issues are summarised in the following sub-sections.

Appendix B also describes the main operational risks associated with individual types of BMPs.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Services

BMPs located within road verges or footpaths (e.g. swales, bioretention swales, bioretention basins) must
consider the location of services and utilities within the verges and ensure access for maintenance of these
services without regular disruption or damage to the BMP. Many Local Governments in Australia are in the
process of developing ‘standard drawings’ for many BMP’s to enable the accommodation of services within such
a WSUD context.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Construction & Establishment;

Two key issues are related to the construction and establishment of WSUD measures. Firstly, the management of
the construction site for minimising erosion and sediment export is critical in the overall implementation. Failure
to manage the site appropriately can lead to far more sediment export during the construction phase than may
occur over the next several decades of an urban development. It is therefore meaningless to install WSUD
measures if failure to manage erosion and control sediment occurs as not only will the sediment exported from a
poorly managed site lead to compromise of the WSUD measure, but may actually significantly impair or even
totally destroy downstream waterway health that the WSUD measure was designed to protect.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Construction & Establishment;

Secondly, one of the highest failure risks of WSUD measures occurs due to poor construction and/or
establishment. Vegetated BMPs (e.g. swales, wetlands, bioretention swales/basins) are living systems and can
require two years or more before vegetation matures and the BMP reaches a fully functional form. The
construction and establishment phase of vegetated BMPs is a critical period. If appropriate management
measures are not taken during this phase, the performance of the BMP is likely to be suboptimal. In particular,
vegetated BMPs constructed as part of a greenfield (i.e. undeveloped) or infill (i.e. redeveloped) site can be at a
high risk of damage due to sediment-laden runoff from under construction upstream areas and vehicle damage
during subdivision and allotmentscale construction activities.

One other key issue at this stage of a project is to ensure that WSUD elements are actually constructed to
specification (e.g. that the correct filter media have been used in a bioretention system).



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Construction & Establishment;

Therefore, the construction and establishment of vegetated BMPs must be carefully managed and
requires a staged approach, which involves (Leinster, 2006; GCCC WSUD Guidelines, 2006) the
following:

Stage 1: Functional Installation — Construction of the functional elements of the BMP at the end of subdivision
construction (i.e. during landscape works) and the installation of temporary protective measures (e.g. geofabric
covered with shallow topsoil and instant turf to protect the filter media).

Stage 2: Erosion and Sediment Control — During the Building Phase, the temporary protective measures
preserve the functional infrastructure of the BMP against damage, whilst also providing a temporary erosion and
sediment control facility.

Stage 3: Operational Establishment — At the completion of the Building Phase, the temporary measures
protecting the functional elements of the BMP can be removed, along with accumulated sediment, and the BMP
can be planted in accordance with its design planting schedule.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Construction & Establishment;

Figure 5-1 Example of Building Phase Destruction of a Bioretention Swale



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Erosion/ Scour;

During large rainfall events, BMPs are often subject to high stormwater flows that have the potential to cause
erosion/scour within the BMP. In particular, BMPs located at the downstream end of large (i.e. greater than 5ha)
catchments can frequently receive potentially erosive flows.

If not managed appropriately, high stormwater flows can cause erosion within BMPs, wash out ‘biofilms’
(attached to the surface of vegetation) and resuspend/remobilise accumulated pollutants (e.g. sediment and
attached pollutants), subsequently reducing the treatment performance of the BMPs and potentially requiring
ongoing rehabilitation works.



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Risk & Issues

3. Stormwater Treatment

*Erosion/ Scour;

Therefore, appropriate measures are often required to reduce the potential damage to BMPs caused by high
stormwater flows. Some examples of appropriate measures to reduce such damage include high flow diversions,
flow detention, appropriate erosion protection and less reliance on ‘end-of-pipe’ treatment (instead applying a
more integrated stormwater ‘treatment train’ throughout the given catchment).

Figure 5-2 Examples of Erosion within Constructed Wetlands
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Risk & Issues

3. Stormwater Treatment

*Public Safety;

As outlined in Section 2.4 of these Guidelines, one of the objectives of WSUD is to integrate stormwater
treatment into the landscape. However, BMPs integrated into urban environments may introduce risks to public
safety due to standing water and flow conveyance.

BMPs with temporary or permanent standing water (e.g. sedimentation basins, wetlands, bioretention basins)
introduce a potential risk of drowning. Appropriate measures are subsequently required to mitigate this risk,
including gradual (i.e. less than 1 vertical: 3 to 5 horizontal) batter slopes, dense littoral planting and, in some
cases, permanent fencing.

BMPs that involve the conveyance of stormwater flows (e.g. swales) can also pose a risk to public safety through
the combination of elevated flow velocities and water depths that can cause persons (e.g. standing in a swale
during high flows) to fall and potentially incur injuries. Therefore, BMPs that involve the conveyance of flow
should be designed appropriately (e.g. appropriate ‘flow x depth’ factor) to satisfy local design requirements for
public safety.
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Risk & Issues

3. Stormwater Treatment

*Maintenance.

BMPs often rely on ‘natural’ treatment mechanisms (e.g. filtration, sedimentation, biological uptake) to improve
the quality of stormwater. Like any asset, BMPs require regular maintenance to ensure they are performing in
accordance with their desired design objectives. The costs associated with such maintenance can be higher than
those associated with conventional stormwater systems, particularly in the first years when WSUD BMPs are
establishing, and provisions need to be made to ensure that sufficient ongoing funds are available to enable the
required works to proceed. Guidance on the likely costs are available via recent studies (Taylor et al 2005), and
contained within life cycle costing module in the MUSIC (Model for Urban Stormwater Improvement
Conceptualisation) software.
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Risk & Issues

3. Stormwater Treatment

*Maintenance.

If BMPs are not inspected and maintained appropriately, their treatment performance may be reduced and the
BMP can introduce several problems (e.g. public safety risks, odours, attract undesirable species). In particular,
BMPs that are intended to capture highly degradable gross pollutants (i.e. gross pollutant traps) and (to a lesser
degree) coarse sediment (e.g. sedimentation basins) require accumulated pollutants to be removed at regular
intervals.

In regard to GPT’s, the costs associated with maintenance can be considerable. Appropriate consideration needs
to be given by Local Governments as to how such costs will be addressed when such assets are handed over
following the completion of development works, which may include such measures as part of the stormwater
treatment train. Unless GPT’s are regularly and appropriately maintained, material present within the GPT can
decay and undesirable pollutants can be liberated.
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Risk & Issues

3. Stormwater Treatment

*Maintenance.

Therefore, it is necessary that appropriate maintenance plans be developed for BMPs addressing the
following:
*Inspection frequency
*Maintenance frequency
*Data Collection/ storage requirements (i.e. during inspections)
*Detailed clean-out procedures (main element of the plans), including:
Equipment needs
Maintenance techniques
Occupational health and safety
Public safety
Environmental management considerations
Disposal requirements (of material removed)
Access issues
Stakeholder identification requirements
Data collection requirements (if any)
*Design details
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Risk & Issues

4. Institutional Risks

The implementation of WSUD requires the sound understanding and commitment to the overall principles
discussed in Section 1.3. This commitment therefore requires a degree of institutional capacity and leadership in
order to ensure WSUD is adopted in an integrated fashion with existing regulatory frameworks. The risks
associated with the adoption of WSUD in the institutional arena are therefore complex and highly dependent on
human factors. Issues such as leadership and championing of WSUD principles, capacity building and
development, staff turnover, loss of corporate knowledge, and institutional inertia are some of the key areas
where risks lie. Further guidance on institutional risks and barriers to WSUD adoption are available through
Monash University’s National Urban Water Governance Program at http://www.urbanwatergovernance.com/.
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Monitoring Consideration

1. Background

Monitoring WSUD measures is a complex undertaking and should not be simply considered as a way of ensuring
that compliance is being achieved. In a large number of monitoring programs, data collected has been of little
value in improving the understanding of the measures that were evaluated.

Therefore, the development of a monitoring program to assess the effectiveness of a WSUD measure or
treatment train should carefully quantify the outcomes to be sought by such a program, and whether these are
best delivered through other mechanisms (e.g. through examination and comparison with other studies). It may
be better to facilitate monitoring of devices through collaboration with other agencies (e.g. local and state
governments) or in partnership with research groups in academia or Cooperative Research Centres. Monitoring
needs to have a useful output such as helping to inform future management decisions at the site, inform future
design at other sites etc. Monitoring is expensive and needs to have a specific purpose.

There are two levels of monitoring that could provide useful outputs:
* To assess achievement of overall WSUD obijectives;
* To assess the performance of individual WSUD measures.
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Monitoring Consideration

1. Background

CHS
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Monitoring Consideration

2. Monitoring Objectives

To develop a monitoring program which will provide useful information, it is imperative that the
objectives of the program are clearly identified. These objectives should not simply be “to see
whether it works”, but focus on key characteristics of the WSUD measure (e.g. the quantity of
sediment removed per year). The objectives should also be focussed on providing information for
adaptive management, such that the results of the monitoring can be used to inform the changes to
the management regime that may be required to ensure the treatment measure can operate at
optimal efficiency. Typical objectives can be:

* Hydraulic performance - % of total flow treated, % of flow bypassed, water levels etc;

* Water quality performance — Inflow concentrations, outflow concentrations, loads captured;
* Economic — Capital cost of treatment measures, maintenance cost, potential savings through
*deferment of large infrastructure, land costs, lost opportunity costs;

* Maintenance — Inspection records, maintenance frequencies, maintenance activities, plant
*establishment performance;

* Ecological — Fauna and/or flora assessments, ecosystem health monitoring (e.g. primary
*production);

* Public health — Pathogen levels and other potential hazardous compounds which may be
*associated with recycled stormwater or wastewater; and

* Social/Aesthetic - Photographic records, resident surveys.

The above list is not exhaustive and the monitoring program objectives should be closely aligned with
the objectives that were intended to be satisfied through the implementation of the WSUD measure or
treatment train as outlined in Section 2 of these guidelines.
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Monitoring Consideration

2. Monitoring Objectives

CHS



From Concept Design Guidelines for Water Sensitive Urban Design
(South East Queensland Healthy Waterways Partnership)

Monitoring Consideration

3. Monitoring Protocols

The former Cooperative Research Centre for Catchment Hydrology (now eWater CRC) previously commenced
development of a Stormwater Monitoring Protocol (CRCCH 2000) which outlined three levels of assessment for
the monitoring of stormwater treatment facilities. These levels of assessment were to provide guidance for the
minimum set of parameters that should be collected, enabling additional parameters to be selected as
monitoring budgets may allow:

Level 1 was considered to be the minimum set that must be collected to ensure that some useful information
may be obtained. This included the assessment of physical performance, such as hydraulics (treatable flows,
bypass flows etc), material captured, some basic physico-chemical and inorganic parameters (Total Suspended
Solids, Total Nitrogen, Total Phosphorus, particle size distribution) and finally the results of maintenance activities
and life cycle costs.

Level 2 parameters included speciated nutrient parameters (ammonia, organic nitrogen, oxides of nitrogen
etc) contained in inflow and outflow, characteristics of trapped material (e.g. sediment characteristics).

Level 3 parameters addressed issues such as vegetation establishment and mapping, mapping of trapped
material (e.g. location of sediment deposits), social assessments (e.g. adjacent resident surveys) and ecosystem
assessments.

Further assessment levels were to be considered depending on available budget and at least after a suitable
number (i.e. statistically relevant) of level 1 parameters had been completed. It should also be realised that
considerable resources have already been expended (and are continuing) on the assessment of the efficacy of
WSUD practices. Practitioners should consult available literature to gain further understanding on these activities.
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Monitoring Consideration

3. Monitoring Protocols
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Monitoring Consideration

4., Assessment, Accreditation and Asset Handover

Monitoring programs may also be related to providing the information necessary to give confidence to the final
asset owner (in the majority of cases this will be local governments) that the asset is in a suitable condition and is
operating satisfactorily prior to handover. This may simply be visual monitoring and inspection during an “on-
maintenance” period for the asset. However, some regulatory agencies may also require monitoring results (e.g.
water quality results, volumes of potable water substituted etc) to be provided to show that the asset is
operating as intended. It should be noted that vegetated systems take at least one to two growing seasons to
mature and therefore monitoring of devices during the establishment phase is not likely to indicate the
operational performance of the treatment measure.

In the majority of cases, a simple asset transfer checklist may be beneficial and an example of one is provided in
Table 6-1. This has been developed in response to the typical asset transfer issues identified by local government
officers in a number of authorities.
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Monitoring Consideration

5. Summary

The need for monitoring a WSUD element or treatment train should be determined by the degree of confidence
in the performance of the element. Obviously, those measures which have been studied in depth by research
agencies are not likely to require further monitoring to ensure that they are going to be successful. If any
monitoring is to be conducted, it should focus on the consistency of the delivered WSUD implementation to that
proposed in the conceptual and detailed design phases, as this is an area where there is the highest likelihood of
non-compliance.

If a particular measure is an application of existing, well understood WSUD practice in a different environment, or
is a new technique or element, then monitoring is likely to be beneficial. In all other cases, it is suggested that
only where a monitoring program can considerably expand existing knowledge should a monitoring program be
considered. In simplest terms, “monitoring for monitorings sake” is not likely to be successful.
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Maintenance staff need easy access to all parts of WSUD elements:

Access tracks should be designed to cater f or the type of equipment that will be used to remove sediment or do
other maintenance work.

In bioretention systems, inspection openings at the end of perforated pipes need to be part of the initial design. This
allows maintenance staff to check sediment build-up and water level fluctuations. Infiltration tests should be
undertaken periodically.

Ensure that inspection openings have been angled to allow jetting to occur into accumulated sediment which will
then wash back down the pipe (rather than jetting from behind built-up sediment).
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1. Vegetation Management

2. Wetland and Pond Management
3. Sediment

4. Mulch

5. Street tree pits
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1. Vegetation Management

It takes two summers and a subsequent autumn season to establish vegetation. After that, vegetation
management is required for the life of the WSUD asset, and needs to be scheduled accordingly. Where dense
planting is required, it is generally best to use a combination of ground covers and other plants. For information
on using specific plant species, refer to Appendix A of the WSUD engineering procedures: Stormwater manual.

It is also important to select vegetation appropriate to the equipment available for maintenance and to carry out
planting accordingly. In ponds and wetlands, plants can be used to stabilise banks and may need to be included in
designs where there is the potential for erosion. In inlet zones, dense planting around the waterline can make
public access difficult, and as such, can minimise the risks of drowning. It can also make the landscape more
attractive and screen basins which can be typically turbid.
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2. Wetland and Pond Management

Often wetlands and ponds are designed with a number of objectives supplementary to stormwater management,
such as providing habitats or improving local amenity.

To protect wetlands and ponds, it is critical to undertake regular maintenance on the upstream sediment basin.
Any build-up of coarse sediments in wetlands is generally caused by poor design or poor maintenance of the
sediment basin. The design also needs to accommodate fluctuations in water levels.

To avoid the occurrence of algal blooms, ponds and wetlandss should be designed to have a proper flowthrough
of water. Design considerations to minimise the risk of algal blooms are outlined later in this manual and in
Melbourne Water’s Constructed shallow lake systems — Design guidelines for developers.

The size of the weltand or pond needs to relate to the size of the catchment to ensure adequate flushing and
turnover of water. Smaller elements are cheaper to maintain but the element must still be 1—2 per cent of the
catchment it is treating to be effective.

To minimise the potential for mosquito breeding, refer to the WSUD Engineering Procedures Stormwater Manual.
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3. Sediment

All wetlands, ponds and sediment basins should be designed to have an area
for stockpiling wet material that is removed during maintenance. Removing
dry material is much cheaper than wet material.
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4. Mulch

If there are plans to mulch swales or bioretention systems, designs need to
make sure that run-off does not wash these mulches into drains where they

could create blockages. Good design, as well as avoiding mulches that float,
can make sure the mulch stays on site.
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5. Street tree pits

The most important design considerations are selecting the right species
for the site and the best filter material to ensure the appropriate infiltration

rate of water through the media. It is also useful to identify existing services
located near the site.
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Inspection frequency

In most cases, newly constructed components of WSUD elements will need inspection after rainfall to ensure they
are working properly. After settling-in, all elements should be inspected every three to six months. This frequency
seems to be the most cost-effective without sacrificing environmental effectiveness. Areas of high litter loads may
need more regular inspection.

In particular, inlets should be regularly checked and cleared to prevent debris and sediment build-up. For example,
if building sites in a catchment are poorly managed, the stormwater running off these sites will carry a great deal
of debris and sediment into nearby ponds, wetlands, raingardens or vegetated swales. Built-up debris and
sediment can smother plants, damage filtering capabilities and reduce the volume of water that can be stored or
treated. It can block inlets or outlets, making sites smelly, unattractive and ineffective.
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Inspection frequency

Raingardens, wetlands and vegetated swales will need more maintenance while their plants are becoming
established (the first two summers followed by a subsequent autumn season). Weed removal and replanting may
be required.

Maintenance checklists have been developed as part of the WSUD Engineering Procedures. They are included in
this manual on the inside back cover. Photocopy these checklists to use when inspecting WSUD sites so you build
a record of their condition and the quantity of pollutants removed over time.

Table 1: Maintenance considerations for asset Maintenance Yes No

handover. . .
Are maintenance plans provided for each asset?

Has inspection and maintenance been undertaken as
specified by the maintenance plan?

This table is derived from the full Asset Handover

Checklist in the WSUD engineering procedures Are inspection and maintenance forms provided?
manual, page 43. Has the asset been inspected for defects?
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SEDIMENT BASINS

Main tasks

*Make sure the
erosion protection
(plants, rocks or other)
around the inlet is
operating as designed.
*Check for and remove
any built-up

sediment.

*Make sure the outlet
zone is clear of
vegetation and debiris.

Primary target

*Sediment

Secondary targets
*Organics
eLitter

On site
Soon after construction, inspect the inlet zone after storms to make sure the erosion
protection is working properly.

Sediment should be removed about every five years, but this depends on the nature of
the catchment. As a general guide, sediment should be removed once the sedimentation
basin is half full.

In catchments where there is a lot of construction work, large loads of sediment can be
washed into the stormwater system unless it is properly controlled on each building site.
In these areas, sediment basins will need to be cleared out more frequently.

Remove organic and inorganic debris and litter whenever you see them on the site.

Maintenance costs
Ponds, sediment traps and sedimentation basins typically cost between three and six per
cent of the construction cost to maintain each year.

Generally, there is a very strong correlation between typical annual maintenance costs
and the surface area of the basin. Put simply: smaller basins are cheaper to maintain.

Maintenance costs are low in most years, but higher when desilting is done or aquatic
weeds need to be removed.
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PONDS AND LAKES

Main tasks

*Check for endangered
species.

*Inspect the inlet zone
for scour after

large storms.

*Unclog outlets.
*Remove litter and
debris.

*Control weeds and
pests.

*Replant edging plants
where needed.

Primary target
*Fine sediment
*Metals

On site

For ponds and lakes, most of the maintenance work is needed around the inlet zone.
Remove litter, weeds and debris whenever you see them on the site.

Replant edging plants as necessary.

Maintenance costs

Dealing with algal bloooms is essentially a design and management issue, rather than a
maintenance one. For further information on algal blooms, refer to the comprehensive
document Design guidelines for shallow lake systems, produced by Melbourne Water and
available from its library on its website at:

www.melbournewater.com.au/content/library/rivers_and_creeks/wetlands/

Design Guidelines_For Shallow Lake Systems.pdf

Ponds, sediment traps and sedimentation basins typically cost between three and six per
cent of the construction cost to maintain each year. Generally, there is a very strong
correlation between typical annual maintenance costs and the surface area of the basin
or pond. Put simply: smaller ponds are cheaper to maintain.
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WETLANDS

Main tasks
*Inspect the inlet zone
for scour after large
storms.

*Unclog any outlets;
remove vegetation
litter, debris and
sediment.

*Control pests and
weeds.

*Replant edging plants
if needed.

*Check and maintain
water plants.
*Manage vegetation
*Remove litter

Primary target
*Fine-to-medium
sediments
*Nutrients
*Metals

*Bacteria

On site
The maintenance tasks for wetlands are similar to ponds and lakes.

However in wetlands, maintenance staff also need to look out for any build-up of coarse
sediments. The inlet zone of a wetland needs the same maintenance as a sedimentation
basin. Scour and erosion at the inlet can also create problems, so it is important to
inspect all inlets after large storms.

The most intensive maintenance effort will be needed during the first two summers and
subsequent autumn season while plants are becoming established. This will involve weed
control and replanting where necessary. When checking plant densities, aim to have 70—
80 per cent of the ground covered after two growing seasons (two years).

To help wetland plants establish, keep the water level shallow and constant for the first
six to eight weeks. After that, the plants should be strong enough to survive in deeper
water, so the wetland can be gently filled to its normal operating water level.

Large wetland systems will need tailor-made detailed maintenance schedules, which
include a brief explanation of how the wetland operates and a list of main items or areas
to check during each inspection.
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WETLANDS
Main tasks Maintenance costs
*Inspect the inlet zone To cost wetlands, the treatment device includes an inlet zone sediment basin/pond and
for scour after large macrophyte zone, without a gross pollutant trap.
storms.
*Unclog any outlets; Wetlands typically cost between two and six per cent of the construction cost to maintain
remove vegetation each year. Generally, there is a very strong correlation between Typical Annual
litter, debris and Maintenance costs and the surface area of the wetland. Put simply: smaller wetlands are
sediment. cheaper to maintain.
*Control pests and
weeds. Maintenance costs increase where:
*Replant edging plants
if needed. *there are introduced aquatic weeds
*Check and maintain *sediments are contaminated
water plants. *upstream control of sediment is poor
*Manage vegetation eaccess is difficult
*Remove litter *dewatering areas are limited.
Primary target
*Fine-to-medium
sediments
*Nutrients
*Metals

*Bacteria
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SWALES OR BUFFER SYSTEMS

Main tasks
*Control weeds and
pets

*Make sure water
flows into, and
through the system.
*Prevent or remove
channelisation.
*Remove any

accumulated sediment.

*Remove litter and
devris.

Primary target
*Coarse sediments
*Some nutrients (Total
Phosphorous)

eLitter

*Qrganics

On site
To operate successfully, the plants in a swale or buffer system need to be wellestablished
and dense, and managed well to prevent erosion.

The plants need to be grouped close together so any runoff water will flood or seep
through, rather than establishing little flow channels (known as rills) which might erode
the swale surface.

Maintaining the health and density of vegetation is vital, particularly in the early stages.
New plantings will need to be maintained for at least 6 months. Tasks include regular
watering, weeding, replacing dead plants, monitoring and controlling pests, and
removing rubbish.

Any scour at inlets (if the swale does not have distributed inflows) needs to be monitored
closely. Litter, debris and sediment can build up at the inlet points. Litter and debris also
need to be removed from the surcharge pits.

Check overflow pits for structural faults. Check the pits are functioning properly.

Grass clippings need to be disposed in green waste or compost systems. Areas damaged
by wheel ruts need be restored to re-establish contours.
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SWALES OR BUFFER SYSTEMS

Main tasks Maintenance costs

*Control weeds and Maintenance costs tend to be higher in the first five years, while the swale or
pets buffer is becoming established.

*Make sure water

flows into, and *Grassed swales cost about $2.50—53.13/m2/year to become established(but if
through the system. residents mow regularly, there is less cost to local authorities).

*Prevent or remove *\Vegetated swales cost about $9/m2/year.

channelisation.

*Remove any After five years, the cost for grass swales decreases to roughly

accumulated sediment. $0.75—51.50/m2/year.
*Remove litter and
deuvris.

Primary target
*Coarse sediments
*Some nutrients (Total
Phosphorous)

eLitter

*Qrganics
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RAINGARDENS (Bioretention systems and swales)

Main tasks

*Make sure water
flows into, and
through the system
during storms.
*Prevent or remove
channelisation.
*Remove weeds and
replace dead plants.
*Remove accumulated
sediment, litter and
devris.

*Remove clogged
filtration material and
replace with new
material.

*Test filtration capacity
if visible problem or
every five years
*Check drainage pipes.

On site
To operate successfully, the plants in a bioretention system need to be wellestablished
and dense.

The plants need to be grouped close together so any runoff water will flood or seep
through, rather than establishing little flow channels (known as rills) which might erode
the surface. Mulch should prevent erosion.

Maintaining the health and density of vegetation is vital, particularly in the early stages.
High-density planting will also ensure a uniform root zone in bioretention systems.

New plantings will need to be maintained for at least six months. Tasks include regular
watering, weeding, replacing dead plants, monitoring and controlling pests, and

removing rubbish.

Any scour at inlets needs to be monitored closely. Litter, debris and sediment can build up
at inlet points. Litter and debris also need to be removed from surcharge pits.

Check overflow pits for structural faults. Check the pits are functioning properly.

If the fitration capacity is reduced significantly, the filter material should be replaced,
along with new plants and mulch.
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RAINGARDENS (Bioretention systems and swales)

Primary target Maintenance costs

*Fine-to-medium The Typical Annual Maintenance cost for a bioretention system is approximately five to
sediment seven per cent of the construction cost. Maintenance costs are likely to be higher in the
*Nutrients first few years due to the intensive effort needed to establish the system.

*Qrganics

*Metals The maintenance cost for mature bioretention systems is similar to swales: $2.50/m?2 for

grassed systems and $9/m?2 for vegetated systems using native vegetation.
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STREET TREE PITS (Bioretention systems)

Main tasks
*Remove leaves, litter
and fine sediment
from surface.
*Remove caked

sediment from surface.

*Prune tree as
necessary.

*Test filtration capacity
if visible problem, or
every five years.

Primary target
*Fine-to-medium
sediment
*Nutrients
*Organics

*Metals

eLitter

Onssite

Street trees can be used as small-scale bioretention system in streetscapes where there is
limited vegetation or landscaping for linear swales or largerscale rain gardens. This is
particularly relevant for town centres where space is limited and hard stand areas
dominate the landscape.

Check the pits are functioning properly.

Check inlets for scour and sediment. Remove litter and debris.

Over time, the filter media will accumulate fine sediments. It should be replaced when its
infiltration capacity is reduced significantly. If the filter material becomes clogged, the

tree will be unable to thrive.

It is also important to check there is enough filter material in the tree pit.

Maintenance costs
The typical annual maintenance cost of a tree pit is five to seven per cent of
the total construction costs.



Maintenance Manual

INFILTRATION SYSTEMS

Main tasks

*Ensure pre-treatment
is operating effectively.
*Maintain plants if
present.

Primary target
*Fine-to-medium
sediment
*Nutrients
*Metals

On site

Infiltration systems differ from raingardens in that water infiltrates into the surrounding
soil, rather than entering the piped stormwater systems. Infiltration systems may have
plants or simply use an infiltration medium such as sand. The most important aspect of
maintaining infiltration systems is to make sure the WSUD element used for pre-
treatment is operating effectively.

Check that sediment is not clogging the system. Surfaces need to be cleared of debris and
sediment periodically to maintain system functions.

Check the infiltration rates to make sure the system is functioning properly.

Maintenance costs

Typical Annual Maintenance costs for infiltration systems can range from approximately
five to 20 per cent of the construction cost. There is a strong correlation between the
Total Annual Maintenance cost and the total acquisition cost. Put simply, the more these
systems cost to build, the more they cost to maintain.
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ANNUAL MAINTENANCE COSTS

Until recently, detailed data about actual costs incurred by owners of these elements has not been available. We
now have the results of a number of studies into maintenance costs. The costing estimates in this manual are
the best that could be generated given the information available collected from

around Australia. For some measures such as buffer strips, bioretention

systems and infiltration systems, the data is very limited.

These estimates will be refined over time as local governments and developers record detailed costs involved in
maintaining WSUD elements.

To minimise costs, managers could investigate the potential of working with community groups on maintenance
tasks.

All figures and calculations used in this manual are derived from real data for maintenance costs loaded into the
computer software called MUSIC (Model for Urban Stormwater Improvement Conceptualisation), developed by
the CRC (Cooperative Research Centre) for Catchment Hydrology’s Urban Stormwater Quality Program. The
rates can also be found in the Users Guide to MUSIC at www.toolkit.net.au.
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ANNUAL MAINTENANCE COSTS

Table 2: Typical maintenance costs for various
WSUD stormwater treatment devices.

Treatment devices Typical annual maintenance (TAM) cost Correlation

Constructed wetlands TAM (52004) = 6.831 x (A)0.6435 R2=0.76;p< 001 n=21
Vegetated swales TAM (52004) = 48.87 x (TAC)0.4407  R2=094; p=0.03; n=4
Buffer strips TAM (52004) = 48.87 x (TAC)0.4410 R2=094;p=003;n=4
Bioretention systems TAM (52004) = 48.87 x (TAC)0.4410 R2=094:p=003;n=4

Ponds and sediment basins  TAM (52004) = 185.4 x (A)0.4780

R2=092: p=004:n=4

Infiltration systems TAM (52004) = 30.15 x (TAC) 0.4741

R2=0.80:p=0.04;n=5

Note: the size/cost relationships for TAM, TAC and RC are derived from a combined data set involving

vegetated swales, buffer strips and bioretention systems. There is insufficient data to analyse swales

on their own.

A = surface area of treatment zone/ basin/ infiltration system in m2.
TAC = total acquisition cost.

R2 = explanation of variance

p = significance

n = number of samples p is derived from.
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SEDIMENT BASINS
maintenance checklist

INSPECTION ITEMS YES

NO ACTION NEEDED (details)

Is there litter within inlet or open water zones?

Is there sediment in the inlet zone that needs removal?
(Record depth. Remove if it fills *50% of basin.)

Is the overflow structure integrity satisfactory?

Is there evidence of dumping (building waste, oils, etc.)?

Is the condition of terrestrial vegetation satisfactory
(record density, weeds, etc.)?

Are there weeds needing removal from within basin?

Is there settling or erosion of bunds/batters?

Is there damage or vandalism to structures?

Is the outlet structure free of debris?

Is the maintenance drain operational?

Comments:

Source: WSUD Engineering Procedures: Stormwater CSIRO 2005
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PONDS
maintenance checklist

INSPECTION ITEMS YES

NO ACTION NEEDED (details)

Is there litter within inlet or open water zones?

Is there sediment within the inlet zone that needs removal?
(Record depth. Remove if it fills *50% of basin.)

Is the overflow structure integrity satisfactory?

Is there evidence of dumping (building waste, oils etc.)?

Is any replanting required?

Does any of the submerged or floating vegetation
need to be removed or harvested?

Is there settling or erosion of bunds/batters?

Is there damage or vandalism to structures?

Is the outlet structure free of debris?

Is the maintenance drain operational?

Comments:

Source: WSUD Engineering Procedures: Stormwater CSIRO 2005



Maintenance Manual

CONSTRUCTED WETLANDS
maintenance checklist

INSPECTION ITEMS YES

NO

ACTION NEEDED (details)

Is sediment accumulating at inflow points?

Is there litter within inlet or macrophyte zones?

Is there sediment within the inlet zone that needs remaval?
(Record depth. Remove if it fills >*50% of basin.)

Is the overflow structure integrity satisfactory?

Is there evidence of dumping (building waste, oils etc.)?

Is the terrestrial vegetation in satisfactory condition?
Record density, weeds, etc.

Is replanting needed?

Is there settling or erosion of bunds/batters?

Is there evidence of isolated shallow ponding?

Is there damage or vandalism to structures?

Is the outlet structure free of debris?

Is the maintenance drain operational?

Does the system need to be reset?

F & D B



Maintenance Manual

SWALES AND BUFFER STRIPS
maintenance checklist

INSPECTION ITEMS YES

NO ACTION NEEDED (details)

Is sediment accumulating at inflow points?

Is there litter within the swale?

Is there erosion at inlet or other structures (eq, crossovers)?

Has there been damage from traffic?

Is there evidence of dumping (eq, building waste)?

Is the vegetation in satisfactory condition (eq, density, weeds)?

Is replanting needed?

Is mowing needed?

Is sediment accumulating at outlets?

Are drainage points clogged? Record sediment or debris.

Is there evidence of ponding?

Is set down from the kerb still possible?

Comments:

o

Source: WSUD Engineering Procedures: Stormwater CSIRO 2005
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RAINGARDENS
maintenance checklist

INSPECTION ITEMS YES

NO

ACTION NEEDED (details)

Is sediment accumulating at inflow points?

Is there litter within the swale?

Is there erosion at inlet or other structures (eq, crossovers)?

Has there been damage from traffic?

Is there evidence of dumping (eq, building waste)?

Is the vegetation in satisfactory condition (eqg, density, weeds)?

Is replanting needed?

Is mowing needed?

Are drainage points clogged? Record sediment or debris.

Is there evidence of ponding?

Is set down from the kerb still possible?

Is there damage or vandalism to structures?

Is there visible surface clogqging?

Has the drainage system been inspected?

Does the system need to be reset?

Comments:



Maintenance Manual

STREET TREE PITS
maintenance checklist

INSPECTION ITEMS YES

NO ACTION NEEDED (details)

Is sediment accumulating at inflow points?

Is there litter within the pit?

Is there erosion at inlet or other structures?

Has there been damage from traffic?

Is there evidence of dumping (eq, building waste)?

Is the vegetation in satisfactory condition?

Is replanting needed?

Is there evidence of ponding?

Is there damage or vandalism to structures?

Is there visible surface clogging?

Has the drainage system been inspected?

Does the system need to be reset?

Comments:

Source: WSUD Engineering Procedures: Stormwater CSIR0 2005
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INFILTRATION SYSTEMS
maintenance checklist

INSPECTION ITEMS YES

NO ACTION NEEDED (details)

Is there evidence of sediments accumulating in the
pre-treatment zone? Does is need removal?

Isthere erosion at inlet or other structures?

Is there evidence of dumping (eq, building waste)?

Are there weeds present?

Are drainage points clogged? Record sediment or debris.

Is there damage or vandalism to structures?

Is there visible surface clogging?

Has the drainage system been inspected?

Does the system need to be reset?

Comments:

Source: WSUD Engineering Procedures: Stormwater CSIRO 2005
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Tempe Recreation Reserve Redevelopment
Project Outcomes:

Organisational:

The project tested Marrickville Council’s capability for implementing alternative
water management solutions where there was identified risk, technical and
knowledge issues. The effort required to resolve the design and technical
constraints greatly contnbuted to understanding of water management issues
across the project team. It also identified where corporate knowledge was
inadequate, and enabled Marrickville Council to seek the best advice as appropnate.

Environmental:
Environmental benefits of wetlands for this project are:
« |conic landscape feature that has high visual enhancement qualities for
reclaimed land area
e Functions as separation item between different recreation uses that could be
otherwise in conflict
Functions as water filtration and storage/detention area
Small additional habitat space on migratory bird route
+« Reuse of existing structure for environmental education space, with the
wetlands as a demonstration site
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Tempe Recreation Reserve Redevelopment

Technical:
WSUD features: built elements of the stormwater management system:
+ Bioswales through carpark
+ Split system wetlands — freshwater & saltmarsh
WSUD features: Education items:
« ‘Enviro-hut’ education shelter — adaptive reuse of existing picnic shelter for
explanatory signage of stormwater management system
+ Simulated stormwater management elements in play area as education
device to explain site elements
Successes: Wetlands, bioswales, transplantation of river plants to constructed
wetlands area.
Difficulties: adaptive reuse of existing drainage elements (mostly pits, pipes and
pumps) to new project requirements, control of saltmarsh establishment (weed spp,
rate of cover)
Education items not yet constructed. Too early to evaluate for failures.
External assistance: consulting hydraulic engineers, wetlands designers, ecologist

Transferable:

The context and objective of project should always be revisited. For the technically
demanding and highly constrained components of the project, sometimes the
reason for doing the work was forgotten amongst the detail of resolving the
problems and issues.

Background data and long-term records came cnitical to plan for future use. Always
produce a maintenance manual for the built elements. Education of the
maintenance staff is also critical to the success of the work. Don't forget soil testing,
tide-mapping and pre-ordering plants!

Difficulties Encountered: Obtaining statutory approvals for adjacent work that was
critical to delivery of the WUSD elements. There was a mismatch between
understanding the needs of other departments, and translating the technical detail
to match their requirements. Unknown site conditions also pose some technical
difficulties.
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Tempe R

ecreation Reserve Redevelopment
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Tempe Reserve — beginning of project 1997 Tempe Reserve — landscape
concept overlay

Tempe Reserve Landscape Concept Plan 2000
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Tempe Recreation Reserve Redevelopment

Wetlands site — construction beginning 2001

Freshwater wetlands — April 2003

Freshwater wetlands — planting complete July 2002 Saltmarsh at high tide
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Bellair Street Raingardens

Project summary

WSUD Type: Raingarden tree pits

Scale: Strestscape

Land Use: Residential

Constraints: Space, Topography, Vegetation

Cost: $272,000

Performance: Stormwater quality — 47.2% TN, 74.9%TF, BE.7%T55, 100% Gross Pollutants

Site description

Location

The project is located in Bellair Street,
Kensington, between Arden Street and
Ormaond Street as circled right.

Kensington

Figure 1. Map showing location of the
Bellair 5t, Kensington WSUD Raingardens
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Bellair Street Raingardens

Site area

The road reserve is appraximately 280m long by 15m wide.

Site land use

Bellair Street is a low density residential street with residential properties abutting the western edge
and a railway reserve on the eastern edge.

The project proposed to:
Renew the road surface, kerb and channel and footpath
Replace some mature street trees suffering from structural defects and poor health.

Catchment description

The treatable catchment is 6540m2, comprising the road reserve and abutting residential properties.
The existing stormwater drainage system was used where available, however sections of new drainage
were still needed. The high point is situated between Tennyson St and Arden St.

Part of the drainage runs to the existing drain in Arden 5t. The remainder was directed north to connect
to the existing drain in Bellair St near the corner of Tennyson St. The treated water will ultimately enter
Moonee Ponds Creek.

Topography/Terrain
Bellair St is relatively flat with a slight high point between Tennyson and Arden St.

Tennyson 5t slopes down to Bellair St from Southey St, forming part of this treatment catchment.

Site constraints

Drainage gradients were limited by the relatively flat site topography

- Shallow stormwater pipe exist for approximately half of the site, with the rest requiring new
stormwater pipe connection

Not all existing trees could be removed, due to community request

+ WSLUD pit location and number was optimised to maximise parking and tree spacing
Existing bluestone channel pitchers needed to be replaced
Parking spaces were not to be reduced.
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Bellair Street Raingardens

WSUD Design

Objectives

The project objectives were to:

- Treat the street as holistically as possible;

- Upgrade the streetscape and renew infrastructure and vegetation;

» Treat stormwater to best practice;

- Maximise WSUD treatment size whilst not reducing available parking; and
- Ensure a low cost design.

Opportunities

If possible, the removal of all existing trees would:

- Provide a consistent aesthetic for the streetscape renewal (which also included the road, footpath,
kerb and channel in addition to the tree renewal)

«  Allow easier civil works.

The project also offered the opportunity to design and trial a larger version of the tree pit raingarden
in a residential street setting. This context would require a less intensive treatment then the City of
Melbourne's CBD tree pits thus a lower cost, raingarden that was not grated could be used.

Design development

Through extensive community consultation, the design was altered to allow four healthy plane trees
o remain.

The kerb outstand raingarden also proved too difficult to include due to steep level changes and
pedestrian crossing issues at a strest intersection.

Final design

The final design included 19 raingardens, four less then the original concept design. It also excluded the
kerb outstand raingarden.

Six of the raingardens required a reduced filter madia depth due to the shallow depth of the existing
stormwater pipe that was used to drain the raingardens. The final design still met the stormwater
quality best practice treatment targets.
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Bellair Street Raingardens

Figure 2. Section detail of Raingarden L)

Advanced tree - stake with
S0 50X 2000mm hardwood
stakes & sacure with S0mm
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(edd) — depth from road level
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300mim centres H‘H"\-\. flush to steal adge
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{Alex Fraser or equiv)
road
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Bluestone pitcher channel fast draing Soil’ DHE'P'
- lowered locally by - 100mm

) . __—Transition Layer:'Approved
::cul:umeu:t solid LEIISWPEIPIPE hx“"mx — drainage sand’ only
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only. Preforated pipe at 1:100 grade
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Bellair Street Raingardens

Figure 3. Plan view of raingarden showing drainage layout

) /""__ 000 q‘"“‘\\k . _ Precast concrete spike down
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Flushout riser standpipe UPvC unslotted standpipe risar
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. — ' T UPYC sewer class stormwatar
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Bellair Street Raingardens

Figure 4. Plan view of raingarden showing surface details

2000

Bluastone pitcher channal —
Iowered by - 100mm.
Transition on sides

Centre of pit to be finishad
100mm below roadway hargm.
Transition height from pit edpes

Mulch with 50mm depth ——
T-19mm recycled no fines

rock aggregate’

[Alex Fraser or approved equiv)

Steel adpe on 3 sides
to form pit. Ashphalt flush
to steel adge

Advanced tree planting
in centra of trea pit

Plant groundoover at
300mm cantres

- Preast concrete spike

down kerl to match colour
& finish of main kerb
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Bellair Street Raingardens

Cost and timelines

The construction and installation costs of the raingardens have baen kept at a minimum totaling
appraximately $1,300 per square metre. This cost can be further reduced where new stormwater drainage
and boring is not required.

Table 1. Project cost and timelines

Investigation (including concept design) 8,000 City of Melbourne Landscape design team with
assistance from Melbourne Water

Detailed Design — Conventional City of Melbourne Engineering Services Group /
Citywide / Connell Wagner

Construction — Conventional 150,000 Jume 30,2008  City of Melbourne Engineering Services Group /
Citywide / Ruccia Paving

Consultation/ Community Engagemeant Feb — June 2008  City of Melbourne Tree Planning
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Bellair Street Raingardens

Performance

The WSUD design excesded the ‘best practice’ stormwater quality pollutant load reduction targets,
as evaluated by the stormwater quality model, MUSIC.

Table 2 below show the MUSIC model resulis.

Table 2. MUSIC medelling

Treatment parformance Treatment performance Best Practice Target
(kgs reduced) (% reduced) (% reduced)

Total Suspended Solids 565.7 BT

Total Phosphorous 0.987 745 45
Total Mitrogen 4.51 47.2 45
Gross Pollutants 122 100 7o

Mote- Load reductions are based on the ‘typical urban annual load’, as modelled by MUSIC.

Greenhouse impact

There are no engoing CO2 emissions from this project. Embodied energy impacts exist from:
- Material choice (e.g. PVC pipes, sand and gravel)
- Transport.

Risk management/issues

The construction of raingardens into the streetscape falls into the usual scope of works for streetscapes
and does not therefore pose any greater risk to traffic or pedestrians than usual civic works.

The sunken design of the raingardens has been mitigated as a pedestrian risk by the use of mulch
topping and dense planting. This will need to be maintained.

The end use of the water is not for reuse purposes. It will be entering the stormwater and ultimately the
waterway and will not be directly in contact with people. This negatas the nead to treat to high Class A

standards. The design of the raingardens will treat the stormwater to a standard that reduces the risk to
the environment by removing pollutants that would have otherwise entered the waterways.
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Bellair Street Raingardens

Applicability

The project was designed so this form of raingarden could be used in other residential strestscapes
outside the CBD area, where new trees nead to be installed in the parking lane.

Post-project reflection

The exclusion of the kerb-outstand raingarden is regrettable. This could be avoided in the future by:
+ Improved analysis of level changes between footpath, road and raingarden surface
- Firm Council policy on pedestrian safety for such systems.

Maintenance requirements and issues

WSUD tree pit maintenance tasks are described in the table below.

Table 3. WSUD Tree Pit Maintenance Tasks

Parks Activity reports Every 12 weeks
ESG Activity reports Every 12 months

[ s e
Sediment accumulation at inflow points?  Remove or suck out sedimants. 12 weaks

Motify council if recurring problem to enable investigation
of sediment source

Litter within pit? Remove litter 4 woeks

Erosion at inlet or around tree? Investigate why erosion is ocouring. 4 waeks
Top-up missing gravel mulch, top-up missing media
(FAWE specification)

Traffic damage present? Repair / replace missing or damaged parts 4 woeks
Bollards needed?
Evidence of dumping (e.g. building wasta)?  Re-instate media and vegetation as required to original 4 waeks

specifications (FAWRB specification).
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Bellair Street Raingardens

Replanting requirad? Re-instate and water as necessary. 4weeks

Evidence of ponding? Rack top layer of the media and replace by sandy soil 12 weeks
(FAWB specification). Infiltration testing may be required

Damage/vandalism to structures present?  Repair / replace missing or damaged parts.
Talk to an enforcement officar
Drainage system inspected? Lift lids and inspect pits.
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Bellair Street Raingardens

Diagrams of treated areas
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Cottesloe Aquifer Recharge

 Scale

landuse/

Local government

Declining rainfall recharge and
increased demand for
groundwater use has escalated the
need for more sustainable
groundwater management in the
Perth metropolitan area by local
government and water managers.

The Mosman-Cottesloe Peninsula is
underain by a thin fresh
groundwater lens overlying salt
water. The Peninsula is subject to
saltwater intrusion due to reduced
rainfall and a large number of uses
including private schools, golf
courses, parks and recreation
reserves. Monitoring of the salinity

in an effort 1o improve
groundwater quality and prevent
the intrusion of saltwater the Town
of Cottesloe developed the aquifer
recharge project with support from
the Federal Government under the
National Water Initiative. Issues
such as risk of aguifer collapse,
saltwater intrusion, polluted
stormwater, ocean outfall
discharge, and more sustainable
household and garden water
consumption were addressed by
the Town of Cottesioe in their
aquifer recharge project. Along
with environmental benefils, the
project also aimed to increase the
community's awareness of local
water resource management and
use issues, as well as promote water
efficient technologies.

The Cottesloe Aguifer Recharge
project covers an area of
approximately 4 km?. It is designed
to hold and infilirate a one in five
year flood event. In the eventofa
one in one hundred year flood
event, the ten pre-existing ocean
outfalls will assist in the drainage of
the stormwater. These outfalls have
been closed but can be =asily re-

Key Project Features

@& Pollutants are managed by

seven underground sumps
(see illustration below) and
400 stormwater pits which
act as gross pollutant traps
and aid stormwater
infiltrafion for aquifer
recharge

Reduced nisk of saltwater
intrusion and collapse of
the aquifer

The ‘Think water' education
program was successful in
reducing privaie
groundwater use and
decreasing the installation
of new bores.

Development Costs!

Design costs

On-site supervision

Survey / site costs

Installation of soak pits

Ocean outfall close downs
Open sump replacements
Public education program
funded by Department of Water
Total

Maintenance Costs

Pit cleanout!
'Pit cleanouts are undertaien opportunistically

Ovutcomes

Approximately 180 ML per year of
untreated stormwater was directed
into ten ocean outfalls prior to the
development of the Cottesloe
Aquifer Recharge project. Asa
result of using the stormwater for
aquifer recharge, the ten ocean
outfalls no longer discharge in small
and minor events.

The ‘Think Water’ education
program was funded to run for
three years and has been able to
reach out to the community with
the aim of raising awareness about
conserving water and reducing

$2,396,000
'All cost: are an opproximetion given for guidance purpases orly

$120,000

$20 / pit

quality and quantity, fridge
magnets, a word sleuth, a
bumper sticker, a sheet of
stickers with a Think Water
theme and an illustration
showing what installations the
council were undertaking. A
local plants growing guide was
developed to help residents
design their own local gardens.
Town of Cottesloe residents
were also entitled to a native
plant subsidy scheme allowing
the residents to purchase 80
seedlings at a subsidised price
to encourage water wise

opened for an exireme rainfall. Seak pit with
Qeo-textile

linwg

levels has indicated a rise in the
salinity within the groundwater.

pollutants entering the
groundwater. The program
produced brochures on water

gardening.

Groundwater
aquifer

Stormwater
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Kwinana Water Reclamation Plant

Industry is a large consumer of
water within the state of Western
Australia with 19% of the integrated
water supply system going to
business and commercial users. In
Western Australia the largest
concentration of industrial activity is
found in the Kwinana industrial
area. Applying the principle of fit-
for-purpose use means that the
demand on scheme and
groundwater can be minimised by
utiising recycled wastewater or

= .
o~
—_— —> -

drainage water which is suitable for
non-drinking purposes when
appropriately treated.

In 2004 the Water Corporation
commenced the cperation of the
Kwinana Water Reclamation plant
[KWRP) within the Town of Kwinana
in an effort to reduce the need for
bore and scheme water use within
the industrial area. At full capacity
pproximately 24 meg a day
of freated wastewater from the
Woodman Point Wastewater
Treatment Plant is piped to KWRP
and processed through
microfitration and reverse osmosis

processes. Once freated, 16.7
megalitres of high quality process
water is piped to a number of
various industries within the
Kwinana industrial area each day
at a price which is cheaper than
scheme water.

Key Project Features

& Fii-for-purpose water
supply

& Recycling of freated
wastewater for
industrial use which
reduces the demand
for scheme and bore
water use

& Decreased volume of
treated wastewater is
discharged direcily
into the ocean

& Produces high qudlity
industrial water with
less than 50 mg/L fotal
dissolved solids

Development Costs

Overall construction cost
of plant and pipelines

$28 million

Issves

Wastewater from the Kwinana
Water Reclamation Plain is piped
into the Sepia Depression Outiet
Landline {(SDOOL) and discharged
4 km offshore. An environmental
monitoring program is carried out
at the ocean outfall to ensure there
is no harmm to the marine and
coastal environment through the
Perth's Long-term Ocean Outfall
Monitoring (PLOOM) program.
Contaminants such as heavy

Outcomes

The 2010 annual report of the
SDOOL released by the Water
Corporation revealed that the
monitering has not detected any
harmful effects on the marine
environment.

metals, pesticides, nutrients,
and pathogens are all
monitored closely. The
monitoring program along with
a management plan was
developed to ensure that the
ecological and social values of
the marine waters are
maintained within the vicinity of
the Sepia Depression.

It is estimated that approximately
six gigalifres per year of scheme
water has been replaced by the
KWRP.

In 2005 the Water Corporation
received an AWA Environmental
Merit Award which gave
recognition for the environmental
benefits provided by the Kwinana
Water Reclamation Plant.
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The Green at Brighton

There has been a lack of rainfall
runoff in Perth and availabiity of
groundwater is declining,
particularly in the north west
corider due to the supply of
drinking water from the Gnangara
mound.

‘The Green' at Brighton is the fourth
vilage of Satterley's Brighton
development in the City of
Wanneroo. Approximately 1,100
lots and 10 public open spaces are
located within the development
area.

The development has installed a
reticulated non-drinking water or
dual reticulation system which
delivers non-drinking water supply
for the irrigation of public open
spaces and private spaces using
groundwater from the superficial
aquifer. An onsite weather station
with moisture sensors is connected
to five bores and has a central
controller which determines the

Local govermnment

City of Wanner

The Australian Bureau of Stafistics
estimated that the Perth
metropolitan area had a growth of
3.2 per cent in 2008-09. This
populatfion growth rate is the
fastest of any metropolis in
Australia.

watering schedule. The system is
pressurised only between 10pm
and éam to reduce water loss
through evaporation.

UR ENTIRE

COMMUNITY
IS 100%
WATERWISE

Key Project Features
& Reticulated non-
drinking water supply
of groundwater for

imgation of public
open spaces and
domestic gardens
which is conirolled by
a central control
system

& Waterwise
landscaping utilised
within public open
spaces and promoted
to residents through
waterwise
landscaping
packages

® Homes installed with
WELS rated
appliances

® Swales used to aid
infiltration

® Community marketing
campaign aimed at
educating the local
community

Development Costs'

Weather station $25,000
Computer and software $30,000
Dual reticulatfion

Waterwise landscaping $8.000,000 -
$12.000,000

'All Costs are site specific and are an approsimation given for

guidance purpozes only

Issves

The Green is located within a protected drinking
water source area P3 protection area.

Outcomes

The project has significantly
improved our understanding of the
regulation, operation and
maintenance of non-drinking water
schemes in Western Australia. The
project overcame several
significant challenges such as
financial, regulatory, health, and
complicated approvals processes.
The results of community marketing
campaign revealed that the
community are supportive of the
project.

Water efficiency monitoring within
The Green is still in its early stages
due to the rolling construction
schedules although sample data

NON DRINKING
SUPPLY BORE

$2,500 - $3,000 / lot

from select homes have indicated
that household use of water has
possibly been reduced by over 50%
in comparison to the Perth
Metropolitan average.

The monitoring of groundwater
usage in public open spaces
indicated that the water usage is
decreasing with most of the public
open spaces using below the
allocated level with target levels
being approached.

The Green project enabled the

establishment of a ceniral point of
expertise for non-drinking water in
WA whilst exploring different levels

of service to make schemes cost
compefitive.

In order to assess the merit of dual
water supply schemes the Water
Corporation in colilaboration with
the Department of Water
established a structured approach.
Industry wide guidelines were
developed in to assist developers in
the design and construction of duel
reticulation schemes. The drafi
guideline is available from the
Depariment of Water and is valid
until the October 2011 when it will
be formally reviewed.

GARDEN AND
LAWN USAGE

NOA TRV S, Y

FLOW LMTID TO M LA
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Capricorn

landuse/  Scale
development tvpe

In 2010 the Ausiralian Bureau of
Statistics estimated that the Perth
metropolitan area had a growth of

3.2 per cent in 2008-09. This
population growth rate is the
fastest of any metropolis in
Australia. Western Australia was
also the fastest growing state or
territory in Australia.

With such high growth rates the
demand for land and housing
increases. These pressures include
securing water supply and
improved management of
stormwater systems.

In an effort to conserve water and
achieve better urban water
management outcomes,
Capricorn Village Joint Venture
partners Yanchep Sun City Pty Ltd
and the Capricorn Investment
Group Pty Ltd initiated the
Capricorn development which
began construction in 2005 in the
City of Wanneroo. Capricom is
approximately 220 Ha and will
deliver around 2,200 lots. Water
sensifive urban design features are
evident throughout the
development. The site is
predominantly sandy soils with
depth to groundwater of over Sm
and moderate grades across the
site.

32 8L

2sd

Key Project Features

& Vegetated swales
designed to detain and
treat stormwater runoff prior
to infiliration

# Living streams designed to
convey stormwater from
larger, infrequent events
whilst providing habitat
diversity

® Raingardens installed within
residential lots and within
the local road network fo
treat stormwater and aid
infiltration

® Waterwise landscaping
promoted to residents with
incentives and
implemented within public
open spaces

#® Retention of existing nafive
vegetation incorporated
into road verges and public

open spaces

Development Costs!

Raingardens $140 / m?
Living streams $30/ m?
Vegetated swale? $80 / m?

"4l Cost: are site specic and are an approxmation given for guidance

purpozes only
wale: are catchment spaciic and the cost above iz given az a guideine
only

Maintenance Costs!

Garden beds $5-820/m?/yr
New Trees $10/ tree / yr
Existing trees $30 / tree / yr
Living Streams [reed bed) $1/m3yr

TAll Costs are site speciic and are o broad opproximation given for guidance
purpozes only

Qutcomes

In 2010 the Housing Industry Associafion of WA
awarded Capricom the GreenSmart Community
Award. The Development was also one of the
State's fist to receive EnvircDeveloper
Cerfification.

More recently Capricormn was awarded the
Sustainable Urban Development award by the
Urban Development Institute of Australia [UDIA).




Case Studies

Liege Street Wetland

Land use / Scale

development type

Historical land use practices in urban,
industrial, and agricultural areas
have resulted in high nutrient loading
within Perth’s drainage network
which ultimately flows into the Swan
Canning river system. In recent times
high nufrient levels have led to algal
blooms and fish kills.

In an effort o reduce nutrient
loading into the Canning River, the

Lisge St Wetland
Design festures

LOLALTY MAP i

Swan River Trust in partnership with
the City of Canning, South East
Regional Centre for Urban Landcare
(SERCUL), Department of
Environment and Conservation,
Water Corporation and Two Rivers
Catchment Group developed the
Liege Street Demonstration
Constructed Wetland. The wetland
was designed by Syrinx
Environmental Pty Lid and was
constructed in 2004.

Located at Carden Drive in
Cannington the constructed wetiand
was the first substantial project of the
Drainage Nutrient intervention
Program (DNIP). The project has
been successful in reducing nutrients
entering the Canning River from a
maijor urban catchment with an area
of 530 ha.

Ryewnition sed
wrnanceewnt of
native vegetation

Key Project Features

& Reirofitting of an area of
public open space into a
consifructed wetiand
(approximately 1 ha) to
improve stormwater
quality

& Improvementin
stormwater quality from
the urban catchment
before entering the
Canning River

& Design of the wetland
ensures that during high
flows, the water will be
conveyed quickly
through the wetland to
minimise the risk of
flooding

¢ Creation of a passive
recreation area for public
use which also has
educational benefits for
the community

Development Costs

Conceptual design and $43.,000
construction/ revegetation

specifications

Consiruction ! $726,000
Planting and restoration $74,000
activifies 2

Total [ex GST)3454 $863,000

' Approximate figure, includes inkind funding

2 Includes supanision fime but does not account for volunteer fime [not

tracked but sigrifcant|

3 Conzruction/revegetation cast: orly relate fo weiand dezign and
implementation and not landzcape elements (eg signage, boardwalks,

patte, secting, eic|
4 coztzin 2004-05

$ SRT, Water Corporation, City of Canning stoff fime for planning not

quontified

£ Cozts relote fo implementofion of bo#h the ~1ha wetiand and the entire

~4ha site in which the wefiond i located

Maintenance Costs!2

2005/2006 $30,200
2006/2007 $30,300
2007/2008 $20.200
2008/2009 $24.600
200%/2010 $24,100
2010/2011 $21.100

' Al figure: are an opproximation of cozt: which includ
but does not occount for volunieer fime and excludes
management for shaff af Swan River Trust, Water Corporafion, and Ciy of

Canring have not been quanified

2 Cozk: relate to mainienance of both the ~1 ha wetiand and the enfire

4ha zite in which the wefiand i located

Issues

The wetland is located within the once degraded Bush

forever Site 224.

High to moderate acid sulphate soils exist on site.
Flows with elevated levels of nutrients and other
poliutants from a large urban catchment are conveyed

into the Canning River.
Outcomes

In 2006 the project was awarded the
Stormwater Industry Association
National Award for Excellence in
Stormwater Management. it also
received a Western Australian
Environment Award in the Bush, Land
and Waterways category.

Initial reports in 2007 revealed the
wetland had performed and reached
its short term targets for nifrogen and

phosphorus removal during base flows.

Turbidity, algae and heavy metal
concentrations also measured
favourably against the National
ecosystem protection guidelines with
the exception of zinc levels.
Measurements within the
sedimentation forebay were exhibiting

high levels of metal accumulation

indicating the effectiveness of its
design to reduce pollutants.

The site has also become a place
where many species of fauna can be
seen. Nestfing turtles and birds are o
strong indication of the success of the
project in creating habitat.

Currently the upland vegetation is in
good condition with around 70
different native species.
Approximately 70-95% native
vegetation cover occurs in 70% of the
upland zone. In recent years there has
been a decline in the coverage of
emergent macrophytes across the
vegetated areas of the wetland
believed to be a result of high organic
loading, insufficient aeration and iron
and sulphate presence. The resultant

recent unfavourable conditions for

plant growth are impacting on the
water quality freatment efficiency and
ecology of the wetland.

Action is now occurring to better
understand the working of the
wetland and work is being planned fo
rectify the issues. It is now considered
that inline and passive systems need to
be designed to reduce the proportion
of permanently inundated surface
flow area. Sub surface and wet/dry
basins may prove fo be more effective
approaches.

Along with environmental benefits, the
Liege Street Wetland has provided a
place for passive recreation and
educational opportunities for the
community.
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The Grove: Leading, Learning, Living

Land use j Scale

development fvpe

fing Lot

Stormwater confrols

eral

Water reuse

rechar

Local government

hire of Peppermint

Mot only does the building target
water efficiency, but it also serves
as a ‘ving” educational foal

Schemse water use at The Grove
has been reduced significantly.
Raimwater is captured, stored and
treated for in-house use onsite.
‘Waterless urinals and a numbber of
low J imited flow water fidures
and fitfings have also been
installed at The Grove.
‘Wastewater is captured, treated,
and used cnsite for imigation.
During the hotter months, some
water is diverted to the thermal
rmaze to aid cooling of the
building.

Historically, stormwater flows from
the 20 ha catchment were not
treated. Now, primary treatment
occurs through a gross pollutant
trap prior to entering a pump-out
tank. Jecondary freatment sees
the stormwater being pumped to
a number of subsuface flow
sedgebeds which ufilize native
plants to remove of nutrients,
suspended sofids, biological
oxygen demand and heavy
metals. The flows then drain into

The Town of Cottesloa, Town of
Mosrman Park and the Shire of
Peppermint Grove have worked
collaborafively to develop a high-
profile environmentally sensifive
demonsiration project. - The
Grove: Leading Learning, Living.

the vegetated ephemeral
wetland where reated flows are
recharged to the local aguifer.

Landscaping consists of a range
of low water use, hakitat
comprised of Western Australian
plant species. Green walk have
been constructed arcund parts of
the building which reduce the
overall temperature of the
building.

Key Project Features

& Grey water, yellow
water and brown water
is separated at each of
the source points fo
optimise efficiency of
wastewater freatment

& Pofable and non-
potable use of
harvested rainwater

& Waterless urinals and
many low flow water
fixtures and fithings

& Stormwater quality
improved prior to
infiltration infe the local
aguifer

& Environmentally
focused community
education and
engagement program

& Ephemeral wetland
with local vegetation
provides habitat and
treats stormwater flows

& Greenwalls reduce
heat island effect

& Habitat provided using
waterwise landscaping

Development Costs’

Rainwater harvesting system
Wastewater freatment and reuse
system

Waterless urinals

Water efficient fixtures and fittings
Urine separating foilets

Thermal maze

Community education and
engagement program

Green Walls

'Cozt: are sie specific and are an approsimation gven for guidance

purpoze: only

Outcomes

At the state level, the building is
the first to incorporate yellow
water diversion to an onsite
wastewater treatment system. In
the Perth metropolitan area it is
the first public building which
harvests rainwater forinternal
potable use (within a scheme
water serviced area), treats
wastewater onsite, and utilises
groundwater and rainwater for
heat exchange.

The 258 kL rainwater storage system
is estimated to reduce the demand
on the mains water supply by

730,000 L each year, meetfing 100%

$494,400
$320,300

$1.100
$5.600
$21,400
$427.600
$549,700

$2,000 / m?

of the internal water demand. The
water-efficient fixtures alone are
esfimated fo save 175,000 L each
year. Additionally, the draw on
groundwater is expected to
reduce by an estimated 700,000L
through using onsite treated
wastewater for irrigation purposes.

A large part of The Grove project is
aimed at educating the
community about ecclogically
sustainable development (ESD).
The design of the building has
incorporated ‘viewing windows' to
allow visitors to see the state-of-the-
art features such as the rainwater

first flush chambers. User friendly
interpretive signage, web-based
material and fact sheets have
been developed to aid community
education about ESD. Community
forums, workshops, events and
activities which promote
community understanding and
enthusiasm towards ESD are also
provided by the Grove Library.

A suite of detailed factsheets on
the ESD features at The Grove are
available from The Grove Precinct
website,
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Evermore Heights

Land use | Scale
development fype

Residentia Lot

Stormwater conirols Scale
wales 3

and

2.'-?’.“. .

Efficient use of water

I
! Wa
|

and

Wa

Rainwater storage and Lot

Site condifions

| Local govemment

City of Rockingham

Evermore Heights, co-developed by
Satterdey Property Group Ply Lid and
LandCorp, is a 374 lot estate with

water sensitive urban design features
from in-house fo public open spaces.

Residents have access to a dual
reticulation systerm which draws
groundwater for rigafing public open
spaces and residential gardens.

The weather station, which contfrols
the imigatficon times and duration, is
located at a local primary school and
doubles as an educafional tool for
the local school children.

Homes have been equipped with
WELS rated appliances and
waterwise landscaping has been
promoted through incentive
packages which encourage new
purchasers to plant low water tclerant
species. A parficular incentive
package included a free 3000L
rainwater tank which plumios non-
potakle water to the laundry [cold
top) and toilets. Design guidelines
include the requirement for
permeakle paving where hard
landscaping is reguired within
gardens.

Raingarden: are located within
allotments and the road network and
freat flows up to the 3 month
average recurence interval [ARI)
event. Langer stormwater flows, up to
the 10 yeaor ARI, are directed info
swales located within public open
spaces. The swales have been lined
with @ nutrient aksorioing fiter media
and vegetated with native water
tolerant species to treat stormwater
prior o infiltration. Large infiltration
basins, located in public open spaces
are designed to receive and infiltrate
up to the 100 year ARI event.

Two areas of high gquality vegetation
were idenfified and retained as
natural areas within the estate’'s pulblic
ocpen space. Native species were
planted as suppaorting understory in
these areas. All puklic open spaces
and streeticapes ulilise waterwize

landscaping.

Key Project Features

& Areticulated non-dnnking
water scheme imgates
residential lots and public
opens spaces

& Weather station also used as
an educational fool for local
school children

& Rainwater harvesting and in-
house use

& Waterwise landscaping in all
private dwellings and public
Open spaces

& Raingardens constructed
within residential lots and the
local road network

& Nufment abserbing filter media
added to the soils of
vegetated swales to aid
freatment of stormwater
during infiltration

& Infiltration basins designed fo
receive and infiltrate
stormwater up to 100 year ARI
event

Retenfion of a number of
mature trees and native bush
areas

Consfruction Costs!

Dual reficulafion

Rainwater tank {3000L)

Residential biofitter

Waterwise residential landscaping
Swale earthworks

Weather station

Weather station computer and
Software package

"All costz are site specific esfimates given for guidance purposes only

Issves

$2,500 per lot

$3.000 each

$500

$7.000 per lot

$15,000 - $20,000 / swale
$25,000

$30,000

A number of challenges emerged during the development of Evermore Heights. Collaboration with agencies and other
stakeholders was necessary to resolve challenges such as the establishment of a workable governance model, determining

the real cost of schemes, understanding health and regulatory risks, service provision, security and refiability of sources
longer term, and water efficiency ot a community scale. Other challenges included understanding the marketing
advantages that pioneering sustainability initiatives has within the community, and menitoring the impact of non-potable

water supply with accuracy.

Ovutcomes

The developers of Evermore Heights
targeted a 50% reduction in the
average household consumption
rate for Perth’s scheme water. The
development surpassed this with a
68% reduction in scheme water

use. The dual reticulation scheme is
estimoted to reduce domestic use
of potable water within Evermore

Heights by 56% alone. Over 150
homes had the free 3000L
rainwater tank installed as a part of
the new purchaser’s incentive
package.

The dual reficulafion schemes ot
Evermore Heights and The Green at
Brighton have been the catalyst for

the Water Corporation’s
development of new policy and
goverance arrangements
regarding alternative non-drinking
water supplies.

ndicaping Austalia
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Fiona Stanley Hospital

Landscaped flood
storage areas

Underground
Infiltration tanks

Roof gardens Pr
{18400

Scale

SiEo o S

Across the site

Rainwater and RO

waste reuse suites

flushing

Imigation of &000 kL

landscape reservoir

Site conditions

Seils Sand

Local government Location

City of tville Murdoch
Drive

The construction of the Fona Stanley
Hozpital has incorporated water
sensifive urcan design prnciples at a
precinct scale to deliver a fully
integrated landscape and water
management sirategy that enhances
the connection between people and
the natural environment.
successfully demonstrates that
demand for scheme and groundwater
can be minimised through using
natural systems, recycling and
efficiency.

The total site area is 32 hectares. This
includes 18.600m? of two fier roof
gardens, 14,500m? of public open
space and 5 ha of bushland,
landscaped parks and gardens.

The landscape design provides open
spoces for conservation and
protection of the environment, passive
recreation, amenity and integrated
stormwater management. The
landscape strategy retains exisfing
vegetated areas and topography and

provides a habitat for the Carnaky's
Black Cockatoo as well as other
fauma.

By maintaining the topography of the
site, the strategy is akle to utilse the
existing hydrolegy and natural systems,
infilirating stormwater from major
events into low points, Lake Park and
the bushland. and recharging the
groundwater resowsces in the
superficial aguifer. On site infilfration is
further facilitated via underground
concrete infiliration tanks. The design
permits construction over the tanks.

Roof gardens assist with:

+  the reduction of stormwater
run-off and peak flows:

s filtration of the stormwater
through the soil profile before
entering the stormwater netwaork;

s retention of rainfall within the
enginesred soil profile for use by
plants, reducing imigation
demand.

The rocf gardens ako improve air
quality, reduce noise poliution and
provide habitat for birds and insects.

Other water sensifive urban design
measures include the use of rainwater
and wastewater from the central
building’s Reverse Osmaosis [RO) water
plant in the hospital for toilet flushing;
the use of water efficient fidures; and
native planting.

The imigation design features two
water mains for the hospital and City
of Melville with separate pumps. filters
and ceonirol gear. The irgation system
to rocf gardens and streetscape areas
can be switched off when plants have

established to reduce overall demand.

Key Project Features

L]

100yr 72hr average
recurrence rainfall [ARI)
stormwater managed on sife
via infiltration, reuse and
evapotranspiration

Peliufion control [debsis and
hydrocaroon capture via
gross pollutant traps) installed
to capture the first flush from
impervious arsas

Stormwater captured and
stored on site for imigation
purposes

10% of scheme water use is
recovered and comkined
with RO wastewater for toilet
flushing

Reduced scheme water
consumpficn and flow to
sEwWers

Retention of vegetation,
landscape and optimisation of
urivan form

Integration of stormwater
management in fo landscape
and bushland conservation
areas, allowing for infiltration
and recharge of the
superficial aguifer.

Issves

No drainage connections were available to accommodate stormwater removal offsite so the system has therefore
been designed to manage stormwater onsite up to the 1% annual exceedance probability (AEP) event.

Topography separated the precinct into three distinct catchment low points. The proposed main hospital building
footprint was located on site’s lowest point which
created a number of challenges for stormwater
management.

238 BT aPB N 33 = 18z

Due to large impervious areas for the buildings and
car parks, stormwater management needed to be
carefully designed in accordance with WSUD
principles to manage the 'small events' in conjunction
with the requirement to also manage maijor flood
events on site.

Poliution control devices (gross pollutant fraps) were
installed to capture the first flush impacts, including
debris and hydrocarbons, from impervious areas

during consfruction. After capture of the small event E
flows, stormwater bypasses info underground
infiltration tanks and landscaped basins

Ovutcomes

The fully integrated stormwater management system
delfivers the objectives of a contemporary health campus
by enhancing the connection between pecple and the
natural environment.

Careful design and planning ensured that the
development could make the best use of existing natural
systems and maintain the original site hydrology.

The strategy protects the existing ecological habitat and
creates additional green spaces and habitat which assist
in the management of urban heat island effects.

Imigation and water for hospital purposes is continually
monitored for quality. Recycling 10% of maximum
estimated daily potable water use will save
approximately 40ML per year.

-

Muthiplex
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Parkfield Lake and Public Open Space retrofit

I —

.l::dmmm ,remnm seake | caused by legacy nutients cocuning Key Project Features Issues
Public Open Space N in groundwater likely fo be asscciated X . X .
i _-PE “pace Lo & Biofiter planted with locally native Algal blooms were caused by the discharge of nutrient rich, untreated groundwater and urban stormwater runoff into the

fi

tting Lot |

Stormwater conirols Scale
Bicretention area Lot
Bubkle-up pits Lot

Efficient use of water  Scale
Waterwize Lot
landscaping

Water reuse Scale
Constructed stream Lot
and lake water
recycling
Water quality Scale i
freatment |
Mative vegetation Lot
High PRI filter media Lot
Lateritic grave Lot

ation of lake and Lot

sSireqam water

Site conditions
Groundwater

Slope Steep dopes
within park
Local government Locafion

City of Ewinana Beriram

Parkfield public cpen space was
orginally developed as part of an old
residentfial development. The park
which izin the suburt of Bertram
included a cenfral water bedy and
surounding landscaping. The orginal
design was for the water body to
function as @ compensating basin.

The lakes was maintained through its
direct connection to groundwater and
the surrounding puklic open space
was consfructed with steep turfed
slopes. While no water quality issues
were inifially present, algal blooms
ococured after a number of years.
These algal blooms are thought to be

with previcus market garden usage
within the locality and nutient loads
fram surcunding urban development,
stormwater and park runoff.

The park and surrounding road system
was alzo subject to repeated flooding
resulting in safety hozards. The safety
hazards as well as the algal blooms
and water guality were of concermn to
the community.

To address the community concems
and the range of complex surface
water, groundwater and health and
safety issues, the City of Kwinana, in
partnership with the Peel-Harvey
Catchment Council. engaged TME
consultants to investigate these issues
and design and refrofit a pubklic open
space solution to improve the
envircnmental, flood storage,
aesthetic and recreational values of
Parkfield public open space.

The water body was of high value to
the local residents and thers was a
strong preference for a water body in
the final design.

The retrofit londscape design utilises
native vegetation planting around the
installed bicfiter and general
parkland. A natural rocky channel has
oeen designed to connect the stream
to the lake. The lake and channel are
disconnected from the groundwater
and stormwater systems.

The bicfilter basin and surrounding
area also provide the required storage
to alleviate flooding.

Parkfield Lake was praviousy
subject i foading and
cangemus digal Bloams

species for storage of 1in 10 year
average recurence inferval (ARI)
stormwater event to address
downsiream flood censiraints

# High Phosphorus Retention Index
(PRI} soil and nuiient akbsorbing
filter media added to the soils of
the kicfitter and topped with
laterific gravel mulch to aid
treatment of stormwater during
infiltration

& Iubscil drainage system bensath
kiofilfer o separate nuirient rich
groundwater from surface water

& Provision for separate freatment
of nuitrient rich groundwater
systerm downsfream

& Consiruction of rock-ined flow
path and lake to replace existing
water features, maintained with
low-nutient groundwater
abstracted from a deeper
confined aguifer and recycled
using pump system

# Usez of native plants and rocky
drops within lake and channel to
provide additional fauna hakitat,
and improve aesthetic value
through aerafion

& Inclusion of active open space,
with entry pits arcund the edge of
the lake to capture runcff fram

Parkfield Lake. Due to the need to maintain the aesthetic quality and value of the location for the community, adequate
treatment of groundwater could not be undertaken at the site due to the lack of space. A subsoil system was constructed
to allow freatment of groundwater further downstream where more space was available and to separate rising
groundwater from the surface water system to alleviate flooding and the development of wet areas.

The new design incorporated a smaller constructed lake and stream to meet community expectations, including a

pumping system to circulate water and minor rocky waterfalls assisting with aeration and prevent algal blcoms while
providing ‘white noise’ for a relaxing environment.

Development Costs'

Subsurface drainage $100.000
Filter media (supply) $ 30.000
Bicretention area planting $ 15,000
Landscape & imigation works ~ $430,000
Bulk earthworks, dewatering  $250,000

1All Coztz are site specific and are an approximation given for

guidance purposes only

Outcomes

TME and the City of Kwinana
successfully retrofitted a water
sensifive public open space that
maintained the water features of
the previous design valued strongly
by the community, while managing
flood issues through the provision of
effective stormwater detention and
water quality freatment through
the development of a bioretention
area.

Management of groundwater was
achieved through a subscil
drainage system o separate
groundwater from surface systems
and through the use of a high PRI
media in the soils of the
bioretention area to allow some
treatment of highly eutrophic
groundwater.

The construction of a water
sensitive public open space has
provided an opporiunity fo create
a more useable active open space

by regrading existing steep sloped
areas to a more flattened form that
is appropriate for recreation and
that maximises visual amenity,
access to and inferaction with the
water.

The design provides fauna habitat,
reduces invasive weeds, and
enhancing water quality freatment
of stormwater by providing a buffer
to fertiliser run-off, lawn clippings
and other additional nutrient
sources.
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PEEL-HARVEY water sensitive urban design tour
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SITE LOCATIONS

QUANDONG PARK - Seascapes, Halls Head
position: E376432 N6397650
32° 33 06™S 115°41' 02°E

SANTALUM CIRCUS - Seascapes, Halls Head
position: E375816 N6396418
32° 33’ 45™S 115°40' 36"E

NORTH PORT STAGE 12 - Linville Streat &

Boxgum Link, Port Bouvard, Wannanup

position: E373342 N6392907
32°35°38"S 115°39' 01"E

CHANNEL VIEW - Port Bouvard, Dawesville
position: E372218 N6391488
32° 36’ 24™S 115° 38" 187E

ENCHANTRESS LANE & ESTUARY RD

- Dawesville

position: E372603 N6391202
32°36’33"S 115° 38' 32"E

SNAKE DRAIN - Mariners Cove, Dudley Park
position: E381269 N6397255
32°33'20"S 115°44' 07°E

ALCOA WETLAND - Pinjarra Road, Pinjarra
position: E393929 N6389555
32° 37’ 35"S 115°52' 107E

CANTWELL PARK - South West Highway,
Pinjarra
position: E394600 N6389432

32° 37" 39"S 115°52' 35"E

MEADOW SPRINGS DRIVE - Meadow Springs
position: E383260 N6403703
32° 29’ 52°S 115° 45' 26"E

LAKELANDS - Jane Kennaugh Reserve,

Loretta Parkway

position: E384056 N6407041
32°28°05°S 115° 45' 60"E

LAKELANDS - Yindanna Lane

SHIRE OF MURRAY

Laxes

position: E384116 N6406040
32° 28’ 37°S 115°46' 02°E

LAKELANDS -Ballard Meander
position: E384170 N6405594
32° 28’ 51"S 115° 46' 02°E
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SITE 1 QUANDONG PARK, SEASCAPES, HALLS HEAD
SITE 2 SANTALUM CIRCUS, SEASCAPES, HALLS HEAD

SITE 3 NORTH PORT STAGE 12, LINVILLE STREET & BOXGUM
: LINK, PORT BOUVARD, WANANNUP
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SITE 10 A JANE KENNAUGH RESERVE, LORETTA PARKWAY
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B YINDANA LANE, LAKELANDS
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PEEL-HARVEY water sensitive urban design tour
Site 1 Quandong Park, Seascapes, Halls Head

Quandong Park is
bordered by Quandong Parkway
and Asper Way, in Halls Head.

It is a seaside development,

with construction of shopping
and lifestyle facilities currently
under way. The Quandong trees
in and around the development
have been retained due to their
cultural and environmental
significance. Some of the mature
trees are up to 200 years old.

Key site objectives include:

Flood protection for the surrounding development - the overall public open space
design will accommodate a 1 in 100 year event

Infiltration of stormwater on site

Stormwater quality management to protect the Peel-Harvey catchment and costal areas

Best management practices include:

Bottomless manhole infiltration features at primary source points to quickly
disperse large amounts of water (A)

Median swales with vegetated bioretention areas which assimilate nutrients in
stormwater runoff (B)

Gross pollutant traps at the kerb line for ease of access and maintenance (C)
Flush kerbing around the public open space to distribute storm water evenly and
minimise need for piped systems (D)

Rock waterfall features at the stormwater bubble up points act as a gross pollutant
trap whilst calming flows (E)

Atlantis infiltration systems to retain smaller infrequent events underground and
replenish groundwater aquifiers, ensuring public amenity of active playing spaces
is not compromised (F)

When it rains, water is initially stored in
the bottomless entry pits in the street
network. If this capacity is exceeded,
water then flows out of the bubbleup
into the rock waterfall. In extremely
large events, water is retained in the
amphitheatre in underground storage
cells and infiltrated over a period of a
few hours to a day.

Other objectives achieved include:

* Vegetation and biodiversity protection
by retaining the quandong trees in and
around the development (G)

High quality public amenities (H)

* Incorporation of local artwork (I)

NOTE: this public open space area
was originally irrigated with treated
wastewater which supported the larger
than usual areas of turf.
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PEEL-HARVEY water sensitive urban design tour

Site 2 Santalum circus, Seascapes, Halls Head
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Key site objectives include

* Management of low flows to achieve recharge and treatment of stormwater
from the surrounding development

* Detention of stormwater to achieve flood protection objectives

Santalum Circusisin
the Seascapes development on
the western side of Old Coast
Road in Halls Head.

Best management practices include:

*  Wet detention area to facilitate recharge of treated stormwater to the
groundwater store (A)

*  Bubble ups to distribute stormwater to be infiltrated (B)

*  Flush kerbing to direct stormwater flows to vegetated areas (C)

*  Protection of the public open space area during house construction by
sediment fences (D)

* Detention of larger flows in active public open space area (E)

This public open space area
provides a water quality
treatment and water quantity
management function, while
also providing space

for active recreation. This is
achieved via the landscape
design and is complemented
by a children’s playground and
covered picnic area with tables.

L R I R R S N R

Other objectives achieved include:

*  Provision of sufficient area for active recreation (F)
* Retention and revegetation of local bushland (G)

* Incorporation of local art (H)

e Community meeting places and facilities (1)
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Site 3 North Port Stage 12, Linville Street & Boxgum link, Port Bouvard, Wanannup

Gl 8L st aass b sbbtNBssbasasse

North Port development
is located to the north of

the Dawesville Channel in
Wannanup. Stage 12 can be
accessed via Linville St and
Boxgum Link.

A key factor in the design

of the development was the
achievement of water sensitive
urban design objectives to
minimise its impact on the
nearby Peel Inlet.
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Site objectives include:

Maximise local infiltration

Diversion and detention of the first flow runoff (which contains high amounts of
pollutants)

Minimising the amounts of impervious areas to increase infiltration

Integration of stormwater treatment systems into the urban form

Minimise runoff velocities to prevent erosion

Best management practices include:

Incorporation of weep holes, aggregate (metal bed) and traps within all gully and
side entry pits to maximise local infiltration, detain all first flow runoff and minimise
the volumes and areas required for detention basins (A)

Over depth manholes and propriety drainage cells to achieve a “no flow” system of
infiltration (B)

Incorporation of swales to facilitate stormwater treatment and infiltration (C)

Flush kerbing where adjacent to public open space areas or large medians; to direct
stormwater to infiltration areas (D)

Other objectives include:

* Design of public open space to
accommodate infiltration of
stormwater without detriment to public
amenity or environmental values (E)

* Retention of existing local native
bushland and landform to reduce and
filter runoff (F)

e  Conservation of water through
minimising turfed areas (G)

o
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Public open space (POS)
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Site 4 Channel View, Port Bouvard, Dawesville
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Channel View isin the
Southport precinct of Port Bouvard
which surrounds the prestigious
‘Cut’ Golf Course and neighbours
the Indian Ocean. It is located on
the western side of Old Coast Road,
immediately south of the Dawesville
Channel.

It has been bullt on an area sensitive
to nutrient loading and contamination
discharge. In order to prevent further
negative environmental impacts in the
area, special attention was given to
the implementation of water sensitive
urban design principles, particularly
to prevent nutrients from mobilising
to the nearby estuary.
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Key site objectives include:
« Infiltration and treatment of stormwater
*  No direct discharge of stormwater to the estuary

Best management practices include:

* Lot level infiltration to reduce the need for a piped stormwater system (A)

*  Water sensitive road design including flush and broken kerbing and incorporating
soak tanks to increase onsite infiltration (B)

* A bioretention system with rockfall to slow water flows and treat frequent
stormwater events prior to discharge to the receiving environment (C)

* A bubble up feeds into grassed swale area to increase onsite infiltration (D)

Other objectives achieved include:

* Incorporation of public art (E)

e  Vegetation regeneration and retention (F)

* Provision of a public area which maximises community use of the area
and allows access to the estuary (G)
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Site 5 Enchantress Lane & Estuary Road, Dawesville

Channel Heights is Key site objectives include:

a small development, located g * Infiltration of stormwater as close to source as possible
as its name suggests, on the . e Treatment of stormwater prior to its discharge to the estuary

Dawesville Channel.

It comprises 66 single . Best management practices include:

residential blocks ranging ’ *  Flush kerbing, vegetation retention and meandering pathways to slow water
from 540sgm to 1000sgm. The flowing down the roads and allow for greater infiltration (A)

development lies on the south 4 * A small park with a bubble up system in a small vegetated area serves to
side of the Dawesville Channel effectively contain stormwater flows and includes soak tanks for larger flows
and entrance is gained by 7 from the upper street system (B)

taking the first left onto Estuary | *  Ano pipe system has been used to promote increased infiltration throughout
Road after crossing the : Enchantress Lane (C)

Dawesville Bridge.

Other objectives achieved include:

*  Provision of community infrastructure (barbeques) in the small area of
public open space (D)

*  Subdivision design which retains and celebrates the landform and
landscape values (E)

Channel Heights is pictured on the
cover of the Peel-Harvey WSUD
Technical Guidelines.

Peel-Harvey Coastal Catchment
Water Sensitive Urban Design
Technical Guidelines




Case Studies

PEEL-HARVEY water sensitive urban design tour

Site 6 Snake Drain, Mariners Cove, Dudlevy Park
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Mariner’s Cove s
located immediately south of
Mandurah Road, off Mariner’'s
Cove Drive within 5 minutes of
the Mandurah Town Centre.

The snake drain Is located on
Darwin Terrace on the edge of
the internationally significant
Creery Wetlands, a key
component of the Ramsar listed
Peel-Yalgorup System. The
protection of these wetlands,
having consideration of the
shallow depth to groundwater
and predominantly clay soils
were key elements guiding the
dasign of this area.
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Key site objective:

Water guality management to ensure treatment of stormwater prior to discharge

Best management practices Include:

Gross pollutant traps to prevent litter and other pollution from reaching
the wetlands (A)

Lineal swale to retain and convey stormwater by allowing for nutrient
assimilation (B)

A constructed lake, to retain and treat stormwater (C)

Retention of native vegetation and revegetation to protect the health of
the nearby Ramsar listed Creery Wetlands (D)

Other objectives achieved include:

Vegetation and biodiversity protection - Just under 50% of the site was
ceded for the Creery Wetlands Nature Reserve (E)

Controlled and responsible human access to Creery Wetlands (F)
Successful education program on small lot concepts for the City of
Mandurah Councillors and Senior Executive
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Case Studies

PEEL-HARVEY water sensitive urban design tour
Site 7 Alcoa Wetland, Pinjarra Road, Pinjarra
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Alcoa Pinjarra Wetland Restoration i
Project is located on Pinjarra Road, Pinjarra. gé lffj suuyoinnig
The restoration project is a partnership between é'“ o T

Alcoa, Peel-Harvey Catchment Council, Greening
Australia and the Shire of Murray with funding
provided by Alcoa, South West Catchments
Council (with support from the Australian and
Western Australian Governments) and the Peel
Development Commission.

Key site objective:
. Improved water quality and quantity management of an
existing drainage system via construction of a wetland area

Best management practices include:

* Redesign of the creekline and wetland to slow water flows,
increase retention times and improve habitat values without
compromising flood conveyance of the system (A)

. Rehabilitation of existing wetland vegetation including weed
control (primarily Watsonia, Japanese Pepper and Flame
Trees), and revegetation along the main wetland/creekline and
the central and southern-most intersecting creeklines (B)

Formerly a wetland, this degraded reserve had
been filled and channelised to form an urban drain.
The choice of this site for the restoration project
was based on many factors including that it
conveys more than 20% of the Pinjarra town site
stormwater which is discharged directly into the
Murray River approximately 500m downstream.
The site also had significant remnant vegetation
and an indigenous cultural history, and due to the
size of the reserve there was room to undertake a
large scale intervention, which is often difficult in
an urban area.

Other objectives to be achieved include:

*  Amenity improvements including a path and barbeque with a
bridge over the central intersecting creek

* In the longer term, interpretive signage will be installed along
the pathway with the intention of engaging people visiting the
site and increasing interest in the project

8600008400000 400000400000 4000008000000 s00000 80000

The project altered the drainage
infrastructure to reinstate the
former wetland functions of the site;
assisting with nutrient stripping
through encouraging sedimentation
and nutrient uptake by native
sedges, rushes, shrubs and trees
planted on the banks. An important
design specification of the project
was to maintain the conveyance
capacity in high flows while

slowing down the water in low flow
periods. The wetland design and
modelling was undertaken by Syrinx
Environmental.
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(Design and diag by Syrinx
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PEEL-HARVEY water sensitive urban design tour

Site 8 Cantwell Park, South West Highway, Pinjarra
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Cantwell Park is
located on the South West
Highway, Pinjarra.

This project is a hard
engineering, end of pipe
retrofit solution to improve
stormwater management. This
engineering approach was
taken in response to limited
public space, high slopes and
the need to remove oil and
sediment from the stormwater.
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Key site objective:

* In-system pollution control which is able to treat 80% of the total

stormwater flow from the catchment

Best management practices include:

*  Gross pollutant traps and oil / grit separator to capture and retain a range
of contaminants from stormwater generated from carparks, industrial and
commercial sites, roads and highways, petrol stations and high/medium density
residential developments. Suspended solids, sediment, oil, grease and debris are
retained in a centrally located solids catchment chamber (A)

* Retrofitting of existing manhole chambers and drain and curb inlet treatment
so that stormwater enters the inlet grate or curb inlet and is channelled into the

separation chamber (B)

Other objectives include:

*  Monitoring of resuits for research and
development - Initial monitoring of the drain
outlet was completed in May 2007 to capture
the ‘first flush’ event

high flow




Case Studies

PEEL-HARVEY water sensitive urban design tour

Site 9 Meadow Springs Drive, Meadow Springs

. The Meadow Springs . Key site objective:
. development is located about 4km to « Infiltration and detention of stormwater
. the north of the Mandurah City Centre.

It is a well established estate located . Best management practices include:
within and around a championship 5 *  Vegetated swales with bubble up to aid treatment and infiltration (A)
. golf course. It also features an . «  Alternate kerb arrangements to direct stormwater flows (B)
. established shopping centre and . e  Areduced pipe network in the streets, with stormwater being
school. . managed largely via road and kerb design
4 - e  Grassed infiltration basin to retain larger stormwater events (C)

The development design has
embraced the concept of water

sensitive urban design throughout. . Other objectives achieved include:

This area of public open space is . e Vegetation retention and revegetation are featured throughout

located at the corner of Meadow . Meadow Springs to conserve local bushland and biodiversity (D)
. Springs Drive and Oakmont Avenue. . «  High public amenity of parkland and facilities (E)
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Case Studies
PEEL-HARVEY water sensitive urban design tour
Site 10-A Jane Kennaugh Reserve, Loretta Parkway Lakelands

Jane Kennaugh Reserve,
Lakelands Private Estate is located off
Mandurah Road, on Catalina Drive.

Key site objective:
. Improved landscaping and integration of water and amenity into
public open space and the urban form

Priority has been given to enhancing

and preserving the natural features Best management practices include:

and habitat potential of the site, such «  Flush kerbing to disperse stormwater flows at point of contact (A)

as preservation of local tuart trees and e Upstream lineal infiltration cells and leaky pits in road verges to reduce
wetland features where possible. Water the need for piping and enhance stormwater infiltration (B)

sensitive urban design objectives have « A bubble up which flows into a rock waterfall and feeds into a swale at
been a key driver for the final form of the north of the park to aid infiltration and treatment. The park itself acts
the development, which successfully as an overland flow path in larger rainfall events (C)

integrates water into the streetscape and «  Application of fly ash to amend soils under public open space and
series of parks. One such park is Jane minimise transfer of nutrients to the groundwater (D)

Kennaugh Reserve on Loretta Parkway

arkAda Lang. Other objectives include:

. High amenity public space with community facilities (E)
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Case Studies

PEEL-HARVEY water sensitive urban design tour
Site 10-B Yindana Lane, Lakelands

Key site objective:
The Peet Ltd Lakelands - Improved water use efficiency through storage and reuse of

Private Estate development maximises stormwater and smart irrigation practices
onsite infiltration by installing over
depth access chambers, soakwells,
underground storage cells, and storm
tech units in the street network and in
some lots.

Best management practll:es include:
. Flush kerbing to disperse stormwater at point of contact (A)
. Capture of stormwater for reuse (B)

) _ «  Bush bioretention filters and lineal drainage swales (C)
Another water sensitive urban design

park is located on Yindana Lane and
Nullewa Parkway, Lakelands. This park
contains a lake used to irrigate the Other objectives include:
surrounding public open space. *  Use of native planting to minimise water use (D)
- Retention of local tuart trees and introduction of wetland features (E)

+  High amenity passive recreation space (F)
+  Enhancing and preserving the natural features of the site [G)
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PEEL-HARVEY water sensitive urban design tour
Site 10-C Ballard Meander, Lakelands

Key site objectives:

La kelands Private Estate . Infiltration and detention of large stormwater events
development also contains an *  Treatment and retention of smaller stormwater events
area of public open space on . Retention of native trees

Ballard Meander.

This area contains a kickabout Best management practices include:

space, tennis hit-up wall, « Infiltration and treatment of low velocity stormwater events via bubbleups,
informal cricket pitch and an rockfalls and vegetated areas (A)

adventure playground with »  Grassed infiltration basin for larger events within active recreation area (B)
barbeques, tables and seats. +  Flush kerbs to disperse stormwater at point of contact (C)

Other objectives include:

- Retention of native vegetation (D)

»  Active and passive recreation areas (E)

- Limited reticulation of native garden areas

-
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Case Studies

WSUD tour_South-eastern perth metro site descriptions

Sites in City of Gosnells:
Glenview Way, Southern River
tude: 32968, 12"S Longtiide: 115°66'54 99°E

Stillwater Street, Southern River

atitude: 32°6'18.92"S Longitude: 115°57'23.08°E
Flowerfield Loop, Southern River

afitude: 32°6'30.31"5 Longitude: 115°567'2.29°E
Siroi Court Southern River

atitude: 32°6'23.24"S Longitude: 115°56'54 40°E

Panther Elbow, Southern River
titude: 32°6'31.26"S Longitude: 116°66'52 44°E
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-eastern perth metro site descriptions

WSUD tour South

Sites in City of Atmadale:

Benalla Drive, Harrisdale

Lauraine Drive, Ha
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Case Studies

WSUD tour_South-eastern perth metro site descriptions

Site 1 Glenview way, Southern River

The road reserves located at the corner of and along Glenview Way and Bletchley Parkway have been
constructed to provide a stormwater conveyance function using best practice WSUD principles. Flush
kerbing bordering the road allows stormwater generated during small rainfall events to flow into grassed
swales contained within adjacent verges. This design maximises local infiltration of runoff, thereby
contributing to the maintenance of pre-development hydrological conditions, as well as providing a
conveyance function. Swales also provide physical and biochemical water quality treatment via deposition
and filtration of sediments and nutrient uptake. Bubble-up pits are also contained within the grassed swales
as part of conveyance of minor stormwater flows piped from surrounding access streets.

Runoff generated during major rainfall events from these streets is conveyed by pipe to the most northern
POS site in the precinct and then directed to the adjacent conservation category wetland buffer zone, which
has been revegetated to provide additional water quality treatment.

Key site objectives:

¢ Detention and treatment of small rainfall
events to achieve water quality objectives

e Multiple use of school parkland and
optimal pedestrian access

Best management practices include:

e Grassed swales (A)

e Bubble up pits (B)

e Flush kerbing to direct stormwater to the
public open space and bioretention basin
€

Other objectives include:

¢ |nfiliration of small events at source
* Increased amenity of strestscapes

¢ Low maintenance WSUD treatments
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WSUD tour_South-eastern perth metro site descriptions

Site 2 Stillwater Street, Southern River

The Stillwater Street site in Bletchley Park is characterised by three walled bioretention basins
in the verge along the street. The basins are connected to the road by side entry pits and pipes.
The bioretention basins are planted with native vegetation for water quality improvement and are
- designed to treat and infiltrate stormwater runoff generated from the 1 year ARI event on-site.

i Stormwater runoff generated in major rainfall events is directed overland into the nearby conserva-
: tion category wetland.

Key site objectives:

e Infiltration of stormwater at
source to maintain local
hydrology

e Improved water quality through
treatment by native vegetation

Best management practices

include:

e Walled bioretention basins in
side verges which manage
small rainfall events (A)

e (Grassed swales (B)

e Bubble up pit (C)

e Major flows are directed to

adjacent conservation category
wetlands (D)




Case Studies

WSUD tour_South-eastern perth metro site descriptions

Site 3 Flowerfield Loop, Southern River

Flowerfield Loop borders a public open space (POS) area of Bletchley Park Estate which is characterised by
a bioretention basin and retained native vegetation. The bioretention basin has been designed to treat local
runoff generated during small rainfall events via native vegetation. The basin provides flood protection during
rainfall events through detention of minor flows.

MNative vegetation was retained within the bioretention basin to enhance the sense of place and provide some
native fauna habitat. The vegetation also improves water quality of stormwater runoff before infiltrating into
the Superficial aquifer.

Flowerfield Loop POS provides recreational amenity for local residents, incorporating WSUD treatments into
a local park, enhancing the local connection to landscape and providing space for passive, non-structured
recreation.

* Detention and treatment of small
rainfall events to achieve water
quality objectives .

* Detention of small rainfall events : i) 1%li’l
to provide for serviceability ] ) il I I8

* Retention of native vegetation to
enhance sense of place

1 !|||||
oy,

X

* Bioretention basin for treatment of
small events (4)

*  Flush kerbing to direct
stormwater to the public open

space and bioretention basin (B)

* Retention of mature native
vegetation for provision of faunal
habitat

*  Amenity in public open space for
local residents via seating,
shading and grassed areas




Case Studies

WSUD tour_South-eastern perth metro site descriptions

Site 4 Siroi Court, Southern River

= The Siroi Court site comprises multiple WSUD best practices. This includes the innovative use of a constructed :
treatment lake for the storage and treatment of shallow groundwater for public open space (POS) irrigation, a &
biofiltration basin to treat stormwater runoff generated from adjacent roads during small events, and a revegetated
buffer zone to rehabilitate adjacent conservation category wetland, Balannup Lake.

The constructed treatment lake, located at the end of Siroi Court, receives and stores groundwater pumped from
= the superficial aquifer, which undergoes initial treatment via aeration. A constructed watercourse connects this lake
: to a larger irrigation lake located within a POS area on Castlewood Parkway, and provides additional treatment to
groundwater through further aeration and the settling of suspended solids. Treated groundwater is subsequently stored
in the larger lake and utilised for irmigation of vegetated POS areas throughout the precinct. The constructed lakes
and watercourse serve multiple purposes by providing treatment and storage of groundwater for irrigation; providing
amenity to local residents; and providing habitat for local fauna.

A biofiltration basin located next to the constructed treatment lake functions as a water quality treatment system for
stormwater runoff generated in small events from adjacent road reserves. Nearby tree pits and flush kerbing along
Castlewood Parkway are also best practice stormwater management, which act to maximise local infiltration and water
quality treatment of stormwater runoff from the local road network.

= Another key feature of this site is the revegetated zone adjacent to the constructed treatment lake, biofiltration basin
and Tiger Circle road reserve which separates and buffers the development from the Balannup Lake conservation
category wetland. The buffer zone has been planted with locally native species to facilitate the rehabilitation of the
wetland and habitat of native flora and fauna, as well as proteoting it from impacts resulting from the development.

Key site objectives:

3T R A% NP
V e Vegetated buffers to adjacent important wetlands

o -‘ ‘ ' % * Treatment, storage and use of groundwater for POS irrigation

lzmd § ‘ / e On-site stormwater infiliration and treatment

Best management practices include:

e Constructed treatment lake (A) and constructed watercourse
lake (B) for treatment of groundwater before entering irrigation
lake (C)

¢ Biofiltration basin (D)

* A revegetated buffer to the wetland beyond (E)

* Public open space irrigated by treated groundwater (F)

e Flush kerbing (G)

e Tree Pit (H)

Other objectives include:

* Provision of amenity for local residents through maintained
public open space including grass, paths and playgrounds

e (Creation of fauna habitat
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WSUD tour_South-eastern perth metro site descriptions
Site 5 Panther Elbow, Southern River

Panther Elbow is a local street within the Bletchley Park Estate which borders a Bush Forever site and
conservation category wetland, Balannup Lake. It also borders a passive public open space (POS) area
which incorporates existing mature native vegetation and provides flood detention for runoff generated
i during major rainfall events. Underground storage cells have also been installed on the border of the
POS area to infiltrate road runoff generated from the 1 year ARI event at source, and maintain local hy-
drological conditions. Underground cells are connected to the major POS detention area via a bubble up
: pit. Tree pits are also located within Panther Elbow and connecting streets and are designed to treat the
first 5 mm of stormwater runoff generated from rain events.

Overall, the POS has been developed to maximise amenity for local residents, provide a drainage
function, and create a connection with surrounding natural bushland and wetlands.

Key site objectives:

e Detention of stormwater to achieve flood protection
objectives

* |nfitration and treatment of small rainfall events

Best management practices include:

e Tree pits (A)
e Flush kerbing to direct stormwater flows to vegetated
areas (B)

¢ Underground storage cells (C)

e 2 bubble-up pits connecting the adjacent POS
detention area to the Balannup drain. The southern
grate is an inlet bubble-up pit, connected to the
northern grate, an outlet bubble up pit, by a small
v-drain. By planting the v-drain, some water quality
treatment is being provided to stormwater that is
conveyed between the POS and the Balannup drain
outlet pipe and thus the drain also acts as a swale (D)

Other objectives include:
¢ Retained mature native trees

¢ Useable public open space providing an appropriate
connection to the Bush Forever site
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WSUD tour_South-eastern perth metro site descriptions

Site 6 Benalla Drive, Harrisdale

The public open space (POS) bordered by Benalla Drive in Vertu Estate is characterised by the expanse of
native vegetation retained on site. The retention of native vegetation has significantly reduced the irrigation
needs of the site, as well as providing attractive public amenity and habitat for local fauna. The POS achieves
multiple objectives through its capacity to treat, detain and infiltrate stormwater runoff as well as provide
recreational amenity. Runoff is conveyed to the POS through the use of WSUD systems such as flush
kerbing and grassed swales surrounding the detention areas containing native vegetation. The naturally
vegetated detention area in the centre of the POS site improves the water quality of stormwater runoff before
infiliration to groundwater The meandering design of swales and connecting flow paths through the POS has
been used to maximise local infiltration.

o S -

Key site objectives: Other objectives include:
e Maximise local infiltration through a meandering flow path through grass * Retained native vegetation to redug

and shrubs (shaded area of map). irrigation needs
e Water quality treatment of small events in vegetated areas. *  Public amenities:
; . e Seating
Best management practices include: e Playgrounds
¢ Fush kerbing adjacent to public open spaces to direct stormwater to e BBQs

infiltration areas (A)
* \egetated detention area (B)

e Bubble-up pits (C)

e Pathways and bridges throug
the natural vegetation
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WSUD tour_South-eastern perth metro site descriptions
Site 7 Sotheby Drive & Wright Rd, Harrisdale

:The public open space (POS) on the corner of Sotheby Drive and Wright Road in Vertu Estate i
i features a round grassed space which provides a dual function to provide attractive public amemty
i as well as detention of stormwater runoff for flood protection. Best practice stormwater treatment is £
i achieved at this site through the use of grassed swales and flush kerbing along the boundaries
i of the POS. These provide conveyance and allow maximum local infiliration. Bioretention basins
: § planted with native vegetation improve the quality of stormwater before infiltration. Bubble-up pits are
included within both grassed areas and areas containing native vegetation as part of conveyance of minor
: stormwater flows to the POS for detention and treatment. Subsoil drains have also been installed to
§ control local groundwater levels.

Key site objectives:

e To create an aesthetically pleasing
public open space with the added
benefits of managing small and large
rainfall events

yaHT ROEL Lr*"/’

Best management practices
include:

e (Grassed swale (A)

* \legetated bioretention basin (2)
e Bubble up pit (C)

*  Flush kerbing (D)

Other objectives include:
* Retention of native mature vegetation
(paperbarks)
e Large events flow to active area
of public open space
* Public amenities
e Seating and BBQ
e Shade

e Pathways around the grassed
areas
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WSUD tour_South-eastern perth metro site descriptions

Site 8 Lauraine Drive, Harrisdale

Lauraine Drive public open space (POS) in Vertu Estate is characterised by the Balannup Drain which runs
t through its centre. Stormwater from the street network is treated in a bioretention basin in Stills Avenue,
: before flowing into the POS. Flush kerbing along Lauraine Drive allows local runoff from rainfall events to

: be infiltrated within the grassed swales and vegetated areas of the POS, and thus close to source. Major
events will overflow to the drain, after being detained by a series of constricting culverts. The retention of
i native vegetation and the planting of additional native vegetation provides a nutrient stripping function to &
the drain. Soft edge treatment of the drain west of Wright Road is preferred to the walled treatment east :
: of Wright Road; however, the lack of grade across this area is noted as providing challenging conditions.

Shallow groundwater is also controlled in the area through subsoil drainage.

Key site objectives:

e Management of rainfall from small
and large events before entering
Balannup Drain (shaded area)

e Creating an interactive public open
space incorporating existing
natural bushland

Best management

practices include:

* Bioretention basin in non-active
frontage (A)

e Grassed swale (B)

* Bubble-up pits to grassed swales (C)

®  Flush kerbing (D)

* Soft edge treatment of drain (£)

Other objectives include:
e Retained native vegetation
* Some nutrient stripping vegetation
within the walled drainage channel
*  Amenities:
e Seating

¢ Picnic tables
Drainage line e BBQs

Playground

mmmmmmmmms [rainage line - subsoil
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WSUD tour_South-eastern perth metro site descriptions

Site 9 Peaceful Vista, Harrisdale

i The public open space (POS) area located along Peaceful Vista in Heron Park Estate incorporates an i
existing conservation category wetland into its design, with a focus on retention and revegetation of native
i plants and trees, in conjunction with localised stormwater management. Grassed basins throughout the ¢
i POS allow for local infiltration of road runoff generated from small rainfall events, while larger detention areas i
i including native vegetation have been incorporated into the site to allow water quality treatment and i
i provide flood protection. In addition to providing a drainage function, this POS also provides significant amenity
to local residents, as well as habitat for native fauna within and adjacent to the wetland.

Key site objectives:

¢ (Creating a space which
incorporates public amenities
within the natural vegetation
while managing stormwater as
close to source as possible

Best management

practices include:

e Grassed drainage basins for
small rainfall events (A)

¢ Conservation category
wetland rehabilitated with
native tubestock planting (B)

e Buffer to conservation
category wetland (C)

e Detention basin with retained ey F
trees and vegetated swales to Other objectives include:

manage large rainfall events (D) e Retention of mature trees
Flush kerbing (E) ¢ Public amenities:
e Seating and play areas dotted around the public open space
e BBQs and picnic facilities
e Small amphitheatre with shade and backdrop for small community events
e Water quality treatment
e Protection of conservation and natural values




Case Studies

Council House 2, Melbourne

Project characteristics

Project type:

Commercial redevelopment

Landuse:
High density commercial office building with basement car parking and ground level retail

Site area:
Gross floor area (GFA): 12,536 m comprising:

1995 m® GFA basement areas

500 m® net lettable area (NLA) — ground floor retail
9373 m’ total NLA

1064 m* GFA — typical floor

Building and dwelling densities:
10-storey commercial office building housing approximately 540 staff

Project team composition

@ Architect

® Landscape Architect
LJ Civil Engineer
9% Ecological Engineer

Others: Accommodations Consultant / Geotechnical Consultant / Acoustics Consultant
/ Public Artists
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Council House 2, Melbourne

Project overview

In 2004, local government authority the City of Melbourne was faced with an
accommeodation dilemma. 5taff were housad in dated office buildings that, although
located close to the Town Hall, were nearing the end of their life. Rather than relocate staff

to alternativie offices, Council embarkad on an ambitious plan to construct a new office
building, Council House 2 (CH2), which would meet its spatial requirements and lead the way
in the development of a holistic green environment (City of Melbourne, 2008a).

CH2 has been designed to not only conserve energy and water, but the guality of the
internal environment has been designed to improve the wellbeing of its occupants. CH2
demonstrates a new approach to workplace design, creating a model for others to learn from
and follow (City of Melbourne, 2008a).

iCH2 emerged from a genuine commitment to explore how sustainable technologies could
be integrated in every conceivable way, delivering tangible rewards to the property owner
and its occupants (City of Melbourne, 2008a).

CH2's collaborative design process explored and challenged every aspect of a contemporary
office design (City of Melbourne, 2008h).

CH2 began by assembling an expert team of consultants from around Australia and
internationally. Firms wiere selected for their credentials and potential to work as part of

a team. Working collaboratively with Coundl’s own designers and project managers, the
CH2 project team began by attending a two-week workshop, followed by a series of weekly
design meetings across an eight-month period (City of Melbourne, 2008b).

This focus on collaboration was aitical to achieving an integrated design concept for CHL
The CH2 design and development process was documented to enable others to keam from
the experiences (City of Melbourne, 2008b).
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Council House 2, Melbourne

WSUD objectives

Water is a major issue for the Greater Melbourne area, with shortages occurring over the last
few years. The City of Melbourne’s Total Watermark Strategy aims towards sustainable water
management by 2020. This includes :

reduced water consumption
improved water quality

improved use of wastewater and reclaimed water.

The City of Melbourne is committed to reducing its own, and the community’s, potable
water use by 40% per capita by 2020 and it was therefore important to incorporate water
strategies and pioneer new technologies that reflected this commitment to integrated urban
water management (City of Melbourne, 2008c).

These objectives are also supported by State building regulations effective from July 2005,
requiring the installation of fittings and taps with a minimum of AAA level rating, and a water
tank or solar hot water system. This is supported by WELS, which introduced mandatory
labels on most appliances from 1 July 2006 and provides guidelines on the purchase of water
efficient appliances. (City of Melbourne, 2008c)

Site characteristics

CH2 is located on a relatively flat inner city block in Melboume.
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Council House 2, Melbourne

WSUD solution

The approach to create a WSUD solution for CH2 was to first reduce the consumption of
water by using afficient fixtures, followed by initiatives to collect rminwater, and than to look
at water traatment. CH2 aims to reduce consumption of water from the public water mains
by mare than half compared to a standard, equivalent building. This is achiaved by:

blackwater and greywater treatment on-site via a multi-water treatment plant providing
72% of non-potable water demand

on-site rainwater collection

5% of the building’s potable water requirements are provided through rainwater and by
reusing the water used to regularly test the building’s fire sprinkler system, which, by law,
must be sourced from the mains
use of AAA-rated water-saving fittings
cooling towers supplied with Grade A recycled wastewater and rainwater,

(City of Melbourne, 2008c)

Best Planning Practices employed
The W5UD EPPs employed in the project include:

+  BPP 5:5ymbiotic Land Lise Mlanning - Even though CH2 does not provide any residential
units, 100% of CH2's non-potable water is supplied by recycled water. This is due to a
unigue sewer mining system that treats up to 100,000 litres of wastewater per day, and
provides Class-A water for toilat flushing, cooling, and imrigation. Any surplus water is
transported off-site for use in other buildings, fountains, for street cleaning, and imigation
(City of Melbourne, 2008d).

«  BPP 7:Waterscapes as Public Art - Public art is integrated into the fabric of CH2,
complementing and extending the building beyond its engineering and architectural
aspirations. The art aims to express a vision that reflects, complements, and questions
the design team's commitment to sustainable design. One piece in particular mamed
"Watervall, which forms the glass wall behind the concierge desk, creates a transparent
atmospheric membrane that expresses and reveals hydrology processes, in particular the
blackwater recycling treatment used in CH2 (City of Melbourne, 2008a).
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Council House 2, Melbourne

Best Management Practices employed
The WSLID Best Management Practices (BMPs) employed in the project include:

BMP 1: Demand Management — AAA rated fittings and fixtures are used for the
showers, taps, toilets and urinals. Where water-efficient systems were not yet available,
the spacifications allowed for their later addition. Viertical gardens that run the full
height of the morthern facade grow plants from special planter boxes that are filled with
Fytogen Flakes, a soil additive that looks like polystyrene flakes but acts like large water
crystals, storing an enormous amount of water and air until the soil needs it. When the
crystals dry out and the water is used up, a float triggers a sub-irrigation device to re-fill
with water, which is stored in the planter box until required (City of Melbourne, 2008c).

BMP £2: Roofwater (Rainwater) Harvesting — 20,0001 rainwater tanks store rainwater
collected from the roof of the building. This rainwater supplements and enriches the
treated water from the mining plant. This water is used for the irfigation of the plants
(City of Melbourne, 200&c).

BMP #4: Wastewa ter Treatment for Re-Use — The Blackwater Treatment Plant located in
Baserment 3 treats both the blackwater (toilet) and greywater (showers and basins) waste
produced by the building, as well as treating sewerage ‘mined’ from the sewer in Littla
Collins Street, adjacent to CHZ. Sewer mining allows water to be taken out of the sewer,
treated to'dass-A’ standard, which includes dosing it with chlorine. This water can then
be safely used for non-drinking purposes such as toilet flushing and garden watering.
The entire system will have the capacity to provide 100,000L per day, 45,000 of which

is used in CH2 and 55 Q0L fior other Council purposes such as CH1, street cleaning and
garden irrigation. CH2 also collects wastewater from the sprinkler systems and uses it as
intended potable water by storing it in 20,0001 tanks and drawing on it for water needed
at sinks and showers (City of Melbourne, 2008d).
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Council House 2, Melbourne

Successes

The inter-disciplinary depth of the project team and the innovative technologies
incorporated into the design throughout the design process has undoubtedly been a key
success of this project.

Lessons learnt

Water use assumptions and projections for CH2, together with anticipated costs, benefits
and savings, indicate the need for integration of considerations of water conservation
throughout design and operation. Currently, there is no viable payback for installing water
recyding technologies due to the relatively low cost of water in Australia. But a major
driver of these techmologies is from a future proofing stance, anticipating water becoming
a valuable resource in the future, and the need for the City of Melbourne to be a good
corporate citizen, leading the community on sustainable water management (City of
Melbourne, 2008c).
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Case Studies

Victoria Park, Sydney

Project characteristics

Project type:

Brownfield

Landuse:
Mixed use development — medium to high density residential living with commercial, retail
and community spaces/

Site area:
24ha

Building/dwelling densities:

2,500 dwellings and a mixed-use development consisting of 150,000 m? residential use,
25,000 m? of commercial use, 10,000 m? of retail use and 8,000 m* of commercial community
use (Landcom, 2008c).

Project Team Composition

@ Architect — Lead

..‘ Urban Designer
L]

® Landscape Architect

>
L; Civil Engineer

- QQ Ecologist
)

Others: Site Remediation Specialist / Public Artist




Case Studies
Victoria Park, Sydney

Project overview

Victoria Park is a 24-hectare mixed-use development that incorporates medium- and high- is moulded to accommodate water detention requirements. Public artworks express and
density housing, commercial, and retail facilities for a population of 5,000. celebrate improved water quality achievements, and plant selection and habitat creation

consistently support the local ecosystem and promote biodiversity (Australian Institute of
Prior to European development the site was part of the Botany Swamp — a large wetland Landscape Architectura, 2004).

and lagoon ecological system that extended from Centennial Park to Botany Bay. Watkins
Tench described it in 1789 as 'the finest meadows in the world’ The site has been developed
since the late 1800s, firstly as a racecourse and then for heavy industry.

The developer set a clear agenda for excellence and inmovation on this difficult and
degraded brownfield site. The brief for the renewal of the site included a requirement

for a high quality landscape within a benchmark devalopment for inner city urban
redevelopment. To date, the project has exceeded these expectations by virtue of its
inmovative water management system and the integration of the system into a high quality,
external living environment. In this respect, the project has become a benchmark for water
sensitive urban design in an inner city urban redevelopment context.

The concept for the design of the public domain embodies four key principles that relate to
s place. These include:

= environmental strategy—Iincorporating a site-wide approach to ecological systems,
particularly water management

= interpretation of the natural heritage—show casing wetland systems similar to those
that once dominated the site

= site connectivity—providing a simple legible typology of streats, with a small palette of
strong landscape matarials and urban alarments that unify the site’s complex built form

= community development—creating a variety of settings in the public domain to meet
the needs of the new residential and working communmnity.

The consistency of the design approach is evident throughout the public domain. East-
wiest streets feature median bioretention swales or wetlands that are a focus of the water
management system. Morth-south streets mimic more traditional avenues. The parks
have a deliberate richnass in spatial form and materials, unified by the common thread of
indigenous planting of wetland species, structural form of buildings, and a landform that
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Victoria Park, Sydney
WSUD objectives

The vision for managing the water cycle at Victoria Park was to return the site to its
natural state as a wetland/lagoon system that filters and infiltrates runoff from the upland
catchment en-route to Botany Bay.

To achieve this vision, the following WSUD objectives were adopted:

treatment of stormwater runoff to a standard suitable for recharge of local un-confined
alluvial aquifers

detention of stormwater runoff within on-site surface detention basins to avoid
augmentation of downstream existing stormwater conveyance infrastructura

stormwater volume reduction by promoting evapo-transpiration and infiltration to local
aquifers

conveyance of stormwater flows up to the 100-year ARI as surface flow using roads as
primary overland flow path

strong visual integration of stormwater management within the public realm and
use of waterscapes as public art to celebrate the resource and amenity value of urban
stormwater.

Site characteristics

The site is essentially flat and located toward the downstream end of a large urban
watershed, whera, historically, flood flows from the upper catchment have, by design,
surcharged from the existing constructed stormwater drainage network onto the site for
temporary storage to relieve downstream flooding. Shallow alluvial sands underlie the site
over a sandstone bedrock. The sands form a contiguows un-confined alluvial aquifer flowing
benaath the site,

The previous land uses on the site remowed all remnant vegetation.
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Victoria Park, Sydney
WSUD Solution

The W5UD solution for Victoria Park was informed by the site’s natural heritage, flat
topography, existing drainage function (as flood surcharge storage to relieve flooding of
downstream areas) and the highly urbanised pattern of the proposed re-development.

The W5UD solution for Victoria Park, shown diagrammatically on page 95, was enabled by
the collaborative process employed by the projact team and supported by the developer.
An in-depth investigation of the site’s matural hertage by experienced ecologists and water
angineors at the start of the conceptual design process enabled important watershed-
scale and on-site-scale water-cycle management issues to be identified. This informaticn
was used to inform the project vision setting and initial urban layout considerations.
Expertise available within the project team on W5UD BPPs and BMPs allowed key, early
urban design decisions to be fully informed by the spatial and functional requirements of
the WSUD infrastructure (EMPs) needed to daliver the project’s WSUD objactives. A public
artist was commissionad to design a waterscape feature for the project’s central public

park incorporating the use of treated stormwater generated from the development. The
outcome is an urban design that has achieved a highly successful integration of stormwater
management functicn within public realm landscapes. There is a strong legibility in the
urban design, particularly in relation to the role of streetscape vegetation for stormwater
management, local microclimate management and landscape amenity. The fact that almost
avery element of the project’s public realm fulfils a water cycle management function makes
Victoria Park an exemplar water sensitive development.



Case Studies

Victoria Park, Sydney

Best Planning Practices employed

The W5UD BPPs employed in the project include:

BPp 2: WSUD on Hat 5ites — An at-source and at-surface approach to managemsent
of stormwater runoff using bioretention swales within centre madians of streets
streetscapes has boen adopted as a responsa to the flat terrain.

BPP 3: Integration of WSUD in Multiple Use Public Open 5paces — The amenity of

the public open space network is maximised by adopting an at-source and at-surface
approach to management of stormwater runoff within streetscapes, thereby not
encumbering the carrying capacity of the principle public park spaces with landscapes
providing a stormwater management function.

BPP 4; Street Layout and Streetscapes — 5treets are designed with sufficient width to
accommodate stormwater managemeant within centre medians, paralled parking in both
directions, one lane vehicle movement in both directions and pedestrian movement
within the verges. Streets are graded to deliver stormwater runoff to the centre medians
as sheet flow through specially designed kerb elements known as ‘delphins: Longitudinal
grades of streets are designed to convey flood flows through the site as a combination of
bioretention swale, pipe and surface flow.

BPP 7: Waterscapes as Public Art — A public art installation in the project’s cantral park
using treated stormwater celebrates the amenity value of urban stormwatar in the urban
anvironment.
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Victoria Park, Sydney

Best Management Practices employed

The WSUD BMPs employed in the project include:

BMP 1: Demand Managemeni—The planting palette for landscapes was selected to be
resilient to local free-draining soils and endemic to the kecal area, while being aesthetic
and enhancing a sense of place.

BMP 3: Stormwator Harvesting — Treated stormwater is collected from bioretention
swalas within a holding tank for use in the public art installation (additional treatment
is provided by non-chemical electromagnetic filtration). Back-up water supply is
provided by groundwater drawn from local un-confined alluvial (sand) aguifer. Treated
stormwater is used to recharge the local un-confined alluvial (sand) aguifer and is
recoverad for irmgating public realm landscapes.

= BMP 9: Bioretention Systems — Bioretention swiles are inconporated within the centre
median of all east-west oriented streets.
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Victoria Park, Sydney

Successes

The inter-disciplinary depth of the project team and the collaborative spirit in which the
master planning of the development was undertaken has been a key success of this project,
evident by the industry accolade the project received for its water sensitive design.

Lessons learnt

A number of the centre meadian bioretention systams in the first few stages of the
developmeant wera significantly damaaged during the allotment build-out and required a
complate re-build. The damaged bioratention systams wera constructed to completion
(i.e. final landscape planting installed) as part of the subdivision construction and prior to
the build-out of the adjoining allotments. The meadium-density nature of the allotment
buildings meant that much of the building activity, including materials delivary and
concrete praparation, occurred within the streat verges. This resultad in significant wash-off
of sadiments and cemeant fines from the street verge into the centre median bioretention
systems, causing clogging of the surface of the bioretention filter media. Rectification
required complete removal of the bioretention plants and filter media and re-construction
following completion of the adjoining allotment build-out.

To awoid this situation, the preferred approach is to build the sub-surface elements of

the bioretention systems during subdivision construction but NOT to undertake the final
landscape planting wntil build out of adjoining allotments is complete and sediment loading
on the adjoining street carriageways from construction traffic is minimised. The surface of
the bioretention should be protected during this period of allotment build-out by providing
a protective covering capable of holding any sediments and other building materials washed
into the centre median on the surface. A non-woven filtercloth overlaid with a thin layer of
topsoil and turfed is generally adequate to protect the underlying bioretention filter media
and will have reasonable presentation.
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Victoria Park, Sydney
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Case Studies

Yatala, Gold Coast

Project characteristics

Project type:
Greenfield

Landuse:
Industrial area development

Site area:
615ha

Project team composition

‘ Town Planner — Lead

..‘ Urban Designer
&

A Ecological Engineer
e
Ly Civil Engineer

5'1.--\,; Ecologist




Case Studies
Yatala, Gold Coast

Project overview

The Yatala Enterprise Area (YEA) is situated midway between Gold Coast City and
Brisbane. The 3,000 hectare area of the YEA covers an extensive part of the northern tip of
Gold Coast City and includes the localities of Yatala and Staplyton. Within the YEA, there
are around 900 hectares of developed and greenfield industrial and commerdal land,
connected by integrated road, rail, air, and sea services. This area is coverad by the YEA
Local Area Plan (LAP), which has been incorporated into the Council’s planning scheme.
The LAP includes land on both sides of the Pacific Motorway (M1) and provides planning
controls to ensure the ordery development of the lacality.

The M1, which runs through the middle of the YEA, has been upgraded in recent years at
a cost of 5850 million, providing fast, free-flowing travel to Brisbane and Gold Coast City.
Brisbane International Airport is 45 minutes away by road, while it takes just 40 minutes to
reach the Port of Brisbane.

Lot 281 comprises 61.5 hectares within the YEA and forms part of Precinct 2—Low Impact
Business and Industry Precinct within the LAF. Preferred activities for this precinct are
production, manufacture, construction, maintenance, repair, or distribution of goods.
Development in this precinct is reguired to recognise the relative proximity to existing

or planned residential areas, 50 a high level of visual presentation, landscaping, and
screening is required, as well as rigorous amenity impact mitigation measures in the areas
of moise, odour, dust, and visual presentation.

Estate layouts are required to demonstrate robustness in design, connectivity in road
layout, and sensitivity to the key physical features of the area.

The outcome of this project was a preferred conceptual design layout of the site, based on
site opportunities and constraints (EDAW, 2006).
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Yatala, Gold Coast
WSUD objectives

The Gold Coast City Councils Stormwater Management Guidelines recommend that the
following reductions in the developed catchment mean annual pollutant loads must be
achieved:

80% reduction in TS5

&0% reduction in TP

45% reduction in TN

75% reduction in gross litter.

Thesa guidelines also present some spedific ‘deemed to comply’ requirements for code and
impact assessable industrial developments including:

no impervious area runoff to discharge from the site without appropriate treatment
rainwater tanks are to be incorporatad on the development site
all of the site's impervious areas, including the overflow from rainwater storage

devices, are to discharge to bioretention devices that are not less than 2.5% of the total
contributing catchment

Site characteristics

The site is bounded by Halfway Creek to the east and Peachey Road to the south and it is
intended to be connected between Pearson Road and Peachey Roads by a future arterial
road linkage.

Slope analysis determined that approximately 25 ha of the site (41%) has a slope of greater
tham 10% and 14 ha of the site (23%) has a slope of greater than 15%. The remaining 26 ha is
relatively flat.
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Yatala, Gold Coast

WSUD solution

The focus of imvestigations into WSUD solutions for this development was on the stormwater

aspect of the water cycle. Typically, the local drainage system consisted of:

«  allotment-scale drainage and water quality management within the private allotments
typically include on-site detention or localised gross pollutant traps, oil-grease
separators, or bioratention style infiltration landscape measures

= street-scale drainage and water guality management such as vegetated swales or
bicretention swales within the street design of the development sita

«  trunk conveyance systems such as natural channel drainage lines preserving, enhancing,
and rehabilitating natural drainage systems in the drainage design

- regicnal-scale measures such as wetlands and detention basins.

Certain aspects of the development needed contempaorary minor and major drainage
SYStems.
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Yatala, Gold Coast

Best Planning Practices employed
The W5UD EPPs recommended for this project included:

«  BPP 1:Steap and Undulating Sites — For conceptual planning purposes, all areas of the
site with a slope of greater than 15% wera considerad unsuitable for development due
to the likely costs of development and potential visual impact as a result of large cuts,
batters, and retaining walls.

«  BPPZ2:WSUD on Hat Sites — Combinations of at-source and end-of-pipe applications
of bioretention were used as the best stormwater treatment outcome. The conceptual
design recognised the advantages of a distributed at-source system of bioratention
treatment devices are that the number of allotments connectad to each device can be
minimised. This is a benofit for the establishment timeframe, commissioning, and hand-
ower to coundcil.

= BPP4:5treet Layout and Streetscapes — Topography was recognised as a constraint
on any proposed road networks within the site. The preliminary concept design studies
identified a potential road network that would support either at-source or end-of-pipe
bioretention, depending on grade.
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Yatala, Gold Coast

Best Management Practices employed

The WSUD BMPs empioyed in this project include:

BMPs 1-4: Demand Management, Roofwater (Rainwater) Harvesting, Stormwater
Harvesting, and Wastowater Treatment for Re-Use—The conceptual design report
recommended that some analysis of the overall water-cycle management on the site
should be undertaken. This analysis assessed the likely magnitude of water consumptior
and wastewater gemeration, and the costs of establishing connactions to trunk
infrastructure compared with on-site treatment of wastewater and subsaguent re-use.
Stormwater harvesting was also considered in the analysis. Benefits of recycled water
include availability of process water for future tenants and irfigation of the landscape.
Rainwater tanks are incorporated on the development site, sized via water-balance
modedling.

BMP Q: Bioretention Sy stems —All of the site’s impervious areas, including the overflow
from rainwater storage devices, discharge to bicretention devices that are not less than
2.5% of the total contributing catchment.



Case Studies
Yatala, Gold Coast

Successes Preliminary Land Use

The conceptual design process included a range of disciplines resulting in a well-researched
and successful conceptual design for this industrial site.
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Opportunities and Constraints
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Bellvista, Sunshine Coast

Project characteristics

Project type:
Greenfield

Landuse:
Urban residential development

Site area:
Stages 3 and 4 of this development cover about 33 ha

Building and dwelling densities:

405 residential lots with allotment sizes ranging from 300-700 m*. The development
density is approximately 15 lots/ha.

Project team composition

» 4 Urban Designer

Landscape Architect

O »

Civil Engineer

L
X

Ecologist

Ecological Engineer
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Bellvista, Sunshine Coast

Project overview

The Ballvista Estate is bocated on the flat coastal plain of the Sunshine Coast. It is a residential
neighbourhood designed with nature-inspired stroetscapes, a large cenitral lake, extensive
parkland, linked walk and bike trails and substantial street landscaping. Underpinning
Bellvista Estate is a network of open drains, wetlands, and a central lake accommodating the
broader catchment area of Little Mountain.

During Bellvista's history there has been a fundamental change in the engineering practices
between the traditional approach in stages of 1, 2, and 5 and the innovative WD
enginesring approach in stages 3 and 4.

The stage 3 and 4 streetscapes consist of approximately 500 lots ranging in size and, in some
instances, located adjacent to conservation zones of natural heath land. The low relief of

the site, and that of the surrounding environment, required careful consideration of urban
draimage solutions to avoid the creation of expensive, low gradient, large diameter pipe
drainage networks that would not be able to free-drain into the shallow drainage channels
that run through the site.

After considering several approaches to the design of this site, the solution was to usa

small streatscape bioratention systams, or ‘biopods, to treat stormwater at-surface befora it
enters piped drainage systems. By using an approach that harnessas the synergies between
thie objectives of stormwater quality, road drainage, traffic calming, and landscape design,
Bellvista Estate delivers innovative streetscape stormwater quality improvement devices that
provide at-source treatment of stormwater and are integrated into the urban landscape.

The solution incorporates sustainable land management into the urban footprint, down to
the local street scale. Local residents directly engage with small streetscape raingardens,
and are prompted by visual cues that the health of their mingarden depends directly on
their actions. The receiving environment is no longer a remote waterway but immediately in
front of their homes. This approach not only reflacts ecological stewardship on the behalf of
developer and council, but also promotes ongoing stewardship by local residents.
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Bellvista, Sunshine Coast
WSUD objectives

The development of stages 3 and 4 sat the following land management objectives:

protaction of natural systems—protect and enhance natural water systems within urban
developmeants

integration of stormwater treatment into the landscape—use stormwater in the
landscape by incorporating multiple-use corridors that maximise the visual and
recreational amenity of developments

protection of water quality—improve the quality of water draining from urban
developments into receiving environmeants

reduction in runoff volume and peak flows—reduce peak flows from the urban
development by local retention and detention measures and minimising impervious
areas

adding value while minimising development costs—minimise the drainage
infrastructure cost of the development.

Site characteristics

The site is located on coastal, low-lying land, which drains towards the locally sensitive
waterways of Lamerough Creek, Pumicestone Passage, and Moreton Bay Marine Park.
Much of the development occurs on fill pads above the 100-year AR flood level. The
site is generally flat with two major drainage channels—one through the centre of the
development and one along the western boundary.
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Bellvista, Sunshine Coast
WSUD solution

The solution represents current best practice inurban stormwater management and protects
natural systems, integrates stormwater treatment into the landscape, protects water quality,
reduces runoff and peak flows, and adds value while minimising development costs. The
WEUD stormwater solution for Bellvista stages 3 and 4 consists of the following initiatives:

rainwater tanks included on each allotment to collect roof runoff for re-use

bioretention pods within linear open space located along the eastern constructed open
channel

constructed wetland to capture runoff from a relatively small catchment (approximately
2.6 ha) via a sufficiently shallow pipe drainage systern

bioretention pods kocated within the streetscapes to accept and treat runoff from the
road reserve and adjacent allotments.

There is an additional potable water conservation bemefit of the streetscape bioretention
systems since stormwater is used as passive irrigation for these landscape features. The
landscape is the first priorty for the re-use of stormwater. This results in potable water
savings, or, during times of water restrictions when irrigation of public open space is
restricted, will enable a higher quality streetscape to be maintained.
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Bellvista, Sunshine Coast

Best Planning Practices employed
The W3SUD EPPs employed in the project include:

«  BPP2:WSUD on Hat Sites — An at-source and at-surface approach to management of
stormiwater runcff using bioretention pods within residential streets has been adopted
as a response to the flat terrain.

+  BPP 3:Integration of WSLID in Multiple Uise Public Open Spaces — The amenity of the
public open space netwaork is maximisad by an at-source and at-surface approach to
managemsant of stormwater runoff within streatscapes reducing the area of treatment
required within public open spacas.

= BPP4:5treet Layout and Streefscapes — Streets have been designed with close
collaboration between urban planners and WU designers to ensure that at-source
and at-surface stormwater treatment is incorporated into the residential layout while
minimising the level of encumbrance to lot frontage, accommodating pedestrian access
and services, ensuring pedestrian safety, and that there are appropriate setbacks from
lots and roadways.

«  BPP 7:Waterscapes as Public Art — Locating bioretention pods within streetscapes helps
foster an appreciation of urban stormwater management within the local community.
The presence of litter within bioretention pods or the wetland provides important visual
feadback to residents that they live in a catchment. This is starkly different compared
with the ‘out of sight, owt of mind’ mindset fostered by conventional stormwater
drainage systems. Cwnership and community pride in relation to the pods is encouraged
through educating residents about the role and function of the bioretention pods. As
a key feature of the streetscapes, the pods are profiled in marketing material and sales
reprasentatives wera briefed to discuss the pods with prospective buyers.
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Best Management Practices employed

The WSUD BMPs employed in the project include:

BMP 1: Demand Management —An education program focused on the bioretention
pods should also create awareness of broader catchment issuwes, including water
conservation.

BMP 2: Roofwater (Rainwater) Harvesting—Roofwater is harvested in rainwater tanks for
imdividual housas. This is used for garden irrigation and toilet flushing.

BMP 4: Bioretention Systems—Bioretention pods have been incorporated within
residential streets and linear public spaces throughout the development.

BMP 10: Constructed Wetlands—A constructed wetland has been integrated into the
recreaticnal reserve precinct.
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Bellvista, Sunshine Coast

Successes

Bellvista Estate s a highly successful development—it has been one of Australia’s fastest
selling developments. The greater consideration of stormwater at an early stage meant that
the detailed design process was supported by having a highly considered urban layout
that was conducive to at-surface stormwater treatment. The success of this project can be
attributed to the inter-disciplinary depth of the project team and the collaborative spirit in
which the master planning of the development was undertaken.

Lessons learnt

« Desirable road lengths were determined to be 75-100 m on flat sites. These could be
drained safely within road standards. This reguired adjustments to the urban road design
with regard to driveway crossovers and verge widths to accommodate bioretention
Systems.

»  Construction phase protection provided for early establishment of the bioretention
systems.

= Bioretention spedes selection needs to consider visibility at road intersections.

—— =
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Coomera Waters, Gold Coast

Project characteristics

Project type:
Greenfield

Landuse:
Residential development

Site area:
476 ha

Building and dwelling densities:

Almost 1,600 titles with land sizes ranging from under 350-4500 m2. Allotments
are classified as waterfront lots, dry flat lots, gentle slopping lots, premium
elevated land, or villas (Austcorp, 2009).

Project team composition

® 4 Urban Designer

Landscape Architect
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Civil Engineer

Ecologist

Ecological Engineer

0
(]
()




Case Studies
Coomera Waters, Gold Coast

Project overview

Coomera Waters is a large-scale residential development located at the northem end of tha
Gold Coast that is bounded by a series of regionally significant aguatic ecosystams incduding
Moreton Bay Marine Park and McCoys Creek. Early planning for the development identified
the protection of these acosystems through the principles of WSUD as a key 'design vision’
To meet these expectations, the developer engaged WSUD specialists to develop and
implement a W5UD strategy for Coomera Waters to ensure the development zone promotes
sustainable and integrated management of land and water resources, and incorporates bast
practice stormwater management and WsUD solutions throughout the urban template.

The planning and design of Coomera Waters involved over six years of research to develop
and implement the vision for the project, integrating urban forms with the surrounding
ecosystems. The WSUD-related infrastructure established at Coomera Waters to achieve this
vision includes:

= swale bioretention systems, bioretention raingardens, and constructed wetlands
integrated within streetscapes and precinct parks to deliver best practice management
of stormwater runoff

+  asustainable freshwater lake and wetland systam within a significant regional parkland
to create a focal point for the community

»  dual reticulation and smart sewer systems to daliver the potable water conservation and
wastewater minimisation targets established by Gold Coast Water's Fimpama Coomera
Water Future Masterplan.

The outcome is a residential development that promotes sustainable and integrated

management of land and water resources, and incorporates interesting streetscape and

public realm W5UD solutions throug hout the urban template.

The successful integration of W5LID at Coomera Waters is proof that environmentally and
socially responsible solutions can enhance, rather than restrict, economic viability.
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Coomera Waters, Gold Coast
WSUD objectives

The vision for the Coomera Waters W5UD strategy was to protect regionally significant
aquatic ecosystems. The objectives of W5UD are centred on the principles of water
conservation and environmental protection and are deliverad within the broader framework
of ecologically sustainable urban development.

The specific WSUD stormwater drainage objectives adopted to achieve the vision of this
project are:

1. Preserving the pre-devaloped hydralogic and hyd ro-gealogical ragime by
recharging groundwater and minimising the hydrological change induced by the increasad
impervious surfaces created by the development.

2. Providing appropriate collection and conveyance systems to prevent nuisance flooding
and flood damages to property.

3. Treating stormwater runofT to a standard that is suitable for discharge to receiving
waters, based on known or perceived environmental, social, and economic values
associated with the receiving waters and re-use of treated stormwater on the site for:

domestic uses using roofwater runoff
irfigation of public open space areas using ground level treated stormwater runoff.

4. Incorporating the pathways for movement of stormwater into the urban desian and

landscape of the development as a means of promoting the resource and amenity value of
urban stormwatear.
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Coomera Waters, Gold Coast

Site characteristics

The development site is pradominately undulating with slopas ranging from 3% to 30%. In
general, the central portion of the site is the highest and the ground slopes downwards in
all directions toward the site parimeter. Therefone, the site temds to drain via sheat flow from
the centre towards the adges. Water that drains off the site ultimately flows into the McCoy's
Craek floodplain, which is a regionally significant receiving environment containing Ramsar
Convention on Wetlands-listed estuarine wetlands. The 100-year ARl flood levelin the
vicinity of the site is dominated by tidal storm surge conditions rather than local catchment
runoff.

The development supported re-growth vegetation with some partially cleared areas. A&
number of substantial treas currently exist in the key comidors, which provide important
natural features within the development. The urban form has been designed to retain thesa
treas and the stormwater systems are designed to complement thesa treas.

50il conditions on the site are likely to be a mixture of silty clays with lenses of heavy clays.
There was potential for acid sulfate soils on the site and also a relatively high water able.
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Coomera Waters, Gold Coast
WSUD solution

The W3SUD solution seamlessly incorporates innovative stormwater management solutions
throughout the urban environment to achieve best practice water quality objectives and
to manage the way stormwater flow enters the receiving ecosystems. W5UD initiatives that
have been constructed include:

+  bioretention swale systems integrated into road reserves to capture and manage road
runcff while creating interesting public spaces

= raingarden bioretention systems planted out with rush and reed ground cover and trees
endamic to the regicn encouraging the natural template up into the developed zone

= constructed wetlands integrated into precinct and regicnal parks to provide not only
water quality and flow retardation but also to act as a focal point, which residents are
actively encouraged to experience

+  ephemeral melaleuca wetland systems that enhance the translocation of nutrients, in
particular nitrogen, in runoff through the highly organic ground cover

« all current and future housing within Coomera Waters incorporates rainwater tanks with
collected water used to supply hot water and laundry demands.

Coomera Waters also represants the first development to fully embrace and implement the
outcomes of the Pimpama Coomera Water Future Master Plan (POWFMP), which establishes
a new and sustainable watar cycle solution for future growth in the region. The key objective
of the POWFMP is to reduce current household potable water usa by 80+%, through a
combination of initiatives:

= demand management through community education and watar-efficient fittings and
appliances

»  recycled treated wastewater delivered to households via a dual reticulation system to
supply toilets and garden irrigation

« rainwater tanks on dwellings plumbed to relevant indoor uses.
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Coomera Waters, Gold Coast

Best Planning Practices employed
The W5UD EPPs employed in the project include:

«  BPPI:WSUD on Steep and Undulating Sites — At-source and at-surface treatment in
the form of vegetated and bioretention swales as weall as road reserve bioretention rain
gardens have been adopted at Loomera Waters. Where the adoption of these treatment
solutions was not possible due to steeper topography, conventional collection and
conveyance systems were installed with downstream wetlands and bioretention rain
gardens collecting and treating the stormwater in public open space areas.

BPP 3: Integration of W5UD in Muftipke Use Public Open 5paces — The public amenity
of the public open space network has been maximised by adopting an at-source and
at-surface approach to the management of stormwater rumoff within streetscapes,
where possible. This approach minimisas the treatment area required for downstream
treatment in public open spaces and minimises the treatment area requirad for
downstream treatment in the principle public park spaces.

BPP 4: Street Layout and Streatscapes — Straet reserves have been designed with
sufficient width to accommodate stormwater management within the verge, wehicle
mowvement, and parking allowances in both directions. Where grade allowed, roadside
swales and bioretention systems were located on the high-side road verge with the road
pavement cross-falling toward the system. This allows for major storm flows such as 100-
year ARl to use the full road reserve without spilling over into low-side lots. Longitudinal
grades of streets are designed to convey flood flows through the site as a combination of
bioretention swale, pipe, and surface flow.

BPP 7: Waterscapes as Public Art — Inocorporating the pathways for movemsent of
stormwater into the urban design and landscape amenity of the development promotes
the resource and amenity value of urban stormwater.
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Coomera Waters, Gold Coast

Best Management Practices employed
The W5UD BMPs employed in the project include:

BMP 1: Demand Management — Demand management is being achieved by water-
efficient fittings and appliances and community education on water conservation.

BMP 2: Roofwater (Rainwater] Harvesting — Roofwater is harvested in rminwater tanks,
which are plumbed to relevant indoor uses.

BMP 4: Wastewater Treatment far Re-Uise — Recycled treated wastewater is deliverad to
households via a dual reticulation systam to supply toilets and for gardan irfigation.

BMP 7: Grass or Vegelated Swales — Grassed swales are usad as conveyance systems in
the development. Because of the high number of driveway crossovers along local streets,
shallow swale profiles were usad (1 in 9 batters and maximum depth 0.22 m) allowing
each driveway crossover to have the same profile as the swale. This avoided culverts
under each driveway Crossover.

«  BMP Q: Bioretention Systems — Bioretention swales and bioretention raingardens are
incorporated within the development in the road reserve, as well as in public open
spaces.

=  BMP 10 Constructed Wetlands — Constructed wetlands are integrated into precinct-
level and regional-level parks as both stormwater management systems and as
landscaped focal points, which residents are actively encouraged to experience.
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Coomera Waters, Gold Coast

Successes

A multidisciplinary approach and extensive stakeholder consultation at the concept

design phiase of the project accessed leading-edge WSUD expertisa and integrated WSUD
principlas at every level of the planning process. Following conceptual design, an intagratad
design approach was adopted to ensure the WSUD objectives and intent conceived as part
of the urban concaptual design phases were deliverad throuwgh the design, documentation,
and construction.

One of the important outcomes of the planning and design of Coomera Waters was the
inclusion and successful collaboration with Gold Coast City Coundil throughout. This
inclusive approach is certain to be replicated in other projects throughout Queensland by
building on the experience and knowledge gained through this project, which has already
attracted attention from the industry.

Lessons learnt

«  Filter media protection using filtercloth and turf was used at Coomera Waters and has
been a successful approach for protecting the filter media during construction.

»  Bioretention swalas can be successfully incorporated with driveways by providing local
access shared driveways. This also reduced the risk of residents filling or changing the
comveyance property of the swales.
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Coomera Waters, Gold Coast
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Residential

The following is a worked example which briefly outlines the buildup of
information overlays and how this is used to derive an overall WSUD design
philosophy. The sizing, location and number of structural controls is specific for
any given site and the designs are purely indicative and would need to be the
subject of detailed site investigations and hydraulic modelling.

Step 1: Aerial assessment

Aerial photography showing the site subject to residential development. Note
the degraded creeklines which cross the site from east to west.

Step 2: Soil types

Extract from the Environmental Geology 1:50,000 mapsheet for the area
showing broad soil types. The site is characterised by low sandy Bassendean
dunes (S8) and thin Bassendean sands (510) overlying sandy clay Guildford
Soils (Cs). The area is interspersed with watercourses (Mscl) and peat rich
sands (SPZ) - which implies wetland features.
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Residential

Step 3: Approximate wetland extent

Field investigation results in the delineation and reclassification of an important
wetland to 'Conservation’ category. A nominal 50m buffer zone will need to be
incorporated within the future residential layout. The buffer is not to include
irrigated and fertilised twrf, but will be revegetated with locally indigenous
species suited to the soils of the area to assist interception and uptake of
nutrients. The wetland will become an integral component of a future Multiple
Use Corndor for the estate (see Step 6).

BUFFER TO BE REVEG TATED
Wi TH LOCAL INCIGINEOUE SSECES

CONBERVATION
e, CATEGORY
o WWETLARD
SR 14
1 1
= 80m Buffer
41
. A
. A

Step 4: Vegetation layout relative to engineering design

Little more than surface drains, the existing creeklines which naturally drain the
site are to be retained and restored to 'living streams’. These creeks will be
reconstructed to provide the necessary hydraulic funchtions, but will also be
ecologically designed to provide wetland habitat and provide for biofiltration.
Once restored, the creeklines will become focal points within the estate for
passive recreation and will accommodate suitably designed and located bike and
walk pathways.

| EMBANKMENT  FLOGOPLAIN | STREAM  FLOOGDPLAIN | EMBAMEMENT |
| I I I | 1

EX|ETING SURFACE —.
o

ECOLOGEITAL DESESH

| EMGINEERING DESIGN




Case Studies

Residential

Step 5: Fill height to drain spacing

As the site is subject to extensive winter waterdogging (Guildford clays and
loams), fill will be required to achieve adequate separation distances between
building footings and perched watertables (once fill is placed). Fll is commenly a
major expense for urban development in palusplain areas (Guildford soils subject
to waterlogging) and efforts to reduce the amount required is desirable and cost
effective. Subscil drainage promotes onsite infiltration, reduces the amount of
fill required, promotes groundwater storage and hence reduces peak stormwater
discharge and, when combined with appropriate soil amendment, can reduce
phosphorus export from the site.

The use of permeable Spearwood Sands (yellow sand) with a phosphorus
retention index (PRI) greater than 15 is specified for use as imported fill. This
means that soakwells can now be used at the lot-level and bottomless side entry
pits and swales at the street-level to promote cnsite infiltration.

Subsoil drainage systems will ultimately discharge wvia bubble-up

pits to
floodplain/levee systems associated with the restored creeklines.

ol W ] W

b y
1A RS PACIHG | 1

Step 6: Structure plan layout

The final estate layout starts to take shape and becomes the basis for Structure
Flanning and/or Subdivision design.

Road lengths are kept to a minimum to “spread” stormwater wvolumes and
promote onsite infiltration.  Multiple use corridors are established around the
restored creeklines and wetland chain and provide permeability and walkability

for the future estate. Corndor linkages to the major niver in the area are re-
established.
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Residential
Step 7: Final estate layout
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Commercial

The following is a worked example which briefly outlines the buildup of
information overlays and how this is used to derive an overall WSUD design
philosophy. The sizing, location and number of structural controls is specific for
any given site and the following designs are purely indicative and would need to
be the subject of detailed site investigations and hydraulic modelling.

Step 1: Surface flow Step 2: Soil profile & Step 3: Site classification zones
Thg area has a history of dminage pl'u-blern_s. Factors cu::r!h'il:luting to this include Contrary to the above surface water divide, geotechnical surveys determine that
a high water table, clay subscils and a relatively flat terrain. the subscil clay surface across the site is uneven and slopes. This means

shallow groundwater flows in a northerly direction. The surface and subsurface

Topography for the site shows it can be effectively divided into two distinet  gizinage systems therefore need to be considered with this mind.
surface water subcatchments.

L | N L~ SITE BOUNDARY

RIOGE
SURFACE FLOW DIRECTION
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Commercial

Step 4: Sub-surface flow
Further geotechnical testing is undertaken across the site to determine the

suitability of the onsite soils for the construction of building footings.

Testing

confirms the site comprises a thin veneer of Bassendean Sands (generally <1m)

overlying Guildford clays.

wn4
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e
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Step 5: Road networks

Vehicular access to the commercial estate is important for the viability of the
development. The major feeder road prowvides the conceptual 'spine’ for the
development and future drainage design. In major storms (=30 years) the
roadway will become the flood outlet as the drainage system will inevitably
backup. Two detention basins (B1 & BZ) are required to achieve the 1:10 year
pre-development stormwater retention design objective for a commercial estate.,

| X

- ;
! =
e ===~/ M
e
rad |l
- R Y N
y — A=
/\ -/ ;‘A-\
3, |
LEGEND
SITE BERKDAAY T/ Main Spirn Fosd
ELCHWIGATED STRIF BAGINE s Pl Anoess Fosd



Case Studies

Commercial

Step 6: Flood paths and drain cross sections

As the site is subject to extensive
winter watedogging (Guildford
clays and loams), fill will be
required to achieve geotechnical
requirements for building footings.
Subsoil drainage is not possible
because the guantites of fill that
would be required across the site
are prohibitively expensive.

Some sand  fill is, however,
required to enable reshaping of the
site surface contours to enable the
surface drainage system to drain
towards the outlet (at B2Z). The
road hierarchy is designed and
road lengths are kept to a
minimum to reduce peak discharge
rates as much as possible.

Events grater than 1:10 year are
designed to overspill basin BZ and
inundate the low point of the site
(an ephemeral wetland), rather ... o
than nearby properties. The oo o
frequency and duration of this B
inundation and quality of H e

ELOMCATED STRI™ 2A8S

stormwater will not adversely impact the ephemeral wetland.

3.0m

2.0m 4,0m 2,0m 7.5m 3.5m

[} ] + ] 4] i 1
-E1.Elm

Typical Single Lane Configuration

5.5m 3.0m 3.0m 5.5m

3.0m

L 1.0m L 1.0m
Typleal Divided Road with Central Blofl tration £ Swale
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Step 7: Road networks and proposed finished levels

Single lane and divided road reserves are designed to incorporate biofilbration
swales to promote onsite infilkration.

LEGEMND
BITE ABUNBARY
e PROPOSED FINSHED LEVELS
E ELOMBATED 'BTRIF BaSIN
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Step 8: Final estate layout
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Biofilters in the Shire of Serpentine Jarrahdale (100 Pages)

vilmc@=1]5Ee 2|

Serpentine
Jarrahdale Shire

Case Studies: Biofilters in the
Shire of Serpentine Jarrahdale

New Water Ways Training Workshop
25 — 26 November 2014

Expértenﬁé ‘t"\[} b@ﬂ(k@ Serpentine Jarrahdale Shire | 26 November 2014
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City of Kwinana
Parkfield Lake Retrofit

Wayne Edgeloe Managing Director

TME Town Planning Management Engineering Pty Ltd
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A Business Case for Best Practice
Urban Stormwater Management

Version1.1- September 2010
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A Business Case for Best Practice
Urban Stormwater Management:
Case Studies

Version1.1- September 2010
A companion document to A Business Case for
Best Practice Urban Stormwater Management
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Water Sensitive Urban Design

Principles and Inspiration for Sustainable Stormwater
Management in the City of the Future

- Manual -

Published by jovis jovis Verlag GmbH, KurfiirstenstraBle 15/16, D-10785 Berlin,
in March 2011
ISBN 978-3-86859-106-4
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Sydney University: WSUD & Stormwater Harvesting Opportunity

Description: Distributed raingardens throughout campus treating stormwater runoff from hardstand
area before entry inte piped netwerk and harvesting fo a u/g storage located near Sydney University
Oval No. 2 (currently represented as a flooding hotspot) for local reuse.

Opportunity to develop a University vade stormwater harvesting and reuse strategy with storages sized
to meet POS.

The WEUD and stormwater harvesting system consists of the following elements
- Diversion(s) from main drains

- directing upstream flows to POS via raingardens
- underground storage {as part of local stermwater harvesting system)

Concept Infrastructure Pollutant Removal

eliminary sizing Annual Load removed

(tonnes)
GPT CDS Unit 58 2376
Raingarden 1600 m2 ™ 023
Storage (Type/ velume) wg i 14anmML ™ 004
Gross Pollutents 576

Stormwater Harvesting Levelised Cost

Source-Demand
Hervested SN i

Catchment area 33.2ha e SHkL 1.56 S10.8M

Source Yield 222ML TN removed Skg 49585 $2000/%g

Reliabilty 52%

POS Demand 72mL
Amenity (el IS UGS
Flood

Utilisation of nominetsd NS G area for retarding badin 1o Current Amenity value Earthworks to craata flood storzge
alleviate fcding for Orphan Schocl Drain ¢ Arems of combined ‘active & passive open;spuce

throughout university

Landscape Amenity Potental
+ Greening of POS
o WSUD features ot yto
|landscape
* Educational benefits

Figure 31E pl jor public open sp opportunity template
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