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GLOSSARY

1:5 (V:H)
AC

ACRS
Accredited

Certifier

Applicant

AEP
AR&R (1998)
ARI

AS

Council

Engineer or
Registered
Engineer (NPER)

EP&A Act
EPA

FRC
NATA
NATA Laboratory
OH&S
0sD

PSD

PMF

RCP

RHS
RMS

Site

SQID
SSR
Surveyor
ucs
UPVC
VCP

ATTACHMENT 2

Slope of 1 vertical to 5 horizontal.
Asphaltic Concrete.
Australian Certification Authority for Reinforcing Steel.

Person qualified to issue certificates and operate as a Principal

Certifying Authority (PCA) under the Environmental Planning and Assessment
Act 1979.

Any person/s, company or entity representing the Applicant/Developer for the
purpose of carrying out works in association with a Subdivision, Development,
Building or Construction works. This may also include Council.

Annual Exceedance Probability
Australian Rainfall and Run-off (1998).

Average Recurrence Interval.

Australian Standards published by the Standards Association of Australia and
being current at the time of application.

Ryde City Council as represented by its employees.

Person who is a practising Engineer registered on the Institution of Engineers
Australia, National Professional Engineers Register (NPER) Engineer in the
relevant field of work.

Environmental Planning and Assessment Act 1979, as amended.
Environmental Protection Authority.
Fibre Reinforced Cement

National Association of Testing Authorities, Australia.

A laboratory accredited by Nata to undertake the specific test referred
Registered to in the body of the text.

Occupational Health & Safety.

On-site Stormwater Detention.

Permissible Site Discharge.

Probable Maximum Flood

Reinforced Concrete Pipe.

Rectangular Hollow Section.

Roads & Maritime Services, New South Wales (previously known as RTA).
Area of land being developed under the Subdivision or Development Approval.
Stormwater Quality Improvement Device.

Site Storage Requirement.

Registered Surveyor.

Unconfined Compressive Strength.

Unplasticised Polyvinyl Chloride compounds (referring to pipe).

Vitrified Clay Pipe.
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WAE Works as Executed Plan.
The development of land as described by the Drawings and Specifications (the
Works Documents) as proposed by the Applicant and as cited and approved by
Council "For Construction" including all the area of the land being developed.
WsuD Water Sensitive Urban Design.
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g) Property drainage lines must not extend for more than 20 metres in the verge and are not
permitted to be installed under the carriageway,

h) The maximum depth from invert of gutter to invert of pipe in the verge area must be no greater
than 1.2 metres,

i) The pipe must cross the footway perpendicular to the street with two 45° bends used to turn
the pipe parallel to the kerb line,

i) Aninspection eye should be installed on one of the bends,

k) A sewer grade PVC pipeline may only be used across the footway where the cover is greater
than 300 mm.

I) The .property owner benefitting from the drainage line must fund and restore any services
affected by the works and fully reconstruct any driveway crossover that the works intersect.

Inground Drainage Infrastructure

Where the drainage system is able to discharge directly to the inground drainage public drainage
network, connection to the system will be permissible by means of either connection to an existing
kerb/ junction pit, constructing a new pit to Council’s specifications or where a kerb inlet/ junction pit
cannot be readily located, installing an appropriate slope junction.

Where the level of development is significant to warrant extension of the inground drainage
infrastructure, Council’s drainage system is to be extended using a minimum 375 mm RC pipe with a
kerb inlet or junction pit to a point near the boundary of the subject property to allow a direct
connection.

The following requirements apply pending on the type of connection outlined above.

Existing Kerb inlet pit

m) Pipes connected to existing pits shall be cut flush with the internal wall of the pit.
n) The pipe should enter the pit perpendicular to the pit wall and all damage to the internal wall of
the pit around the pipe connection must be fully repaired to Council’s satisfaction.

New Kerb Inlet Pit

0) Where a new stormwater pit is to be constructed over an existing pipeline they shall be cast in-
situ concrete,

p) The works are to be undertaken in accordance with the standard detail Appendix 1 of this
Manual.

Slope Junction

g) The site discharge pipeline must be no greater than 225mm. If the property drainage pipeline
is greater than 225 mm DIA the line must be connected to an access / junction pit.

r) Only one slope connection is permissible from the development to Council’s system unless the
property straddles two sub-catchments each serviced by a different piped system.

s) Where possible, only the top of the pipe is to be cut to facilitate water inflow and/or access for
maintenance. The remainder of the pipe is to be left undisturbed. Any reinforcement exposed
is to be treated to prevent concrete cancer to Council’s satisfaction.

t) A cleaning eye or pit must be installed immediately upstream of the connection point to
facilitate cleaning in the event of a blockage.

u) The connection must be made with a collar secured with epoxy adhesive to Council’s pipeline
to allow an inspection to be made of the interior of the main pipeline. See Appendage 1 in
Section 8 for detail.

The design and construction of pits and pipes shall be in accordance with the hydraulic requirements
listed in Section 5 - HYDRAULICS of this Manual.
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b) The on-site absorption system will not have an adverse impact upon adjoining and/or
downstream properties by the direction or concentration of stormwater on those properties.

c) There is an area downslope of the dwelling at least equal to the impervious area draining to it
which to construct the absorption trench.

d) The infiltration trench/ pit is to be designed with a capacity in accordance to Council’s
absorption trench calculation sheet in Appendix 2.

e) On-site absorption structures are to be located a minimum 5 metres from the downstream
property boundary and a minimum of 3.0 metres from buildings. Where the property adjoins
bushland the absorption trench may be constructed no less than 2 metres from the boundary
adjoining the bushland and run parallel with the contours.

f) The system should not be placed under any paved surfaces and must be at least 1.0 metre
from pavements subject to vehicular traffic.

g) A debris/silt collection pit shall be constructed immediately upstream of the underground
system, a capped observation riser installed over the underground system and the area
downstream is to be landscaped in a manner that will ensure a reduction of sub-soil flows into
the adjoining property.

h) The system should be designed to allow the majority of the sediment to be collected at the
inlet to the system and have a cleaning eye at the opposite end to allow flushing of any
sediment and or debris back to the cleaning sump if necessary.

i)  Where a high water table is encountered and a gravel filled trench design is proposed, the
base of the trench should be at least 500mm above the water table to accommodate ground
water table fluctuations.

i)  When an absorption/ onsite disposal system has been approved, no further development will
be permitted on the site without a further stormwater management study demonstrating that
the system is able to handle the additional runoff.

k) A positive covenant is to be placed on the Property Title to ensure that the system is
adequately maintained according to the approved maintenance schedule. A Restriction as to
User is to be placed on the Property Title to ensure that no additional impervious areas are
created on the property. The authority to vary the Restriction is to be City of Ryde.

I) Where an absorption system is to be the primary means of stormwater discharge for a
property or the absorption system is located on land identified being prone to slope instability,
the stormwater management plan must include a report by a geotechnical engineer providing
the following details:

e An assessment of the infiltration soil profile,
o Demonstrate that the proposal will not have an adverse impact on adjoining properties by
the direction or concentration of stormwater on those properties,

Consider antecedent moisture conditions and performance over a variety of rainfall events,

Depth to rock strata,

Depth to the water table,

Measured infiltration rate (in litres/square metres/second),

Infiltration rate that can be maintained in the long term,

Minimum distance any infiltration system should be located clear of property boundaries,

Whether the use of infiltration is likely to cause seepage problems to the proposed

structure or to any adjoining properties.

Figure 1-4 on the following page shows an example of a first flush infiltration system suitable for
single residential developments.

Notwithstanding the above points, the following requirements apply to the design of onsite dispersal
systems (level spreaders):

m) The provision of an on-site stormwater detention system to limit discharge flow rates must be

provided regardless of site coverage. The onsite detention system must comply with Council’s
simplified design requirements.

A4
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a) The OSD system should be located prior to the point of discharge, generally in the lowest
point of the site and located in a common area to facilitate access. This can possibly include a
car park, open space area or even roof top areas where no underground storage is possible.

b) As much as possible of the site area is to drain through to the OSD system(s). A portion of the
impervious area may discharge directly to Council's system if it cannot be drained to the
storage facility, provided the PSD is reduced and SRR increased to compensate for the
smaller catchment.

¢) The maximum desirable extent of impervious surfaces bypassing the OSD system is 25% of
the total impervious site area.

d) Where is it proposed for the site to discharge to the kerb and gutter, the PSD shall be
restricted to 30L/s.

e) A positive covenant must be executed and registered against the title of the lots containing
OSD systems to require maintenance of the system. This positive covenant must be on any
linen plans for subdivision of the development. If no subdivision is proposed, the covenant
shall be prepared prior to finalisation of the development.
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Consideration may be given in exceptional circumstances to permanent structures subject to an
adequate and safe overland flow path being provided and a minimum of 8 metres clearance over the
1in 100 year flood surface levels. This shall include eaves and balconies. On-ground vehicular
driveways and landscaped areas will typically be permitted over an easement however the structural
stability of any existing pipelines may need to be considered before consent is given to an application
that proposes to introduce additional live loads to the pipeline. Similar considerations will be made
when it is proposed to reduce cover over the pipe. Masonry walls constructed across an easement
must cross the easement at an angle of not less than 60°. The section of wall spanning the easement
shall be constructed to enable its easy removal without resulting in failure of the remainder of the
structure. The footings must be constructed to prevent any loading imposed on the pipe.
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Notes:

a. Reduced for site specific conditions (surface grades, extent of stormwater runoff, etc). Generally the intent is to prevent
inundation by stormwater runoff on the site.

b. Land level at subdivision stage.

c.  Non-habitable structures such as sheds etc.

d. Refer to Section 1.4 for OSD design requirements.

It may be necessary for a structure to be checked against Probable Maximum Flood (PMF) event in
areas where failure could significantly increase the danger to life and property. The freeboard may
need to be increased where there are high flow rates, high flow depths, and/or potential damages in
the event of stormwater inundation and/or low confidence in the accuracy of the prediction model. An
adverse combination of factors may result in a freeboard of 500 mm or greater being required.

39
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however will be addressed as a condition of consent. It is then warranted this aspect be considered in
the design phase.

5. Flood Effects

Due regard is to be given to the location and shape of proposed buildings on the site with respect to
the diversion of overland flow and flood depth, not only on the site but also to neighbouring properties.

Development must avoid;

« Concentrating overland flow through the property, increasing the risk to occupants and
neighbouring properties.

« Promote the increased use of a property (or part of a property) that has an existing stormwater
inundation safety hazard.

* Reducing flood storage.

+ Diverting overland flow such to increase flood depth or affectation on neighbouring properties.

Assessment of this component will consider the degree of affectation, risk to occupants and
neighbouring residents, the impact of potential development on the neighbouring sites and the level of
measures the applicant has resorted to minimise these impacts.

In most cases, this component will require an analysis of the pre-developed and post-development
conditions in the Flood Impact Statement to gauge these flood effects, using HEC-RAS or simplified
open channel analysis if the site conditions (and the overland flowpath is uniform).

For sites where flood level information is available, the issued flood level information should be
utilised to calibrate the model.

Concessional Provision:

To fully address this consideration requires the determination of flood levels and flows which can be a
costly exercise for small scale development. Given concessional development typically presents
minor alterations to building footprints, this component will not require further consideration if;

« The proposed works are designed to allow for the free passage of flows (eg the development
is suspended above natural ground level).

« Where the above point cannot be achieved, the proposed works are designed to limit the level
of exposure to overland flow such that, the extension of the footprint towards the centreline of
the flow path, is no more than 15% than existing (at least 85% open space). The centreline of
the flowpath is to be generally taken as the invert of a natural valley, depression or sag
traversing the site (in other words, the path of which overland flow will follow) or where it is
likely to be constricted by a neighbouring dwelling, midway to that dwelling. Refer to Figure x.x
for examples.
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Where there is a variation from the design the variation shall be shown boxed, in red colour, on plan
and longitudinal sections.

Work-As-Executed plans and documentation shall include:

e All works have been completed generally in accordance with the approved plans and

specification,

Any departure from the approved plans,

Any additional/deleted work,

The location of conduits, subsoil lines, stub mains and inter-allotment drainage lines,

Pipeline long sections showing the constructed invert levels of each pipe at each pit/headwall

and pipe dimensions at the entrance and exit of all pits (including any inter-allotment pits and

pipes),

o Finished surface levels recorded by spot levels across the whole site.

e For minor regrading (i.e. cut or fill < 0.5m deep) spot levels observed and recorded on plans at
allotment corners, centre of front and rear boundaries.

e For major site regrading (i.e. cut or fill over 0.5m in depth) recorded by new contours.

e |f an above ground storage basin is constructed, a works-as-executed survey of the detention
basin will need to be prepared to demonstrate that adequate storage volume has been
provided.

e Where plastic drainage modules are used for an underground detention storage tank,
photographic evidence of the installation and certification by an engineer or surveyor is
required.

e Any part of a subdivision has had the surface level raised by the placement of any fill, other
than nominal topsoiling, showing a minimum of that area of the subdivision that has been filled
plus a reasonable surrounding area.

e Details of overland flow provisions.

e All other details which have a bearing on the extent of works and their acceptance by Council.
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The major drainage system in the form of overland flow paths shall be capable of controlling flows
which exceed the capacity of the minor drainage system from run-off events up to and including the
100yr ARI storm event. In drainage sensitive areas identified by Council it may be necessary to
provide adequate stormwater management controls for events larger than the 100yr ARI. An
overland flow system shall be designed to convey waters through the subdivision or development
clear of, and with the required freeboard to allotments and buildings.

Please note an overland flow path must be provided for drainage systems even where the 100 year
ARI flows can be maintained within the pipe system. This is to ensure that a safe and adequate
"Escape route" is achieved for storm events above that of the pipe system design and in case the
minor system fails (i.e. if there is a 50% pipe blockage). This route should be a properly sized
overland flow path preferably along a road and pathway system.

The Rational Method may be used to estimate major system flows for critical points in the drainage
system. An ARI of 100 years shall be used for this and the difference between the minor system flow
and the 100 year ARI flow shall be the basis upon which the major system flow path shall be
designed.

Roads and pathways will generally form the flow path by which the major system flows are routed,
either to the street drainage system or to a low point with sufficient hydraulic capacity to capture the
flows. Special consideration shall be given to trapped low points where the overland flow path may
divert surcharge into properties. This is especially important when designing "Downhill" cul-de-sac
and kerb returns adjacent to a sag vertical curve. In the former case the overland flow path shall
incorporate a depressed pathway with reverse crossfall in the footway. In the latter case consideration
shall be given to grading the kerb return such that water flows around the return and away before it
breaks over the top of kerb at the low point.

Where an overland flow path needs to be accurately determined, the flow path should be modelled
using a computer program as listed in Section Error! Reference source not found.. The following
requirements shall be provided in open channels, roadways, overland flow paths and stormwater
surcharge paths:

Generally:

a) Minor system blockages shall be assessed when designing for the major event, as per Section
5.5.

b) Tr;e product of depth (d) and velocity (Vave) (also known as Vd product) shall be limited to 0.4
me/s.

Roadways:

c) Total flow shall be contained within the road reserve,

d) Flow depths in roadways shall not exceed 100 mm on the high side of residential streets and
75mm on the low side of residential streets and 75mm in commercial areas,

e) Flow widths shall not exceed 1.0 metres at bus stops, pedestrian ramps and kerb returns,

f) Flow widths in any location shall not exceed 2.5m,

g) The Vd product in the kerb and gutter should not exceed 0.6 m%s (AR&R, 1998) to reduce
hazard for pedestrians within the roadway. However, where there is an obvious danger of
injury or loss of life, the Vd product shall be limited to 0.4 m?/s.

h) Where a road is in fill, a freeboard of 100 mm shall be provided between the 100 year flood
level and the lowest point in the footpath.

The widths mentioned above shall be measured from invert of the kerb and gutter. Pit capacities shall
be calculated using the appropriate blockage factors listed in Section 5.5, and pipe capacities
estimated with trial diameters and head levels no greater than 150mm below the surface levels /
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Ponding depths can be calculated using design charts, Appendages 7 to 11 in Section 8. Lintel sizes
shall be commensurate with inflow requirements.

A nominal internal lintel size of 0.9m shall be placed on junction pits along kerb and gutter in public
roads. The minimum nominal internal lintel size for grated gully pits in public roads shall be 1.8m,
unless the pit's main function is to facilitate a change in direction or grade of the stormwater pipe, in
which case the nominal internal lintel size may be reduced to 1.2m. The minimum nominal internal
lintel size for grated gully pits in "sags" shall be 2.4m.

An assessment of the topography will determine the location of proposed drainage paths. Once the
location of a proposed network is defined, trial pit locations should be arranged. Generally, pits should
be spaced with minimal bypass flows. An approximate procedure for locating pits is detailed in
"Technical Note 2" in Book 8 (page 11) of AR&R. Pits should be located at junctions; kerb returns;
sag points; and changes in grade, level, direction, pipe size or pipe class. Kerb inlet pits shall be
located so that the gutter flow width is in accordance with the requirements of minor and major system
criteria and at a maximum spacing of 60 metres where flow widths are not critical.

The following general items shall be adhered to in the design of pits:

a) Non-standard drainage structures for pipes larger than 750mm diameter shall be designed
and certified by a Competent Structural Engineer by way of an accompanying letter or by
statement on the engineering plans.

b) All drainage structures deeper than 1.8m shall be reinforced with appropriate Fabric to
Engineer’s (structural) requirement and pits deeper than 3.0m shall be structurally designed
and certified.

c) Drainage pits shall be designed wherever possible such that the inlet and outlet walls are
perpendicular to the centreline of inlet and outlet pipes.

d) Wherever possible, drainage pits shall be designed so that the pipe centrelines intersect on
the downstream pit face.

e) The base of the pit should be at the same level as the invert of the outlet pipe (unless a sump
pit). Where this has not been achieved the pit floor is to be benched with concrete. Rainwater
is not permitted to pond within the stormwater system.

f) The grated covers of pits larger than 600 x 600mm are to be hinged to prevent the grate from
falling into the pit.

g) Drainage pits shall be designed and constructed in accordance with Section 8.5 (Public Civil
Works).

h) Provide step irons for all pits deeper than 1200mm. The step irons shall be staggered to give
a 300mm spacing vertically and 220mm spacing horizontally. The type of step irons used must
satisfy Council’'s requirements for durability and strength.

i) A pit shall be provided at the road boundary at the lowest point of the system before the
drainage line enters public roads and footways. These pits may be either “precast” or cast "in-
situ" concrete pits, PVC or similar “precast” pits are not acceptable. Where there is an OSD
system this pit shall be a minimum 450 x 450. In the case of drainage systems that do not
have an on-site detention system, this pit must be a minimum of 600mm x 600mm and contain
a debris screen. For details of the debris screen refer to Section 1.4.7.

j)  Pits shall be designed so that the discharge from inlet pipes is directed towards the outlet
pipe.
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Manning's equation please refer to Section 5.8.2. Piped road drainage systems must provide a HGL
analysis as listed in Section 5.4.

Culverts shall be designed in accordance with culvert hydraulics theory i.e. the culvert capacity is
determined by the flow conditions, depending on whether inlet control or outlet control governs.
Recommended design procedures are contained in Section 3 of the Concrete Pipe Association of
Australia's publication: "Hydraulics of Precast Concrete Conduits - Hydraulic Design Manual”.
Pipes and culverts shall be designed in accordance with the following:
a) The minimum pipe size shall be 375mm diameter (Class 4) in roadways.
b) The backfill to pipes under roads shall be 5% cement stabilised sand.
¢) Minimum box culvert size in Council property of 600 mm wide by 300 mm high.
d) In order to provide accessibility for maintenance and repair work, the location of pipes under
building structures will only be permitted in exceptional circumstances where there is no other
practical solution. Please refer to Section 1.6.

e) A minimum desirable grade of 1.0 % shall be provided for self-cleansing purposes under low
flow velocities for pipes less than 225mm and 0.5% for all larger pipes.

f) Where pipe grades are in excess of 15%, Concrete Thrust Blocks/anchor blocks shall be
placed at the top and bottom of the inclined section and at intervals not exceeding 3.0m.
Anchor blocks are to be designed according to clause 3.5.3 of AS3500.3-1990.

g) Pipe grades >20% are NOT permitted, except where approved by Council in special
unavoidable circumstances.

h) Connection to stormwater drains under buildings shall be carried out in accordance with
section 3.10 of AS 3500.3 — 1990.

i) Above ground pipe work shall be carried out in accordance with Section 6 of AS 3500.3 —
1990.

j) Pipe velocities shall be between 0.5 m/s and 6.0 m/s and preferably between 1.0 m/s and 5.0
m/s during the design storm to ensure the flow is self-cleansing but not likely to cause scour.

k) Minimum pipe size shall be 90mm where the line only receives roof water runoff or 100mm
where the line receives runoff from paved or unpaved areas on the property.

1) Minimum pipe cover shall be as follows in Table 5.4.
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Ferns

Dichondra repens

Juncus kransii

Sarcocrnia quinqueflora
Hydrocotle spp.

Lepidosperma spp.
Oplismenus imbellicus

Restio fastigiatus

Viola hederacea — Native violet

Blenchnum cartilagineum
Blenchnum nudum
Christella dentate

Todea barbera
Pennisetum alopecuroides
Dnthonia linkii

Poa labillardieri

Aquatic Plants

Phragmites australis
Gahnia melanocarpa
Gahnia sieberana
Juncus usitatu

Carex appressa

Isolepis nodosa
Triglochin procera
Philydrum lanuginosum
Eleocaris sphacelata
Alisma plantago-aquatica
Bolboschoenus fluviatis
Schoenoplectus mucronatus

ATTACHMENT 2
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ER Proportion of Evapotranspiration from USC 0.7
IDS Initial Impervious Area Storage 0.5 mm
1S Initial Interception Storage 0.5 mm
DS Initial Depression Storage (pervious) 0 mm
us Initial Upper Soil Zone Storage 20 mm
LS Initial Lower Soil Zone Storage 80 mm
GS Initial Groundwater Storage 0 mm
GN Groundwater Recession Factor 1 mm
SO Sorptivity of Dry Soil 3.0 mm/min-
Ko Saturated hydraulic Conductivity 0.33 mm/min
LDF Lower Soil Drainage Factor 0.05
KG Constant Rate Groundwater Recession Factor 0.94
ECOR Rate of Potential Evaporation from “A” Class Pan 0.70
IAR Proportion of Rainfall intercepted by Vegetation 0.7
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ATTACHMENT 3

THE CITY OF RYDE

WATER SENSITIVE URBAN DESIGN
TOOLS TO MEET THE DCP OBJECTIVES

Prepared for the City of Ryde
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1 INTRODUCTION

Water Sensitive Urban Design (WSUD) aims to manage the effects of urban development
on the urban water cycle by considering the management of potable water, wastewater and
stormwater elements in an integrated manner.

The main elements of the urban water cycle are:

« The natural water cycle of a catchment, including rainfall, runoff (stormwater), surface
water and groundwater

¢ Potable water treated to drinking water standard, usually imported from extemal
catchments, before being piped to households, businesses and industry

+ ‘Wastewater generated by households, businesses and industry and transported to
regional treatment plants for basic treatment and disposal to waterways and water
bodies

Urban water cycle management is based on these three elements of the urban water cycle,
Le. stormwater, potable water and wastewater.  The management objectives of water
sensitive urban design for the City of Ryde are:

+ Protection and enhancement of natural water systems (creeks and rivers etc.)

¢« Treatment of urban stormwater to meet water quality objectives for reuse and/or
discharge to receiving waters

o Matching the natural water runoff regime as closely as possible (where appropriate)

¢ Reducing potable water demand through water efficient fittings and appliances,
rainwater harvesting and wastewater reuse

¢ Minimising wastewater generation and maximising treatment to a standard suitable for
effluent reuse opportunities andfor to release to receiving waters

¢ |Integrafing stormwater management into the landscape, creating multiple use
corridors that maximise the visual and recreational amenity of urban development

Management of the urban water cycle must still consider fraditional management issues with
stormwater, potable water and wastewater such as: stormwater systems providing flood
protection and flow attenuation, and wastewater and potable water supplies ensunng an
acceptable standard of public health.

The objectives of WSUD are integrated with the management of the urban water cycle. That
is, the objactives aim to conserve potable water, ensure stormwater quality and minimise
wastewater. Additional information cutlining how the WSUD objectives can be met through
urban water management is provided in the following sections.

The averall aim of this document is to provide the relevant parties with the necessary detail to
design a WSUD solution that meets the objectives of the City of Ryde's DCP 2014 - Part 7.3
Stormwater and Floodplain Management Development Control Flan (herein referred to as,
the “DCP7).
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2 PREPARATION OF AWSUD STRATEGY

The WSUD provisions within the DCF require that a WSUD Strategy be submitted for
development applications lodged within City of Ryde, for the following development types:

All urban housing (villas) which have more than 3 dwellings.

Development on land for SP2 Infrastructure if the development is greater than 1,500m?
Above ground parking areas accommodating more than 50 carspaces.

All land subdivisions that result in 5 or more allotments.

A WSUD Strategy is a written report detailling potable water savings, stormwater quality
controls and waterway stability management measures that are fo be implemented on the sits
to meet the WSUD targets. The main elements of a Strategy are shown in Table 1. Table 1
provides detail on the information required as well as links to supporting information and key
resources and tools available to assist in the preparation of the WSUD Strategy. Preparation
of a WSLID Strategy will invalve tasks including:

Site assessment — both desktop and field assessment.

Evaluation of site constraints and opportunities.

Quantification of water conservation strategy.

Computer modelling and concept design of stormwater quality, hydrelogy and waterway
stability measures.

o Co-ordination with urban designers and landscape architects fo integrate WSLUD
elements into the development master plan.

Table 1 identifies where further information is available in meeting the WSUD Targets identified
in the DCP. To assist proponents in the development of a WSUD strategy a range of
supperting guidelines are available both from the City of Ryde as well as other sources.
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Table 1 — Contents of a WSUD Strateqgy (Tools and Resources)

Key toals and

Damonstrate how the water conservaion
largets ame met.

consumption and stormwater flows and sesk to optimise the three urban water streams.

Qutline contents Details resources
Summarise any background information available, including previous studies, concurrent
Bac kg round intormaticn studies.
Constraints and oppertunities *  Identify recesving environments. Section 2
=  Map general drainage patlerns, natural water courses and flow paths on site, as well as the location
Identify the key constraints and of all paintsfareas of dischamge from the sile, (Site
opportunities for Emﬁﬂ management on the ®  |dentify riparian corndors and EEC's on site and liaise with the elevant government depatments as|  Assessment)
e, requined,
WSUD ebjectives This section should demonstrate that all the objectives have been considered in determining DCP
which apply:
Identify which WSLUD objectives apply to the
proposed development, « The appropriate set of water conservation targets should be selectad according to the
development type.
« Stormwsater quality objectives apply consistently in all cases.
* Waterway stability targets
Sedlion 4,
Water conservation Flan for integrated water cycle management through the site by conducting a water balance,
The water balance for the development should determing baseline potable mains water {Potable Water

Conservation)
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Key tools and
Outline contents Details resources
Establish a stormwater quality mode| for the development to predict expected stormwater quality
pollutant loads generated from development and to develop & strategy to achigve Council's
Section 5
Stormwater quality Stormwater Quality Targets. This section of the WSUD Strategy should include:
(Initiatives for
This section should demonstrate how the = Location, size and configuration of stormwater treatment elements to mest the targets. Stormwater
stormwater quakity targets will be met, It Quaiity Contro)
should include stormwater quality modeling .
results and identfy the location size and Summary of MUSIC esults demonstrating compliance with the targets
figuration of st ler treal i . ) . MU SIC Modelli
R T o Ty - Details of MUSIC modeling of those elements, with the MUSIC parameters and oinee
measunes proposed for the development. guidelines
assumptions outhined in an appendix to the WSUD Strategy. Parameters are required for
rainfall (rain station, tme step and years of rainfall), source nodes (catchment areas,
imperyvious fractions, soil parameters and pollutant mean and standard deviation valuss),
and treatment nodes (including k.* values for all pollutants and rationale for non standard
pollutants). For treatm ent nodes the following parameters also need to be supplied:
This may include: .
Vegetation
I yraition Ui the ihan desbon « Site plans (and cross-sections, where relevant) including WSUD elements
Selection Guide

The WSUD Strategy should outhne how
WSUD elerments will integrate with other
elements of the urban design.

= List of plant species to be used in vegetated stormwater treatment measures

= Drawings to llustrate conceptual layout of WSUD elements within the context of other site
features

Costs and Maintenance

Prepare capital and operation and
maintenance cost esimates of proposed
water cycle management maasuras,

+»  Both typical annual maintenance costs and corrective maintenance or renewal'adaptation
costs should be included.
» Develop a maintenance plan,
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3 SITE ASSESSMENT

In the development of a WSUD Strategy it is necessary to undertake a site assessment. The
site assessment is required to:

+ Determine what site-specific objectives apply (e.g. the objectives for stream-forming flows
depend on the presence and nature of streams downstream of the development)
» Provide information on physical constraints that will guide the concept and detailed

design of

¢  WSUD measures such as stormwater treatment devices and sterage systems.

+ Site assessment

will involve some fieldwork and desktop investigation. Important

considerations to be addressed in a site assessment are outlined in Table 2 below.

Main

considerations

Further information, potential
Specific issues additional investigations

Receiving *  Streams requiring stream stability controls Geomarshologist and ecologist inout
waterways * Potential for stream rehabilitation g g P
Vegetation ) IEpdangered Ecological Communities Relevant Council information
*  Weeds
*  Previous development on the site to be
Existin retained or removed
de'.'elc-pmgent * Underground and overhead services Services search
* Evidence of impacts from existing
development on receiving waterways
#* Catchments and drainage
* Slope . )
Landform +  Shallow bedrock Detailed survey
*  Proposed cut and fill
*  Soil permeakbility
Soils and »  Acid sulphate soils .
. Geotechnical assessment
groundwater *  Salinity
L]

Shallow groundwater
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4 INITIATIVES FOR POTABLE WATER CONSERVATION

Potable water conservafion confributes to reducing demand on water resources and
wastewater discharges to the environment. To reduce the demand on potable water it is important
to identify current sources and uses of potable water, and the quantity and potential reuse of
wastewater generated.

Potable water conservation applies to all types and scalez of development and the DCP includes the
performance targets listed in Section 2.3 .2 of the DCP (Part 7.3).

Approaches to conserve potakble water includs:

Water efficient fittings and appliances

Water efficient landscaping

Rainwater tanks

Potable water subsiitution with freated stormwater or recycled wastewater

These are discussed further in the following sections.

41 WATER EFFICIENT FITTINGS AND APPLIANCES

Within buildings, the key water conservation opportunity iz the use of water-efficient fittings and appliances.
The Water Efficiency Labelling and Standards Scheme (WELS, httpJ/lwww waterrating.gov.aw’) provides a
good guide to the availabilty and water use of fittings and appliances. Water efficient fittings and
appliances include:

Tap fittings

Toilets and urinals

Shower heads

Washing machines and dishwashers

Mew fittings and appliances are labelled with their water star rating, making it easy fo select fittings that meet
the minimum star ratings set out in the DCP.

42 WATER EFFICIENT LANDSCAPING

Water efficient landscaping can assist in mesting BASIX water conservation targets in
residential development, and is also applicable to commercial and industrial development and in public
open space. Currently there are no accepted best practice guidelines for xeriscaping (landscaping
for mimimal water use) or urban imgation; however it is known that irmigation water demands are
affected by a large number of factors, and the following measures can be taken to reduce water
demands:

s Locate and design landscaping for interception and retention of flows from runoff
{passive imigation)

+ Use good quality, well-structured topsoils and increase depth of soil to increase water
storage in soil

s |Initially use deep mulch in landscaped areas to reduce evaporation from the soil and increase
soil organic matter over time as plantings fill out

+ Increase planting density (both single level and stacked plantings) to maximise soil shading in
time

+ Choose nafive (or other) species suitable to the climate and situation and prioritise deep
rooted perennials

»  Where turf is required, use warm season grasses and increase height at mowing
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Figure 3: T ypical configuration of a rainwater tank wsed to meet ! supplement laundry and toilet water demands
[ACT Gowvernment, 2008)

Installation

& licenzed plumber is required fo install the rainwater tank with all installations conforming fo Australian
standards (A53500.1.2 W ater Supply: Acceptable Sclutions).

432 Sizing Curves

For residential development, the BASIX online tool allows a rainwater tank to be sized to meet the
water conservation target.  Sizing curves suitable for industrial and commercial developments
within the Ryde LGA have been developed. The water demands modelled ranged from 25 Liday to
1500 Liday. The upper limit was selected based on a commercial building with a roof area of 3000
m®, a net lettable area (NLA) of 16 500m*® and a water demand of 1.01kL/ yr per NLA.

The rainwater tank sizing curve has been derived using Epping Chester Street daily rainfall in
conjunction with daily evapotranspiration sourced from the Sydney Airport AMO weather station
(refer to MUSIC Modelling Guidelines for more information).  Stormwater quality parameters for
storm flow conditions have been adjusted within MUSIC as per the NSW DECC
recommendation (refer to MUSIC Meodelling Guidelines for more information).

The sizing curves have been developed for a roof area of 100m”. For roof areas outside this
range, the roof area should be scaled to give a roof area of 100m? (for example, the scale factor for
a 400m? roof area is 4). If the roof area needs to be scaled, the water demand must also be scaled.
An appropriate tank size (to achieve a given demand efficiency) can be read from the sizing curves.
The tank size is then multiplied by the scale factor to give the real tank size required. It should be
noted that the optimal rainwater tank size does not attempt to meet 100% of demand, but should
aim for the point of diminishing returns.

Figure 4 shows that an appropriate rainwater tank size in Ryde is approximately 1-2 kL for every
100 m? of roof that drains to the tank, regardless of the demand.

433 Maintenance

Rainwater tanks involve regular preventative maintenance in order to avoid the need for corrective
action. Recommended maintenance includes:

s+ G-monthly inspections of roof areas and gutters to ensure they are relatively free of

leaves and debris.

Vegetation and trees that overhang the roof may need to be pruned.

First flush devices should be checked and cleaned out once every 3-6 months.

Bypass screens at inlet and overflow points should be inspected each & manths to check for
fouling and clean them.

« Each 2-3 years, tanks should be checked for accumulation of sludge. Sludge may
become a problem if it is deep enough to reach the level of the out fake pipe and so
produce discoloured or sediment-laden water, or when it affects storage capacity.
When necessary, sludge can be removed by wvacuum, by siphon, by suspending the
sludge and washing it through, or by completely emptying the tank.

o If a pump system is used, the pump manufacturer should be consulted for advice on
necessary maintenance.
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« Possibility to mest multiple objectives; e.g. stormwater harvesting can achieve reduced
stormwater quantity and improved stormwater quality discharging from the catchment.

» Space available for treatment and storage. Large above-ground storages may require
special safety considerations, such as dam safety. Underground storage may be expensive
and difficult to construct, depending on the soil conditions.

+ Pumping requirements.

» Potential health risks from pathogens.

s Costs of stormwater harvesting/wastewater recycling, relative to other options.

441 Water Sources

Stermwater can be harvested from a pipe, culvert or open channel. Mormally stormwater should
be harvested from urban drainage systems. Where stormwater is harvested from a creek,
impacts on geomorphology and aquatic habitat should be minimised. If stormwater is harvested
from a river, a water access licence would be required.

Wastewater can be reused on an individual allotment (e.g. within an industrial site) or can be
harvested from a sewer for treatment, distribution and reuse. Different types of wastewater have
different quality and quantity characteristics.  In general most wastewater is poorer quality than
urban stormwater, but wastewater flows are more consistent, which can make it equally attractive as
an alternative water supply.

442 Treatment Requirements
Water quality criteria for typical reuse applicatiocns are shown in Table 5 which has been

reproduced from DEC (2006). In order to meet these criteria, wastewater and stormwater both
need to be treated. General treatment requirements for different water sources are given in Table 6.
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“Light” Grey water Catchment runoff, | Moderate quality Moderate  treatment
. _ required to reduce
Including  impervious pathogens and organic
areas like roads and
content.
pavements
Gray water “Light greywater”, plus Low quality - high High level of treatment

laundry water, including arganic loading and

basn and  washing highly variable required to reduce

pathogens and organic

i depending on how it
machine. waz use.lc:l.‘%| content
Black water Graywater, plus Lowest quality Advanced treatment
d diginfecti
kitchen, and toilet wastewater — high ra;quirﬁdn seten
water. Can also be levels of pathogens
sourced from sewers and organics

Table & — Summary of water quality in the urban water cycle.

Wastewater treatment is generally provided by specialist suppliers of wastewater treatment
solutions. Landcom’s “Wastewater reuse in the Urban Environment: selection of technologies” report
(February 2006) provides guidance as to appropriate treatment systems for projects of different
scales.

Stormwater can be treated for reuse using the same kind of treatment measures as cutlined in
Section 5. Depending on the reuse application, disinfection may also be required. Stormwater
treatment for storage and reuse should aim to remove gross pollutants and suspended solids as a
minimum, so that these do not accumulate in the storage or interfere with the operation of pumps
and the stormwater distribution system. Where stormwater is to be stored above-ground, nutrient
removal would also be important to minimise the risk of eutrophication and algal growth. Depending
on the application for treated stormwater, it may also be necessary to remove cther pollutants such
as salts, heavy metals and pesticides. Generally, where there is a possibility of public contact with
treated stormwater (for example, in a sprinkler irmigation system at a sports field), disinfection is
required. Disinfection may be undertaken by chlorination, ozone or UV,

The quality of water and pollutants generated from an industrial process vary between industries.
For example, the wastewater generated from a warehouse will be similar to that of a commercial /
office application, while wastewater collected from a mechanic could be contaminated with oils,
greases and PAHs (polyaromatic hydrocarbons). Generally, most harvesting opportunities in an
industrial setting will be from industrial processes, cooling systems and firewater.

443 Storage

Water balance modelling should be used fo size an appropriate storage for reuse, based on supply and
demand characteristics.

The sizing curves for rainwater tanks can be used to make an initial estimate of a suitable stormwater
storage volume — the roof area should be substituted with the impervious catchment area. Howsver this
may give an optimistic estimate of the reliability, as usually only freated stormwater is directed to the
stormwater storage. In general, untreated flows should bypass the siorage system fo achieve the best
poszsible reuse water quality.
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445 Risk Management

Potable water substitution with stormwater or wastewater needs to consider public health as a key
design requirement. A preventative risk management process is recommended (NRMMC 2008) to
ensure that alternative water sources do not pose a health risk. The draft guidelines for water
recycling advocate a risk management framework in assessing a reuse water scheme. The risk
management framework is effective in:

Identifying the source of hazards (for example, sewer overflow)

Identifying the people at risk from the hazard and how they would be exposed

Identifying the health effects resulting from the hazard

Identifying measures that prevent the hazard from occurring (fer example, first flush
systems on rainwater tanks)

s |dentifying appropriate indicators of unsatisfactory water

+ Linking the hazards and preventative measures into a management procedure.

The preventative management procedure should outline an adequate:

o Water quality monitoring program and

¢ Maintenance procedure to ensure critical control points are operating effectively and the
likelihood of them failing due to neglect is low.

L]

446 Further Information

Information on modelling stormwater harvesting, storage and reuse systems is included in the
MUSIC Madelling Guidance document.

The NSW Deparment of Environment and Climate Change has published Managing Urban
Stormwater: Harvesting and Reuse (2006), which includes useful details on  statutory
considerations and health and environmental nisks related to stormwater harvesting, as well as
planning, design and operation considerations. The document also presents several case
studies of successful stormwater harvesting projects in NSW.

MNSW Department of Energy, Utilities and Sustainability (DEUS) 2007 NSW Guidelines for
Greywater Reuse in Sewered, Single Household Residential Premises.

Landcom (2006) “Wastewater reuse in the Urban Environment: selection of technologies”
prepared by Ecological Engineering, February 2006.

Sydney Water has published Best Practice Guidelines for cooling towers. These are available
onling:

htp:fweeen. sydneywater. com.auw/Publications/Fact Sheets/SavingV aterBestPractice GuidzlinesCooli
ngTowe rs.pdf
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51 GROSS POLLUTANT TRAPS

Gross pollutantz include litter, leaves and other vegetative matier. Many gross pollutant traps (GPTs) will
also capture significant loads of coarze suspended solids.

511 Location

Gross pollutant trape (GPTsz) are often the first treaiment measure in & freatment frain, for example they
can be uzed upstream of wetlands and other water bodies to protect them from gross pollutantz.  Gross
pollutant capture efficiency vares betwesn different types of GPTs, as does coarse sediment removal.
Most GPTs cannoct remove fing sediments, nuirients or other pollutants to any significant degree. GPTs
are available in a range of different types and sizes, suitable for a wide range of applications. Figure &
shows a range of GPTs.

5.1.2 Design Considerations
Key design considerations include:

+ The size of the catchment to be treated, and the flow rate that must pass through the GPT.
GPTs are normally sized to treat the 3-month to 1-year AR flow.

The type of waterway on which the GFT is to be installed (pipe/culvertiopen channel).
Pollutant types and loads in the catchment — for example, commercial areas are likely to
generate higher loads of litter than residential areas.

+ Target pollutants. For example as pre-treatment to a wetland, it is important to remove
coarse sediments. However at other locations, it may be undesirable to trap sediment, in
case it reduces natural sediment depositicn downstream.

« The GPT's efficiency in trapping pollutants will affect the frequency and magnitude of
cleanouts, and the volume of waste material that must be disposed of.

+ Some GPTs store captured pollutants in a drained state, while others hold them in stagnant
water.

+  Anaerobic conditions in wet sumps can lead to odours, and wet pollutants may be more
difficult to clean out than dry pollutants.

+ Access and equipment requirements for cleanouts. Small pit insert GPTs may be cleaned
out by hand, while larger GFTs may require a bobcat, excavator or crane fo remove the
pollutants andior basket.

+  Upstream flooding. GPT designs should ensure that there is no nsk of increased
flooding upstream of the GPT.

s Costs. It is important to consider the life cycle costs of GPTs, as operation and maintenance
costs over the lifetime of a GPT can far outweigh the design and installation costs.

5.1.3 Maintenance

Regular maintznance is essential to ensure the performance of GPTs. Nomally cleancuts are required
around once every 3 months, however sach trap should be monitored during the first few years of
operation to determine the required cleanout frequency. Poorly maintained GFTs can:

Fail to trap pellutants.

Felease contaminants by l2aching from the collected pollutants.

Feduce the capacity of the drainage system and potentially lead to upstream flooding.

Lead to unpleasant cdours and reduced visual amenity.

The nafure of maintsnance activities depends fo a large extent on the type of trap installed; this
should be considered during the design stage. GPT suppliers can provide information on
maintenance methods.
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Edge treatment should prevent vehicular access to roadside swales, and allow flows into the swale.
Some examples of different arrangements for delivering water to a swale while restricting vehicular
access are shown in Figure 13.
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5.2.6 Further Information
Section 6 (VEGETATION) details appropriate vegetation types both for swales as well as the local
flora of the Ryde LGA.

For more information on swales and buffer strips refer fo the Western Sydney Technical Guidelines (UPRCT
2004} or “Managing Urban Stomowater: Treatment Techniques” (DECC 2007).

k3
|
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534 Sizing

Sizing curves for bioretention systems are shown in Figure 19. “Variations in performance are
plotted for differing catchment impervicusness values and assume that the bioretention systems
have a filter depth of

05 m, a sandy-loam filter material (saturated hydraulic conductivity of 100mm/hr), extended
detention of 0.2 m and an average particle size of 0.45 mm.

535 Maintenancs
Bio retention systems require regular maintenance, similar to swales.
Maintenance requirements of Bioretention systems include:

s Monitoring for scour and erasion, and sediment or litter build-up
« Wead removal and plant re-establishment
o Monitoring overflow pits for structural integrity and blockage

536

Further Information

Section & (WVEGETATION) details appropriate vegetation types both for bioretention systems as well
as the local flora of the Ryde LGA.

For more detailed information on bioretention systems refer to the Western Sydney Technical
Guidelines (UPRCT

2004) or “Managing Urban  Stormwater: Treatment Technigques®™ (DECC  2007).
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544

Sizing

A sizing curve for constructed wetlands is shown in Figure 24. The sizing curve plots the total
wetland area (including the macrophyte zone and the inlet pond) as a percentage of the
catchment area. The sizing curves assume the following:

545

The surface area of the inlet pond is 10% that of the macrophyte zaone
The inlet pond has a permanent pool depth of 2 m

The average water depth in the macrophyte zone is 0.4 m.

The outlet configuration provides 72 hr detention.

Maintenance

Wetlands reguire the following routine maintenance activities:

Checking the wetland after storms for scour and erosion
Removing debris, particularly around inlets and outlets
Regularly removing sediment from the sediment basin
Weeding and replanting

It can be useful to design wetlands to allow them to be completely drained. This can assist in
occasional corrective maintenance actions such as extensive weeding and replanting. This
would also assist in the control of pests such as Gambusia, which can be removed from a
waterbody by drying it out extensively, then refilling.

546

Further Information

Section & (VEGETATION) details appropriate vegetation types both for wetlands as well as the
local flora of the Ryde LGA. In addition, the WSUD MUSIC Modelling Guidance pravides further
detail as to technical design and assessment of WSUD treatment elements for the City of

Ryde.

For more detailed information on wetlands, refer to the Western Sydney Technical Guidelines
(UPRCT 2004) or "Managing Urban Stormwater: Treatment Techniques” (DECC 2007).
Information is also available in:

the DLW Constructed Wetlands Manual, 1998.

The CRC for Catchment Hydrology Managing Urban Stormwater Using Constructed
Wetlands 1999.

The Institute of Engineers Australian Runoff Quality 2006.
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6 VEGETATION GUIDE

This section provides an indicative plant species list for vegetated WSUD
elemants such as;

¢ Swales and buffer sfrips
« Wetlands
+ Bioretention systems

Most of the plants selected are Australian natives or naturalised ground covers that
occur naturally in Ryde City LGA as documented by the Mational Herbarium of
NSW.

The majonty of the plant species listed are known to occur naturally in the Ryde
City LGA.  Incorporating these plants into wrban areas will add considerable
biodiversity and ecological habitat value to urban areas. Vegetation can perform
many important functions in urban areas, such as wvisual amenity, soil
stabilisation, microclimate control, fauna habitat, natural borders, and water
pollution filtration and uptake. Advice from land managers and landscape
architects should be sought to determine that the plants used in each specfic
situation meet the needs of all the other site usars.

These lists were guided by:

s Botanic Gardens Trust (July 2005). PlantNET - The Plant Information
Netwark System of Botanic Gardens Trust, Sydney, Australia (version 2.0.).
hitp:/iplantnet.rbgsyd nsw.gov.au (Species for Ryde City LGA region)

e Department of Land and Water Conservation (1998) — The Constructed
Wetlands Manual. - Volume 1.

« New South Wales MNational Parks and Wildlife Service {2002} Interpratation
Guidelines for the Native Vegetation Maps of the Cumberland Plain,
Western Sydney, Final Edition NSW NPWS, Hurstville.

6.1 SWALES AND BUFFER STRIPS

This is an indicative species list for planting in swales and buffer strips. During the
detailed design of a swale or buffer strip the advice of a WSUD professional
should be sought to guide the exact location, species mix and planting densities
to ensure optimal treatment performance based on the detailed specifications of
each treatment measure.

A key consideration in selecting wvegetation for swales is the need for flow
conveyance. Vegetation selection needs to be considered in the hydraulic
modeling of the swale. I an open conveyance channel is required, then dense
vegetation should be avoided.  Turf species and trees may be appropriate.
The use of tufted species in swales creates befter fauna habitat and a mare
natural appearance than turf. Tufted species also create a low maintenance
landscape once established — requinng very little weeding or mowing. However,
tufted species can present an erosion risk i they are not a2ppr0priately planted.
Wegetation should be densely planted (at least 8 plants per m*) in an offset pattern
because sparse planting or planting in rows can lead to the formation of preferential
flow paths. Swale design that incorporates tufted species should give

g
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consideration to the use of appropriate design flow wvelocities and appropriate
roughness wvalues for vegetated conditions as opposed to turf.

Dense shrubs and/or trees can be used effectively to limit vehicular or pedestrian
access fo the swale surface if desired. However, since the purpose of swales is
the conveyance and filtration of water, vigorous plant growth aleng the water's flow
path is desired. For this reason care should be taken not to plant shrubs and trees
too densely along the swale so as not to shade out the wvegetation that interacts
with the water.

Swales should be constructed with a layer of good quality topsoil to support
vegetation.  Swale plants should be those species suited to growth in the native
soils of the area.

6.1.1 Turf

Species selected for turf need to be tolerant of mowing and some traffic. The turf
grasses listed are naturalised ground covers that do not have weedy tendencies
and have been used successfully as turf grasses in other areas. Where local
specialists are available their advice should be sought regarding the performance of
these species under local conditions.

Cynodon dactylon (Couch, Bermudagrass)
Microlagna stipoides (Weeping Grass)
Paspalum distichum (Water Couch)
Paspalum vaginatum (Salt Water Couch)
Sporobolus virginicus (Sand Couch, Nioaka)
Zoysia macrantha (Prickly Couch)

Digitaria didactyla (Blue Couch)
Stenotaphrum secundatum (Buffalo grass)

i~ -

6.1.2 Tufted Species
Tufted grasses

Aristida ramosa (Purple Wiregrass)
Bothricchloa macra (Red Grass)

Danthonia pilosa (Smooth Flower Wallaby Grass)
Danthonia semiannularis (Wallaby Grass)
Danthonia tenuior (Wallaby Grass)

Deyeuxia quadriseta (Reed Bent Grass)
Dichelachne micrantha (Sharthair Plumegrass)
Dichelachne sieberiana (Plumegrass)

Elymus scaber (Common Wheat Grass)
Imperata cylindrica (Blady Grass)

Poa sieberiana (Grey Tussock Grass)

Stipa rudis (Speargrass)

Stipa scabra (Speargrass)

Themeda australis (Kangaroo Grass)
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Tufted sedges or rushes

Baumea juncea (BareTtwig-rush)

Cyperus polystachyos (Umbrella Grass)
Cyperus sanguinolentus (Umbrella Grass)
Fimbristylis dichotoma (Common Fringe-sedge)
Ficinia nodosa (Knobbly Club-rush)

(Gahnia aspera (Rough Saw-sedge)

Gahnia melanocarpa (Black Fruit Saw-sedge)
Lepidosperma elatius (Tall Sword-sedge)
Lepidosperma laterale (Sword-sedge)
Juncus bufonius (Toad Rush)

Juncus usitatus (Comman Rush)

Lomandra filiformis (Wattle Mat-Rush)
Lomandra longifolia (Spiny Mat-Rush)

.2 TREES AND SHRUBS

o

The selection of trees for swales and buffer strips is often based on criteria set by
landscape architect designs, bush fire hazard concerns, habitat values or street
tree plans. Where these criteria are important, specialist advice should be
sought regarding the appropriate species selection. Some species grow best in
certain light and soil moisture conditions and these attributes should be
considered when choosing plants. This information is available in guides to the
native plants of the Sydney region.

A list of indigenous, low-water use trees and shrubs appropriate for use in the
Ryde City LGA is available from the BASIX website.

Most of these species will be appropriate for use as accent planting in swales, or to
form the basis of vegetated buffer strips
hitp:ffwww basix nsw gov.auhelp/\Water'Common_areas_and_Central_systemsi/la
ndscape/list_of_indigenous_species.htm})

6.3 WETLANDS

Plant species used in wetlands play specific roles depending on their location.
The species included in this list have been specifically chosen for their suitability to
specific water depths, their growth form, hardiness and proven performance in
treatment wetlands.  Many of the spedes recommended for wetlands would also
be suitable for planting around the edges of ponds or sediment basins. Water
depth should be used as a guide to suitable plants for these situations.

Those species used on the batters should be terrestrial vegetation adapted to
growing in meoist areas - often plants that might normally grow alongside waterways.
Within the wetland itself, there are five different zones identified in Figure 25, all
with specific vegetation requirements depending on the range of water depths:

s The ephemeral marsh is periocdically inundated and wvegetation selected
needs to be able to tolerate shori-term flooding
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Cyperus polystachyos (Umbrella Grass)
Cyperus sanguinclentus (Umbrella Grass)
Eleocharis gracilis (Spike Rush)

Fimbristylis dichotoma (Common Fringe-sedge)
Gahnia clarkei (Tall Saw-Sedge)

Hypolepis muelleri (Harsh Ground Ferm)
Isolepis cermua (Modding Club-rush)

Isolepis inundata (Swamp Club-sedge)

Ficinia nedosa (Knobby Club-rush)

Juncus usitatus (Common Rush)

Upper batter (species preferring drier soils) Tussocky grasses and sedges

Anstida ramosa (Purple Wiregrass)
Bothriochloa macra (Red Grass)
Cyperus caudata (Sedge)

Danthonia pilosa (Velvet Wallaby Grass)
Danthonia semiannularis (Wallaby Grass)
Danthonia tenuior (Wallaby Grass)
Deyeuxia quadriseta (Reed Bent Grass)
Dichelachne micrantha {Shorthair Plumegrass)
Dichelachne sieberiana {Plumegrass)
Elymus scaber (Common Wheat Grass)
Imperata cylindrica (Blady Grass)
Lomandra filiformis (Wattle Mat Rush)
Lomandra longifolia (Spiny Mat Rush)
Poa sigberiana (Grey Tussock Grass)
Stipa rudis subsp. rudis ({Speargrass)
Stipa scabra subsp. scabra (Speargrass)
Themeda australis (Kangaroo Grass)

Herhs

Adiantum aethiopicum {Common Maidenhair)
Adiantum hispidulum wvar. hispidulum (Rough Maidenhair fern)
Arthropodium minus {Small Vanilla Lily)
Asplenium flabellifolium (Necklace fem)
Cassinia aursonitens (Yellow Cassinia)
Docdia aspera (Prickly Rasp Fern)
Helichrysum scorpicides (Button Everlasting)
Ozothamnus diosmifolius (Rice Flower)
Pellaga falcata (Sickle Fem)

Viola banksii (Native Violet)

Viola betonicifolia (Mative Violet)

Vicla hederacea (MNative Viclet)

Xanthosia pilosa (Woolly Xanthosia)

Trees and shrubs may be planted amongst the vegetation of the batters, but
should be planted in such a way so as not to shade the aquatic macrophytes. Itis
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recommended that trees and shrubs be planted in the upper batter only, and that
consideration is given to the aspect of the site in relation to incident sunlight.

Shrubs

Boronia polygalifolia (Dwarf Boronia)

Callitris citrinus

Callitris linearifolius

Callitris linearis

Grevillea buxifolia subsp. buxifolia (Spider Flower Gravillea)
Grevillea linearifolia (Linear Leaf Grevillza)

Grevillea sericea subsp. sericea (Pink Spider Flower, Silky Grevillea)
Grevillea speciosa (Red Spider Flower Grevillea)

Grevillea sphacelata (Grey Spider Flower)

Hakea dactyloides (Finger Hakea, Broad-leaved Hakea)
Hakea salicifolia subsp. salicifolia (Willow-leaved Hakea)
Hakea sericea (Needlebush)

Isopogon anemaonifolius (Broad-leaf Drumsticks)

Melaleuca decora (White Feather Honey Myrtle, Paperbark)
Melaleuca linarifolia (Flax-leaved Paperbark)

Persoonia lanceolata | Lance Leaf Geebung)

Trees

A list of indigenous, low-water use trees appropriate for use in the Ryde City local
government area is available from the BASIX website. Most of these species will
be appropriate for planting on the upper batter.
http-/fwww . basix.nsw.gov.auhelpWater'Common_areas_and_Cenfral_systemsiLa
ndscapellist of in digenous_species.him.

5 EPHEMERAL ZONE

o

Carex apressa (Tall Sedge)

Cyperus gracilis (Slender Flat-Sedge)
Cyperus imbecillis (Sedge)

Cyperus polystachyos (Umbrella Grass)
Cyperus sanguinolentus (Umbrella Grass)
Cyperus tetraphyllus (Sedge)

Eleocharis gracilis (Spike Rush)

Ficinia nodosa (Knobbly Club-rush)
Fimbristylis dichotoma (Common Fringe-sedge)
Isolepis inundata (Swamp Club-sedge)
Juncus bufonius (Toad Rush)

Juncus sfriata

Juncus usitatus (Common Rush)
Lepidosperma laterale (Variable Sword Sedge)
Lepyrodia scanosa (Scale Rush)

Ptilothrix deusta
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6.10

SHALLOW MARSH

Carex fasciculars (Tassel Sedge)
Cyperus sanguinclentus (Umbrella Grass)
Eleocharis acuta (Rush)

Eleocharis cylindrostachys (Rush)

Ficnia nodosa (Knobbly Club-rush)
Isolepis hookenana (Bristel Club Rush)
Isolepis inundata (Swamp Club-sedge)
Juncus continuus (Pithy Rush)

Juncus usitatus (Common Rush)
Myriophyllum  crispatum  Persicaria  spp.Triglochin - striatum  (Streaked
Arrowgrass)

MARSH

Bolboschoenus caldwelli (Sea Club Rush)

Bolboschoenus fluviatalis (Rush)

Myriophyllum crispatum Schoenoplectus mucronatus (Star Club Rush)
Schoenoplectus validus (River Club Rush)

DEEFP MARSH

Baumea articulate (Jointed Twig Rush)

Bolboschoenus fluviatalis (Rush)

Eleocharis sphacelata (Giant Spike Rush)

Schoenoplectus littoralis Schoeneplectus validus (River Club Rush)

DEEP WATER - POOLS

Chara spp. (Muskgrass)

Myriophyllum caput-medusae

Myriophyllum verrucosm

Potamogeton crispatum (Floating Pondweed)
Potamogeton ochreatus (Blunt Pondweed)
Potamogeton pectinatus (Fennel-leaved Pondweed)
Potamogeton tricarinatus (Floating-leafed Pondweed)
Vallisnena spiralis (Tape Grass)

BIORETENTION SYSTEMS

The soils used in bioretention systems are highly permeable, free-draining and hold
very little water. Consequently, the plants used in these systems should be suited
to sandy, free-draining soils, and tolerant of drought as well as periodic inundation.
Bioretention systems should be planted densely fo maximise the biological
processing of nutrients.  Planting should incorporate several growth forms — shrubs,
tufted plants and groundcover species, to ensure that the plant roots occupy all
parts of the media. Using several species reduces the risk that insect attack,
disease or adverse weather will harm all of the plants at once.
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This list of species is indicative only, the advice of a WSUD professional should be
sought to guide the exact location, species mixes and planting densities (generally
8 plants per m”) to ensure optimal treatment performance based on the detailed
specifications of each treatment measure. Bioretention systems will commaonly
comprise five to ten species, depending on the size and hydrologic conditions within
individual systems.

6.10.1

Groundcover Plants

Actinotus helianthi (Flannel Flower)

Cassinia aureonitens (Yellow Cassinia)
Helichrysum scorpioides (Buttons Everlasting)
Ozothamnus diosmifalius (Rice Flower)
Prostanthera howelliae (Mint Bush)

Senecio lautus (Variable Groundsel)

6.10.2 Tufted Species

Grasses

5.10.

o

Bothriochloa macra (Red grass)

Danthonia tenuior {Smooth Flower Wallaby Grass)
Eragrostis brownil (Brown's Lovegrass)

Imperata cylindrica (Blady grass)

Poa sieberiana (Grey Tussock Grass)

Sporobolus virginicus (Sand Couch, Micaka)

Stipa pubescens

Stipa scabra (Speargrass)

Themeda australis (Kangaroo Grass)

Zoysia macrantha (Prickly Couch) Sedges
Baumea juncea (Bare Twig-Rush)

Cyperus gracilis (Slender Flat-Sedge)

Juncus bufonius (Tead Rush)

Lepidosperma laterale (Sword-Sadge)

Lomadra longifalia {Spiny Mat-rush)

Lomandra filiformis subsp. filiformis (Wattle Mat-rush)
Lomandra gracilis

Shrubs

Amperea xiphoclada var. xiphoclada (Broom Spurgs)
Astroloma pinifolium (Pine Heath)

Banksia ericifolia (Heath-leaved Banksia)
Banksia integrifolia (Coastal Banksia)
Banksia marginata (Silver Banksia)
Billardiera scandens (Appleberry)

Boronia rigens (Stiff Boronia)

Bossiaea heterophylla (Variable Bossiaea)
Bossiaea obeordata (Spiny Bossiaea)
Bossiaea scolopendria

Brachyloma daphnoides (Daphne Heath)
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Bursaria spinosa (Blackthorn, Boxthom, Sweet Bursaria)
Callistemon citrinus (Common Red Bottlebrush)
Callistemaon linearifolius (Nettle Bottlebrush)
Callistemon linearis (Narrow leaved Bottlebrush)
Callistemaon rigidus {Stiff Bottlebrush)

Calytrix tetragona (Fringe Myrtle)

Correa reflexa (Mative Fuchsia)

Crowea saligna (Willow-leaved Crowea)
Daviesia acicularis

Dilleymia retorta (Eggs and Bacon)

Epacris microphylla (Coral Heath)

Encstemon australasius (Wax Flower)
Gompholobium glabratum (Wedge Pea)
Gompholobium grandiflorum (Large Wedge Pea)
Gompholobium minus {Dwart Wedge Pea)
Gompholobium pinnatum (Pinnate Wedge Pea)
Hakea dactyloides (Finger Hakea, Broad-leaved Hakea)
Hakea sericea (Meedlebush)

Hovea linears (Marrow Leaf Hovea)

Isopogon anemonifolius (Broad-leaf Drumsticks)
Leptospermum trinervium (Slender Tea-Tree)
Leucopogon appressus (Heath)

Leucopogon ericoides (Pink Beard-heath)
Leucopogon juniperinus (Prickly Beard-heath)
Leucopogon lanceolatus (Lance Beard-heath)
Leucopogon microphyllus

Leucopogon setiger

Melaleuca erubescens (White Flowering Melaleuca)
Melaleuca linariifolia (Flax-leaved Paperbark)
Melaleuca nodosa

Melaleuca thymifolia (Thyme Honey-Myrtle)
Melichrus procumbens

Monotoca elliptica

Phyllota grandiflora

FPhyllota phylicoides

Pimelea curviflora

Fimelea linifolia (Rice Flower)

Pultenaea linophylla (Small-leafed Bush Pea)
Styphelia longifolia (Five Comers)

Styphelia triflora (Pink Five Comers)

Woollsia pungens

Ziena pilosa

6.10.4 Trees

Allocasuarina distyla (Scrub She Oak)
Allocasuarina littoralis (She Oak)
Angophora bakeri (Narrow-leaved apple)
Angophora costata (Smooth Barked Apple)
Casuarina glauca (Swamp Oak)
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Eucalyptus haemastoma (Scribbly Gum)

Eucalyptus pipenta (Sydney Peppermint)

Eucalyptus punctata subsp. wianamattica (Grey Gum)
Eucalyptus sieberi (Silver top)
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