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Executive Summary
This concept report for water management has been prepared for a proposed development site at
West Byron Bay. The report examines issues, constraints and opportunities associated with the
proposed rezoning of the land, and implications for water quality and quantity in the downstream
wetlands and estuary.
The report concludes that the development as proposed in this preliminary stage can accord with the
Belongil Estuary Management Study and Plan and other pertinent documents, if the implementation of
Water Sensitive Urban Design principles is undertaken as described in this report. The development
will have limited impacts on downstream aquatic environments, and may have a net benefit if
appropriate treatment areas and water quality objectives are adopted at the West Byron site.
Most existing waterways on the site are artificial. The site hydrology and hydrogeology are
fundamentally governed by the sandy soils and unconfined shallow aquifer, and the relatively large
Industrial Estate Drain that bisects the site and carries unmanaged urban runoff from the Arts and
Industry Estate to the estuary and Cape Byron Marine Park downstream.
Given appropriate water management the proposed development is unlikely to increase the
requirement for artificial estuary opening, although this aspect would require more detailed modelling
to validate completely. Buffer zones and integration of treatment systems with biodiversity where
appropriate are recommended.
A range of Water Sensitive Urban Design (WSUD) strategies and devices have been assessed, using
the industry standard MUSIC model. As the final site layout and configuration was unknown due to the
early stage of assessment a notional 10 hectare site has been modelled based on a combination of
low, medium and high density housing.
Treatment trains (all with rainwater tanks) modelled included: bioretention alone; wetlands alone;
swales and wetlands; swales, wetlands and a stormwater reuse pond (the pond would irrigate a
notional 1ha public open space); and swales, wetlands, pond and infiltration. It is assumed that
wetlands would include a combination of vertical flow (similar to bioretention) and horizontal flow
systems appropriate to the specific site.
Modelling indicated that the installation of rain tanks to supply indoor (non-potable) and garden
demand, and the installation of swales, wetlands and infiltration systems resulted in the most effective
treatment train combination of elements. No offsite water supply (such as treated wastewater) is
needed to meet the majority of household demand for non-potable water. A relatively small pond
storage would effectively supply treated stormwater for open space irrigation. The inclusion of
infiltration systems following treatment allows for post-development runoff patterns to approximate
those in the pre-development situation.
Vegetated swales should be a preferred water conveyance system where practical and cost savings
may be gained in reduced pipe installation. Wetlands offer the best way of integrating surrounding
biodiversity with site biodiversity, and "Bioretention" systems are suitable for areas that are
constrained by existing drainage features that may be retained on the site and where there is sufficient
fall in the land to allow for this type of facility (usually one meter or more).
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Predicted mean annual loads exported for 10ha rural residential, forested and urban catchments (with
and without treatment) are shown in the table below, and indicate that a combination of treatment and
infiltration will allow pollutant loads on the developed site to be reduced to pre-development levels
generally.

Flow (ML/yr)
Total
Suspended
Solids (kg/yr)
Total
Phosphorus
(kg/yr)
Total Nitrogen
(kg/yr)

Optimal
treatment train to
meet 57%
nitrogen
reduction (1ha
wetland, with
infiltration)

Forest (site
in a natural
state)

Rural
residential
(existing use)

Develope
d, no
treatment

Treatment train
to meet basic
2
targets (3,000m
wetland, without
infiltration)

56

69

103

68

38

2,740

23,500

21,300

1,040

846

3

23

42

5.9

4

48

178

196

90

57

It is preferable to locate bioretention and wetland systems at higher elevations to use gravity to drive
stormwater treatment. Larger systems will generally be more suited to the sloping zone between high
and low elevations, from about 3m AHD down to about 1.2m AHD. It is recommended that flood
modelling quantify the implications of vegetation in treatment and infiltration systems in flood-prone
lower lying areas of the site.
The location of any ponds for storage of treated stormwater should be integrated with other devices to
minimise possible pumping costs and allow for dual function (treatment and storage) of ponds.
Maintenance access is required for treatment and infiltration systems and the location of maintenance
tracks should be integrated into the next stage of development design.
A number of treatment system configuration options were developed for the site, including managing
water in distributed flow paths and treatment systems, managing water and treatment in centralised
systems, dispersed discharge, and utilising the Industrial Estate drain for discharge. In addition,
treatment of the first flush of stormwater generated on the Industrial Estate could be undertaken on the
West Byron site depending on land availability, and represents a possible water management
development offset for the development.
It is anticipated that the final treatment train and water management configuration would be
determined in the next stage of development design. Two main zones are proposed for water
management facilities in addition to rainwater tanks and demand management at the lot scale. There
will be opportunities for dispersed small-scale treatment and infiltration systems across the elevated
development area, and secondly larger treatment and infiltration systems sited off the main
development area in lower elevations. Water management at these locations should be integrated with
other development infrastructure, and revegetation and buffer zones.
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1 Introduction
The West Byron Urban Land Release site is proposed as a greenfield urban development located on the
southern side of Ewingsdale Road, West Byron Bay.
The Water and Carbon Group (WCG) have been engaged by LandPartners on behalf of the
Byron Bay West Landowners Association to undertake background research and provide a Concept
Report on water quality issues for the development.
The development is to be assessed for rezoning as a State Significant Site under the State Environmental
Planning Policy (Major Development) 2005. This report addresses the following elements:





Identification of waterways and appropriate riparian buffers;
Identification of potential rezoning impacts on hydrology and hydrogeology;
Consideration of the Belongil Estuary Study and Management Plan;
Identification, assessment of and recommendation of Water Sensitive Urban Design Strategies.

The primary goal of this Report is to provide the land owners, assessors and community with sufficient
information and understanding of the management of water on the site under existing and developed
conditions to enable well-founded decisions to be made on its future sustainable development. It is
important to note that the project is at an early stage in the assessment process and both the detail of the
development design and the final development outcome is unknown. This Report explores a suitable and
sustainable water management outcome for the development site within those constraints.

1.1

Integrated Water Cycle Management

Integrated Water Cycle Management (IWCM) is the integrated management of water resources to ensure
their equitable and sustainable use by the built and natural environments or water catchment. To this end,
IWCM provides a system or framework for decision making within organisations. It shares many of the
same principles as WSUD.
IWCM is therefore concerned with all aspects of the water cycle, normally on a broad strategic basis from
regional or local authority level to a neighbourhood or local plan level. IWCM is also concerned with the
whole water cycle – from catchment management issues, to water recycling and treatment, through to the
specific aspects of WSUD at the neighbourhood or specific site levels.
The main goals of IWCM are to:
 manage water resources more efficiently;
 manage energy resources more efficiently;
 manage the quality of the water used with the required need;
 minimise nutrient discharge to waterways; and
 maximise the community‟s understanding of the water cycle.
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WSUD provides the framework, principles and practices to promote and support integration of IWCM into
the planning and design of the built urban environment. Integrating WSUD outcomes into the urban built
form is an essential aspect of achieving an integrated water cycle management philosophy.
Byron Shire Council's Integrated Water Cycle Management Plan (MWH, 2009) states the following
principles:



Acknowledging and respecting the cultural significance of water;
Protecting the environment and its biodiversity;



Protecting the natural processes of the water cycle including gravity, transpiration, evaporation,
and precipitation;
Recognising the impact of climate change on the water cycle and ensuring management regimes
adapt to declining levels of run off and to sea level rise; and
Developing the optimal level of utilisation of water resources including the nutrients they contain.




1.2

Water Sensitive Urban Design

Water Sensitive Urban Design (WSUD) represents a holistic approach to urban planning, design and
water management that aims to minimise the negative impacts of development on natural water cycles
and protect aquatic ecosystems.
The key principles of WSUD are to:
 Protect existing natural features and ecological processes,
 Maintain the natural hydrologic behaviour of catchments,
 Protect water quality of surface and ground waters,
 Minimise demand on the reticulated water supply system,
 Minimise sewage discharge to the natural environment,
 Integrate water into the landscape to enhance visual, social, cultural and ecological values.

1.3

Aim

The aim of this document is to assess the site and associated issues and provide a preferred WSUD
strategy for the West Byron site that addresses water supply, treatment, storage and re-entry to the water
cycle. The water strategy must ensure the protection of the sensitive surrounding wetlands and the
Belongil Estuary, and waters of the Cape Byron Marine Park.

1.4

Objectives

The objectives of the concept report are as follows:






To characterise the West Byron site and surrounding environment;
To identify the WSUD elements suitable for the site and how they could be applied;
To model a range of WSUD strategies;
To identify potential locations for appropriate land uses; and
To recommend a WSUD and water management approach that will protect the environment and
achieve the objectives of ecologically sustainable development.
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1.5

Project constraints

A number of project constraints were identified and included in the development of options including:
 The layout and configuration of the development design is unknown at this stage;
 Acid Sulfate Soils (ASS);
 The extensive existing artificial drainage network;
 The fundamental influence on the site of the Industrial Estate Drain carrying urban runoff directly
through the centre of the site;
 The site is almost surrounded by SEPP 14 wetlands, lands protected by existing Council
instruments, flood constrained land, Marine Park waters and other planning constraints.

2 The Belongil catchment
The West Byron site is located in the Belongil catchment, a watershed area of about 3,000 hectares
extending from the Byron Bay Golf Club in the south, east to Lighthouse Road on Cape Byron, north to
Gray's Lane at Tyagarah and west to McGettigan's Lane at Ewingsdale.
The catchment is dominated by low-lying land, about 1,000ha of which is categorised as existing or
former wetlands. The large low-lying area is important in the management of existing and future
development, particularly given the critical influence of the artificial opening operation of the estuary, and
of predicted climate change with implications for changes in rainfall and sea level.
The wetlands area is located generally west of the Byron Bay township, and comprises low-lying back
barrier estuarine wetlands with an elevation mostly 2.5m AHD or less, grading upwards to alluvial plains
then basaltic foot-slopes in the south and west. The lowest elevation areas generally feature Melaleuca
quinquenervia (more freshwater influenced) and Casuarina glauca (saltier zones) swamp forests, much of
which are designated SEPP 14 Coastal Wetlands and Byron Shire Council 7(a) and 7(b) protection
zones. Substantial areas of the wetlands have been cleared and artificially drained for agriculture,
particularly on the southern side of the main Union Drain.
The low-lying zones in the broad valley centred around the Union Drain and upper estuary are connected
to the estuary by artificial drains of varying width and depth. These drains have a significant impact on
estuarine water quality, by both increasing the oxidation of catchment acid sulfate soils, and by facilitating
rapid transport of flows and pollutants to the estuary.
The estuary itself has been regarded by the Byron Bay community over a long period as a waterway of
high importance to the coastal ecology and the community generally, in spite of obvious degradation of
water quality in recent decades. NSW Fisheries recognised the Belongil estuary as a valuable nursery for
juvenile fish, and NSW NPWS recognised its 'high conservation significance' (Geomarine, 1996 and
1997). The creation of the Cape Byron Marine Park in 2002 included all coastal waters to mean high
water mark, including the Belongil Creek estuary to the tidal limit (does not include artificial drains) (Tulau,
2003).
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2.1

The Belongil estuary entrance

The Belongil Estuary entrance has been artificially opened over several decades, a common occurrence
in coastal lakes on the NSW coast. The openings often triggered large fish kills in previous years when
the mixture of oxygen-depleted catchment runoff and acid sulfate products from drained wetland soils
rushed into the lower estuary and trapped the fish and other organisms. This acute impact has been
observed to be only a part of the chronic degradation of the estuary, especially in the upper regions,
resulting from poor quality water.
A revised opening approach was instituted as part of the Estuary Management Plan process and with
widespread community consultation, in response to the regular devastating fish kills. Opening the
entrance at 1.0m AHD before water levels within the estuary rose to the traditional 1.2m AHD were
observed to reduce the "rush-out" impacts of large volumes of runoff containing acid products with an
extreme oxygen demand. Fish kills stopped in 2002, and none have been recorded since.
In 2001, an Interim Licence for the artificial opening of the estuary specified that substantial progress in
the development of a sustainable long-term Entrance Management Strategy and the incorporation of
remediation strategies for ASS "shall be demonstrated by 2003". A key component of the Strategy, the
Estuary Management Plan, and the Northern Rivers Catchment Management Authority document
Belongil-Cumbebin Wetland Restoration Strategy (Smith and Pont, 2005) was that any opening strategy
should be part of a larger remediation plan incorporating ASS-related works in the catchment.
In 2005 consultants IERM were engaged by Council to prepare a Review of Environmental Factors for the
proposed Entrance Opening Strategy. This REF fundamentally refuted the concept of a 1.0m AHD
opening height and suggested the proposed strategy would affect ecosystems and threatened species in
the estuary and catchment.
However IERM (2005) also recommended that an integrated approach to Belongil management and
planning be developed as soon as possible. It was recommended that the Restoration Strategy BelongilCumbebin Wetland Complex (Smith and Pont, 2005) should provide the basis of a catchment
management plan pending review by a Total Catchment Management Committee.
IERM (2005) stated that "given the lack of progress in the improvement of stormwater and drainage
management to minimise flooding in the Byron Bay CBD and industrial estate there is no short term
alternative to artificial opening of the Belongil creek for the protection of properties in these areas from
flooding. However, the 1m AHD trigger height may be excessively low and should be reviewed in
conjunction with the ongoing flood study".
In 2007 consultants WBM (Haines, 2007) were commissioned by Council to review the REF. The review
was critical of several assumptions and conclusions in the REF, and suggested that if significant
remediation and management actions were undertaken then no Environmental Impact Study needed to
be undertaken. However, Council rejected this recommendation and it is understood an EIS may
eventuate at some point in the future. At present the estuary is opened under an Interim Licence
negotiated under the nine-year old Estuary Management Plan, and this situation is considered
unsustainable.

8

West Byron Urban Land Release Project (2010)

2.2

Water quality

Extensive investigations of water quality processes in the estuary have been undertaken over at least the
last 15 years. The 2001 Estuary Management Study and Plan (Parker and Pont, 2001) was preceded by
a Data Compilation Study (Geomarine, 1996), and the Estuary Processes Study (Geomarine, 1997). The
West Byron STP Environmental Impact Studies from 1998-03 generated comprehensive documents on
water quality and catchment hydrology relating to the existing and future upgraded STP (e.g. WBM
Oceanics, 2000).
These studies confirmed other work (e.g. Parker and Pont, 2001; Slavich and Johnston, 2002; Slavich,
and Wood, 1999; Tulau, 1999) that artificial drainage in the catchment has led to oxidation of acid sulfate
soils (ASS), discharge of acidic water, and loss of wetland and estuarine values. In 1999 the "Belongil
Swamp" was identified as one of 28 ASS hot spots in NSW (Tulau, 1999), with a requirement on all
stakeholders to pursue remediation of the catchment and estuary. Prior to 2002 the estuary was the
scene of regular fish kills.
Holloway (2004) found that the Belongil estuary in spring was generally in reasonable condition, as
measured by a range of physicochemical parameters. In the mid-lower estuary, conditions were within the
ANZECC/ARMCANZ (2000) recommended limits for dissolved oxygen, pH, turbidity and faecal coliforms.
However the spread of filamentous algae throughout the estuary that year indicated elevated nutrients.
Holloway (2004) further stated that the physicochemical condition of the Union Drain was of concern.
Although pH was fairly stable and within the recommended guideline range, all other parameters posed a
threat to ecosystem health. It is noted by one of the present authors (Pont) that circum-neutral pH was
often measured in the drains and estuary, even in severe acid-related events, as a result of transitional
chemistry in the transport of acid sulfate-related and deoxygenating materials from the Union Drain to the
estuary. These observations and measurements of processes were part of an extensive assessment of
water quality in the estuary (2002-2006) undertaken in a series of reports to fulfil Byron Shire Council's
requirements under the Estuary Opening Licence.
In the Holloway (2004) study turbidity was consistently high and the presence of Monosulfidic Black Ooze
(MBO) was confirmed, indicating acid sulfate conditions. Holloway further reported that the conditions in
the Union Drain have significant implications for management and the health of the estuary. Of most
concern was the sub-surface layer of deoxygenated water overlying sediment containing MBO in a known
ASS hotspot region. Holloway concluded that "when the drains are flushed, they are likely to deliver water
that is deoxygenated, acidic, turbid and containing faecal coliforms to the estuarine ecosystem".
The management options proposed by the Estuary Management Plan were considered to "promote good
catchment management, implementation of WSUD throughout the catchment, installation of water control
structures within the drains, and plans to convert as much land as possible back to wetland to improve
the quality of water entering the estuary".
Table 1 summarises long term average nutrient concentration derived from extensive data sets over the
last decade. Nutrient concentration tend to increase upstream of the estuary entrance.
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Table 1: Typical mean concentrations of selected pollutants in the lower drain network and estuary
(excluding Butler Street Drain) 2002-05.
Typical Mean Concentration
(mg/L)

Range (mg/L)

Total Nitrogen

1.9

0.3-2.5

Total Kjeldahl Nitrogen

1.7

0.3-2.4

Total Phosphorus

0.15

0.02-0.39

Total Suspended Solids

12

0-200

Chlorophyll a (ug/L)

12

0-30

Parameter

A detailed study by WBM Oceanics (2000) compared conditions and processes in the Belongil with the
nearby Tallow Creek and the pristine Jerusalem Creek in Bundjalung National Park. Belongil Creek
exhibited mixed water quality, about "halfway" between the other two. Dissolved Oxygen levels were
lower than desirable, nutrient levels were moderately elevated with some exceedance of relevant
ANZECC guidelines, and algal levels were described as moderate. Total Nitrogen concentrations were in
the range of 1.1-1.8mg/L, decreasing downstream. Acid sulfate soils were having a noticeable effect
(WBM Oceanics, 2000).
The status of the entrance has a large effect on water quality. For example, when the estuary is closed
and water levels are low, nutrient concentrations are likely to be higher simply because of the low total
volume of water. Similarly, when the estuary is open and ASS-related events are or are not active, the
entire range of pollutant parameters are in flux and may vary considerably over short time-frames.
Oxygen is normally low in the wet season, and rises in the dry season. This pattern has been observed
consistently over several years to be related strongly to ASS runoff. The estuary usually conformed over
many years of observations to a pattern of dry season recovery from wet season impacts, although
nutrient impacts have been observed at times with filamentous algae occasionally developing in the
spring and summer. Chlorophyll a is a surrogate measure of algal concentrations and is used as an
indicator of nutrient pollution potential. Few estuarine sites complied with ANZECC Guideline target
concentrations in any period.
The Belongil-Cumbebin Wetland Restoration Strategy (Smith and Pont, 2005) was commissioned by the
Northern Rivers Catchment Management Authority to provide in effect a catchment remediation blueprint.
The Strategy proposed a range of actions to address the widespread water quality and biodiversity issues
impacting on the estuary. These included:




water control structures at critical points in the drainage network to raise the water table and reduce
ASS oxidation and impacts,
expansion of the West Byron constructed wetland and reuse wetland system to reduce potential for
wastewater impacts,
reinstatement of riparian zones,
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weed control,
incentives for landholders to restore and manage low-lying land as wetlands,
promote long term public ownership of the Belongil/Cumbebin wetlands,
promote the concept of a wetland interpretive trail,
define limits to urban expansion by appropriate wetland zoning,
control industrial and urban stormwater pollutants through Water Sensitive Urban Design.

These initiatives built on the 2001 Estuary Management Plan.

2.3

Geomorphology

Understanding the evolution of the West Byron development site is crucial in understanding the physical
conditions, constraints and opportunities of the site.
The property is situated on the West Byron coastal plain, dominated by a broad ridged sand barrier
extending from the southeastern corner of the site north along the coast to the Brunswick River.
This barrier is characteristic of sand deposition that occurred during the penultimate high sea level about
125,000 years before present (Graham and Larsen, 2000). Sea level at that time has been reconstructed
as being about 5 meters above present day. The existing landform occupies a basin which progressively
deepens from the surrounding foothills to form a valley some thirty meters deep below the current mouth
of Belongil Creek (Graham and Larsen, 2000).
The shoreline retreated a considerable distance off-shore during the later ice age that ended about 1215,000 years ago, leaving a series of dune ridges and swales. When ice sheets melted during the
"Holocene Transgression", sea levels rose once more to about the present level some 5,000 years before
present.
Evidence derived from studies of peat lands near the West Byron STP indicated a succession of fresh
and estuarine environments evolved as the sea rose along the low-lying valley east and south of the
development site. Infill by land-derived sediments then resulted in retreat of the estuary to its present
position. The low-lying former estuary zones are now forested wetlands, with elevations a little higher
than high tide level.
Anecdotal evidence gathered during the development of the Estuary Management Plan indicated that
sand mining in the area in the 1960s resulted in the removal of the dunes and the flat landscape existing
today over the shallow sandy soils overlying 'coffee rock' or indurated sand of the deeper profile.
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3 Site waterways and associated riparian land issues
Waterways and flow paths on the West Byron site were identified through assessment of aerial
photography and verification by site inspection. The study site is characterised by a number of artificial
drains and flow paths that were established during sand mining in the 1950‟s and 60‟s, and in earlier
periods to allow agricultural development.
The Union Drain to the south and east is a relatively large artificial drain, up to 5m wide, that drains the
western Belongil catchment and a substantial area of SEPP 14 wetland on the south eastern boundary of
the site, towards the Belongil estuary. The drain is tidal to at least the area south of Melaleuca Drive. It is
likely that the Union Drain was originally established in the late 1800‟s to allow for agricultural
development of the low-lying land, and subsequently widened and deepened over the decades (D. Pont,
pers. comm., 2010).
The development site is dissected by a major drainage and flow path referred to in this document as the
Industrial Estate Drain (Figure 1). Anecdotal evidence suggests that this drain was established in the
1960‟s during sand mining and then widened and made deeper during the establishment of the Byron
Industrial Estate. The drain enters the site in the north-west portion under Ewingsdale Road and traverses
the site in a south-easterly direction, then joins with the Union Drain. The combined drains soon after are
classified as the upper Belongil estuary (Figure 1).
In addition to the Industrial Estate Drain several shallow drains and flow paths traverse the site in a
generally south-easterly direction. A number of drains and flow paths are concentrated around the
existing residential properties located to the west of Melaleuca Drive and south of Ewingsdale Road
(Figure 1).
The flow paths within the artificial drainage network carry untreated stormwater flows from the West Byron
site and the Byron Industrial Estate. The water quality in the drainage network can generally be regarded
as poor due to groundwater drainage on the site into the large central drain and due to the flow of
untreated stormwater from the Industrial Estate in and after rainfall events.
Vegetation around some of the shallow drains and surface flow paths is now well established and some
species would be dependent on surface and groundwater flow.
Areas currently mapped as Coastal Habitat (7B) and SEPP 14 Wetlands (7A) would benefit from the
inclusion of buffers. These areas contain significant areas of wetland forest and are characterised by
frequent inundation that may sometimes have persisted for several months of the year before drains were
installed.
Any buffers established need to satisfy the following objectives:
 Separation of development areas from adjacent ecologically sensitive areas;
 To minimise the impact of nutrients, sediments and other pollutants from wetlands and
waterways;
 Facilitate groundwater flow into adjacent groundwater dependent ecosystems;
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Enhance site ecology through regeneration of locally indigenous plant species;
Minimise the impact of weed and pest species on the wetlands and Belongil estuary;
Enhance visual amenity between developed areas and sensitive ecosystems;
Facilitate integration between developed and natural areas.

Vegetated buffers can slow the velocity of runoff, reduce channelisation of flows and reduce the impact of
nutrients on surrounding sensitive ecosystems. Vegetated buffers should be included in the development
design and it is likely that some of the WSUD features discussed in later sections of this report could be
incorporated into buffer areas.
There is no prescriptive provision for buffers for SEPP 14 wetlands or the current Byron Shire LEP.
However, the Byron Biodiversity and Conservation Strategy (2004) highlights the need for appropriate
buffers around development to protect sensitive ecosystems. The width of the any buffer should be
assessed based on the presence of hydric soils, vegetation tolerant of inundation, and ground elevation.
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4 Water Sensitive Urban Design
WSUD emerged in Australia in the early 1990‟s as a means of enabling more sustainable ways of
providing water, wastewater and stormwater solutions to the impacts of development (Mouritz et. al.,
2005). Historically water supply, drainage and disposal relied on conveyance and centralised
treatment and discharge. This is now recognised as unsustainable practice. The WSUD approach to
water management adopts a planning and design approach that aims to integrate the following
opportunities (sourced from Mouritz et. al., 2005):








Detention of stormwater, rather than rapid conveyance;
Utilisation of stormwater to conserve potable water;
Use of vegetation for filtering, buffering and nutrient uptake;
Water-efficient landscaping;
Protection of water-related environmental, recreational and cultural values;
Localised water harvesting for various uses; and
Localised water treatment systems.

The adoption of WSUD practices is supported by a range of guidelines, planning instruments and
policies that have been used as guidance in this Report, including:








Managing Urban Stormwater: An Integrated Approach (NSW Department of Climate Change
and Water);
BASIX, the Building Sustainability Index (NSW Department of Planning);
ANZECC Guidelines for Marine and Freshwater Environments (2000);
National Water Quality Management Strategy (Australian Government, Department of
Environment, Water, Heritage and the Arts);
Australian Runoff Quality (Engineers Australia, 2005);
Concept Design Guidelines for Water Sensitive Urban Design (Water by Design – SE Qld);
Byron Shire Council Policy No. 5.48 Rainwater Tanks in Urban Areas (Byron Shire Council).

A more detailed assessment of relevant legislation, guidelines and policies is included in Appendix A.
New guidelines and targets for NSW were still pending release when this report was prepared. Advice
was sought from the NSW Department of Climate Change and Water on the most appropriate
guidelines and targets for the West Byron project. The Department recommended the use of the South
East Queensland WSUD guidelines and targets as they represent a geographically similar region and
are the most recently developed and comprehensive of those currently available. All treatment trains
were configured, as a minimum, to reduce pollutants and targets i.e. a reduction of 80% in TSS
concentrations, 60% TP, and 45% TN, in runoff. The Queensland Guidelines are for a geographically
similar area, and are also broadly consistent with Byron Shire Council's stormwater management
DCP.
One of the main objectives of WSUD is to control pollutants and water flows close to the source.
Source control involves minimising the generation of excessive runoff and pollution of stormwater at or
near its source.
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5 Water Sensitive Urban Design at the West Byron site
The overarching principles identified by WCG that should underpin the final WSUD strategy for the
West Byron development are to:
1. Preserve existing ecosystems where identified as important;
2. Mimic natural hydrological cycles;
3. Be site-sympathetic and enhance local ecology;
4. Integrate water management into the development site, and
5. Use low profile, low impact, vegetated integrated treatment systems to buffer flows, improve
water quality, and increase site biodiversity values.

5.1

Byron Shire Council (BSC) instruments

BSC's Development Control Plan (DCP) Part N Stormwater Management (2002) provides controls and
guidelines for stormwater management for development within the Byron Shire. It is understood that
BSC is currently in the process of developing a new Stormwater DCP but this was not available at the
time this report was produced. The objectives of the current Stormwater DCP are as follows:









To promote the adoption of on-site stormwater management practices that support a „predevelopment‟ hydrological regime in surface flow, streams and groundwater.
To ensure that new development does not reduce the effectiveness of existing drainage
infrastructure.
To minimise the impacts of stormwater runoff from a site on adjoining properties.
To provide an acceptable level of protection against personal injury and property damage due
to localised stormwater runoff.
To promote the adoption of on-site retention, detention and infiltration of stormwater where
this is feasible.
To promote stormwater harvesting and other forms of innovative water conservation.
To promote better integration of stormwater management into new development proposals.
To ensure that on-site stormwater management facilities can be economically maintained, and
that adequate arrangements are made for on-going maintenance.

BSCs prescription on discharge is that the total post-development 20 year ARI site runoff, for all storm
durations, must be controlled to be no greater than the pre-development 5 year ARI site runoff. In
addition all runoff from roofs and paved areas needs to be treated to standards similar to those in the
2
SEQ Guidelines adopted for this Report. Developments greater than 2,500m must provide measures
to address the key pollutants in accordance with Table 2 for all stormwater flows up to 25% of the 1
year ARI peak flow from the development site.
Table 2: Key stormwater pollutants and their retention criteria according to Byron Shire Council's
Stormwater Development Control Plan.
Pollutant
Retention criteria
Litter
70% of average annual load greater than 5mm
Coarse sediment
80% of average annual load for particles 0.5mm
or less
Fine particles
50% of average annual load for particles 0.1mm
Total Phosphorus
45% of average annual load
Total Nitrogen
45% of average annual load
Hyrdocarbons, motor fuels, oils and grease
90% of average annual load
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5.2

Site layout

Site layout should include the scale and arrangement of the development that is most consistent with
WSUD design principles. Site layout needs to address where the development should occur within the
site to produce the least overall impact on the environment and include appropriate locations
designated for the purpose of temporary and permanent stormwater management. The site layout
assessment should consider the site locations of stormwater treatment measures identified in Section
5 – WSUD for Byron West.
A primary approach to treatment will be to manage the water as close as possible to its sources thus
allowing for a multi-faceted approach to water cycle management and also reducing the risk of
adverse impacts due to failure of a single sources approach.

5.3

House allotment

A water sensitive housing layout integrates residential lots with the surrounding 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 downstream waterways.
At the house allotment level the measures proposed include:
1. Determine setbacks from waterways according to topography, waterway flooding
characteristics, vegetation and visual quality
2. Incorporate buffer zones beside creeks and retain existing remnant vegetation
3. Orientate residential living areas to public open space
4. Reduce paving to minimise the extent of paving and impervious surfaces by introducing
a. Shorter residential driveways
b. Reduced and varied building setbacks and frontages
5. Inclusion of rainwater tanks for harvesting of the roof water
6. Allowance of tank capacity for runoff retention
7. Excess flows from rainwater tanks directed to vegetated swales incorporating retention and /
or natural ground infiltration
8. Overland flow directed to landscape / garden areas for natural watering / ground infiltration
and sheet flowed to roads or to adjoining open space through filter strips.

5.4

Road layout

A water sensitive road layout incorporates the natural features and topography of the site. It
implements the practise of locating roads beside public open spaces wherever possible. This
approach enhances visual and recreational amenity, storage, infiltration at or close the 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.
At street level the measures proposed include:
1. Ensure road alignment so that local collector roads run parallel to contours.
2. Ensure short access places and access ways are perpendicular to the contours. Design
access places and road access falls to direct run-off to local collection/detention measures.
3. Reduce impervious surface areas through:
a. Decreasing the length and width of low traffic local roads
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b. Designing a shorter road network
c. Using cul-de-sacs with reduced road surface area (smaller radius, T-shaped)
4. Pavement should be designed using one way cross-falls and flush kerbs to direct flows across
buffer strips and into swales or detention units.

5.5

Street layout

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 landscapes.
At street level the measures proposed could include:
1. Reduce paved areas by
a. Reducing the pavement width
b. Sing smaller parking stalls
c. Incorporating footpath on one side of street only (collector roads)
d. Using shared driveway/entry locations
2. Localised filtration/detention. Use localised leach drains, bioretention systems, filtration
3. Reduce impervious surface areas through:
a. Decreasing the length and width of low traffic local roads
b. Designing a shorter road network
c. Using cul-de-sacs with reduced road surface area (smaller radius, T-shaped)
Pavement should be designed using one way cross-falls and flush kerbs to direct flows across buffer
strips and into swales or detention units.

5.6

Community awareness and site planning

Community awareness programs are concerned with changing behaviour to reduce the amount of
pollution that enters the stormwater system. The main advantages of these pollutant control
techniques are:
 Long term sustainability;
 Cost-effective;
 Allow for minimisation or prevention of pollutants requiring treatment;
 Reduced ongoing operation or maintenance liability („end of pipe‟); and
 Effective use of all resources – including community skills and knowledge.
Community education is recommended for the West Byron Urban Land Release. The objective of a
community education process is to:
 Create awareness of issues
 Enhance people‟s knowledge, understanding and skills
 Influence people‟s values and attitudes
 Encourage more responsible behaviour
The community education program could entail some of the following:
 Demonstrations and participation in the water quality monitoring program implemented for the
proposed development
 Tours, open days and field days of the water management system
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5.7




Launches of products such as phosphorus free detergents
Permanent displays and signs erected adjacent to waterways




Stormwater pits stencilled with messages such as Drains to Beach
Distribution of print material, e.g. brochures, posters, booklets, letters, and newsletters

Rainwater tanks

Rainwater tanks are one mechanism for reducing the amount of stormwater generated on a site, along
with provision of a water supply. Rainwater tanks are not mandated in NSW but represent one way of
satisfying the BASIX requirement for reducing demand on mains supply by 40%.
NSW Health (2007) supports the use of rainwater tanks for non-drinking purposes and recommends
the use of public water supply for drinking and cooking (potable) in urban areas. A properly maintained
tank can supply drinking water but is not the preferred option in urban areas. The Australian
Government‟s Guidance on the Use of Rainwater Tanks (2004) recommends regular maintenance of
tanks to maintain good quality water in the tank.
Maintenance includes keeping roofs free from branches to prevent access by animals, regular
inspection of roofs and gutters and the installation of “first flush” diverters. The authoritative public
health guidelines therefore indicate that rainwater can be harvested to safely supply the hot water
system, outdoor use, laundry and toilet flushing at the West Byron site.
Byron Shire Council encourages the installation of rainwater tanks and released the policy “Rainwater
Tanks in Urban Areas” in 2006. In addition Council has published implementation guidelines to advise
residents on the range of options for rebates available through both Council and Rous Water. BSC
Rainwater tank policy aims to promote the conservation of water and to encourage and facilitate the
use of domestic rainwater tanks in areas services by reticulated town water. Rainwater tanks would
allow for the capture and use of rainwater onsite and reduce the amount of water being discharged
under development.

5.8

Vegetated swales

Vegetated swales are used to convey stormwater in lieu of or in conjunction with pipes and to provide
for the removal of coarse and medium sediment. Swales are commonly combined with buffer strips.
Swales can be located within parkland areas, easements, carparks and along roadway corridors
(Healthy Waterways, 2006). Vegetated swales use overland flow and mild slopes (≤4% grade) to
slowly convey water downstream (Figure 4). Swales also provide a disconnection of impervious areas
from hydraulically efficient pipe drainage systems. The results are slower travel times, thus reducing
the impact of increased catchment imperviousness on peak flow rates (Healthy Waterways, 2006).
Swale vegetation acts to spread and slow flow velocities, which in turn aids sediment deposition.
Swales alone can rarely provide sufficient treatment to meet objectives for all pollutants, but can
provide an important pre-treatment function.
A few older swale-type flow paths are present on the West Byron site adjacent to Ewingsdale Road.
They convey water away from the roads and towards the Belongil estuary but there is currently no
designated treatment system for road and site runoff. The presence of swales on the site
demonstrates the function of swale systems and their suitability for the West Byron site. BSC's Urban
Stormwater Management Plan (2000) recommends that vegetated flow paths be maximised.
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Therefore vegetated swales should be incorporated into the site where possible to provide some
treatment and conveyance of stormwater on the West Byron site.
Swales could be planted with locally indigenous sedge and grass species but grass is often preferred
as it is easy to maintain by mowing. Figures 2 and 3 show plan and sections views for two types of
vegetated swales.

Figure 2: Vegetated swales (At grade crossing) (Melbourne Water, 2005)

Figure 3: Vegetated swales (Elevated crossings, check dams) (Melbourne Water, 2005)
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Figure 4: Example of a vegetated swale. (www.wsud.org)

5.9

Gross pollutant traps

Gross pollutant traps (GPT) function in removing litter from urban stormwater flows. The decision to
include GPTs in a WSUD system is generally based on catchment activities. They are useful in
removing gross pollutants from areas that generate large amounts of litter such as busy streets and
parking areas. There is currently a GPT on the Butler St drain in central Byron, which collects litter,
sediment and organic matter in stormwater flows from busy areas in the centre of Byron Bay. GPTs
require regular emptying, with a relatively high maintenance cost. Community education programs can
be effective in reducing litter in high traffic areas and reduce the need for the installation of GPTs.
GPTs have not been included in subsequent modelling sections of this report as they have high
maintenance requirements, are not generally favoured by Councils, and are more suited to high litter
source areas such as shopping centres. Community education and awareness could be implemented
to effectively reduce litter generation on the development site at a lower cost than installation of gross
pollutant traps.

5.10 Bioretention basins
Bioretention basins (Figures 5 and 6) function in medium and fine sediment removal as well as in
nutrient removal through a filtration media. Bioretention basins are commonly planted with vegetation,
incorporating an extended detention depth and some biological uptake. Stormwater moves through a
swale into the filter media, or enters via overflow pits, and either percolates into the surrounding soils
or conveyed downstream to another treatment device (Healthy Waterways, 2006).
Bioretention basins are not intended to be infiltration systems. The dominant pathway for water is not
via discharge into groundwater (Figure 5). Rather, they convey collected water to downstream waters
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(or collection systems for reuse) with any loss in runoff mainly attributed to maintaining soil moisture of
Extended detention
the filter media.
Bioretention basins can be installed at various scales, for example, in planter boxes (raingardens), in
Filter media
retarding basins or in streetscapes integrated with traffic calming measures. In larger applications, it is
considered good practice to have pre-treatment measures upstream of the basin to reduce the
maintenance frequency of the bioretention basin. For small systems this is not required.
Drainage layer

Bioretention systems are suitable for the West Byron site and could be retrofitted into the existing
drainage features for example where space is constrained due toCollection
existing
vegetation features.
pipes

Extended detention

Filter media

Drainage layer
Collection pipes

Figure 5: Typical bioretention system

Extended detention

Filter media

Figure 6: Bioretention basin example
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5.11 Sand filters
Sand filters function in a similar way to bioretention systems but are generally not vegetated (Figures 7
and 8). The absence of vegetation and its associated biologically active soil filter means that sand
filters have a reduced capacity for stormwater treatment compared with Bioretention systems (Healthy
Waterways, 2006).
Sand filters are generally most applicable in retro-fit situations where development has occurred
without regard to WSUD. For new developments bioretention is seen as a preferred treatment element
instead of sand filters (Healthy Waterways, 2006). The lack of vegetation in sand filters also results in
increased maintenance requirements as the filter media needs to be maintained to prevent clogging
and retain treatment function. Typical maintenance involves inspecting the filter media and removal of
fine sediments that have crusted on the surface of the filter.

Extended detention

Filter media

Drainage layer
Collection pipes

Figure 7: Typical sand filter
Sand filters have not been included in subsequent modelling undertaken in this report as they are
considered unsuitable for new developments such as the West Byron site due to their reduced
treatment performance and higher maintenance requirements. Sand filters may be considered suitable
for small-scale applications on the site in future design work.
Extended detention

Filter media

Drainage layer
Collection pipes
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Figure 8: Sand filter in western Sydney (www.wsud.org)

5.12 Constructed wetlands
Constructed wetland systems are shallow, extensively vegetated water bodies (Figure 9) that have the
ability to remove and reduce contaminants such as pesticides, metals, oils, nutrients, and sediments
from water through naturally occurring biological, chemical and physical mechanisms. Constructed
wetlands are constructed ecosystems designed to provide a mechanism for the removal of
contaminants prior to release of water into natural water bodies.
Water levels within the wetland rise during rainfall events and outlets are configured to release flows
over two to three days, back to dry weather water levels. In addition to treating stormwater,
constructed wetlands can also provide habitat, passive recreation, improved landscape amenity and
temporary storage of treated water for reuse schemes (Healthy Waterways, 2006).

Extended detention

Figure 9: Typical constructed wetland
The advantages of constructed wetlands include the ability to operate on solar energy, self-organise
and self-maintain to a large degree, increasing treatment capacity over time, produce root-zone
oxygen and consume carbon dioxide, and achieve high levels of treatment with minimal maintenance
when well designed and managed.
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Constructed wetlands are based on ecological principles of function and structure to maintain healthy
aquatic systems and environments by:
 trapping suspended solids, heavy metals, and pesticides;
 lowering BOD;
 algal removal;
 settling and retention of suspended particulate matter;
 filtration and chemical precipitation through contact of the water with the substrate and litter;
 chemical transformations;
 the uptake and assimilation of nutrients;
 adsorption and ion exchange on the surfaces of plants, substrate, sediment and litter;
 breakdown, transformation and uptake of pollutants and nutrients by micro-organisms and
plants; and
 predation and natural die-off of pathogens.

Figure 10: A stormwater treatment wetland designed and constructed by Water and Carbon Group
staff at Corindi.
Constructed wetlands are highly suitable for the West Byron site as the site contains and is
surrounded by a range of different natural wetland types. The use of constructed wetlands for
treatment will allow for integration of the development site with surrounding ecosystems and provide a
visually pleasing stormwater treatment system.

5.13 Infiltration Systems
Stormwater infiltration systems capture stormwater runoff and encourage infiltration into surrounding
in-situ soils and underlying groundwater. They can have a range of benefits including:



protecting waterway health and minimising downstream flooding (by reducing stormwater
flows and volumes);
enhancing groundwater recharge or preserving pre-development groundwater recharge.

Infiltration systems are conveyance rather than treatment measures (Figure 11). To protect
groundwater quality and avoid clogging, pre-treatment of stormwater entering infiltration systems is
required.
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The application of infiltration systems is best suited to moderate to highly permeable in-situ soils (i.e.
sandy loam to sandy soils found on the West Byron site). However, infiltration systems can still be
applied in locations with less permeable soils by providing larger detention volumes and infiltration
Extended detention
areas.
There are four basic types of infiltration systems: "leaky wells", infiltration trenches, soak-aways and
Filter media
infiltration basins.
The inclusion of infiltration systems will enable recharge of runoff to groundwater in a more natural
manner. This would entail locating groundwater recharge areas on the development site during the
Drainage
design phase and application of this technology to these areas. The soils at the
sitelayer
are also highly
suited to infiltration systems and will allow maintenance of flows to ground water-dependent
ecosystems.
Collection pipes
Infiltration systems have been modelled and reported in subsequent sections of this report.

Extended detention

Filter media

Figure 11: Typical infiltration system

5.14 Porous Pavements
Porous pavements are a pavement type that promote infiltration, either to the soil below or to a
dedicated water storage reservoir below (Figure 12). Porous pavements should generally be located in
areas without heavy traffic loads. This surface promotes interception of sediments, hydrocarbons, and
nutrients associated with sediments. Many systems have failed because of poor sediment control
particularly during construction.
Porous pavements tend to be more suited to high-density urban areas where regular maintenance is
practical, particularly in areas of high pedestrian usage and in carparks. Construction costs have been
reported to be similar to traditional road types, but maintenance costs are somewhat higher. In the
absence of design information on the West Byron site it is considered premature to model and cost
porous pavements, however an assessment should be undertaken at the next stage of design.
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Figure 12: Porous pavement (www.wsud.org)

5.15 Stormwater detention systems
Stormwater detention systems can be incorporated as a means of reducing peak flow discharges from
a site and as temporary storages for onsite reuse of stormwater flows. Storage systems can be
aboveground or underground tanks or surface water bodies (wetlands or ponds).
Stormwater storages have been modelled in this report to gain an understanding of the ability to store
water onsite to meet irrigation needs of public open space and road reserves.

5.16 Treatment trains
By placing the most suitable conveyance and detention elements in the appropriate locations and in
combination with treatment elements, increased control and treatment of water can be achieved. The
combination of WSUD elements in series is referred to as a treatment train.
BSC's Stormwater DCP identifies that significant water quality improvements can be achieved by
configuring a sequence of treatment measures. Treatment trains may include roof-water tanks,
infiltration devices, filtration and bioretention devices, porous paving, grassed swales, better
landscape practices, ponds and wetlands, and stormwater tanks (BSC, 2002).
A number of treatment train scenarios have been modelled in the MUSIC modelling section of this
report. Modelling allows for optimisation of treatment train elements and understanding of suitable
configurations. The subsequent modelling section of this report includes rainwater tanks, vegetated
swales, bioretention devices, stormwater storage, constructed wetlands and infiltration.
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5.17 Recycled water supply
Recycled water supply is now mandated for new developments in some parts of Australia but this is
not the case in NSW. Some new developments in New South Wales such as Rous Hill in Sydney and
Cumbalum in Ballina have dual reticulation utilising reclaimed water for non-potable uses such as
toilet flushing, but adoption of the technology has not been widespread in NSW. A new development in
Victoria plans to utilise stormwater for potable reuse that should greatly reduce demand on potable
supply but the development incorporates a complex and relatively costly onsite water treatment plant
(Wilson et al., 2010).
Recycled or reclaimed water can be supplied from municipal Sewage Treatment Plants (STPs) or from
specifically designed onsite treatment plants that treat stormwater or wastewater produced onsite.
Onsite wastewater and stormwater treatment plants (for domestic use) are generally costly to install,
have high maintenance requirements, are energy intensive and produce more greenhouse gases than
centralised systems (Ho et. al., 2010). Thus onsite wastewater treatment and recycling systems are
generally not seen as suitable when centralised systems options are available.
The Byron Shire urban reuse pipeline traverses along Ewingsdale Road at the northern end of the
West Byron site and could be considered for supply of dual reticulation at the West Byron site.
However, BSCs Integrated Water Cycle Management Plan (MWH, 2009) concluded that upgrades to
the tertiary treatment filtration capacity will be necessary to supply any major new uses such as dual
reticulation in new developments.
A supply of treated effluent is also available from the Sunnybrand Chickens processing plant nearby to
the West Byron site. This water would be classified as a high-strength wastewater, but depending on
final treated quality could be re-used on the West Byron site, for example irrigation of open space, in
accordance with NSW DEC Guidelines (DEC 2004).
When reclaimed water is sourced from STPs there is an increase in water cost to consumers due to
the high treatment requirements of wastewater. In addition there can be difficulties with cultural
acceptance of the use of reclaimed wastewater for domestic purposes. A recent review of the adoption
of alternative water supply sources showed that public acceptance of an alternative water supply is
highest for external uses such as garden watering (Mankad and Tapsuwan, 2010).
As the West Byron development is located in an area that receives good rainfall throughout most of
the year modelling indicates the requirement for reducing demand on potable supply (BASIX) could be
met through the installation of rainwater tanks. Rainwater tanks are cost-effective and produce good
quality water when properly maintained. Additional requirements for irrigation of public open space
and road reserves at the West Byron site may also be met more cost effectively through the use of
onsite stormwater storage.

5.18 Greywater
Greywater treatment and reuse represents another opportunity to reduce demand on potable supply at
the West Byron site. Greywater use involves the capture and treatment of wastewater from uses such
as the laundry and shower that is typically reused for garden irrigation.
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A recent study in Victoria compared the energy requirements of alternative supplies including
greywater reuse, rainwater tanks (pumps), dual reticulation and potable supply (Madden et al., 2010).
This study showed that energy demand for greywater reuse was 37% higher than for rainwater
systems. Rain water can also be used in applications such as showers and hand basins where
recycled water cannot.
Neither BSC nor the state government has specific requirements for greywater reuse thus this report
has not investigated greywater reuse for the West Byron. The availability and efficiency of rainwater
supply, and the likely high energy and cost requirements of greywater treatment and supply mean that
rainwater supply is preferable to greywater treatment and reuse.

5.19 Aquifer storage and recharge
Aquifer storage and recharge utilises underground aquifers to store recycled water or stormwater for
subsequent reuse (Healthy Waterways, 2006). This method is used where large storages are
available, and where the aquifer is suitable. The most suitable aquifer types are confined sand or
gravel beds. The West Byron site is underlain by shallow unconfined aquifers that appear unsuitable
for aquifer storage and recharge, and the site is bisected by a large drain as well as flanked on the
south and east sides by sloping sand beds that would allow relatively free subsurface drainage. No
modelling or further assessment has been undertaken of this method.

5.20 Summary of water supply, treatment and conveyance elements
A number of WSUD options are available for application at the West Byron site but not all are
appropriate and suitable. WSUD is not governed by hard and fast rules of design but a sustainable
and cost-effective result will follow trade-offs between project objectives, site characteristics and cost
minimisation. Table 3 summarises the WSUD elements, functions and a brief rationale of suitability at
the West Byron site.
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Table 3: A summary of WSUD elements, their function and suitability for application at the West Byron
site.
WSUD element

Function

Rainwater tanks

Stormwater retention and
reduction of potable
demand

Vegetated swales

Stormwater conveyance
and some treatment

Gross pollutant traps

Suitability for
West Byron
Highly suitable and
supported by a
number of rebates
Highly suitable

Stormwater treatment

Not suitable

Stormwater retention and
treatment

Yes

Stormwater treatment

Not suitable

Stormwater retention and
treatment

Highly suitable

Infiltration systems

Stormwater discharge

Highly suitable

Porous pavement

Stormwater treatment
and conveyance

Possible

Onsite stormwater
storage

Stormwater storage

Yes

Stormwater conveyance,
treatment and retention

Highly suitable

Bioretention

Sand filter

Constructed wetlands

Treatment trains

Recycled water supply

Water supply

Possible

Greywater

Water supply

Possible

Aquifer storage and
recharge

Water supply

Not suitable

Rationale
Low cost good quality water
for non potable use; reduces
runoff
Appropriate water
conveyance mechanism
applicable to the site
High capital and
maintenance cost and can
be replaced by community
education programs
Good treatment performance
and moderate integration
with local ecosystems
Less treatment, poor
integration with local
ecosystems and high
maintenance cost
Good treatment performance
and good integration with
local ecosystems
Allow for maintenance of
groundwater flows with
treated stormwater
Facilitates groundwater
recharge
Reduces demand for potable
supply
Optimises WSUD
Higher cost and higher
energy requirements when
compared with rainwater
tanks
Higher cost and higher
energy requirements when
compared with rainwater
tanks
High maintenance, high
energy requiring complex
system and unsuitable
aquifer system

30

West Byron Urban Land Release Project (2010)

6 Modelling water quality - MUSIC V.4
A quantitative assessment of stormwater runoff quantity and quality was undertaken using the Model
for Urban Stormwater Improvement (MUSIC) V.4, developed by the CRC for Catchment Hydrology.
The modelling was carried out according to the Draft MUSIC modelling Guidelines for South East
Queensland (2009). This was done on advice from the NSW Department of Climate Change and
Water as the MUSIC Modelling Guidelines New South Wales have not been released, and the SEQ
Guidelines were developed for an area geographically similar to Northern NSW (Mike Sharpin, pers.
comm. 2010).
The primary aim of the modelling was to compare the various elements of Water Sensitive Urban
Design and assess the water quality impacts of various treatment trains.
The approach to modelling was to input:
 Base flow and storm flow concentration parameters,
 Runoff generation parameters,
 Land-use areas and source node relationships, and
 Effective impervious areas.
Meteorological data for Alstonville was used as the nearest location to Byron Bay with a sufficiently
long pluviograph record. In accordance with SEQ MUSIC Modelling Guidelines, 10 years of data
(1998-2008) were used. The rainfall data set for Byron Bay was compared with Alstonville to assess
any difference between Alstonville and Byron Bay (Figure 13). This comparison shows slightly higher
summer rainfall in Alstonville and slightly higher rainfall in Byron Bay in winter, but the differences are
considered reasonable as a basis for modelling.

Monthly mean rainfall
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Figure 13: Monthly mean rainfall data for Alstonville and Cape Byron.

6.1

Modelling inputs and assumptions

A notional 10 hectare area, easily scalable, has been chosen to model different WSUD treatment
trains in MUSIC. One development scenario with a mix of high, medium and low density development
has been selected for modelling (Figure 14 and Table 4 below).
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Figure 14: Areas of high, medium and low density housing for the notional 10hectares.
An area of 10% of the 10 hectares has been assigned to public open space. There are no provisions
in BSC's DCP for the portion of the development assigned to public open space. An area of 10% is
thought to be a conservative estimate suitable for modelling and is consistent with other concept
development modelling reports and the SEQ MUSIC Modelling Guidelines.
An area of 30% of the 10 hectares has been assigned as "road" area, based on information from the
SEQ WSUD MUSIC Modelling Guidelines which assign a road area of 25-30% for development
densities of 10-40 lots/ha. Table 4 summarises the percentage of the 10 hectares and area of each
land use input for modelling.
Table 4: The percentage and area of each land use modelled.

Low density

Medium
density

High density

Public
open
space

Roads

Percentage of land use

10%

30%

20%

10%

30%

Area (ha)

1

3

2

1

3

Of the notional development areas, low density development contains 10 lots/ha, medium density 15
lots/ha and high density 25 lots/ha, based on preliminary information.
2

Roof area is based on the SEQ MUSIC Modelling Guidelines which gives a roof area of 250m for low
density housing. The NSW Savewater Alliance (Councils and water suppliers) specify an average roof
2
area of 160m and this area has been used for the medium density development.
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The Modelling Guidelines do not specify a roof area for high density developments and none could be
2
found for NSW, therefore an area of 110m has been chosen as it is a reasonable fit based on roof
areas for low and medium density developments.
Lot size was determined by referencing Byron Shire Council's urban subdivision DCP (Part D),
residential development DCP (Part C) and the NSW Housing Code Guide to Complying Development
2
(2009). A minimum general lot size of 600m is specified for urban subdivisions BSC DCP (Part D)
and this figure has been used for the low density development. The NSW Housing Code Guide to
2
Complying Development applies to housing of greater than 450m and this lot size has been used for
2
2
medium density. BSC DCP (Part C) gives a range of lot sizes from 200m to 300m for lots in the
2
residential precincts of Byron Bay and Suffolk Park, and thus a high density lot size of 250m has been
selected for high density development.

6.1.1

Rainwater tanks

Rainwater tank sizes for the different housing densities, a range of 2kL, 5kL, and 10kL according to
each development density class, have been selected using recent data from BASIX on rainwater tank
adoption, Byron Shire Council and Rous Water's Rainwater Tanks Subsidy Guidelines. A further
modelling assessment used the range of 5kL, 10kL, and 15kL tanks for each density class to assess
the impact of larger tank sizes on water quality and quantity (Table 5).
The NSW Savewater Alliance indicates that often only 50% of the roof area will drain to the rainwater
tank. However it is considered that 100% of roof runoff can be practicably harvested. Both the 50%
and 100% roof area draining to tank were therefore modelled.
Table 5: Number of lots per hectare, roof areas, lot size and tanks sizes modelled.
No. of
lots/ha

Roof area
(m2)

Roof area
draining to
tank (m2)

Lot size
(m2)

Tank size
1 (kL)

Tank size
2 (kL)

Low density

10

250

125

600

10

15

Medium density
High density

15
25

160
110

80
55

450
250

5
2

10
5

These inputs and assumptions produce the following number of lots and areas for MUSIC modelling of
the notional 10ha block for the West Byron site, shown in Table 6. The allocation of development
densities is not intended in any way to influence the development design or assessment process but
to provide a preliminary concept as a basis for initial direction.
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Table 6: Number of lots for each housing density and areas for modelling.

Developed
condition

6.1.2

No. of
Low
density
lots

No. of
medium
density
lots

No. of
high
density
lots

Total no.
of lots

Ground area
(gardens and
driveways)
(ha)

Open
space
(ha)

Road
area
(ha)

16.7

75

80

171.7

3.5

1

3

In house water use

A number of sources were referenced in order to inform the modelling of in-house use of rainwater for
the West Byron development site, including the NSW BASIX guidelines, the Australian Runoff Quality
Manual and Willis et al., (2009). All modelling assumed the use of water efficient fixtures devices such
as dual flush toilets, showerheads and taps. It was also assumed that rainwater supplied all nonpotable end uses including the garden, laundry, toilet flushing and bathing (Tables 7 and 8).
Table 7: Lot density, number of lots and number of people per lot used to determine tank water
demand.
Density of lots

No. of lots

No. of people

No. of people per lot density

Low
Medium

16.67
75

4
3

166.7
100

High
Total

80
171.7

2

160
426.7

Table 8: Water demand sourced from ARQ, Willis et al ., (2009) and demand modelled in this report.

Bathroom
Laundry
Toilet
Garden
Total

ARQ with water
saving devices
(L/p/d)
38
30
22
not included
114

Willis et. al., 2009
Melbourne
(L/p/d)
52.3
40.4
30.4
57.4
180.5

Willis et. al., 2009
Gold Coast
(L/p/d)
30
21.1
18.6
156.1

Modelled for this
report (L/p/d)
38
30
22
50
140

The number of people and number of lots was used to determine the total in-house demand for
rainwater. The total in-house tank demand for modelling was 63.23kL/day.

6.1.3

Life cycle analysis

The default MUSIC parameters were used as a basis for determining relative costs of treatment trains.
The cost of rainwater tanks was based on a data set in the BSC IWCM Plan that includes information
on rebates available through the Department of Environment and Climate Change, Rous Water and
Byron Shire Council. The IWCM showed an economic benefit in larger tanks as the added storage is
effectively gained at no extra cost: the subsidy for tanks is based on tank size and the uses the tank is
connected to.
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Thus the rebate available for a 2kL tank connected to all non-potable uses is smaller than that of a
10kL tank to encourage the use of larger tanks connected to a greater number of end uses.
All other treatment train elements were costed using MUSIC model defaults. In general these default
costs were not assessed for accuracy but presented purely as a guide for comparing different
combinations of common costs.

6.2

Model results

Several different catchment characteristics were modelled in accordance with the SEQ Guidelines to
assess the impact of development on the West Byron site. These were "Rural Residential" (the current
land use), "Developed" and "Forest".
Forest was modelled in order to gain an understanding of what an equivalent site in a natural state
would have generated in terms of water quality and water quality.
The modelled existing catchment produces 69 ML/yr of stormwater runoff, an urban catchment (without
WSUD) would produce a total of 103 ML/yr, and a forested (pre-development) catchment 56 ML/yr
(Table 9). This pattern is logical.
Modelling used both the lumped and split catchment approach in order to assess the difference
between the 2 modelling approaches (Table 10). A lumped catchment is usually used at the concept
stage of a project and the split catchment approach is used when greater detail about the catchment
characteristics known. The results show that a split catchment produces lower volumes of water.
Table 9: Mean annual loads for a 10ha rural residential, developed and forested catchment

Flow (ML/yr)
TSS (kg/yr)
TP (kg/yr)
TN (kg/yr)
Gross Pollutants (kg/yr)

6.3

Rural residential
(existing use)

Forest (predevelopment)

Developed
(urban lumped
catchment)

Developed
(urban split
catchment

69

56

103

99

23500

2740

21300

20000

23

3

42

37

178

48

196

208

699

0

2430

2080

Rainwater tanks

Rainwater tanks are the first element in the treatment train modelled. The impact of different rainwater
tank sizes and area of roofs connected to tanks is shown in the mean annual loads for both water
quantity and quality (Table 10). In general, smaller tanks produced lower flows and fewer pollutants than
larger tanks. The sources of "pollutants" vary, but in the case of nitrogen the literature indicates
atmospheric deposition in rainfall is the major source, and thus rainwater produces nitrogen in the water
quality model. Whilst smaller tanks would appear to be more suitable based on flows there are
advantages in tanks with the entire roof connected to the tank. Large tanks with 100% of the roof area
connected produced similar pollutant loads to small tanks with 50% of the roof area connected.
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Table 10: Mean annual loads small and large tanks with 50% and 100% of the roof area connected to
the tanks.

Flow (ML/yr)
TSS (kg/yr)
TP (kg/yr)
TN (kg/yr)
Gross Pollutants (kg/yr)

Small tanks
(50% roof
connected)

Small tanks
(100% roof
connected)

Large tanks
(50% roof
connected)

Large tanks
(100% roof
connected)

88

85

93

89

19400

19300

2100

20800

35

34

37

36

183

176

194

185

1710

1350

1820

1430

The water demand met by the tanks is important when assessing the impact of different tank sizes and
the area of roof connected to the tanks. Table 11 shows the water balance for the different tank
configurations modelled above. These results show that the 73% of the reuse demand is met by the
larger tanks with 100% of the roof area connected. Thus the larger tanks with 100% roof area represent
the best opportunity to reduce demand on potable supply and this tank configuration has been adopted
to assess the effectiveness of other WSUD treatment trains modelled in subsequent treatment train
sections of this report.
Table 11: Water balance for the different tank sizes and areas of roof connected showing flow in, flow
out and reuse demand.
Small tanks
(50% roof
connected)

Small tanks
(100% roof
connected)

Large tanks
(50% roof
connected)

Large tanks
(100% roof
connected)

16.1

32.2

17.2

34.3

Orifice out (ML/yr)

5.3

18.3

4.1

17.4

Reuse supplied (ML/yr)

11

14

13.1

17.1

23.5

23.5

23.5

23.5

Reuse demand met (%)

48

61

56

73

Load reduction (%)

67

43

76

49

Flow in (ML/yr)

Reuse requested (ML/yr)

6.4

Treatment trains

All treatment train elements were sized to produce a minimum of 80% reduction in Total Suspended
Solids (TSS), 60% reduction in Total Phosphorus (TP) and 45% reduction in Total Nitrogen (TN) in
accordance with the SEQ Guidelines, and similar to the relevant BSC DCP. TN was the limiting factor
in all treatment train models. Treatment trains were modelled iteratively in combination and at varying
sizes, using a broad check factor of percentage of catchment, and included the following (all treatment
trains include large tanks with 100% of roof area connected to the tank):

36

West Byron Urban Land Release Project (2010)







Bioretention alone;
Wetlands alone;
Swales and wetlands;
Swales wetlands and a stormwater reuse pond (reuse pond is for irrigation of a nominal 1ha
public open space);
Swales, wetlands and infiltration
2

Swales were assigned an area of 2000m based on the likely area for swales for the 10ha catchment.
2
The reuse pond was assigned an area of 800m with a volume of 0.8ML. This volume met 91% of the
3ML per year reuse demand assigned to the 1ha open space.
Table 12 shows the treatment train effectiveness in terms of precent reduction for water quality and
quantity for the treatment trains including the areas required for each element. The MUSIC model
2
2
results indicate that bioretention alone would require 2000m , and wetlands alone 3000m to achieve
the target reductions. The incorporation of swales throughout the development will reduce the
treatment area required. The use of infiltration systems at the end of the treatment train is shown to
significantly reduce flows generated from development areas, allowing for maintenance of
groundwater flows to adjacent wetlands and waterways.
Table 12: Modelled treatment train effectiveness (% reduced by tanks plus each element). All
treatment trains include large tanks with 100% of roof area connected to the tank.
2

2000m
bioretention
(% load
reduction)

2

3000m
wetland
(% load
reduction)

Swales,
2
3000m
wetland
(% load
reduction)

Swales,
wetlands and
reuse pond
(% load
reduction)

Swales
wetlands,
reuse pond
and
infiltration
(% load
reduction)

Flow

21.3

25

23

26

62

TSS

89

71

92

91

94

TP

76

65

77

76

85

TN

48

45

45

48

68

100

100

Gross pollutants

100

100

100

The mean annual loads produced by each of the treatment trains are shown in Table 13. All treatment
trains are successful in reducing flows post development, close to those of the existing land use (69
ML/yr). The inclusion of infiltration systems at the end of the treatment train allows for flows to be
reduced to less than under the pre-development forested catchment (56 ML/yr). In this scenario, some
nitrogen will still flow in the groundwater seepage from the infiltration system.
An additional modelling scenario was undertaken to assess the area of wetland required to further
reduce nitrogen loads. A 1ha wetland would reduce nitrogen loads to 88kg/yr.
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Table 13: Mean annual loads to the environment for sources and treatment trains, modelled on the
notional 10ha. All treatment trains include large tanks with 100% of roof area connected to the tank.

Flow (ML/yr)
Total
Suspended
Solids (kg/yr)
Total
Phosphorus
(kg/yr)
Total
Nitrogen
(kg/yr)

Optimal
Optimal
Treatment
Treatment
Treatment train
train to meet train to meet
Developed,
to meet basic
2 57% nitrogen 57% nitrogen
no
targets (3,000m
reduction
reduction
treatment wetland, without
(1ha wetland, (1ha wetland,
infiltration)
no
with
infiltration)
infiltration)

Forest
(predevelopm
ent)

Rural
residential
(existing use)

56

69

103

68

65

38

2740

23500

21300

1,040

1070

846

3

23

42

5.9

6

4

48

178

196

90.2

88

57

It should be noted that installation of an infiltration system reduces surface runoff thus simulating
better the pre-development flow condition, but substantial nitrogen is still contained in the flow. Further
opportunities should be sought to minimise the nitrogen load exported. An assessment of enhanced
wetland performance is discussed in section 9.2 of this report.
2

An 800m reuse pond satisfies 93% of the irrigation demand requested by the 1ha area of public open
space in the 10ha catchment. This represents another mechanism for reducing the demand for
potable supply through harvesting stormwater generated onsite. The node water balance for the reuse
pond is shown in Table 14.

Table 14: Water balance for a reuse pond.
2

Flow in (ML/yr)

800m reuse pond
78.1

ET loss (ML/yr)

1.1

Orifice out (ML/yr)

1.3

Reuse supplied (ML/yr)

2.7

Reuse requested (ML/yr)

3

Reuse demand met (%)

91

Load reduction (%)

6.1
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6.5

Treatment of Industrial Estate runoff

A further model was developed to assess the potential for treating the runoff generated on the
Industrial Estate. Substantial areas of lower-lying land are located on the edge of flood-prone zones,
buffer zones, high value conservation zones and others. Some of this land appears suitable for
treatment systems that could also provide biodiversity values. Two specific areas are west of
Melaleuca Drive, and at the outlet of the Industrial Estate Drain. The Industrial Estate covers an area
of about 39 hectares and there is currently little WSUD in the catchment so untreated stormwater flows
pass through the West Byron site and into the Belongil estuary.
There is also potential to further offset the impacts of development at the West Byron site by redesigning the drain so it functions as a swale. Table 15 shows the model results for a swale and 4ha
wetland on the west Byron site. A 4ha wetland would reduce nitrogen and phosphorus loads entering
the Belongil estuary by 34% and 83% respectively. More detailed design may improve this result.
Table 15: Mean annual load reductions for a 4ha wetland and swale system to treat Industrial Estate
runoff.
Industrial Estate drain swale and 4ha
wetland
(% reduction)

6.6

Flow

15

TSS

90

TP

82.6

TN

34

Gross pollutants

100

Life cycle costing results

A life cycle costing analysis has been undertaken to provide an indication of the relative costs of the
different treatment trains modelled. It is anticipated that a more detailed assessment of system costs
will be undertaken at the next stage of the development design. This could include a multi criteria
analysis of each of the treatment trains and possible configurations plus a more detailed comparison
of the social, environmental and economic costs and benefits of each of the options outlined in section
8 of this report. As there was no detailed development design, costing of the water management
options in Section 8 of this report has not been undertaken.
Table 16 shows the results of the life cycle analysis for the different treatment trains. All life cycle
analysis was undertaken over a 50 year period (except for rainwater tanks at 25 years) with a discount
rate of 5.5%, an annual inflation rate of 2.2% and base year 2010. These results show that the more
complex the treatment train the higher the cost, however the assessment of treatment train suitability
cannot be made on costs alone. The treatment train selected should integrate with the surrounding
environment and represent the best possible solution for water management on the site.
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Table 16: Acquisition, maintenance and life cycle costs for treatment trains modelled to achieve basic
pollutant reduction targets (all treatment trains include large tanks 100% of roof area connected to the
tank; all Life Cycle Costs include tank cost of 50 year NPV).
2

5, 10, 15kL
Tanks

3,000m
wetland

Swales

$420,125

$370,325

$431,079

$150,919

$45,618

Annual maintenance cost
each component ($)

$17,372

$16,800

$7,731

$5,096

$5,483

Cumulative equivalent
annual payment cost of
asset ($2010, 50yrs)

$16,375

$45,112

$45,112

$50,736

$54,234

Acquisition cost each
component ($)

Reuse pond

Infiltration

Caution should be used when assessing these results as the default parameters in MUSIC do not
always reflect recent experience in the construction of WSUD systems. Table 17 shows the
differences in the lower and upper estimates of costs of the individual treatment train elements from
MUSIC. These results show that the cost of treatment train elements can vary widely. The cost of a
wetland system for instance would depend largely on whether there is a suitable impermeable layer
onsite that would preclude the requirement for costly lining. This may be the case at West Byron but
the location and presence of impermeable layers will need to be investigated at the next stage of
design. Additionally, recent experience in southeast Queensland suggests that the cost of bioretention
is higher than that indicated in MUSIC and the treatment performance of bioretention may be
overestimated by MUSIC.
Table 17: Individual costs for treatment elements modelled (all treatment trains include large tanks
with 100% of roof area connected to the tank).
2

2000m
bioretention

2

3000m wetland

2

800m
pond

2

80m infiltration
system

MUSIC cost estimate

$176,586

$370,325

$150,919

$45,618

Higher estimate

$446,776

$599,631

$189,764

$123,935

Lower estimate

$96,794

$228,708

$120,026

$16,791

It is important to note that the ongoing maintenance costs of a treatment train with wetland systems
are generally lower than treatment trains with bioretention (Table 18). This means that the higher
acquisition cost of wetlands will be offset by lower ongoing operation and maintenance costs. The
biodiversity values and likely higher nitrogen treatment performance of wetlands should also be
recognised when comparing treatment train elements.
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Table 18: Comparison of MUSIC Life Cycle Costing, Wetland and Bioretention systems

MUSIC typical acquisition
cost
Typical annual maintenance
Cost
Life cycle cost (50 years,
$2010)

6.7

Total treatment train with
bioretention

Total treatment train with
wetlands

$1,343,680

$1,418,070

$37,800

$35,210

$2,536,680

$2,711,720

Model conclusions and recommendations









Large tanks with 100% of the roof area connected to the tank best satisfy in-house demand for
all uses except the potable uses of drinking and cooking;
A number of treatment train configurations can be used to achieve a range of flow and
pollutant reductions that accord with orthodox water management targets associated with
development;
A reuse pond could be incorporated to harvest stormwater onsite for irrigation of public open
space;
An integrated treatment train would incorporate rainwater tanks, vegetated swales, stormwater
treatment wetlands, possibly bioretention, a pond for irrigation of public open space, and
infiltration systems for the discharge of treated stormwater flows.
The inclusion of infiltration systems at the end of treatment trains allows for pre-development
flows off the site to be simulated;
Cost of treatment trains increases with train complexity; final choice of treatment trains will be
made based on a range of factors.

7 Recommended Water Sensitive Urban Design
strategies
As detailed in this Report there are a wide range of possible WSUD elements (section 4), treatment
trains (section 6) and potential landscape configurations (section 8) that could be used at the West
Byron site. Modelling has demonstrated benefits in increasing the tank size and area of roof
connected to the tanks. Rainwater tanks will provide the majority of supply for non-potable indoor
uses. The incorporation of tanks is a cost effective means of reducing demand for potable supply, will
enhance site water management, and raise awareness of water management in the community.
Modelling has also shown that desired pollutant reduction targets can be met through a number of
WSUD strategies. The use of infiltration systems to maintain flows of treated stormwater to
groundwater will achieve a pre-development water flow scenario.
The selection of a treatment train should consider integration with the surrounding ecosystems.
Constrcuted wetlands are primarily recommended for treatment trains as they allow for the best
integration with the surrounding environment. Constructed treatment wetlands will increase water
quality, enhance biodiversity, generally have lower maintenance requirements and be a visually
pleasing feature of the development.
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A combination of WSUD elements will allow for the most sustainable outcome for the site. Figure 19
shows what the WSUD elements could look like on a typical landscape profile on the break of slope to
low ground.

Stormwater
flow from
developed
areas
Bioretention/
wetland tier 1

Wetland tier
2
Infiltration
system

Sand suitable
for infiltration
of treated
stormwater
flows

Coffee rock

Estuarine clays

Figure 19: Diagram showing configuration and landscape position of the main WSUD features for the
West Byron site shown on a possible landform profile.
The following section details some possible site configurations and locations for the treatment trains
on the West Byron site.

8 Water Management Options
A number of water management options were developed and assessed, including managing water in
distributed flow paths and treatment systems, managing water and treatment in centralised systems,
dispersed discharge, and utilising the Industrial Estate drain for discharge. In addition, treatment of the
first flush of stormwater generated on the Industrial Estate could be undertaken on the West Byron
site, representing a possible development offset.
The final treatment train configuration cannot be determined at this stage but it can be assumed that
all water management options will include the use of household rainwater tanks. As demonstrated in
the earlier modelling section different treatment train configurations can achieve the desired pollutant
targets for stormwater treatment and discharge. The modelling section also demonstrated how
different areas of bioretention and wetland elements could be utilised.
It is anticipated that the final configuration of treatment trains will be established after the design
workshop and when more detailed assessment of the development and site has been undertaken.
However some general points about the treatment train elements, treatment train configuration and
their placement on the West Byron site can be made, as follows:


All treatment trains and water management options feature rainwater tanks;



There is a need to utlilise "head" to drive water through treatment trains, and an elevational
gradient is required to effectively manage water treatment. Thus an “end of pipe” approach to
treatment is not ideal or preferred and the location of treatment systems at the lowest point in
the landscape unsuitable.
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The overall placement of ponds, bioretention and wetland systems will result from trading off
land take in the development zone against land take in the lower elevation zones where flood
hazard, buffers and other protection constraints compete for area. It is preferable to locate
bioretention and wetland systems at higher elevations to use gravity to drive stormwater
treatment. Larger systems will generally be more suited to the sloping zone between high and
low elevations, from about 3m AHD to about 1.2m AHD (Figure 19). Reference should be
made to SEQ WSUD Design Guidelines and Melbourne Water (2006).



The location of ponds for storage of treated stormwater for irrigation of public open space
should be integrated to minimise pumping cost and allow for dual function of ponds both to
provide water and enhance visual amenity.



Treatment trains should incorporate infiltration in order to maximise groundwater flow to
surrounding wetland ecosystems. This will provide the necessary hydrological flows to
maintain groundwater dependent ecosystems. Geotechnical conditions such as underlying
clays or indurated sand as a system floor will play a role in determining the location of
treatment and infiltration systems. Infiltration systems at the west Byron site are likely to be
located where there is suitable sandy soil that will allow for infiltration.



The existing drainage features can be utilised (in some cases) for both treatment and
infiltration to groundwater. When development areas are constrained by existing drainage
features small bioretention systems could be retrofitted into the existing drainage features and
the treated stormwater could be discharged to the drainage features for plant use and
infiltration to groundwater;



The shape of the treatment systems will be determined by site characteristics. When
treatment systems are located at the interface between the developed areas and adjacent
lower lying areas the systems are likely to be linear in shape, and make the best use of the
landscape profile;



Treatment and infiltration systems can be incorporated into buffers. Wetland and bioretention
systems can be maintained and managed to prevent pollutants from entering sensitive
ecosystems;



Maintenance accesses are required for treatment and infiltration systems and the location can
be integrated with other infrastructure;



It is recommended that flood modelling quantify the implications of vegetation (including
ecological revegetation) in flood-prone lower lying areas of the site. Construction of a WSUD
system in the lower-lying areas of the site will necessarily incur installing or permitting
development of taller and thicker aquatic vegetation with a more constraining roughness
coefficient.
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ARR (2003) states: "the effect of vegetation on flow resistance can be very significant,
particularly in the case of small channels and overbank flow areas or flood plains. The effect of
vegetation can be complex and variable – for example, small shrubs and grasses, which at
low discharges offer significant resistance to the flow, may be bent over and flattened by
higher flows, with a consequent decrease in the resistance offered by the vegetation.
Seasonal variations and long-term changes in vegetation may require consideration, and it
may be necessary to take into account the extent and frequency of maintenance operations".

8.1

Option 1: Conventional water management approach

In traditional urban developments there was no requirement for water sensitive design and this has
favoured the installation of curb and guttering, underground pipe networks and no treatment systems
for stormwater flows.
Option 1 has been included in this report to demonstrate the features of a more conventional approach
to site water management. Option 1 features a large underground pipe to convey Industrial Estate
runoff through the north western area of the site (Figure 14). The lower end of the Industrial Estate
drain could be retained due to the presence of established native vegetation, or alternatively the entire
flow from the Industrial Estate could be conveyed through a large pipe system across the site.
Option 1 features centralised treatment systems which have been generally favoured over more
distributed systems due to lower construction and operation and maintenance costs.
The main advantages and disadvantages of Option 1 are shown in Table 19. The main advantage of
Option 1 is the reduced construction and maintenance costs of centralised treatment. However, this is
potentially offset by the coast of the underground pipe network.
Table 19: Advantages and disadvantages of Option1.
Advantages
 Lower construction and maintenance
costs for treatment than centralised
systems
 Nil increase in flow through the
Industrial estate drain








Disadvantages
Centralised treatment of stormwater
flows
More concentrated discharge of treated
stormwater than with decentralised
treatment systems
No treatment of Industrial Estate runoff
High capital cost of constructing
underground pipe network
Less integration of natural processes in
the developed areas
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Figure 14: Option1 the conventional water management approach, with pipes and centralised water treatment systems.
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8.2

Option 2: distributed treatment and discharge of development area run off
without treatment of Industrial Estate run off

One of the main objectives of water sensitive urban design is to mimic natural hydrological cycles.
Natural hydrological cycles are characterised by dispersed flows, and in contrast developed catchment
flows are characterised by concentrated flows. As outlined earlier in this report there have been
significant changes to the natural hydrology of the site due to drainage and alteration of the original
land form due to development for agriculture and sand mining.
Option 2 utilises the existing flow paths and fall on the site surface to distribute both water treatment
and discharge. Through distributed treatment and discharge Option 2 will allow for discharge to the
surrounding areas to be dispersed and reduce potential impacts on the sensitive surrounding
ecosystems.
The potential locations of the treatment systems for Option 2 are shown on Figure 15. The Option 2
treatment systems are located at the interface of the potential developed area and the lower lying
areas. Adoption of Option 1 will result in no increase in flows from the development area into the
Industrial Estate drain.
The main advantages and disadvantages of Option 2 are summarised in Table 20. The main
advantages of Option 2 are the incorporation of distributed treatment and discharge of stormwater
flows. This option also means that there will be minimal increases to flows through the Industrial
Estate drain.
Table 20: Advantages and disadvantages of option 2.
Advantages
 Distributed treatment of stormwater flows
 Allows for dispersed discharge of treated
stormwater
 Controls pollutants close to their source








Disadvantages
Higher construction and maintenance
costs than centralised systems
No treatment of Industrial Estate runoff

Nil increase in flow through the Industrial
estate drain
Integration of water management in the
development
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Figure 15: Option 2 - Potential locations of distributed treatment systems with no discharge to Industrial Estate Drain.

West Byron Urban Land Release Project (2010)
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West Byron Urban Land Release Project (2010)

8.3

Option 3: distributed treatment of development area run off in systems
adjacent to the Industrial Estate drain line without treatment of Industrial
Estate run off

Option 3 also incorporates the water sensitive urban design objective of distributed treatment and
discharge. Option 3 is distinguished by the use of the Industrial Estate drain for discharge of treated
stormwater.
Option 3 utilises the existing flow paths on the site surface to distribute both water treatment but
discharge although dispersed is into an artificial channel. This Option incorporates some of the
existing flow paths on the site but these are not natural flow paths and discharge to the Industrial
Estate drain will concentrate flows.
The potential locations of the treatment systems for Option 3 are shown on Figure 16. These
treatment systems are located adjacent to the Industrial Estate drain where suitable. The areas to the
west of Melaleuca Drive and at the eastern end of the site are not likely to be conveyed to the
Industrial Estate drain so additional treatment systems have been located in these areas.
The main advantages and disadvantages of Option 3 are listed in Table 21. The main advantage of
Option 3 is the incorporation of distributed treatment of stormwater flows. This option also means that
there will be increases to flows through the Industrial Estate drain, with implications for upstream flood
conditions. However, this factor may be balanced by enlarging the flow capacity of the drain.
Table 21: Advantages and disadvantages of Option 3.
Advantages

Distributed treatment of stormwater flows

Controls pollutants close to their source



Disadvantages
Higher maintenance cost than
centralised systems
Increased flow in the Industrial Estate
drain
Concentration of stormwater flows



No treatment of Industrial Estate runoff
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Figure 16: Option 3 - Treatment systems adjacent to the Industrial Estate drain with discharge to drain

West Byron Urban Land Release Project (2010)
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8.4

Option 4: Centralised treatment of development area runoff without
treatment of Industrial Estate run off

Option 4 does not incorporate the water sensitive urban design objective of distributed treatment and
discharge. Option 4 is characterised by the use of the centralised treatment systems.
Option 4 does not increase flows in to the Industrial Estate drain. As treatment is centralised the
discharge from the systems will not be as dispersed as with Option 1.
The potential locations of the treatment systems for Option 4 are shown on Figure 17. These
treatment systems are located in interface of the potential developed area and the lower lying areas.
The main advantages and disadvantages of Option 4 are shown in Table 22. The main advantage of
Option 4 is the reduced maintenance costs of centralised treatment. This option also means that there
will be no increases to flows through the Industrial Estate drain.
Table 22: Advantages and disadvantages of Option 4.
Advantages

Lower construction and maintenance

costs than distributed treatment


Nil increase in flow through the Industrial
estate drain

Disadvantages
Less disbursed discharge
No treatment of Industrial Estate runoff
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Figure 17: Option 4 - Centralised treatment systems

West Byron Urban Land Release Project (2010)
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8.5

Option 5: distributed treatment of development area runoff with treatment
of industrial estate run off

Option 5 includes the main features of Option 2, distributed treatment and discharge, but also
incorporates naturalising the Industrial Estate drain and treatment of first flush flows from the Industrial
Estate drain
The potential locations of the treatment systems for Option 5 are shown on Figure 18. These
treatment systems are located at the interface of the potential developed area and the lower lying
areas. There is also a large treatment system located either on the eastern side of the site or west of
Melaleuca Drive for treatment of “first flush” stormwater flows from the Industrial Estate. The exact
location of this treatment system should be determined at the next stage of design.
Naturalisation of the Industrial Estate drain could involve the creation of a more natural meander path
that would enhance the visual impact of the drain on the site (Figure 18). The south eastern portion of
the drain currently features some developing vegetation communities that may be retained thus the
north western portion of the drain may be more suitable for naturalisation. However, initial assessment
of ecological values of the in-drain vegetation indicates the drain layout is unlikely to be changed
substantially.
The main advantages and disadvantages of Option 5 are shown in Table 23. The main advantage of
Option 5 is the addition of treatment of stormwater flows from the Industrial Estate. This option also
means that there will be no increases to flows through the Industrial Estate drain.
Table 23: Advantages and disadvantages of Option 5.
Advantages

Distributed treatment of stormwater flows 

Allows for dispersed discharge of treated
stormwater

Controls pollutants close to their source

Nil increase in flow through the Industrial
estate drain

Treatment of Industrial Estate first flush

Disadvantages
Higher cost
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Figure 18: Option 5 - Distributed treatment plus treatment of Industrial Estate first flush and reshape of the Industrial Estate drain.

West Byron Urban Land Release Project (2010)
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9 Impacts on hydrology and hydrogeology of the site
and adjacent areas
9.1

Belongil Creek Flood Study

The Belongil Creek Flood Study (2009) examined flood characteristics and the flood hazard in the
catchment by developing a flood model based on the “RAFTS” and “TUFLOW” modelling programs.
The model was first developed and calibrated to simulate flood behaviour under a range of rainfall and
oceanic conditions, secondly the model was run to determine flood behaviour for design flood events
with climate change predictions added in line with NSW Government Policy.
Four scenarios were developed based on climate change predictions and data sourced from CSIRO,
the Inter-governmental Panel on Climate Change and the NSW Department of Environment and
Climate Change. Following consideration of the modelling, Byron Shire Council resolved to adopt
Scenarios 2 and 4 (Table 24) as a basis for planning decisions.
Table 24: Byron Shire Council adopted Scenario 2 and 4 sea level rise including ice melt and
increased rainfall intensity. (Belongil Creek Study)

Scenario

Global sea
level rise (m)

Additional local
sea level rise
(m)

Accelerated
ice melt (m)

Total sea
level rise (m)

Increase in
rainfall
intensity

2

0.18

0.12

0.1

0.4

10%

4

0.59

0.12

0.2

0.91

40%

Table 4 shows that the adopted climate change approach results in an additional height of 0.91m for
the 100 year ARI event under Scenario 4. Council further resolved that Scenario 2 would be applied to
planning decisions on infill development within existing residential and commercial/industrial zones on
the floodplain. For planning decisions large scale developments, and new land releases, re-zonings
and subdivisions, Scenario 4 would be applied to determine flood levels.
This scenario was modelled for the Belongil Western Floodplain region at five points (Table 25).
Although none of the modelled points was situated on the West Byron development site, the flood
heights at nearby points provide a broad guide to what may be expected for the site under some
conditions.
Scenario 4 is included in Table 25 as the definitive flood height adopted by Council for new
development. Scenario 2 is included as a potential likely minimum flood height under some
assessment outcomes. The Probable Maximum Flood (PMF) height is included to illustrate what the
modelling predicts as a likely worst case scenario. These results indicate a significant volume of flood
water would be held upstream of Ewingsdale Road by the existing culverts.
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Particular issues such as an increase in the size of culverts beneath Ewingsdale Road with a resulting
reduction in flood heights in the Industrial Estate may impact on the West Byron site by increasing
flood heights south of Ewingsdale Road. To a lesser degree the installation of larger conduits in the
constricted Byron Bay township flowpaths may add generally to flood heights on the floodplain, and to
flood heights in the West Byron area particularly because of the constriction to flowpaths presented by
the Ewingsdale Road bridge.
Table 25: Scenario 2, scenario 4 and probable maximum flood heights for points nearby to the West
Byron Site. (Belongil Creek Flood Study)
Modelled point

100 year ARI height
(Scenario 2) (m
AHD)

100 year ARI
height
(Scenario 4)
(m AHD)

Probable
Maximum Flood
(m AHD)

Industrial Estate upstream of
Ewingsdale Road (in Industrial Estate
at Bayshore Drive)

3.95

4.1

3.94

Industrial Estate upstream of
Ewingsdale Road (at the road)

3.73

3.78

3.84

Industrial Estate downstream of
Ewingsdale Road (closest to
development site)

2.89

2.79

3.64

In summary the SMEC flood modelling concludes that because much of the catchment is low-lying
with a low gradient, and is subject to high rainfall intensities and potential ocean storm surges that are
likely to increase with climate change, a flood hazard exists in a large area of the catchment.

9.2

The adoption of WSUD and development impacts

One of the objectives of WSUD is to facilitate ecologically sustainable development. Through the
adoption of WSUD planning, practices and structural source controls the potential impact of
development at the West Byron site can be minimised. Modelling in this report has demonstrated how
WSUD elements can be incorporated into the development design to reduce the impacts of both
stormwater flows and pollutants.
The preferred treatment train for the West Byron site would incorporate rainwater tanks, vegetated
swales, wetlands, a stormwater reuse pond and infiltration systems. Rainwater tanks will both reduce
the impact of stormwater flows from the developed areas through detention of stormwater onsite and
provide water for use in the house and on gardens. Vegetated swales perform both a treatment and
conveyance function. Swales will reduce suspended solids and phosphorous pollution in stormwater
flows delivered to treatment wetlands. Constructed wetlands will treat stormwater through the removal
of suspended solids, phosphorous and nitrogen in stormwater flows. The stormwater reuse system will
provide naturally treat222ed water for irrigation of public open space and also function to detain
stormwater onsite and reduce stormwater flows from the site.
The combination of treatment train elements will reduce peak discharge of stormwater flows and
remove pollutants from these flows. Hence flow and pollutant impacts on surrounding wetlands and
the Belongil estuary can be reduced.
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The use of infiltration systems at the end of the treatment train will allow treated stormwater flows to
infiltrate the ground to maintain groundwater flows to adjacent wetlands ecosystems.
This report has also outlined a number of approaches to water management at the West Byron site.
The use of decentralised treatment systems would be the most water sensitive of all options discussed
and further reduce development impacts as it would allow for a more naturalised hydrological regime
on the development site.
The MUSIC modelling results show that flow off the site post-development can be controlled through
the implementation of WSUD to simulate pre-development conditions. This means that the
requirement to artificially open the Belongil estuary entrance is not likely to be increased if the site
were to be developed and WSUD practices adopted. However, more detailed modelling would be
required to detail this aspect.
MUSIC modelling also demonstrated that most of the pollutants generated on the development site
can also be managed to within pre-development with the exception of nitrogen. MUSIC modelling
suggest that 40 kilos of nitrogen above pre-development loads will be exported off the site some of
which will be as dissolved inorganic nitrogen in shallow groundwater flow. The additional nitrogen load
whilst larger than the pre-development nitrogen load is shown through modelling to be less than the
current land use.
It is important to recognise that MUSIC is in empirical model based on monitoring of real treatment
systems in a limited number of areas around Australia. However, the relevant literature suggests that
higher performance can be achieved in nitrogen reduction than indicated by the MUSIC model. Our
recent experience and results from other systems confirms that larger reductions in nitrogen are
possible than those indicated by MUSIC. Additionally buffer zones and other revegetation initiatives
proposed for this project are likely to intercept and further reduce nitrogen in shallow groundwater.
This report has presented a number of larger treatment systems that are modelled to provide more
than 60% reduction in nitrogen. It is considered that further design using process based models can
provide confidence that nitrogen loads can be managed to approximate pre-development loads.
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10 Technical issues regarding WSUD systems
This section addresses and provides an overview of the processes operating in WSUD systems and
examines common concerns. These issues can be effectively managed through specific design
features and in some cases utilised as part of system operations. The main technical issues
associated with WSUD structures include the following:
 flooding and impacts of climate change;
 cane toads;
 increased mosquito populations and associated diseases; and
 accumulation of nutrients.

Flooding
There is minimal impact to constructed WSUD systems during floods as long as inundation does not
last for extensive periods. Infrastructure such as low-profile berms, inlets and outlets, are robust and
resilient in the face of typical flood flows.
The risk of scouring of effluent materials such as nutrients contained in the wetland detritus is also
low. The function of the constructed wetlands is primarily to provide a treatment substrate for microbial
populations to break down organic pollutants. Nutrients do not accumulate in high-risk quantities.
Conservative materials such as phosphorus will be present in low quantities in the sediments with
detritus and sediment layers providing protection from scour by the layer of aquatic plants above
bending in the flow and forming a protective mat over the sediments.
The most suitable WSUD treatment train will need to be assessed for both impacts on both flood
conveyance and storage. The use of locally indigenous species that are tolerant of flooding will result
in tolerance of constructed wetlands, bioretention and infiltration systems to flooding.
Climate change
WSUD systems are able to effectively manage predicted impacts associated with climate change if
appropriately designed, constructed and managed. The functional design includes appropriate cell
lengths and widths and adaptable depth management through the use of innovative hydraulic
infrastructure providing adaptability to predicted climate change impacts.
Climate change is not likely to be rapid, but will occur over decades, allowing for adaptation as
conditions and impacts become better documented and understood.
Cane toads
The impact of cane toads has been identified as a Key Threatening Process under the Commonwealth
Environment Protection and Biodiversity Conservation Act (1999) and the NSW Threatened Species
Conservation Act (1999). Cane toads are a particular threat in Byron Shire both because evidence
suggests toads were released in the specific Byron Bay area in the 1960s (following earlier releases in
Queensland), and secondly favourable conditions are provided for toads by the area's high rainfall and
mild temperatures.
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The Draft Threat Abatement Plan is not fully developed at time of writing but along with scientific
information the Draft reports general community hopes for a biological solution. An independent
review of the situation has indicated there is no clear prospect in the next few years of an agent to
stop the spread of toads, or to reliably and significantly reduce their numbers where they are
established.
However, Byron Shire Council staff have successfully organised "Toad Musters" where community
members come along to toad-gathering events. Many hundreds of toads have been captured and
euthanased in the last two years. The consensus is that these events have been beneficial in reducing
numbers of toads and their impacts.
It is likely that the West Byron development will need to address the toad threat. Cane toads breed in
still, shallow waterbodies, and travel mainly along roads to new breeding sites. They rest in vegetation
during the day. Design approaches to waterbodies should include dense edge vegetation to exclude
toads. Geotextile silt fencing around ponds and wetlands during the development period has been
successful in preventing toad entry and breeding.
Mosquitoes
Well designed constructed wetlands are not a source of mosquito nuisance. Constructed wetlands
consist of high numbers and biodiversity of plants and predator populations (macroinvertebrates) that
inhibit the mosquito life cycle development. Mosquito larvae provide a food source for several
ecological classes of predators and larvae rarely reach their adult stage. For detailed information see
Greenway et al., (2003).
WCG WSUD structures are designed to prevent the isolation of pools where mosquitoes can breed,
and to maintain appropriate mosquito predator populations of macro-invertebrates, beetles and other
species that prey on mosquitoes. Other strategies include water level control, and particularly the
ability drain systems if mosquitoes become a problem.
Accumulation of nutrients
The function of the WSUD structures is primarily to provide a treatment substrate for microbial
populations to break down organic pollutants. The design of the system should incorporate the use of
inlet zones to concentrate conservative materials such as phosphorous. A management plan for the
inlet zone should include periodic removal of accumulated sediments.
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11 Conclusions











Large tanks with 100% of the roof area connected to the tank best satisfy in-house demand for
all uses except the potable uses of drinking and cooking.
A number of treatment train configurations can be used to achieve a range of flow and
pollutant reductions that accord with orthodox water management targets associated with
development.
A reuse pond could be incorporated to harvest stormwater onsite for irrigation of public open
space.
An integrated treatment train could incorporate rainwater tanks, vegetated swales, stormwater
treatment wetlands, possibly bioretention, a pond for irrigation of public open space, and
infiltration systems for the discharge of treated stormwater flows.
The inclusion of infiltration systems at the end of treatment trains allows for pre-development
flows off the site to be simulated.
Cost of treatment trains increases with complexity; final choice of treatment trains will be made
based on a range of factors.
A decentralised approach to water management is more consistent with WSUD practices and
should be assessed in the next design stages.
Flows off the site post-development can be controlled through the implementation of WSUD to
simulate pre-development conditions.
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Appendix A
The following section outlines the legislation, guidelines and policies assessed as part of this report.
Where relevant a brief description of the document and its implications has been included.
BASIX
BASIX is the NSW Government Sustainability Index which ensures that all new homes built in New
South Wales produce fewer greenhouse gas emissions. BASIX sets targets for energy and water use
reduction. A target of a 40% reduction in the need for potable (reticulated) supply is set for houses and
units in Northern New South Wales.
Legislation
Water Management Act (2000)
Seeks to provide integrated and sustainable management of water for the benefit of current and future
generations, and to protect, restore and enhance water sources and associated ecosystems,
biodiversity, ecological processes and water quality. The adoption of WSUD practices will reduce
demand on potable supply, provide suitable treatment of stormwater to enhance water quality of
stormwater flows.
State Environment and Planning Policy (Major Projects)
The West Byron site is being assessed for rezoning for residential development and lies within the
coastal zone and is likely to be assessed as a State Significant Site.
State Environment and Planning Policy (Coastal Wetlands)
Seeks to encourage wetland management to prevent loss of vegetation, declining water quality, loss
of biodiversity and protect the natural flood mitigation properties of wetlands. The policy encourages
projects that involve the rehabilitation of wetlands, establishing buffer vegetation and ensuring water
requirements of wetlands are restored. The site is adjacent to SEPP 14 areas and as such will need to
assess buffering for protection of these habitats. Water management on the site will need to ensure
groundwater flows to the SEPP 14 wetlands are maintained.
State Environmental Planning Policy 71 (Coastal Protection)
Catchment Management Authorities Act (2003)
NSW Coastal Policy (1997)
Managing Urban Stormwater: Environmental targets
NSW Depart of Environment and Climate Change: draft released for review and comment August
2010
Managing Urban Stormwater: An Integrated Approach
NSW Depart of Environment and Climate Change: pending release
Byron Shire Council Policy – Rainwater Tanks in Urban Environments.

Strategies and Plans
National Water Quality Management Strategy. Paper 10: Guidelines for urban stormwater
management.
Australian Government. Guidance on the use of rainwater tanks.
Northern Rivers Regional Strategy
Byron Biodiversity and Conservation Strategy
Byron Shire Council Local Environment Plan (1998)
Byron Shire Council Development Control Plan Part N Stormwater
BSCs Development Control Plan (DCP) Part N Stormwater Management (2002) provides controls and
guidelines for stormwater management for development within the Byron Shire. It is understood that
BSC is currently in the process of developing a new Stormwater DCP but this was not available at the
time this report was produced. The objectives of the current Stormwater DCP are as follows:
 To promote the adoption of on-site stormwater management practices that support a „predevelopment‟ hydrological regime in surface flow, streams and groundwater.
 To ensure that new development does not reduce the effectiveness of existing drainage
infrastructure.
 To minimise the impacts of stormwater runoff from a site on adjoining properties.
 To provide an acceptable level of protection against personal injury and property damage due
to localised stormwater runoff.
 To promote the adoption of on-site retention, detention and infiltration of stormwater where
this is feasible.
 To promote stormwater harvesting and other forms of innovative water conservation.
 To promote better integration of stormwater management into new development proposals.
 To ensure that on-site stormwater management facilities can be economically maintained, and
that adequate arrangements are made for on-going maintenance.
The BSC prescription on discharge is that the total post-development 20 year ARI site runoff, for all
storm durations, must be controlled to be no greater than the pre-development 5 year ARI site runoff.
In addition to this all runoff from roofs and paved areas needs to be treated. Developments greater
2
than 2,500m must provide measures to address the key pollutants in accordance with Table 2 for all
stormwater flows up to 25% of the 1 year ARI peak flow from the development site.
Table 2: Key stormwater pollutants and their retention criteria according to Byron Shire Council's
Stormwater Development Control Plan.
Pollutant
Retention criteria
Litter
70% of average annual load greater than 5mm
Coarse sediment
80% of average annual load for particles 0.5mm
or less
Fine particles
50% of average annual load for particles 0.1mm
Total Phosphorus
45% of average annual load
Total Nitrogen
45% of average annual load
Hyrdocarbons, motor fuels, oils and grease
90% of average annual load

Belongil-Cumbebin Wetland Restoration Strategy
Belongil Estuary Management Study and Plan
Byron Shire Council Draft Estuary Opening Strategy
Byron Shire Council Urban Stormwater Management Plan
Draft Byron Integrated Water Cycle Management Plan
Guidelines
ANZECC Water Quality Guidelines
Coastal Design Guidelines for NSW (2003)
Institute of Engineers, Australia – Australian Runoff Quality and Australian Rainfall and Runoff
North Coast Urban Planning Strategy
NSW EPA Managing Urban Stormwater: Treatment Techniques
Concept Design Guidelines for Water Sensitive Urban Design
Managing Urban Stormwater Treatment Techniques
NSW Depart of Environment and Climate Change: pending release
MUSIC Input Parameters
NSW Depart of Environment and Climate Change: pending release
Managing Urban Stormwater Harvesting and Reuse
WSUD Technical Design Guidelines for South East Queensland
These guidelines have been used to inform the WSUD strategy for West Byron as they represent a
geographically similar area to northern NSW, the NSW guidelines have not been released, and the
SEQ guidelines are the most recently developed and comprehensive guidelines on WSUD currently
available. These guidelines should be consulted at the next stages of project development
WSUD Technical Guidelines for Western Sydney
Managing Urban Stormwater: soils and construction
Appropriate sediment and erosion plans must be put in place during construction phases of the
project.
The Australian Guidelines for Water Recycling: Stormwater Harvesting and Reuse
These guidelines permit the use of alternatives to disinfection of stormwater. For example, restricting
access to irrigation areas or using sub-surface irrigation both reduce the risks of contact with the
irrigated water and allow lower quality water to be used.

Draft Stormwater Harvesting Guidelines, South East Queensland Healthy Waterways Partnership
The purpose of the draft guidelines is to assist in the planning, design and implementation of
stormwater harvesting schemes. The guidelines focus on developing localised stormwater harvesting
in urban areas. The guidelines outline typical processes and issues that should be addressed when
developing a stormwater harvesting scheme.
Draft MUSIC Modelling Guidelines for South East Queensland
These guidelines have been used to inform the WSUD strategy for West Byron as they represent a
geographically similar area to northern NSW, the NSW guidelines have not been released and they
are the most recently developed and comprehensive guidelines on WSUD currently available. These
guidelines should be consulted at the next stages of project development.

