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1.0 INTRODUCTION
& BACKGROUND

1.1 INTRODUCTION

The Caversham North Local Structure Plan (CNLSP) has 
been prepared to guide the subdivision and development of a 
group of lots known as Caversham North (the ‘site’). The site is 
located within the Caversham Urban Cell of the Swan Urban 
Growth Corridor, which has an estimated potential population 
of 33,000 residents.  The site has been appropriately zoned for 
urban development for a number of years but its subdivision 
and development has been delayed due to regional issues 
relating to the coordinated provision of services, integrated 
design and the resolution of developer contribution issues. 
A majority of these issues have now been addressed via the 
preparation of the Swan Urban Growth Corridor Sub-Regional 
Structure Plan and the draft Caversham Structure Plan, which 
encompasses the entire Caversham Urban Cell, including the 
site.

The design of the CNLSP aims to create a vibrant and 
sustainable extension to the Swan Urban Growth Corridor 
comprising a mix of lot sizes and dwelling types.  The CNLSP 
proposes a highly interconnected street and path network, 
with linkages to the proposed urban development to the 
north, the proposed retail and education facilities to the south 
and the Swan Valley to the east.  The design and layout of the 
CNLSP is sympathetic to the topography and landscape values 
of the site.

The CNLSP has been prepared based on a comprehensive 
review of relevant town planning, environmental and 
engineering considerations. The design proposes the creation 
of approximately 395 residential lots, with densities ranging 
from R20 (700m2) through to an R50 grouped dwelling site.

The CNLSP has been prepared in accordance with Part 5A of 
the City of Swan’s Local Planning Scheme No. 17.

The purpose of a Local Structure Plan is to guide the 
subdivision and development of appropriately zoned land.

In accordance with clause 5A 1.4 City is not to

 consider recommending subdivision; or
 approve development

of land within a Structure Planning are unless there is a 
structure plan for the area that ade uately de nes re uired to 
guide orderly subdivision and development for urban land use.
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1.2 SITE DESCRIPTION

1.2.1 LOCATION

The subject land is located approximately 5 kilometres north-
west of the Midland Sub-Regional Centre and approximately 
14 kilometres north-east of the Perth CBD. Vehicle access to 
the property is provided from Arthur Street to the east and 
Suffolk Street to the south. Reid Highway forms the northern 
boundary of the site and Land Street road reserve forms 
the western boundary. Suffolk Street and Arthur Street are 
accessed directly from the West Swan Road, which provides 
access to Reid Highway. Great Northern Highway and Guilford 
Road.

The site has a total land area of 35.72 hectares and comprises 
of the following properties:

Please note that Suffolk Street was previously known as 
Patricia Street. Any reference to Patricia Street in this report 
or the supporting appendices shall be considered to be Suffolk 
Street.

  Table 1 - Lot Details
LOT NUMBER CERTIFICATE OF TITLE AREA

2 Volume 502 Folio 51A 2.011ha

88 Volume 2078 Folio 5 5.49ha

89 Volume 1113 Folio 641 7.91ha

94 Volume 1242 Folio 337 3.96ha

96 Volume 2186 Folio 42 4.7ha

123 Volume 1079 Folio 978 2.7063ha

213 Volume 1461 Folio 4 4.454ha

214 Volume 1461 Folio 5 4.454ha

The subject land is in the ownership f Caversham Land 
Development Pty Ltd with the exception of Lot 96 which 
is currently owned by the Western Australian Planning 
Commission (WAPC). The WAPC has advised that they have 
no objection to a structure plan being prepared over their 
landholding (refer to Appendix 1).

 Aerial Photo
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1.2.2 EXISTING LAND USE & DEVELOPMENT

The subject site comprises land which forms part of the Swan 
Coastal Plain and has previously been used to for livestock 
agistment purposes. There are no buildings constructed on the 
site and it is predominately cleared of vegetation.

 Regional Context Plan

 Local Context Plan
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1.3 PROJECT BACKROUND

1.3.1 PROJECT TEAM

The following multi-disciplinary project team, as listed below, 
have been engaged by QUBE Property Group on behalf 
of Caversham Land Development Pty Ltd to progress the 
preparation of a structure plan.

 Cardno - Traf c
 Coffey - Geotechnical Investigations
 Ecoscape  - Landscape Architecture
 Emmerson Stewart - Engineering & Civil Engineer
 G Quartermaine - Archaeological
 Lloyd George Acoustics - Acoustics
 R & E O’Connor Pty Ltd - Ethnographic
 Roberts Day Town Planning  + Design - Statutory planning 

& urban design
 RPS Environment - Environmental

1.3.2 PROJECT OBJECTIVES

The principle objective of this document is to provide a sound 
planning basis for the future subdivision and development of 
land within the Caversham North Local Structure Plan area. 
More speci cally, the objectives of the Local Structure Plan are 
as follows:

 To create a development that caters to those seeking a 
Swan Valley lifestyle that has a high standard of residential 
amenity and integrates well with the surrounding area;

 Provide a range of dwelling types and densities to 
accommodate a diverse residential community;

 Streets, laneways and open spaces carefully located to 
maximise views to parkland and to the Darling Scarp;

 An interconnected street system and pathway network, 
enabling residents that real choice of being able to walk / 
cycle to facilities and services;

 To create a new urbane-style neighbourhood through 
modern and contemporary built form, quality landscaping, 
mix of lot sizes and an increase in residential densities;

 To optimise the retention of trees and vegetation; and
 Address the requirements of the City of Swan Local 

Planning Scheme No. 17 and associated strategic 
documents.
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(MRS).   The remainder of the Caversham Urban Cell to the 
east and south of the site is currently in the process of being 
rezoned to ‘Urban’ under MRS.

Œ MRS Map

2.0 CONTEXTUAL
ANALYSIS/EXISTING
STATUTORY FRAMEWORK

2.1 METROPOLITAN REGION SCHEME

The site is currently zoned ‘Urban’ and reserved ‘Other 
Regional Road’ under the Metropolitan Region Scheme (MRS). 
The remainder of the Caversham Urban Cell to the east and 
south of the site is currently in the process of being rezoned to 
‘Urban’ under MRS.

 MRS Map
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p j
development of land in the Residential Development 
zone for more appropriate purposes; and

d. take account of the need to protect the amenity and 
on-going use of adjacent property owners as well as to 
provide for the needs of future residents

Œ City of Swan LPS No. 17 MAP

LEGEND
METROPOLITAN REGION SCHEME RESERVES

PRIMARY REGIONAL ROADS

OTHER REGIONAL ROADS

ZONES
RESIDENTIAL

RESIDENTIAL DEVELOPMENT

SWAN VALLEY RURAL

OTHER DEVELOPMENT CONTRIBUTION
AREA BOUNDARY
(SEE SCHEME TEXT)

2.2 CITY OF SWAN LOCAL PLANNING SCHEME NO. 17
(DISTRICT ZONING SCHEME)
The site is zoned ‘Residential Development’ and reserved 
‘Other Regional Road’ under the City of Swan Local Planning 
Scheme No. 17 (LPS 17).

Pursuant to clause 4.1.14 of LPS No. 17 the objectives of the 
‘Residential Development’ zone are:

a. provide for the coordinated development of future residential 
areas through the application of a comprehensive plan 
to guide subdivision and development to be known as a 
“Structure Plan”;

b. provide for predominantly residential development, but 
including also a range of compatible services, consistent with 
the needs of an integrated neighbourhood, and planned so as 
to minimise adverse impacts on amenity

c. avoid the development of land for any purposes or at a time 
when it is likely to compromise development elsewhere in 
the district or prejudice the future development of land in 
the Residential Development zone for more appropriate 
purposes; and

d. take account of the need to protect the amenity and on-going 
use adjacent property owners as well as to provide for the 
needs of future residents

Council requires a Structure Plan for any land zoned 
‘Residential Development’ prior to providing recommendations 
on subdivision applications and determining development 
applications.

The ‘Other Regional Road’ reservation relates to the widening 
of the Lord Street for its intersection with Reid Highway, on 
the western boundary of the site.

The CNLSP area is listed in Schedule 13 - Developer 
Contributions Area as Developer Contribution Area No. 3 
(Caversham). The Schedule states that:

‘‘Development Contribution Plan provisions will be set as pat of, or 
an amendment to, the Caversham District Structure Plan, and will 
constitute a Development Contribution Plan in accordance with 
Section 5A.6.’

 City of Swan LPS No. 17 MAP
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2.3 STATE STRATEGIES & POLICIES

2.3.1 STATE SUSTAINABILITY STRATEGY

The State Sustainability Strategy provides an overarching 
framework for the State Government to respond to the 
sustainability agenda. The Strategy identi es the following six 
broad goals and 42 strategy areas intended to ful l these goals 
and to guide Government action towards achieving its vision 
for a sustainable Western Australia:

 Sustainability and governance

 Contributing to global sustainability

 Sustainable natural resource management

 Sustainability and settlements

 Sustainability and community

 Sustainability and business

The policy objectives of the State Sustainability Strategy are 
incorporated into the planning system through State and Local 
Government policy and formally applied through planning 
decisions. The role of sustainability - economic, environmental 
and social - is fundamental to the planning of the site and is 
implicitly embodied in the content of the CNLSP.

2.3.2 STATE PLANNING STRATEGY

The State Planning Strategy (1997) was prepared by the 
WAPC as a whole of Government approach to guide 
sustainable land use planning throughout the State up until 
2029. The Strategy is aimed at developing a land use planning 
system to help the State achieve a number of key goals. These 
include generating wealth, conserving and enhancing the 
environment and building vibrant and safe communities for 
the enjoyment of this and subsequent generations of Western 
Australians. The Strategy was lost audited in 2000 - 2001. The 
CNLSP is consistent with the goals and objectives of the State 
Planing Strategy.
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2.3.3 LIVEABLE NEIGHBOURHOODS

Liveable Neighbourhoods Edition 3 (LN 3) was prepared by 
the WAPC to implement the objectives of the State Planning 
Strategy  and deliver the strategies and actions of Network 
City. Unlike Edition 2 of LN, which is a voluntary code under 
which applications may be lodged and assessed, LN3 has 
recently become a compulsory design code. As an operational 
policy of the WAPC LN3 guides the design and assessment 
of structure plans (regional, district and local), subdivision and 
development for new urban areas. Its aims include promoting 
the design of walkable neighbourhoods; places that offer 
community and a sense of place; mixed uses and active streets; 
accessible and sustainable parks; energy ef cient design; and a 
variety of lot sizes and housing types.

The key initiatives of LN 3 are covered under eight design 
Elements. The implementation of each of these elements and 
the ful lment of the overall principles of LN will fundamental 
to ensuring that development of the structure plan area 
and the wider metropolitan region occurs in a thoughtful 
and sustainable manner. Application of the LN principles is 
therefore relevant to all levels of planning for the site from the 
proposed CNLSP through to detailed lot and building design.

2.3.4 STATEMENTS OF PLANNING POLICY

Development of land must generally be consistent with 
any relevant Statements of Planning Policy (SPP) which 
are prepared and adopted by the WAPC under statutory 
procedures set out in Part 3 of the Planning and Development 
Act 2005. The WAPC and local governments must have due 
regard to the provisions of SPPs when preparing or amending 
regional and district planning schemes and when making 
decisions on planning matters. Details of the SPPs relevant to 
the site are provided below.

(i) SPP No 1 State Planning Framework

The State Planning Framework unites existing State and 
regional policies, strategies and statements with a central 
framework to provide a context for decision making on 
land use planning and development matters in Western 
Australia. The Structure Plan is consistent with the primary 
aim of this overarching policy, which can be surmised as 
“...to provide for the sustainable use and development of 
land.”

The WAPC and local governemnt will refer to the 
relevant planning instruments reerred to under SPP No. 
1 for all planning deisions, including those concerning 
the Structure Plan and subsequent planning proposals 
presented for the site.

(ii) SPP No. 2 Environment and Natural Resources Policy

The Environment and Natural Resources SPP sets out a 
planning response to environment and natural resource 
management issues within the framework of the State 
Planning Strategy.

Speci c policy areas of relevance to the site include those 
relating to air quality, soil and land quality, biodiversity, 
landscapes, greenhouse gas emissions and energy 
ef ciency.
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(i) SPP No 3 Urban Growth and Settlement

SPP No. 3, which was gazetted in February 2006, applies 
to the hole of the State in promoting sustainable and 
well planned settlement patterns that have regard to 
community needs and are responsive to environmental 
conditions. The objectives and principles of Network City 
and Liveable Neighbouthoods are enshrined in this Policy.

SPP No. 3 recognises that much new development in 
metropolitan Perth has been in the form of low density 
suburban growth. This form of development intensi es 
pressure on valuable land and water resources, imposes 
costs in the provision of infrastructure and services, 
increases the dependence on private cars and creates 
potential inequalities for those living in the outer suburbs 
where job opportunities and services are limited.

To promote growth that is sustainable, equitable and 
liveable, SPP 3 encourages a more consolidated urban 
form. In general terms the proposal for the site is 
consistent with the high level principles of SPP 3.

The Structure Plan will facilitate:

 access to public transport and existing services;

 provision of suitable access to existing areas of public 
open space;

 the creation of cohesive and walkable communities 
through the applications of traditional neighbourhood 
design principles; and 

 a diversity of housing types and lot sizes.

2.3.5 SWAN URBAN GROWTH CORRIDOR
SUB-REGIONAL STRUCTURE PLAN

The Swan Urban Growth Corridor Sub-Regional Structure 
Plan provides a coordianted approach to sub-regional issues 
such as transport, residential density, community service 
provision, employment and open space. Policy principles for 
relevant issues affecting the Swan urban growth corridor are 
provided in order to guide subsequent planning.

The strategic objectives of the Swan Urban Growth Corridor 
Sub-Regional Structure Plan are to:

 provide coordination of development, including 
regional infrastructure within areas of the Swan urban 
growth corridor marked for urbanisation;

 provide for key transport links throughout the sub-
regional structure plan area;

 ensure appropriate provision and equitable access 
to community facilities, open space areas and 
employment centres for future residents;

 recognise the importance of environmentally sensitive 
and important agricultural areas;

 promote an appropriate range of residential densities 
to suit the needs of the community; and

 provide for development in a manner consistent with 
Network City principles.

The Policy Principles within this document have been 
taken into consideration when preparing the CNLSP.
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2.4 CITY OF SWAN POLICIES

2.4.1 URBAN GROWTH POLICY

The purpose of the Urban Growth Policy is to set out the 
City’s expectations and guidelines for development in urban 
growth areas to ensure that population growth in the Swan 
region contributes to sustainable urban communities.

The Policy sets out the City’s urban growth objectives and 
priorities to be achieved through Structure Plans. Development 
Plans, accompanying Management Strategies and Management 
Plans, Town Planning Scheme and Metropolitan Region Scheme 
amendments.

The Policy also requires nancial analysis and lifestyle costing of 
urban development proposals to enable proper consideration 
of Structure Plans, referred to as a Financial Assessment 
Report.

A draft Financial Assessment Report has been prepared for 
the subject CNLSP area (Appendix 2). This report details the 
potential rates revenue of the Caversham Urban Cell and 
the ongoing maintenance costs for the proposed public open 
space areas.

2.4.2 ENVIRONMENTAL PLANNING POLICY

The purpose of this Policy is to clearly articulate and set out 
the City’s expectations for the management of the natural 
environment especially relating to urban growth areas. 
This Policy sets out the policy requirements measures and 
processes for planning, developing and managing the natural 
environment aspects of urban development areas through 
Structure Planning (and associated Management Plans) and 
Associated Town Planning Scheme Amendments.

This Policy requires that structure plans are to be prepared 
to provide an adequate assessment of environmental 
constraints and contain a comprehensive framework for their 
management. Matters to be addressed include:

 Biodiversity;

 Drainage via a Local Water Management Strategy;

 Acid Sulfate Soil assessment;

 Contaminated Sites; and

 Fire Management.

Each of the above matters has been addressed through the 
CNLSP or via consultant reports. Particular reference should 
be made to the Environmental Assessment Report (Appendix 
3), the Urban Water Management Plan (Appendix 4) and a 
Fire Management Plan is currently being prepared as part of 
the overall Caversham Urban Cell Structure Plan and will be 
lodged with the City shortly.

2.4.3 COMMUNITY & ECONOMIC PLANNING POLICY

The purpose of the Community and Economic Planning Policy 
is to clearly articulate and set out the policy requirements 
and processes for community and economic development 
planning to be carried out in conjunction with the preparation 
of Structure Plans.

The Policy requires that a Community and Economic 
Development Plan (CEDP) Must be prepared for a Structure 
Plan area in collaboration with the City f Swan.

A CEDP has been prepared for the subject Caversham Urban 
Cell (Appendix 5). The speci c areas addressed in the CEDP 
are:

 The social and economic environments within the 
Caversham LSP;

 Relevant social and economic opportunities and 
constraints associated with the development and how 
they will be addressed;

 Strategies and time frame for the provision of initial 
community and economic development within the 
Caversham LSP;

 Identi cation of potential partnership opportunities;

 Detailed community facilities and infrastructure program; 
and

 Indicative costing for the provision of community facilities 
within the Caversham LSP area.

The CEDP is supported by a Caversham Facilities Provision 
Strategy (Appendix 6).
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2.4.4 URBAN GROWTH POLICY

The CNLSP Plan has been prepared having due regard to the 
requirements of this Policy. In particular, the requirement to 
meet the Policy’s density target of 22 dwellings per hectare 
(du/ha) was taken into consideration during the design process. 
The CNLSP has managed to achieve the density target of 
22.2du/ha. Calculations to achieve this density are follows”

Area of residential zoned land - 20.61ha
Proposed number of dwellings - 459 dwellings
Proposed density -  22.2 du/ha

Whilst the proposed density falls just short of the City’s Policy 
by 0.02du/ha, the proposed density is considered acceptable 
for the following reasons:

 Element 1 R3 of Liveable Neighbourhoods states that: 
Neighbourhood structure should have the following 
characteristics:

Size and shape generally de ned by a ve-minute walk 
from the neighbourhoods centre to its perimeter, typically 
400m (average residential density 22 dwellings per site 
hectare) to 450m (average residential density 20 dwellings 
per site hectare).

The Caversham North Local Structure Plan meets the 
above Liveable Neighbourhoods requirements;

 The Caversham North Local Structure Plan is the rst 
structure plan for the Caversham Urban Cell. A structure 
plan for the remainder of the Caversham Urban cell 
is currently being nalised. The density for the overall 
Caversham Urban Cell, as advised by the main landowner 
consultant, is approximately 24du/ha;

 The mix and balance of lots sizes and dwelling types is 
vital for the success of a green eld subdivision on the 
periphery of the Perth urban area. The proposed mix 
of lot types is considered appropriate for the site. If the 
overall density of the CNLSP was increased this would 
compromise this balance and would also result in a poorer 
urban design outcome via the creation of lots with lower 
amenity.  This current mix of dwelling types is as follows:

R-CODE DENSITY DWELLING YIELD % OF DWELLINGS

R10 1 0.2%

R20 226 51%

R25 86 19%

R30 91 17.8%

R50 55 12%

TOTAL 459 100%

 The provision of density in green eld residential 
developments does not generally occur until such time 
that retail, educational and community facilities are 
provided. Conversely the provision of these facilities 
does not occur until there si a critical mass of residents. 
It is therefore typical that the rst stages of green eld 
developments, such as the Caversham North Local 
Structure Plan, commence development with a lower 
density. As the population grows and more facilities 
are provided then the density is increased. This is 
demonstrated by the proposed increased densities around 
the proposed neighbourhood centre, primary school and 
community centre on the southern side of Suffolk Street.
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high points
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drainage channel
groundwater less than 1m below surface
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REID                                   HIGHWAY

ARTHUR                     STREET

3.0 SITE ANALYSIS ASSESSMENT
- OPPORTUNITIES & 
CONSTRAINTS

The following identi es the existing conditions of the 
Caversham North Local Structure Plan area, and the key 
opportunities and constraints for its development.

3.1 SURROUNDING LAND USE & 
DEVELOPMENT

The land to the north of the site, on the opposite side of Reid 
Highway, is zoned ‘Special Use (No. 11 West Swan)’ under 
the city of Swan LSP No. 17 and is known as the West Swan 
Urban Cell of the Swan Urban Growth Corridor. Structure 

planning is currently underway over this land and there are 
early release subdivision applications pending.

The land to the east and south is zoned ‘Swan Valley Rural’ and 
forms part of the Caversham Urban Cell under the MRS.

A majority of the land is currently utilised for viticultural and 
rural lifestyle purposes. A structure plan is currently being 
prepared over this land. The land to the west, on the opposite 
side of the Lord Street road reserve, is zoned ‘Residential’ and 
has been subdivided and developed for residential purposes.

Site Analysis Plan
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3.1.1 INTERIM BUFFERS TO VITICULTURAL USES

The CNLSP area will be the rst precinct within the 
Caversham Urban Cell to be subdivided and developed. As 
a result some of the existing viticultural uses will remain in 
operation within the 500-metre buffer zone, as recommended 
by the EPA, from the viticultural activities on Lot 2 and 202 
Arthur Street. Whilst the CNLSP area is currently affected 
by this recommended buffer it is only for an interim period 
until such time that Lots 2 and 202 are developed. The early 
Release Stage 1 subdivision application, which is affected by 
the recommended buffer, was referred to the Department 
for Environment and Conservation (DEC) by the Western 
Australian Planning Commission for comment. The DEC did 
not raise the potential land use con icts with the interim 
viticultural activities as an issue as part of this referral process 
and there were no conditions or advice notes included on the 
subject subdivision approval.

Notwithstanding, it is recommended that noti cation on titles 
be required to advise prospective purchasers that vineyards 
area located within the vicinity and vineyard operations, 
including spraying, may have impact on the amenity of the area.

3.2 CLIMATE

The study area experiences a warm Mediterranean climate. 
The summer temperature averages are 18 C (min) to 29C 
degrees (max). Winter averages are 8C (min) to 18 C (max).

During summer, winds blow from the east in the morning and 
from the south west in the afternoon, bringing cooling sea 
breezes created from the temperature differential between 
land and sea. The most severe winds come from the west and 
occur during the winter months, although tropical cyclones 
may occasionally migrate south in the summer to autumn 
period bringing gale force winds and heavy rains.

Key climatic considerations for the CNLSP and subsequent 
detailed design include optimising solar orientation and utilising 
breezes for cooling effects, whilst ensuring that adequate 
sheltered and wind protected spaces are available where 
appropriate.
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3.3 LANDFORM/TOPOGRAPHY

The land gently undulates with elevations generally between 
11 metres AHD and 15 meters AHD.

3.4 HYDROLOGY

The Perth Groundwater Atlas shows the average Annual 
Maximum Groundwater Level (AAMGL) for the site as 
between 8mAHD and 14mAHD.

The estimated maximum (late winter) groundwater table 
at the site is generally located close to the surface, varying 
between 1-2 meters below surface level.

During May, when the groundwater table is at its lowest 
elevation, the separation distance between groundwater and 
the surface level at the site is approximately 4 meters.

Exceptions to this occur at the high point of the site where 
the groundwater is approximately 8 meters below the surface 
during this period and along the drainage line where the 
ground water falls to approximately 1-2 meters below the 
surface.

The site is located on the southeastern edge of the Gnangara 
Mound, and as such the groundwater ow is in a general 
southerly direction towards the Swan River.

Further information on groundwater is available in Appendix 3 
(RPS Environmental Assessment Report).

3.5 LANDSCAPE/VEGETATION

Prior to European settlement of the area, the native vegetation 
within the site was representative of the Southern River 
Complex, which consists of open woodland of Eucalyptus 
calophylla- Eucalyptus marginate- Banksia spp. With fringing 
woodland of Eucalytus rudis- Melaleuca rhaphiophylla along 
creek beds.

Of the original area of the Southern River Complex on 
the Swan coastal Plain, 17% currently remains while 10% is 
proposed for protection, which meets the criteria for levels of 
protection identi ed within the Bush Forever documentation. 
Examination of the earliest available aerial photography, taken 
in 1953, shows the site was cleared prior, with the exception of 
one area on the site. Lots 214 and P94 Suffolk Street appear 
to have been cleared in the mid 1980s and then left to regrow 
before being cleared once more in the late 1990s.

On-site examination of the remnant native vegetation within 
Lot 214 Suffolk Street indicates that the vegetation in the 
northern portion of Lot P214 is in a degraded condition.

3.6 DRAINAGE & WATERCOURSES

One drain traverses the site originating at the north of the 
site on the opposite side of Reid Highway, through the central 
portion of the site in a north-south alignment before it enters 
Bennett Brook to the south of the site.

The drain is ephemeral and becomes dry during the summer. 
The drain most likely began as a natural watercourse, 
which was altered to some extent, to drain the surrounding 
agricultural land.
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3.7 SOILS

The site is located on the Guildford Formation, which is 
characterized by soils of alluvial origin, ranging from silty clay to 
pebbly silt, and is characteristically low lying and poorly drained. 
Elevated areas of the site contain a thin veneer of overlying 
Bassesdean sands. The soil across the site is:

Pebbly Silt (Mgs1)- strong brown silt with common, ne to 
occasionally course grained, sub-rounded laterite quartz, 
heavily weathered granite pebble, some ne to medium- 
grained quartz sand, of alluvial origin. This soil type extends 
over the majority of the site.

3.8  CONSERVATION & HERITAGE 
VALUES

3.8.1 ABORIGINAL HERITAGE

A review of the Department of Indigenous Affairs’ Aboriginal 
Inquiry System was undertaken and indicates that there are no 
registered sites of signi cance within the CNLSP area. 

There is one registered site to the south of the CNLSP area. 
The site name is ‘Little Creek/One Hundred Year Creek’ (DIA 
Site ID 22159). The subject site follows the alignment of the 
original creek line which trans versed the land from north 
to south. The creek line has been formalised into a drainage 
channel. The subject site is an open mythological site and the 
waterway is a signi cant Aboriginal site on the basis of its 
association with a Waugal myth and because it was formally 
utilised as a camping area by Nyungars.

The Minister for Indigenous Affairs has advised that based 
on current knowledge the proposed development on the 
subject lots will not impact upon any Aboriginal sites within 
the meaning of section 5 of the Aboriginal Heritage Act 1972. 
Please refer to Appendix 8 for the Ethnographic Report and 
Appendix 9 for the Archaeological Survey, which have been 
prepared for the Caversham Urban Cell.

Vehicular access to the site is gained from Arthur Street in the 
east and Suffolk Street in the south, which are both accessed 
from West Swan Road. Reid Highway, which is reserved as a 
‘Primary Regional Road’ under the MRS, forms the northern 
boundary. There are a number of proposed road upgrades and 
infrastructure provision which will directly affect the CNLSP 
area. These upgrades include:

 Reid Highway upgraded to a dual carriageway with the 
transit corridor to be relocated into the central median;

 Lord Street, north of Reid Highway, will form the start 
of the Perth Darwin National Highway. Lord Street is 
planned to be relocated to the east of Bennett Street and 
the MRS in this area has provision for a grade-separated 
interchange at this location. It is currently proposed 
as a standard diamond interchange with Lord Street 
(connection to south) going over the top of Reid Highway. 
In the interim, it is likely to be traf c signalised as part of 
the staging for the development of the road network. The 
extension of Lord Street south of Reid Highway, adjacent 
to the CNLSP area, is proposed but is not the in the 
current construction program.  The southern end of the 
Lord Street extension will tie into the existing roundabout 
at Bennett Street and Benara Road; and 

 An overpass across Reid Highway has been proposed 
to connect the northern and southern section of 
Arthur Street. Assuming construction of the Lord Street 
extension, the yover is not considered crucial to the 
Caversham development in traf c terms, however it is 
considered desirable in terms of overall connectivity in the 
regional area in the longer term.

As a result of the above upgrades there are potential noise 
impacts from the road networks on future residences with in 
the CNLSP area, with Reid Highway and the Perth-Darwin 
National Highway (Lord Street) representing future major 
transport corridors. In order to reduce the impact upon 
the future residents of the CNLSP area the recommended 
approach to transport noise mitigation is:
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 Design and construct noise barriers to achieve the noise 
limit criteria for the rst row of houses adjoining the 
transport corridors and to achieve the best practical 
outcome across the subdivision;

 Future purchasers to be advised of quiet house design 
measures to be incorporated into the building design and 
construction, to achieve satisfactory internal noise levels; 
and

 Noti cations to be placed on the certi cates of title by 
the land developer for all lots identi ed as being above the 
noise target criteria.

This issue is addressed in the Noise Impact Assessment in 
Appendix 10.

3.9 PUBLIC TRANSPORT

The site is serviced by two bus routes (Route 52 and 337).

Route 52 stops on West Swan Road near to the site and runs 
from Midland Rail Station to the Morley Bus Depot via Middle 
Swan and Altone. Route 337 stops on Lord Street and runs 
from Bassendean Rail Station to Ellenbrook town centre.

In discussions with the Public Transport Authority it has been 
suggested that a future bus route may operate from Bennett 
Street (current route for bus 63) along the extension of 
Suffolk Street towards West Swan Road. Bus routes will be re-
assessed when more detailed timing is available for the staged 
construction of Lord Street and when structure planning for 
the entire Swan Urban Growth Corridor had progressed 
further.
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4.1 INTRODUCTION

The CNLSP area comprises of approximately 35.72ha in area 
and is located within the Caversham Urban Cell of the Swan 
Urban Growth Corridor.

A majority of the site is currently owned by Caversham Land 
Development Pty Ltd, which allows total control over the sites 
future development to ensure a coordinated and high quality-
planning outcome. The Western portion of the site is owned 
by the Western Australian Planning Commission, who have 
advised that they have no objection to a structure plan being 
prepared over their landholding. Please refer to Appendix A 
which is a letter from the WAPC advising of their support.

The proposed CNLSP will create a permeable and vibrant 
community, which will set a high precedent for residential 
development within the Caversham Urban Cell and the Swan 
Urban Growth Corridor, as a whole.

The location of the site, exisiting features, changing lifestyle 
demand, sustainability considerations, affordability and an 
overriding objective to satisfy the needs of the community has 
guided the urban structure and design. The mix of densities and 
housing types will assist in providing alternative housing options 
for existing City of Swan residents and attract new residents to 
the area.

4.2 LAND USE PERMISSIBILITY

Land use permissibility within the Local Structure Plan (LSP) 
area is to be determined by using the zones and reserves 
identi ed on the LSP and accessing them against the 
permissibility in the zoning Table within Local Planning Scheme 
No. 17.

4.3 GUIDING PRINCIPLES/DESIGN 
PHILOSOPHY

Five guiding principles have been common drivers throughout 
the design process, as documented below:

 Integration with surrounding land;

 Permeability through the site;

 Diverse density and housing type;

 Creation of amenity; and 

 Solar passive design

4.0 STRUCTURE PLAN
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 Surrounding Proposed Development Plan

4.3.1 INTEGRATION WITH SURROUNDING DEVELOPMENT

The development of the site provides an opportunity to 
ultimately connect to the existing residential development 
within Caversham to the west, once Lord Street has been 
constructed, and the proposed residential development to the 
east and south within the remainder of the Caversham Urban 
Cell. The site is strategically located in respect to proposed 
community services, commercial uses, recreation areas and 
educational facilities. Taking the above into consideration it 
is important that the CNLSP is designed to acknowledge 
and integrate with the existing and proposed surrounding 
development.

The CNLSP design proposes a graduation in densities from 
medium density development along the Suffolk Street activity 
corridor and opposite the proposed neighbourhood centre 
to the south down to low-density development adjoining the 
Reid Highway and Arthur Street road reserves. This allows 
the built form to re ect and compliment the proposed 
surrounding development and to reduce the potential for 
traf c noise and pollution to affect the amenity of residents.

The design proposes to establish an appropriate relationship 
with the proposed residential and commercial development 
to the south via the provision of rear loaded lots with narrow 
frontages, which allows for ‘urban’ residential built form. This 
built form will be re ected on the southern frontage of Suffolk 
Street.
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 Connections Plan

4.3.2 PERMEABILITY THROUGH THE SITE

As a result of the sites proximity to the proposed commercial, 
community, educational and recreational facilities to the 
south of the CNLSP area the permeability for pedestrians 
and cyclists through the site is considered important for new 
residents. The design includes strong north-south connections 
allowing residents convenient and formalised access to the 
neighbourhood centre facilities located on the opposite side 
of Suffolk Street as well as a route to the proposed primary 
school and community site.

The CNLSP design includes east-west connections through 
the site creating multiple access points to the proposed public 
open space reserves and associated recreational facilities 
resulting in easy access for the new residents of the CNLSP 
site.
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4.3.3 DIVERSE DENSITY AND HOUSING TYPE

The site is located in close proximity to proposed community 
facilities, commercial uses, educational facilities and recreational 
facilities. In light of this it is considered important to take 
advantage of the site’s strategic location by providing for 
medium density residential developments in appropriate 
areas of the site such as the southern area fronting onto 
Suffolk Street, adjacent to the proposed public open space. 
The provision of medium density sites, including a one 
hectare grouped dwelling site which has the potential to be 
developed for aged person’s accommodation, will allow for the 
development of alternative housing stock that is not currently 
available within the Caversham locality and its surrounds.

Lower density areas are located abutting the Roe Highway 
and Arthur Street road reservations to reduce the potential 
for vehicular noise and odour issues affecting the amenity of 
residents.
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4.3.4 CREATION OF AMENITY

The creation of amenity for future residents was an important 
element of the local structure plan design. Being located 
adjacent to the Swan Valley it was considered important to 
provide strategically located green spaces in an attempt to 
retain some of the rural character of the locality. The location 
of the public open space areas and strategic lot design has 
resulted in over a fth of all proposed lots having direct 
frontage to green spaces, therefore providing amenity for 
residents. The proposed roads have also been con gured to 
ensure that they terminate at public open spaceareas to create 
pleasant vistas and focal points for pedestrians, cyclists and 
motorists.
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east - west

north - south

legend

 Lot Orientation Plan

4.3.5 SOLAR PASSIVE DESIGN

The road network provides for a north south-east west 
orientation connecting the individual cells within the CNLSP 
and allowing a framework which provides for lots to be 
orientated north-south and east-west, in line with solar design 
principles. As well as lot orientation the built form and layout of 
dwellings is also considered important. Building layout to meet 
solar passive design principles will be addressed via Detailed 
Area Plans over strategic areas within the CNLSP area.
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4.4 LOT YIELD & MIX

Table 2 - Indicative Lot Yield

R CODE LOTS

R10 1

R20 226

R25 86

R30 89

R50 1*

TOTAL 403

The R50 lot is a grouped dwelling site with the potential to 
accommodate 55 dwellings.

Australian’s have become more discerning and selective in their  
preferred choice of urban environment for living, working, 
learning and recreating. Combined with this is the changing 
demographic of the population in terms of; married status, 
age, family size and composition. The role and function of 
suitability located and serviced areas, such as the subject site, 
are now more varied than in the past as a result of the above. 
Accordingly, this CNLSP has been designed to offer a range of 
lot sizes and dwelling types to satisfy a range of lifestyles that 
are currently accommodated in the surrounding, predominately 
suburban areas.

As stated previously the mix of lot sizes allows for the 
development of alternative housing stock that is not currently 
available within the Caversham locality. The densities proposed 
range from R20 adjacent to the Reid Highway and Arthur 
Street reservations to an R50 grouped dwelling site on the 
corner of Lord and Suffolk Streets.

Residential Densities Plan

Legend
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R20

R25

R30

R50
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4.5 SERVICING INFRASTRUCTURE

4.5.1 SEWER

The Water Corporation sewer planning indicates that a 
Regional Pump Station (Type 180) is required at Bennett 
Street and 5.5 kilometres of pressure main to Hollett Road to 
service the Swan Urban Growth Corridor.

However for the initial stages of 500 lots which include the 
subject CNLSP area, the following infrastructure will be 
required:

1. Temporary developer funded Type 40 pump station 
situated in a public purpose reserve within the central 
public open area north of Suffolk Street;

2. Developer funded 1100 metre pressure main along 
Suffolk Street to Bennett Street; and

3. 500 metres of DN375 gravity sewer along Suffolk Street 
from the pump station to Arthur Street.

4.5.3 WATER RETICULATION

The Water Corporation water planning indicates that a 
prefunded DN600 Water Distribution Main from Altone Road 
is required to service the Swan Urban Growth Corridor. The 
DN600 Water Distribution Main from Altone Road is required 
to service the Swan Urban Growth Corridor. The DN600 
water main will run from Altone Road, along Benara Road, 
Bennett Road and then northerly along Vorvina Place. Carignan 
Avenue to Patricia Street. A DN250 reticulated water main is 
also required from the DN600 Water Distribution Main, along 
Suffolk Street to Arthur Street to service the CNLSP area.

4.5.3 POWER

There are existing 22kV HV aerial power lines along Suffolk 
Street and Arthur Street which is capable to service the 
structure plan area. Western Power jave advised that the whole 
of CNLSP area can be serviced by connecting into the 22kV lie 
at the corner of Arthur Street and Suffolk Street by a HV cable 
and a switchgear.

An easement relating to the 132kV power line which traverses 
the Arthur Street road reserve partially impacts on the 
proposed lots abutting Arthur Street. The affected lots are 35 
metres in depth ro accommodate the easement and negate 
the potential of dwellings on this easement. Detailed Area 
Plans will be prepared for these advising that no structures are 
permitted within this easement.

A noti cation, pursuant to Section 165 of the Planning and 
Development Act 2005 will be placed on the Certi cate of 
Title of each of the proposed residential lot(s) abutting Arthur 
Street advising of the existence of an 132kv transmission line 
easement to the bene t of Western Power and that this lot 
is immediately west of the proposed Arthur Street y-over, 
which will require existing ground levels to be increased to 
facilitate its construction.
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4.5.4 GAS

Currently there is a 110 PE medium pressure gas main at the 
corner of Carrignan Avenue and Suffolk Street.

Westnet Energy have indicated the existing 100 PE MP gas 
main is capable to service the entire CNLSP area. A developer 
funded extension of the gas main (about 80m) is required 
along Suffolk Street. This extension will be undertaken and the 
proposed lots will be fully services with reticulated gas. The 
extension has the potential to service 420 lots, therefore other 
developers in the Caversham urban cell will be required to 
provide their own upgrades in order to provide reticulated gas. 

4.5.5 TELECOMMUNICATIONS

There are existing telecommunication cables along Arthur 
Street and Suffolk Street as well as Fibre Optic cables along 
Arthur Street. These existing cables are able to service the 
CNLSP area. Service providers, including Telstra, are able to 
service the estate with Fibre To The Home (FTTH) service. The 
funding for the provision of FTTH service will be provided by 
the developer.

4.5.6 DRAINAGE

The following drainage is proposed to service the CNLSP area:

 All lots to install soakwells for the on-site retention and 
disposal of stormwater;

 1 year 1 hour ARI ows will be retained and in ltrated in 
the bio-retention areas which will be located adjacent to 
the Caversham North Central drain;

 The 5 year ARI ows are to be conveyed predominantly 
by a conventional pipe network along the road reserves. 5 
year ARI ows with generally follow the same ow paths 
as the 100 year ARI events;

 The peak 5-year ARI ow rate through the 1200 x 
450 mm box culvert crossing Suffolk Street will be 
restricted to 0.37 m3/s, in accordance to the DWMP 
predevelopment modelling;

 The peak 100 year ARI ow rate through the 1200 
x 450 mm box culvert crossing Suffolk Street will be 
restricted to 1.21 m3/s, in accordance to the DWMP 
predevelopment modelling; and

 Flood levels within the Structure Plan area will return to 
minimum levels within 24-48 hrs. after the peak 5 year or 
100 year ARI storm event.

Developers will be responsible for post-development drainage 
monitoring activities in accordance with Council policies 
(currently for a ve year period) for submission to regulatory 
authorities. If water quality and quantity objectives are not met 
during this period, the developer is to undertake a review of 
the system to determine why the objectives are not being 
met. On completion of the review, the City and developer 
are to agree on the recommended course of action (s) to be 
undertaken by the developer to ensure the objectives are met 
to the satisfaction of the local government. A period less than 
ve years may be negotiated by the developers and City after 

three years subject to developers being able to technically 
demonstrate that the system is performing as intended and will 
continue to do so.

Please refer to the Servicing Report (Appendix 11) and Urban 
Water Management Plan (Appendix 4) for further information.
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4.6 ROAD NETWORK & PARKING

The CNLSP area proposes an internal road network 
predominantly consisting of 15-meter road reserves and 
6-meter laneways. The design does include 13-meter road 
reserves abutting public open space areas, as a result of 
a reduced area required for services. A 20 meter road 
reserve has been provided linking the CNLSP area with the 
neighbourhood centre to the south.

Footpaths will provide on at least one side of each road and 
dual use path will be constructed within the central public 
open space corridor linking the existing dual use path and Reid 
Highway underpass to Suffolk Street and the remainder of the 
Caversham Urban Cell.

On-street parking will be provided in strategic locations 
adjacent to public open space and in close proximity to the 
medium density areas. The proposed road reserves widths 
are suitable to accommodate on-street parking, footpaths and 
landscaping.

Following negotiations with the City of Swan, the upgrade of 
roads and intersections will be conducted as follows:

 Suffolk Street will be initially upgraded from Arthur 
Street west to the Early Release Stage 1 access road to 
accommodate traf c associated with construction and 
Stage 1 residents.

 Upgrade of Suffolk Street will be undertaken periodically 
in advance of lot clearances progressing west toward 
Bennett Street.

 Completion of Suffolk Street west of Arthur Street to 
connect to the roundabout intersection with Bennett 
Street to be constructed before or at subdivision 
clearance of deposited plan that generates the 250th lot 
(unit of equivalent demand). This will be constructed to 
a boulevard treatment as the Figure 6.1: Suffolk Street 
Cross Section in Appendix 13 to the western boundary 
of the Caversham DCA. Landowners will be required 
to contribute to the Suffolk Street extension and its 
intersection treatment proposed with Lord Street and 
to secure these payments a deed of agreement shall be 
entered into by landowners within 28 days after approval 
of the CNLSP for advertising or within 14 days after a 
Deed in common from capable of being executed is sent 
to the landowner, whichever is the later in order to satisfy 
CI 5A.2.7.3 of LPS in the absence of an approved DCP. 

 Although the Caversham North Local Structure Plan 
area contributes to the need for Lord Street between 
the Reid Highway and Benara Road, the development 
itself is not of suf cient size to warrant construction. The 
trigger for construction will be determined as part of the 
wider process of determining the proposed Caversham 
Structure Plan and Development Contribution Plan 
Landowners will be required to contribute to the Lord 
Street extension and to secure these payments a deed of 
agreement shall be entered into by the landowners within 
28 days after approval of the CNLSP for advertising or 
within 14 days after a Deed in common form capable of 
being executed is sent out to the landowner, whichever 
is the later in order to satisfy CI 5A.2.7.3 of LSP 17 in the 
absence if an approved DCP.

 A right-turn pocket at the intersection of West Swan 
Road and Suffolk Street to be constructed to Type 
CHR standards as de ned in Austroads’ Guide for 
Traf c Engineering Practice: Part 5- Intersections at 
Grade (including lighting to the Australian Standard) 
be constructed before or at subdivision clearance of 
deposited plan that generates lots outside the early 
release area. The trigger for construction of the ultimate 
arrangement at this intersection will be determined as 
part of the wider process of determining the proposed 
Caversham Structure Plan and Development Contribution 
Plan. Landowners will be required to contribute to the 
West Swan Road/Suffolk Street intersection and to secure 
these payments a deed of agreement shall be entered 
into by landowners within 28 days after approval of the 
CNLSP for advertising or within 14 days after a Deed in 
common form capable of being executed is sent to the 
landowner, which ever is the later in order to satisfy CI 
5A.2.7.3 of LSP17 in the absence of an approved DCP.
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on street parking
legend

 On-street Parking Plan

 A right- turn pocket at the intersection of West Swan 
Road and Arthur Street to be constructed to Type 
CHR standards as de ned in Austroroads’ Guide for 
Traf c Engineering Practice: Part 5- Intersections at 
Grade (including lighting to the Australian Standard) 
be constructed before or at subdivision clearance of 
deposited plan that generates lots outside the Early 
Release Area. The trigger for construction of the ultimate 
arrangement at this intersection will be determined as 
part of the wider process of determining the proposed 
Caversham Structure Plan and Contribution Plan. 
Landowners will be required to contribute to the West 
Swan Road/Arthur Street intersection and to secure these 
payments a deed of agreement shall be entered into by 
landowners within 28 days after approval of the CNLSP 
for advertising or within 14 days after a Deed in common 
form capable of being executed is sent to the landowner, 
whichever is the later in order to satisfy CI 5A.2.7.3 of 
LSP17 in the absence of an approved DCP.

 At the commencement of development outside the Early 
Release Area (106 lots) Suffolk Street is to be upgraded 
to a rural standard from the intersection of Suffolk Street 

and Arthur Street through to West Swan Road, with a 
carriage width of 7.4 meters. This upgrade can only be 
viewed as an interim solution, for which an offset would 
only be appropriate under the proposed Development 
Contribution Plan if the extant works are able to form 
part of the nal road treatment. The trigger for upgrading 
Suffolk Street to urban standard, between Arthur St 
and West Swan Road, will be determined as part of the 
wider process of determining the proposed Caversham 
Structure Plan and Development Contribution Plan. 
Landowners will be required to contribute to the ultimate 
Suffolk Street upgrade and to secure these payments a 
deed of agreement shall be entered into by landowners 
within 28 days after approval of the CNLSP for advertising 
or within 14 days after a Deed in common form capable 
of being executed is sent to the landowner, whichever is 
the later in order to satisfy CI 5A.2.7.3 of LPS17 in the 
absence of an approved DCP.

Please refer to the Transport Assessment (Appendix 13) for 
further information.
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dual use path
footpath

legend

link to Reid Highway underpass

 Cycle/Footpath Plan

4.7 CYCLE & PEDESTRIAN NETWORK

Footpaths will be provided on at least one side of each road 
and a dual use path will be constructed within the central 
public open space corridor linking the existing dual use 
path and Reid Highway underpass to Suffolk Street and the 
remainder of the Caversham Urban Cell.
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lots that require DAPs
legend

 Detailed Area Plan Locations

4.8 DETAILED AREA PLANS

In order to adequately control built form and development 
within particular areas of the CNLSP it is proposed to prepare 
and lodge Detailed Area Plan’s (DAP’s) in accordance with 
CI.5A.1.15 of Local Planning Scheme No. 17. The DAP’s will be 
required for the following:

 Lots accessed by a laneway

 Lots directly abutting public open space;

 Grouped dwelling sites; and

 Lots with an acoustic wall on their boundary.

The DAP’s will provide guidance on the following, but not 
limited to:

 Building setbacks;

 Location of acoustic walls along the periphery of the site 
relating to noise amelioration. DAP’s to advise of height of 
walls to a minimum height of 2.4 meters;

 Detailed the requirement for acoustic assessments for 
multi-storey development on affected lots;

 Fencing;

 The location of the 132kV power line easement adjacent 
to Arthur Street and the requirement for no structures 
permitted within this easement;

 Garage locations to ensure appropriate access;

 Private open space for cottage lots

 Vehicular access; and Building orientation to ensure 
passive surveillance over public open space and public 
thoroughfares.
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 Table 3 - Public Open Space Schedule

Local Structure Plan Area (Site Area) 35.72ha

Total Net Site Area 35.72ha

Deductions

Other regional Road Reservation 3.57ha

Gross Subdivisible Area (GSA) 32.15ha

Public Open Space requirement @10% of GSA 3.215ha

Public Open Space provision on Caversham North 
Local Structure Plan

3.6957ha
minus

0.2672ha = 
3.4285ha

Public Open Space Contribution

May comprise:
Minimum 80% Unrestricted Public Open Space
Maximum 20% Restricted Public Open Space
(based on 3.215ha)

2.572ha
0.643ha

Unrestricted Public Open Space Sites

Central Park (not impacted by drainage)
Pocket Park East
Pocket Park North-West
Pocket Park South-West (not impacted by drainage)
Total Unrestricted Public Open Space

1.975ha
0.3937ha
0.2399ha
0.0275ha

1.975ha
0.3935ha
0.2398ha
0.0275ha
2.6358ha

Restricted Public Open Space Sites

Total restricted use public open space contribution 
(less than 20% of total POS)

Drainage area in Central Neighbourhood POS 
(subject to inundation greater than 1 year AR1 rainfall 
interval but more frequently than 5 year ARI rainfall 
event i.e. between 1 and 5 year rainfall event

Central 
Park Pocket Park South-West
Total Unrestricted Public Open Space
However on 20% can be included as Restricted Public 
Open Space

0.6170ha
0.1758ha

0.643ha

0.6170ha
0.1758ha
0.7928ha
0.643ha

Total Public Open Space Provision 3.2788ha

POS Oversupply 0.0638ha

4.9 PUBLIC OPEN SPACE

The WAPC generally requires that 10% of the net subdivisible 
residential area is proposed as Public Open Space (POS).

The following POS area is proposed:

 Central Park 2.8195ha

 Pocket Park East 0.3935ha

 Pocket Park North- West 0.2398ha

 Pocket Park South- West 0.2429ha

The CNLSP provides 10.2% POS as detailed below.

The requirements for restricted and unrestricted public 
open space were calculated in accordance with the liveable 
Neighbourhoods. Further details on drainage with the public 
open space reserves can be found in the Urban Water 
Management Plan (Appendix 4). The drainage channel, which 
traverses the Central Park, has not been included in the public 
open space calculations.
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4.10 LANDSCAPING

The proposed public open space reserves within the CNLSP 
area will be landscaped to the City of Swan’s standards. The 
following points identify the major features of each public 
open space reserve. Concept Plans of the public open space 
reserves are located in Appendix 12.

CENTRAL WATERWAY POS (CENTRAL PARK)

 Shaded picnic areas adjacent sand pit and play equipment 
at access nodes

 Mounded grassed and planted areas to offer relief to at 
site

 Drainage capacity accommodated in planted areas

 Larger turfed areas for kick about and active play

 Low seating height walls adjacent sand pit and picnic tables

 Larger (max 12m) WA trees to street frontage and 
wetland species to watercourse edges

 Paved frontage to lots fronting POS

 Local WA groundcovers and low shrubs to garden beds

 Bollards to minimise unwanted vehicular activity in POS

FORMAL PARK (POCKET PATH NORTH-WEST)

 Formalised picnic area to central space with hard shade 
structure

 Wide ramps through lower terraces for maintenance 
vehicle access

 Paving steppers through beds to allow maximum tree root 
development zones

 Letterboxes and visually permeable fencing incorporated 
to lots fronting POS

 Low seating height terraces create localised stormwater 
retention capacity

 Smaller (max 4m), non-fruiting, deciduous tress to lot 
frontages

 Larger (max 8m) WA trees to street frontage

 Paved frontage to all POS edges

 Local WA groundcovers to garden beds

 Bollards to minimise unwanted vehicular activity in POS

 NEIGHBOURHOOD PARK (POCKET PARK EAST)

 Shaded picnic area to central space adjacent sand pit and 
play equipment

 Mounded grassed areas to offer relief to at site

 Larger turfed area for kick about active play

 Low seating height walls adjacent sand pit and picnic tables

 Smaller (max 4m), non- fruiting, deciduous trees to central 
area

 Larger (max 12m) WA trees to street frontage and edges

 Paved frontage to lots fronting POS with some garden 
bed softening to this edge

 Local WA groundcovers to garden beds

 Bollards to minimise unwanted vehicular activity in POS

POCKET PARK SOUTH-WEST

 Modi ed ground plane to grassed and planted areas to 
offer relief to at site

 Drainage capacity accommodated across POS with low 
point to planted areas

 Turfed area for kick about and active play

 Low seating height walls adjacent picnic tables to offer 
maintenance edge and extra seating

 Larger (max 12m) WA trees to western edge and wetland 
species to low-lying areas

 Paved frontage to grouped dwelling lot fronting POS

 Local WA groundcovers and low shrubs to garden beds

 Bollards to minimise unwanted vehicular activity in POS

 Screens adjacent Suffolk Street to minimise active play 
spilling onto street
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home based busienss lots
legend

Home Based Business Lots Plan

4.11 HOME BASED BUSINESS

Liveable Neighbourhoods states that structure plans should 
identify sites suitable for home-based businesses. These 
sites should have good traf c exposure on arterials and 
neighbourhood connectors, sites in neighbourhood centres, 
suited to home workshops and trades businesses, and live 
work opportunities in centres and/or in areas with high 
amenity. Liveable Neighbourhoods requires a minimum of 
5% of all residential lots should be identi ed for home-based 
businesses.

The plan below highlights the sites which are considered 
suitable for home-based businesses. The sites are considered 
suitable for the following reasons:

Exposure to neighbourhood connector, Suffolk Street;

Proximity to neighbourhood centre; and

Variety of densities al allow for different types of 
businesses

In order to provide incentives and exibility it is proposed to 
designate the use of ‘Home Based Business’ as a ‘Permissible’ 
use in Local Planning Scheme No. 17 via a Detailed Area Plan.
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medium bush fire hazard

low bush fire hazard

Bush Fire Assessment Plan

4.12 BUSHFIRE PROTECTION

As the CNLSP site is likely to be the rst precinct of the 
Caversham Urban Cell to be developed , the surrounding 
land, in the interim, will remain as rural land. As a result of the 
surrounding land remaining rural in the interim it is considered 
important to assess the potential for bush res to affect the 
CNLSP area.

The land surrounding the CNLSP site has been assessed in 
accordance with the Department of Planning’s and FESA’s 
‘Planning for Bush re Protection Policy’. The vegetation within 
surrounding land is predominantly classi ed as Grassland in 
accordance with the Policy with the exception of a portion of 
land located to the north-east of the site which is classi ed as 
Open Woodland.

The surrounding land has a slope less than 100 and is located 
a distance over 15 meters from the CNLSP site.  Therefore, in 
accordance with the Planning for Bush Fire Protection Policy, 
the surrounding land has a Bush Fire Hazard Assessment 
Level of ‘Low’. As the surrounding land is rated as ‘Low’ it is 
not considered to be a bush re prone area in accordance 
with the Policy. Accordingly, the CNLSP is not required to 
be assessed in accordance with the ‘Planning for Bush Fire 
Protection Policy’.

It is noted that the City’s Environmental Planning Policy 
requires two emergency access points in the rst stage of 
subdivision. The rst access point will be from the constructed 
rst stage access road from Suffolk Street and the second 

access will be via a limestone based traf cable track which will 
access the site from Arthur Street.
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4.13 DEVELOPER CONTRIBUTIONS

Land owners within the Caversham North Local Structure 
Plan area will be required to pay for shared infrastructure 
costs as de ned in the nal Development Contribution Plan 
covering the area.

It is expected that some subdivision will occur prior to 
nalisation of the DCP. Preliminary contributions will be 

calculated using one of the following mechanisms:

 The nal Development Contribution Plan; or 

 In the absence of the nal DCP, a Council endorsed 
Infrastructure Strategy for Development Contributions 
(ISDC); or 

 In the absence of a Council endorsed ISDC, Council’s 
consultants to provide the costs based on the most 
current draft of the relevant Policy and/or Strategy (ISDC).

In addition to the preliminary contributions calculated as 
per three above, developers will be required to provide an 
additional security to the value of 50% of that contribution.

Any landowner wishing to subdivide their land prior to 
adoption of the nal DCP, will be required to enter into a 
Deed of Agreement with the City of Swan within 28 days after 
approval of the CNLSP for advertising or within 14 days after 
a Deed in common form capable of being executed is sent 
to the landowner, which ever is the later. The Deed, while in 
form similar to the early release subdivision deeds is to require 
payment of contributions, which may be reduced below the 
previous contribution rate having regard to the latest cost 
estimates for the DCP. The Deed is to act as a nancial security 
to secure payment of any monies owed (to either party) 
under the nal DCP.

A nancial Assessment Report (Appendix 2) has been 
prepared for the Caversham Urban Cell in accordance with 
City Policy POL-C-102. The Financial Assessment Report 
addresses the following:

 Levels of infrastructure provision and timeframes for 
delivery;

 Asset management programs; and

 Priorities for staging of Urban Development

Speci cally the following items are to be accounted for :

 Public and civic open space systems;

 Environmental and water management systems;

 Transport networks and pathways;

 Community facilities and services;

 Public utilities; and 

 Associated follow up studies
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4.14 STAGING

Two staging plans have been prepared for the Caversham 
North Local Structure Plan as a result of the interim 
mushroom farm buffer. Staging Plan 1 will be implemented 
should the interim mushroom farm buffer not be removed 
by the time that Stage 5 is nalised. Staging Plan 2 will be 
implemented should the interim mushroom farm buffer be 
removed by the time that Stage 5 is nalised.

The release of lots for sale will follow the numerical order of 
the relevant staging plan. The timing of the release of lots will 
depend on sale rates.
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City of Swan, Caversham Cell 20 Year Plan

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20

Vacant Land 80% s.lot 70% s.lot 60% s.lot 50% s.lot 40% s.lot 30% s.lot 20% s.lot 0 0 0 0 0 0 0 0 0 0 0 0 0
Units 70 70 70 70 70 350 350 350 350 350 350 350 350 350 350 350 350 350
Houses 120 240 410 448 370 204 23 1815 1815 1815 1815 1815 1815 1815 1815 1815 1815 1815 1815 1815
Total dwellings 120 360 840 1358 1798 2072 2165 2165 2165 2165 2165 2165 2165 2165 2165 2165 2165 2165 2165 2165

Actual Rates avg
Vacant land rate 886 921 958 997 1036 1078 1121 1166 1213 1261 1311 1364 1419 1475 1534 1596 1659 1726 1795 1867
Unit 886 921 958 997 1036 1078 1121 1166 1213 1261 1311 1364 1419 1475 1534 1596 1659 1726 1795 1867
House rate 996 1036 1077 1120 1165 1212 1260 1311 1363 1418 1474 1533 1595 1658 1725 1794 1865 1940 2018 2098

Rating Income
Super lot income 4% increment each year 135,381$ 123,197$ 109,821$ 95,178$ 79,188$ 61,767$ 42,825$ $ $ $ $ $ $ $ $ $ $ $ $ $
Unit Dwelling income 4% increment each year $ $ 67,081$ 139,528$ 217,664$ 301,827$ 392,375$ 408,070$ 424,393$ 441,369$ 459,024$ 477,385$ 496,480$ 516,339$ 536,993$ 558,473$ 580,811$ 604,044$ 628,206$ 653,334$
House Dwelling income 4% increment each year 119,520$ 372,902$ 829,501$ 1,364,604$ 1,850,304$ 2,171,521$ 2,287,368$ 2,378,863$ 2,474,017$ 2,572,978$ 2,675,897$ 2,782,933$ 2,894,250$ 3,010,020$ 3,130,421$ 3,255,638$ 3,385,863$ 3,521,298$ 3,662,150$ 3,808,636$
Total Rates income 254,901$ 496,099$ 1,006,402$ 1,599,310$ 2,147,157$ 2,535,115$ 2,722,568$ 2,786,933$ 2,898,410$ 3,014,347$ 3,134,921$ 3,260,317$ 3,390,730$ 3,526,359$ 3,667,414$ 3,814,110$ 3,966,675$ 4,125,342$ 4,290,355$ 4,461,969$
Cumulative rating income 254,901$ 751,000$ 1,757,402$ 3,356,712$ 5,503,869$ 8,038,984$ 10,761,552$ 13,548,485$ 16,446,895$ 19,461,242$ 22,596,163$ 25,856,480$ 29,247,210$ 32,773,569$ 36,440,983$ 40,255,093$ 44,221,768$ 48,347,109$ 52,637,465$ 57,099,434$

MAINTENANCE EXPENDITURE Maintained by MLG Maintained by the City of Swan
1. Public & Civic Open Space Systems
Completed POS Throughout Development Vested to CoS(%) 20% 40% 60% 80%
Parks maintenance MLG $ 27,265$ 56,712$ 88,471$ 122,680$ 159,484$ 165,863$ 172,497$ 179,397$ 186,573$ 194,036$ 201,798$ 209,869$ 218,264$ 226,995$ 236,075$ 245,518$ 255,338$
Cumulative expenditure on parks 27,265$ 83,977$ 172,448$ 295,128$ 454,612$ 620,475$ 792,972$ 972,369$ 1,158,942$ 1,352,979$ 1,554,776$ 1,764,646$ 1,982,910$ 2,209,905$ 2,445,979$ 2,691,497$ 2,946,835$
% park/t.rates income 1.70% 3.91% 6.80% 10.84% 16.31% 21.41% 26.31% 31.02% 35.55% 39.90% 44.09% 48.12% 51.99% 55.71% 59.29% 62.73% 66.04%

2. Environmental & Management Systems Maintained by MLG
Drainage maintenance MLG $ 540,276$ 561,887$ 584,363$ 607,737$ 632,047$ 657,329$ 683,622$ 710,967$ 739,405$ 768,982$ 799,741$ 831,730$ 865,000$ 899,600$ 935,584$ 973,007$ 1,011,927$
Cumulative expenditure on drainage 540,276$ 1,102,164$ 1,686,526$ 2,294,264$ 2,926,310$ 3,583,639$ 4,267,261$ 4,978,227$ 5,717,633$ 6,486,614$ 7,286,355$ 8,118,086$ 8,983,085$ 9,882,685$ 10,818,268$ 11,791,275$ 12,803,203$
% drainage/t.rates income 34% 26% 23% 22% 23% 23% 23% 23% 23% 23% 23% 23% 23% 23% 23% 23% 23%

3. Transport Networks & Pathways Maintained by MLG
Roads & Pathways maintenance MLG $ 2,190,566$ 2,278,189$ 2,369,316$ 2,464,089$ 2,562,652$ 2,665,158$ 2,771,765$ 2,882,635$ 2,997,941$ 3,117,858$ 3,242,573$ 3,372,276$ 3,507,167$ 3,647,453$ 3,793,352$ 3,945,086$ 4,102,889$
Cumulative expenditure on transport networks & cycleways 2,190,566$ 4,468,755$ 6,838,071$ 9,302,160$ 11,864,812$ 14,529,971$ 17,301,735$ 20,184,371$ 23,182,312$ 26,300,170$ 29,542,743$ 32,915,019$ 36,422,185$ 40,069,639$ 43,862,990$ 47,808,076$ 51,910,965$
% trasport networks & cycleways/t.rates income 136.97% 106.10% 93.46% 90.51% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95% 91.95%

4. Community Facilities & Services Maintained by MLG
Community Facilities & Services maintenance MLG $ 119,756$ 125,145$ 130,777$ 136,662$ 162,626$ 169,944$ 177,591$ 185,583$ 193,934$ 202,661$ 211,781$ 221,311$ 231,270$ 241,677$ 252,553$ 263,918$ 275,794$
Cumulative expenditure on community facilities & services 119,756$ 244,902$ 375,679$ 512,340$ 674,966$ 844,910$ 1,022,501$ 1,208,084$ 1,402,018$ 1,604,679$ 1,816,460$ 2,037,771$ 2,269,041$ 2,510,718$ 2,763,271$ 3,027,189$ 3,302,982$
% community facilities & services/t.rates income 7.49% 5.83% 5.16% 5.02% 5.84% 5.86% 5.89% 5.92% 5.95% 5.98% 6.01% 6.03% 6.06% 6.09% 6.12% 6.15% 6.18%

5. Public Utilities Maintained by MLG
Public Utilities maintenance MLG $
Cumulative expenditure on public utilities
% public utilities/t.rates income

6. Studies Planning & Monitoring Maintained by MLG
Studies maintenance MLG $
Cumulative expenditure on Studies Planning & Monitoring
% studies planning & monitoring/t.rates income

7. Other Items Maintained by MLG
Other Items maintenance MLG $
Cumulative expenditure on other items
% other items/t.rates income

Total Maintenance Expenditure 2,877,864$ 3,021,933$ 3,172,927$ 3,331,168$ 3,516,808$ 3,658,294$ 3,805,475$ 3,958,582$ 4,117,853$ 4,283,537$ 4,455,892$ 4,635,187$ 4,821,701$ 5,015,725$ 5,217,562$ 5,427,528$ 5,645,948$
Total Maintenance Expenditure as a % of Rating Income 179.94% 140.74% 125.16% 122.35% 126.19% 126.22% 126.25% 126.27% 126.30% 126.33% 126.36% 126.39% 126.42% 126.45% 126.48% 126.51% 126.53%
Cumulative Maintenance Expenditure 2,877,864$ 5,899,797$ 9,072,724$ 12,403,892$ 15,920,700$ 19,578,994$ 23,384,469$ 27,343,051$ 31,460,905$ 35,744,442$ 40,200,334$ 44,835,521$ 49,657,222$ 54,672,947$ 59,890,509$ 65,318,037$ 70,963,985$

NET RATING INCOME 254,901$ 496,099$ 1,006,402$ 1,278,554$ 874,777$ 637,812$ 608,599$ 729,875$ 759,884$ 791,129$ 823,662$ 857,536$ 892,807$ 929,533$ 967,773$ 1,007,590$ 1,049,050$ 1,092,221$ 1,137,172$ 1,183,979$
NET RATING INCOME AS A % OF TOTAL RATING INCOME 100.00% 100.00% 100.00% 79.94% 40.74% 25.16% 22.35% 26.19% 26.22% 26.25% 26.27% 26.30% 26.33% 26.36% 26.39% 26.42% 26.45% 26.48% 26.51% 26.53%
CUMULATIVE NET RATING INCOME 254,901$ 751,000$ 1,757,402$ 478,848$ 395,928$ 1,033,740$ 1,642,340$ 2,372,215$ 3,132,098$ 3,923,227$ 4,746,889$ 5,604,425$ 6,497,232$ 7,426,765$ 8,394,538$ 9,402,128$ 10,451,179$ 11,543,400$ 12,680,572$ 13,864,551$

Broad Assumptions
1. Superlot area is based on the total area of the Caversham cell as per the DCP (191 Ha)
2. Assume the development is completed in 7 years and it is pro rata over the 7 years
3. All maintenance expenditure is calculated using the relevant % amount of embelishment or $/sqm as provided by the CoS Financial Departmen
4. Vacant land is the balance of the super lot rated UV
5. Unit rate is assumed to be on par with house rating as rental levels comparable
6. House rate based on average residential ($) rate from the CoS 2009/10 budget, with the addition of a levy of $55/bin for new waste bins (general and recyclables = $110)
7. Annual increment set at 4% applicable to both income only. Annual increment of 4% 4.5% for expenditure as per CoS instruction
8. The total spend by the City commences in year 4 based on 09/10 numbers escalated by 4%. It is assumed that as the development progresses, various POS will be vested to the City of Swan in years 4,5,6,& 7 and have been broken into percentage amounts
9. Build out of cell is based on best estimates. Expenditure will be determined by actual population growth
10. Funding of parks and all other infrastructure to be completed and wholly funded by the Developer Contribution Plan
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1. OVERVIEW 

BACKGROUND 

This Financial Assessment Report has been prepared in accordance with the City of Swan’s policy 

POL-C-102 to accompany the Caversham Local Structure Plan and the Caversham North Structure 

Plan. Together both local structure plans provide for a coordinated approach to the future 

development of the Caversham Urban Cell consistent with the Swan Urban Growth Corridor Sub – 

Regional Structure Plan. 

Collectively the proponents of both structure plans are referred to as the ‘Caversham Main 

Landowner Group’ (referred to as ‘MLG’ hereafter). 
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2. PLANNING FRAMEWORK 

2.1 STATUTORY PLANNING  

2.1.1 Metropolitan Region Scheme: Amendment No. 1153 / 41 

In November 2006, RPS Koltasz Smith, on behalf of the Caversham Main Landowners Group, lodged 

a request to initiate an amendment to the MRS to rezone the portion of the Caversham future urban 

cell zoned ‘Rural’ to ‘Urban’. An earlier draft of the Caversham Local Structure Plan (LSP) was lodged 

concurrently with the MRS amendment request to support the request to rezone the land for urban 

development.  

The amendment was supported for final approval by the Hon. Minister for Planning in June 2009 and 

promulgated by Parliament in September 2009. The amendment was gazetted on the 22nd October 

2009. 

2.1.2 City of Swan Local Planning Scheme No. 17 

Submitted concurrently with the MRS amendment was a proposal to amend the local scheme to 

include the land within the ‘Residential Development’ zone. The amendment was gazetted in parallel 

with the MRS amendment. 

A requirement of the zone is that structure plans be accompanied by relevant supporting 

documentation demonstrating the long term financial feasibility of public infrastructure including public 

open space systems and community facilities. 

2.2 POLICY  

Policy POL-C-102 (‘the policy’) requires LSP’s to be accompanied by a Financial Assessment Report 

FAR. The FAR is required to address the following: 

Levels of infrastructure provision and timeframes for delivery; 

Asset management programs; and 

Priorities for staging of urban development. 

Specifically the following items are to be accounted for: 

Public and civic open space systems; 



RPS KOLTASZ SMITH  FEBRUARY 2010 5

Environmental and water management systems; 

Transport networks and pathways; 

Community facilities and services; 

Public utilities; and 

Associated follow up studies. 

2.2.1 Developer Contribution Strategy and Developer Contribution Plan 

The Caversham MLG (including the proponents of Caversham North) in association with the City of 

Swan and its appointed consultant have prepared a draft Developer Contribution Strategy DCS and 

recently a Developer Contribution Plan DCP for the Swan Urban Growth Corridor including the 

Caversham Cell. The purpose of both documents is to provide a fair and equitable means of funding 

key items of infrastructure within the Swan Urban Growth Corridor including the Caversham Cell. 

The DCS and the DCP identify the following major contributions items within the Cell: 

Patricia Street upgrade 

Waldeck Street upgrade 

Arthur Street upgrade 

Neighbourhood Active Open Space 

Local Community Centre 

The DCS and DCP also identify the following district / regional contribution items external to the 

Cell: 

Construction of Lord Street, including intersection treatments to Reid Highway and Benara 

Road; and 

District Open Space. 

The MLG is currently in negotiation with the City to determine the level or percentage of 

contribution required for the construction of Lord Street.  

2.2.2 Interim Cost Contribution Arrangements 

It is expected that some subdivision will occur prior to finalisation of the DCP.  Preliminary 

contributions will be calculated using one of the following mechanisms:  
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the final Development Contribution Plan; or  

in the absence of the final DCP, a Council endorsed Infrastructure Strategy for 

Development Contributions (ISDC); or 

in the absence of a Council endorsed ISDC, Council’s consultants to provide the costs 

based on the most current draft of the relevant Policy and/or Strategy (ISDC). 

In addition to the preliminary contributions calculated as per three above, developers will be required 

to provide an additional security to the value of 50% of that contribution. 

Any landowner wishing to subdivide their land prior to adoption of the final DCP, will be required to 

enter into a Deed of Agreement with the City of Swan within 28 days after approval of the Structure 

Plan for advertising or within 14 days after a Deed in common form capable of being executed is sent 

to the landowner, whichever is the later.  The Deed, while in form similar to the early release 

subdivision deeds is to require payment of contributions which may be reduced below the previous 

contribution rate having regard to the latest cost estimates for the DCP.  The Deed is to act as a 

financial security to secure payment of any monies owed (to either party) under the final DCP. 

2.3 COMMUNITY AND ECONOMIC DEVELOPMENT PLAN 

In April 2009 community consultants, Creating Communities, were commissioned by the MLG to 

prepare a Community and Economic Development Plan (CEDP) for the Caversham LSP. The CEDP 

recommended a number of initiatives that are required to be accounted for by the FAR. The FAR will 

be instrumental in outlining how these initiatives are funded and implemented. 

The CEDP is extensively referred to throughout this report. 
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3. INFRASTRUCTURE PROVISION & COST 

3.1 PUBLIC OPEN SPACE 

The Caversham Local Structure Plan provides for the following public open space (POS) areas: 

POS Description Embellishment (Indicative) 

1.1 Local  Grassed, non equipment play opportunities 

1.2 Local  Paths, shade, seating & play spaces 

1.3 Local  Paths, shade, seating & play spaces 

1.4 Local  Grassed, non equipment play opportunities 

2.1 Local  Paths, shade, seating & play spaces 

3.1 Local  Paths, shade, seating & play spaces 

4.1 
Neighbourhood 
Active

Shared use oval and sports court 

4.2 Local  Paths, shade, seating & play spaces 

4.3 Local  Paths, shade, seating & play spaces 

4.4 Local  Grassed, non equipment play opportunities 

4.5 
Community 
Centre  

Local Community Centre (refer section 3.4) & CEDP 

5.1 Local  Paths, shade, seating & play spaces 

5.2 Local  Grassed, non equipment play opportunities 

5.3 Local  Grassed, non equipment play opportunities 

5.4 Local  Paths, shade, seating & play spaces 

All the parks will be enhanced / embellished in accordance with the standards set out in the City of 

Swan’s ‘Landscape Guidelines for Streetscape and Public Open Space’ and the ‘City of Swan / Play 

Space Strategy’.

None of the public open space areas will contain artificial lakes or other unsustainable wetland 

features. All POS will be landscaped with drought tolerant species in accordance with the City’s 

guidelines. 

3.1.1 Indicative Costs 

The following costs have been derived from the CEDP: 
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POS Element No. (area) Rate Cost (inc 
contingency) 

Landscaping 85,000 sqm $50 sqm $4,675,000.00 

The rate is inclusive of: earthworks, installation of grass, shade facilities, bollards, minor paths & 

kerbing. 

3.2 WATER MANAGEMENT SYSTEMS 

A draft Local Water Management Strategy (LWMS) has been prepared for the Caversham Cell. The 

LWMS provides for two primary drainage channels (overland paths) and twenty two detention basins.  

The draft Developer Contribution Strategy prepared by Integran, estimates the total cost for installing 

the infrastructure as follows: 

Element Works Cost per unit No Total including 
contingency 

Detention / Retention Basins $500,000.00 11 $6,050,000.00 

Detention / Retention Basin $850,000.00 1 $935,000.00 

Detention / Retention Basin $1,100,000.00 1 $1,210,000.00 

Detention / Retention Basin $1,420,000.00 1 $1,562,000.00 

Overland flow path (west) $1,511,734.00 Na $1,662,907.40 

Overland flow path (east) $534,258.00 Na $587,683.80 

Total  $12,007,590.00 

The above figures will be reviewed upon approval of the LWMS by the Dept of Water. 

3.3 TRANSPORT NETWORKS AND PATHWAYS 

The development of the Caversham estate will rely upon the installation of a comprehensive network 

of local, district and regional roads.  All road and pathway infrastructure will be constructed in 

accordance with the City’s standards and requirements. 

Construction costs are based upon the following advice received from Integran Infrastructure 

Consultants: 
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Based upon the above, the costs estimates for road and pathway infrastructure is: 
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Road Type Estimated Cost per 
linear metre (approx) 

Approximate Length  Total 

Integrator A (Lord Street) $2,229.25 1609 $3,586,863.20 

Integrator B $2,960.21 954 $2,824,040.30 

Neighbourhood Connector A $2,745.67 2002 $5,496,831.30 

Neighbourhood Connector B $2,591.28 1005 $2,604,236.40 

Access Street (B) $1,845.00 2620 $4,833,900.00 

Access Street (C&D) $1,483.00 16570 $24,573,310.00 

Lane $940.00 4880 $4,587,200.00 

TOTAL $48,511380.00 

In liaison with the City, the Caversham MLG may seek to review the above estimates in response to 

detailed design / planning and cost analysis. 

3.4 COMMUNITY FACILITIES AND SERVICES 

A key initiative of the CEDP is the development of a local community centre. The centre comprises 

the following: 

Internal Facility 
Component Functionality Design Details 

Entrance Foyer Main entrance Vending machine 

 Community notice board  

 Display area for local arts  

Large Multipurpose 
Activity Room Club/Group functions   

 Social and fundraising activities  

 Yoga/Pilates  

 Tae kwon do/Tai chi  

 Children's drama classes  

 Youth events/discos  

Seniors activities/active 
ageing programs  

  School activities and events   

Training Room Information presentations Multipurpose 

  Community seminars 
Secure store room for laptop 
and digital projection equipment 

  Migrant education programs   

Meeting/Counselling Room Service clubs Multipurpose 

Community support group 
meetings

Lockable storage cupboards for 
 group equipment 

 Craft groups  

 Women's/mother's groups  

 Outreach social services  
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  Outreach financial counselling   

Playgroup Room/Children's 
Activity Room Playgroups 

Direct access to enclosed outdoor 
play area 

 Before and after school care 

Internal store room for arts and craft 
equipment, 
games/toys

 Children's holiday activities 
External store for outdoor play 
equipment 

  Parenting programs   

Kitchen/Kiosk Multicultural cooking classes Commercial kitchen 

 Tea/Coffee facilities Lockable storage cupboards for groups 

 Food preparation and heating Internal and external servery 

 Servicing area for functions  

      

Toilets Male  Internal access  

 Female As per building standards 

  Disabled   

Toilet/Change rooms Male  Universal design 

 Female No showers required in change room 

    Ablutions to include accessible WC 

Cleaners Store Storage for cleaning equipment   

External Sports 
Equipment store Storage of sporting equipment   

The development of the centre and associated initiatives is estimated to cost: 

Element No. (area) Rate Cost (inc 
contingency) 

Local Community Centre 335 sqm $2,600.00 $871,000.00 

Shared use oval – 
earthworks, turf, irrigation 
(4.1 only) 

9,912 sqm $35 $395,229.00 

Shared use oval flood 
lighting

2 $25,000.00 $55,000.00 

Shared use sports courts 
(4.1 only) 

4 $71,000.00 $323,548.00 

TOTAL $1,644,777.00 

In addition to the above infrastructure the CEDP also recommends the following community 

development initiatives to promote social cohesion and community spirit & identity: 

Information welcome packs; 

Local Christmas party; 

Information welcome packs; 

Community news sheets; and 

Community art projects, etc, etc. 
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The CEDP budgets $400 per lot for the above community activation initiatives. 

3.5 Public Utilities 

A pump station is proposed to be located in the south western margins of the LSP area. The pump 

station will be funded by the developers and ultimately vested in the Water Corporation. 
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4. FUNDING AND MAINTENANCE COSTS 

4.1 FUNDING GENERALLY 

The majority of infrastructure identified in the previous section will be funded by subdividers directly 

and or indirectly via contributions raised through the DCP. In some cases, such as regional road 

infrastructure, funding will also be sourced by various state agencies, for example the Arthur Street 

flyover.

Maintenance of infrastructure will be funded via rates. 

4.2 RATEABLE INCOME 

Based upon advice from the City the following assumptions have been made about rateable income: 

Per dwelling income of $886.00 & $996.00 dwelling; and 

Rateable income indexed by 4%. 

The total rateable income from the Caversham LSP in 2017 will be approximately $2,722,568.00 

based upon a dwelling yield of 2165. The cumulative rate income by 2017 is estimated to be 

$10,761,552.00 (refer Cost Schedule Appendix A). 

4.3 TIMING & STAGING 

It is estimated that the subdivision of the cell will be completed in 7 years commencing in 2010. The 

estimation is a guide only. Timing of actual development will be determined by market forces & 

regulatory timeframes (refer Cost Schedule Appendix A). 

4.4 PUBLIC OPEN SPACE 

Provision of local and neighbourhood open space areas and the embellishment thereof will be the 

responsibility of individual subdividers.  

Through the Developer Contribution Strategy and associated Developer Contribution Plan DCP 

subdividers will also contribute to the development of an area of district open space located outside 

the Caversham LSP area. 
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4.4.1 POS Lifecycle Costs 

Consistent with standard practice the individual subdividers will be responsible for maintenance of 

POS for the first three years with the City responsible thereafter. Lot sales are projected to 

commence in 2010.   

The City of Swan has advised that maintenance POS costs generally equates to 4.5% of embellishment 

cost of the subject POS.

Using the parameters provided by the City, the Cost Schedule attached at Appendix A clearly 

demonstrates that projected rateable income will be sufficient to meet estimated POS maintenance 

costs.

4.5 WATER MANAGEMENT SYSTEMS 

The development of the Caversham estate will rely upon the installation of a comprehensive drainage 

network.  

The network will be installed entirely at the cost of subdividers. 

4.5.1 Lifecycle Costs 

The City of Swan has advised that lifecycle cost estimates should represent 4% of replacement cost 

per annum. 

The Cost Schedule attached at Appendix A indicates that maintenance costs are well covered by 

estimated rateable income. 

4.6 TRANSPORT NETWORKS AND PATHWAYS 

The development of the Caversham estate will rely upon the installation of a comprehensive network 

of local, district and regional roads.  

The majority of the road and pathway network will be installed at the cost of subdividers. The 

following roads with be funded via the DCP: 

Patricia Street upgrade; 

Waldeck Street upgrade; 

Arthur Street upgrade; and 

Construction of Lord Street, including intersection treatments to Reid Highway and Benara 

Road.
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4.6.1 Lifecycle Costs 

The City of Swan has advised that lifecycle cost estimates should represent 4% of replacement cost 

per annum. 

The attached draft cost schedule indicates that road maintenance costs are projected to exceed 

estimated rateable income. Recent discussions with the City have indicated that estimated lifecycle 

costs may be reviewed. Furthermore, estimates of road construction cost are to be reviewed by an 

engineer appointed by the MLG in liaison with the City. 

4.7 COMMUNITY FACILITIES AND SERVICES 

The community centre and associated sports courts represent a significant cost that cannot be pre-

funded by any one subdivider within the Caversham LSP area. Instead, funding will be via monies 

raised / accrued through the DCP.  

Should the City wish to fast-track the construction of the community centre, ahead of funds accrued 

via the DCP, the following funding options could be explored; 

a) prioritisation of existing DCP funds; 

b) state government grants; 

c) City of Swan funding; and 

d) Combination of a) – c). 

The land provided for the centre will be ceded at the time of subdivision free of cost, subject to the 

subdivider receiving 100% POS credit for the land. 

The trigger for construction of the community facilities (including shared use oval) will be determined 

as part of the progression of the Caversham LSP and associated DCP. Landowners will be required to 

contribute to development of the proposed facilities and to secure these payments a deed of 

agreement shall be entered into by landowners prior to application for subdivision in order to satisfy 

Clause 5A.2.7.3 of LPS No.17 in the absence of an approved DCP. 

4.7.1 Community Facility Lifecycle Costs 

Creating Communities have advised that maintenance costs for public buildings per annum should 

represent approximately 4.5 % of the replacement cost of the subject facility. 

Based upon this advice the maintenance of the facility could clearly be funded from rateable income 

(refer Cost Schedule Appendix A). 
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5. CONCLUSION 

The Financial Assessment Report has been prepared in accordance with the requirements of the 

City’s policy. 

The report demonstrates that the majority of public infrastructure will be funded by private 

developers either directly or indirectly via the City’s draft Developer Contribution Plan.  

It is estimated that the development of the estate will be completed by 2017 assuming 

commencement in 2010.  

The attached Cost Schedule indicates that estimated maintenance costs, for the majority of 

infrastructure, are well covered by projected rates income. Nevertheless, the attached draft cost 

schedule indicates that road maintenance costs are projected to exceed estimated rateable income. 

Recent discussions with the City have indicated that estimated lifecycle costs may be reviewed. 

Furthermore, estimates of road construction cost are to be reviewed by an engineer appointed by the 

MLG in liaison with the City.  
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APPENDIX A 



Public & Civic Open Space Systems 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
1.20$ 1.25$ 1.30$ 1.35$ 1.40$ 1.46$

4% 4% 4% 4% 4%
Local Landscaped Parks 85,000 $4,675,000 $102,000 $106,080 $110,323 $114,736 $119,326 $124,099
Shared Use Oval Earthworks, Turf & Irrigation 9,912 $395,229 $12,865 $13,380 $13,915 $14,471
Shared Use Oval Floodlighting (Poles) 2 $55,000 $2,704 $2,812 $2,925 $3,042
Local Community Centre Land 4,000 $400,000 $5,399 $5,615 $5,840

$102,000 $106,080 $125,892 $136,327 $141,780 $147,452

Environmental & Water Management Systems 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (% of Constr.) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)
4%

4% 4% 4% 4% 4%
Drainage $12,007,590 $480,304 $499,516 $519,496 $540,276 $561,887 $584,363

$480,304 $499,516 $519,496 $540,276 $561,887 $584,363

Transport Networks & Pathways 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (% of Constr.) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)
4%

4% 4% 4% 4% 4%
Walking & Cycle Paths 2,500 $173,750 $6,950 $7,228 $7,517 $7,818 $8,131 $8,456
Roads (Integrator, Nieghbourhood, Access & Lane) 29,640 $48,511,380 $1,940,455 $2,018,073 $2,098,796 $2,182,748 $2,270,058 $2,360,860

$1,947,405 $2,025,301 $2,106,313 $2,190,566 $2,278,189 $2,369,316

Community Facilities & Services 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (% of Constr.) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)
4.5%

4.5% 4.5% 4.5% 4.5% 4.5%
Local Community Centre 605 $1,887,600 $96,933 $101,295 $105,853
Shared Use Sports Courts 4 $323,548
Community Development Funds $20,000 $20,900 $21,841 $22,823 $23,850 $24,924

$20,000 $20,900 $21,841 $119,756 $125,145 $130,777

Public Utilities 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $ $

0% 0% 0% 0% 0%
$0 $0 $0 $0 $0 $0

Studies Planning & Monitoring 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $ $

0% 0% 0% 0% 0%
$0 $0 $0 $0 $0 $0

Other Items 2010 2011 2012 2013 2014 2015
Construction Construction Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Area (Sqm) Budget Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $ $

0% 0% 0% 0% 0%
$0 $0 $0 $0 $0 $0



2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
1.52$ 1.58$ 1.64$ 1.71$ 1.78$ 1.85$ 1.92$ 2.00$ 2.08$

4% 4% 4% 4% 4% 4% 4% 4% 4%
$129,063 $134,225 $139,594 $145,178 $150,985 $157,024 $163,305 $169,837 $176,631

$15,050 $15,652 $16,278 $16,929 $17,607 $18,311 $19,043 $19,805 $20,597
$3,163 $3,290 $3,421 $3,558 $3,701 $3,849 $4,003 $4,163 $4,329
$6,074 $6,316 $6,569 $6,832 $7,105 $7,389 $7,685 $7,992 $8,312

$153,350 $159,484 $165,863 $172,497 $179,397 $186,573 $194,036 $201,798 $209,869

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)

4% 4% 4% 4% 4% 4% 4% 4% 4%
$607,737 $632,047 $657,329 $683,622 $710,967 $739,405 $768,982 $799,741 $831,730
$607,737 $632,047 $657,329 $683,622 $710,967 $739,405 $768,982 $799,741 $831,730

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)

4% 4% 4% 4% 4% 4% 4% 4% 4%
$8,794 $9,146 $9,512 $9,892 $10,288 $10,699 $11,127 $11,572 $12,035

$2,455,295 $2,553,507 $2,655,647 $2,761,873 $2,872,348 $2,987,242 $3,106,731 $3,231,001 $3,360,241
$2,464,089 $2,562,652 $2,665,158 $2,771,765 $2,882,635 $2,997,941 $3,117,858 $3,242,573 $3,372,276

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)

4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5% 4.5%
$110,617 $115,594 $120,796 $126,232 $131,912 $137,848 $144,052 $150,534 $157,308

$19,814 $20,706 $21,637 $22,611 $23,629 $24,692 $25,803 $26,964
$26,045 $27,217 $28,442 $29,722 $31,059 $32,457 $33,918 $35,444 $37,039

$136,662 $162,626 $169,944 $177,591 $185,583 $193,934 $202,661 $211,781 $221,311

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $ $ $ $ $

0% 0% 0% 0% 0% 0% 0% 0% 0%
$0 $0 $0 $0 $0 $0 $0 $0 $0

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $ $ $ $ $

0% 0% 0% 0% 0% 0% 0% 0% 0%
$0 $0 $0 $0 $0 $0 $0 $0 $0

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $ $ $ $ $

0% 0% 0% 0% 0% 0% 0% 0% 0%
$0 $0 $0 $0 $0 $0 $0 $0 $0



2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
2.16$ 2.25$ 2.34$ 2.43$ 2.53$

4% 4% 4% 4% 4%
$183,696 $191,044 $198,686 $206,633 $214,899

$21,421 $22,278 $23,169 $24,096 $25,060
$4,502 $4,682 $4,870 $5,065 $5,267
$8,645 $8,990 $9,350 $9,724 $10,113

$218,264 $226,995 $236,075 $245,518 $255,338

2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)

4% 4% 4% 4% 4%
$865,000 $899,600 $935,584 $973,007 $1,011,927
$865,000 $899,600 $935,584 $973,007 $1,011,927

2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)

4% 4% 4% 4% 4%
$12,517 $13,017 $13,538 $14,079 $14,643

$3,494,650 $3,634,436 $3,779,814 $3,931,006 $4,088,246
$3,507,167 $3,647,453 $3,793,352 $3,945,086 $4,102,889

2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI) Escalation (CPI)

4.5% 4.5% 4.5% 4.5% 4.5%
$164,387 $171,784 $179,515 $187,593 $196,034

$28,178 $29,445 $30,771 $32,155 $33,602
$38,706 $40,447 $42,268 $44,170 $46,157

$231,270 $241,677 $252,553 $263,918 $275,794

2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $

0% 0% 0% 0% 0%
$0 $0 $0 $0 $0

2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $

0% 0% 0% 0% 0%
$0 $0 $0 $0 $0

2025 2026 2027 2028 2029
Year 16 Year 17 Year 18 Year 19 Year 20

Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm) Maintenance (sqm)
$ $ $ $ $

0% 0% 0% 0% 0%
$0 $0 $0 $0 $0
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SUMMARY

The Caversham Main Landowners Group has commenced structure planning for land within the 
locality of Caversham, within the City of Swan (‘the site’) (Figure 1).  The site forms part of the 
greater Swan Sub-regional Urban Growth Corridor (Figure 2), and is bound by the proposed 
Lord Street extension to the west, Reid Highway to the north, the Dampier – Bunbury Natural 
Gas Pipeline (as well as private properties fronting West Swan Road) to the east, and Benara 
Road to the south (Figure 3).

The site is largely cleared and used for agricultural activities (grazing).  Viticulture and other 
intensive horticultural practices also occur across the site.  The site is located within the Swan 
Valley, a popular wine region of Perth.  It lies north-east of Bennett Brook. 

Land within the 198ha site is predominantly zoned ‘Rural’ under the Metropolitan Region Scheme, 
with land between Patricia Street and Reid Highway zoned ‘Urban’ (Figure 4).  The site is zoned 
‘Swan Valley Rural’ under the City of Swan’s Town Planning Scheme No. 9.   

This Environmental Assessment Report (EAR) is intended to:

1. Support the Local Structure Plan design and thus the rezoning of portions of the site 
currently zoned ‘Rural’ under the Metropolitan Region Scheme and ‘Swan Valley Rural’ under 
the City of Swan’s Town Planning Scheme No. 9, to ‘Urban’.

2. Provide the Environmental Protection Authority (EPA) with sufficient information to assess 
the rezoning application and set its level of assessment for the project. 

The Local Structure Plan (Plan No. 2965-2001g.dgn, Revision G, 3 October 2008) prepared by 
RPS Koltaz Smith incorporates the following land uses: 

A mixture of residential densities ranging from R15 to R60. 
A lifestyle/retirement village. 
A neighbourhood centre. 
A community site. 
A primary school. 
Public open space (POS). 
Provision for drainage. 
‘Transitional lots’ along the southern and eastern site boundaries. 

The transitional lots are intended to provide additional protection of future residents from 
existing and surrounding land uses that may pose a potential impact.  The detailed design of these 
lots and more detail about their objective(s) and purpose is presented in the Transition Lot 
(Buffer) Management Plan, being prepared jointly by RPS Koltasz Smith and RPS Environment and 
Planning.
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Review of the proposed Local Structure Plan, and comparison with the existing natural 
environment provides the following key conclusions: 

The site’s topography, soils and landforms present no significant obstacles to development.  
However, fill will be required to facilitate the development for residential purposes.  

No significant remnant native vegetation will need to be cleared, as a majority of the site has 
limited native vegetation remaining.  The areas of remnant native vegetation to the north of 
Patricia Street will be protected within the Lifestyle/Retirement Village. 

Nutrient export from the site to the Swan River is likely to be reduced as a result of 
sewered urban development, given best practice urban water management will be 
incorporated within the urban design.  An Urban Water Management Plan will be prepared 
at subdivision stage, and be in accordance with the principles of the approved Local Water 
Management Strategy (Cardno BSD, August 2007). 

The Local Water Management Strategy (Cardno BSD, August 2007) and the yet-to-be-
prepared Urban Water Management Plan will ensure protection of the better quality wetland 
areas adjacent to the site. 

The enhancement of the western most drainage channel, using a ‘Living Stream’ concept.  
This drain will be rehabilitated using native species, enhancing biodiversity at the site and 
providing additional habitat for local fauna.  The living stream will be incorporated into the 
overall stormwater system and will incorporate a treatment train approach, for the 
treatment of stormwater (for nutrients), prior to discharge off site.  The living stream will 
include various fauna habitats, including: 

- Wide, shallow sections for wading birds. 
- Native trees for bird nesting. 
- Reeds for dragon flies and macroinvertebrate protection. 

Planting with native plant species will also assist with any potential erosion issues.  The area 
will provide a focal point for future residents, with passive recreational benefits. 

The two known Aboriginal Sites will be protected in Public Open Space and the 
Lifestyle/Retirement Village landscaped areas.   

The site lies outside the 20 ANEF noise contour associated with Perth International Airport.   

The transitional (buffer) lots identified as part of the Transitional Lot (Buffer) Management 
Plan (RPS Koltasz Smith and RPS Environment and Planning, 2008) provide protection from 
the negative impacts of noise and spray drift that could potentially be generated from nearby 
viticultural activities.  These lots will incorporate a thick vegetated buffer of native vegetation.  
As such, these lots will also provide a landscaping screen to neighbouring wineries, thus 
improving the landscape amenity of the development. 
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Noise associated with Reid Highway and the proposed Lord Street extension is addressed in 
the Noise Impact Assessment (Lloyd Acoustics, 2006). 

The Dampier – Bunbury Natural Gas Pipeline lies within the proposed transitional lots along 
the eastern site boundary. 

Specific design strategies that will be incorporated as part of the development are anticipated 
to protect and enhance the existing environmental features of the site.  Commitments being 
made by the developer, as part of the Local Structure Plan design process, include: 

Preparation and implementation of an Urban Water Management Plan to guide detailed 
design of the stormwater system and will ensure protection of the better quality wetland 
areas adjacent to the site as well as the groundwater resources in the area. 

Undertaking a Preliminary Site Investigation (PSI) to determine the likelihood for on-site 
contamination.  The PSI will be required for all lots which are recognised as having past or 
present land uses which may have impacted upon soil or groundwater quality.  It will be 
undertaken prior to soil disturbing activities. 

Undertaking a Preliminary Site Assessment (PSA) to determine the presence or otherwise of 
Acid Sulfate Soils (ASS).  This assessment will be undertaken in areas mapped by the WAPC 
having any risk of ASS within 3m of soil surface, and along the western most drainage 
channel, given substantial earthworks in this area are likely.  The outcomes of the PSA will 
inform detailed subdivision design, and as such will be undertaken prior to detailed 
subdivision design. 

Determination with the City of Swan (and potentially the DEC) of the detailed characteristics 
and species composition for the transitional lots.   

Please refer to the Transition Lot (Buffer) Management Plan (RPS Koltasz Smith and RPS 
Environment and Planning, 2008) and the Noise Impact Assessment (Lloyd Acoustics, 2006) for 
more detailed explanations on the transition lot concept and the rationale for proposed buffer 
distances relating to spray drift and noise management. 
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1.0 INTRODUCTION

1.1 Background and Context 

The Caversham Main Landowners Group has commenced structure planning for land 
within the locality of Caversham, within the City of Swan (‘the site’) (Figure 1).  The site 
forms part of the greater Swan Sub-regional Urban Growth Corridor (Figure 2), which 
aims to guide residential growth in the north-eastern corridor of the Perth Metropolitan 
Area.

The Caversham Local Structure Plan LSP seeks to provide the necessary planning 
framework for a 172ha of land bounded by Benara Road, West Swan Road, Reid 
Highway and the proposed Lord Street extension on the edge of the Swan Valley within 
the City of Swan.  The LSP has been prepared in accordance with the provisions of 
Local Planning Scheme No. 17. 

1.2 Location and Land Use 

The site is located approximately 18km north-east of Perth and is bound by the 
proposed Lord Street extension to the west, Reid Highway to the north, the Dampier – 
Bunbury Natural Gas Pipeline (as well as private properties fronting West Swan Road) 
to the east, and Benara Road to the south (Figure 3).  The site lies north-east of Bennett 
Brook.

The site is largely cleared and used for agricultural activities (grazing).  Viticulture and 
other intensive horticultural practices also occur across the site.  The site is located 
within the Swan Valley, a popular wine region of Perth.

1.3 Zoning 

Land within the 198ha site is predominantly zoned ‘Rural’ under the Metropolitan 
Region Scheme (MRS), with land between Patricia Street and Reid Highway zoned 
‘Urban’ (Figure 4).  The site is zoned ‘Swan Valley Rural’ under the City of Swan’s Town 
Planning Scheme No. 9 (TPS No. 9).

1.4 Purpose and Objectives  

The purpose of this Environmental Assessment Report (EAR) is two-fold.   

Firstly, it supports the Local Structure Plan design and thus supports rezoning of 
portions of the site currently zoned ‘Rural’ under the MRS and ‘Swan Valley Rural’ under 
the City of Swan’s TPS No. 9, to ‘Urban’.  The EAR will support documentation lodged 
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with the City of Swan and Western Australian Planning Commission (WAPC) to initiate 
the Scheme Amendments.  An ‘Urban’ zoning will facilitate ultimate development of the 
site for residential purposes. 

Secondly, the EAR provides the Environmental Protection Authority (EPA) with 
sufficient information to assess the rezoning application.  Provision of detailed 
environmental information is necessary to allow the EPA to set its level of assessment 
for the project. 

The objectives of this EAR are to: 

Detail the key features of the proposed development and Local Structure Plan 
design.

Outline the policies and legislation relevant to the proposal; 

Provide an analysis of potential environmental impacts to the site which may result 
from development for residential purposes. 

Detail the mechanisms or management strategies the client commits to 
implementing within the structure plan, in order to protect and enhance the natural 
environment of the site. 

Identify issues which require further investigation at the appropriate stage in the 
planning process.

1.5 State Environmental Impact Assessment Process 

There are a number of options available to progress the proposed rezoning, or Scheme 
Amendments, through the State environmental assessment process, under Section 48A 
of the Environmental Protection Act 1986 (EP Act).

The proposal documentation, including the EAR, is sent through to the EPA to set its 
level of assessment.  Under Section 48A of the EP Act, there are three potential EPA 
assessment scenarios: 

Informal level of environmental assessment, which could be either ‘Not Assessed – 
Advice Given’ or ‘Not Assessed – No Advice Given’. 

Formal level of environmental assessment. 

‘Incapable of being made environmentally acceptable’. 
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The advantage to a project in terms of the time period for approvals of obtaining an 
informal level of assessment compared to a formal level of assessment is quite 
substantial.  The formal Section 48A process can take anywhere between eighteen 
months and two years to finalise.   

The Environmental Impact Assessment process for scheme amendments under Section 
48 of the EP Act is outlined in Appendix 1.  This figure represents Figure A2 from the 
EPA Guidance Statement No. 33, Environmental Guidance for Planning and Development 
(May 2008) [Part A, Chapter A3, page 4].

Early derivation of appropriate management commitments and/or text for the scheme 
amendment by the project team, at the time of initial documentation, will assist in aiming 
to achieve an informal level of assessment, although this outcome is never guaranteed. 
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2.0 RELEVANT LEGISLATION AND GUIDELINES 

As further detailed in Section 6, in the case of Caversham, the key potential impacts 
from existing surrounding land uses relate to: 

Spray drift (from viticultural activities). 
Odour (from Bennett Street poultry farm). 
Noise (from Reid Highway and the vineyards). 
Gas (from viticulture/poultry farm). 

Legislation, policies, planning bulletins, codes of practice and guidelines are in place to 
reduce the risk of the above factors impacting upon residential development proposed 
adjacent viticultural, agricultural or industrial operations. 

Consideration of these documents is important when deriving buffer requirements 
between residential development and surrounding land uses, and when developing 
associated measures to manage the interface between the two land uses.  Documents 
relevant to the Caversham development are outlined below. 

2.1 Environmental Protection Act 1986 

Section 53 of the Environmental Protection Act applies to ‘occupiers of prescribed 
premises to be authorised in respect of certain changes leading to discharges of waste or 
emissions of noise, odour or electromagnetic radiation’.  

‘Subject to this act, the occupier of any prescribed premises who, if to do so, may cause 
an emission, or alter the nature or volume of the waste, noise, odour or 
electromagnetic radiation emitted, from the prescribed premises – 

Alters the method of operation of any trade, or of any process used in any trade, 
carried on at the prescribed premises;  

Constructs, installs or alters any equipment on the prescribed premises for: 

- The storage, handling, transport or treatment of waste prior to, and for the 
purpose of, the discharge of waste; or  

- The control of noise, odour or electromagnetic radiation prior to, and for the 
purpose of, the emission or transmission of noise, odour or electromagnetic 
radiation,

into the environment commits an offence unless he does so in accordance with; 

A works approval;
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A licence; or  
A requirement contained in a closure notice or an environmental protection 
notice.’

2.2 Occupational Health and Safety Act 1984 

The aim of the Occupational Health and Safety Act (‘the Act’) is to create safer 
workplaces, eliminate work-related deaths and prevent worker injury and disease.  
Under the Act, all parties involved have responsibilities for occupational health and 
safety.  The Act is supported by more detailed requirements in the Occupational Health 
and Safety Requirements 1996.  These regulations are statutory and cover specific 
requirements of the Act.

Aspects of the Act and the Requirements are administered by the Department for 
Consumer and Employment Protection.  The Worksafe division of the department 
undertakes a wide range of regulatory activities as well as industry and community 
awareness programs. 

Worksafe has produced a document entitled ‘Working with Pesticides’ which 
demonstrates how to comply with the Occupational Safety and Health Act and Part 5 of 
the Occupational Safety and Health Regulations (Department for Consumer and 
Employment Protection, 2003), when using pesticides in the workplace.  These 
guidelines provide information in relation to hazard identification, risk assessment and 
guidelines for usage of pesticides. 

All agricultural activities are obliged, by law, to operate within accordance of the 
requirements of the Act, in order to ensure the health and safety of those people 
employed within the activities.  Therefore, by law, future residents of developments 
adjacent operations utilizing chemical sprays should furthermore be adequately 
protected from any potential impacts. 

2.3 Environmental Protection (Noise) Regulations 1997 

The Environmental Protection (Noise) Regulations were gazetted on 31 October 1997, 
and came into effect on 31 January 1998.  These Regulations replaced the Noise 
Abatement (Neighbourhood Annoyance) Regulations 1979, and Environmental 
Protection Act 1986 are a ‘prescribed standard’ under Sections 51, 62 (4), 65, 74 (3) and 
Clause 22 of Schedule 4 of the Act.  Noise emissions which exceed the prescribed 
standard can be regarded as ‘pollution’ and ‘unreasonable noise’ under Section 3 of the 
Act.
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The Regulations make provision for special cases, to allow reasonable amounts of 
activities that benefit the community.  These activities need not meet the assigned levels 
outlined in Environmental Protection (Noise) Regulations (‘the assigned levels’).  In each 
case, however, the activity must comply with conditions set in the Regulations.  One of 
these special cases is agriculture, provided it can be shown that farming vehicles are not 
unduly noisy, or if used at night, that the work is necessary. 

Under the special case Regulation 12, which deals with rural activities, the assigned levels 
for noise do not apply to noise emitted from a farming vehicle on rural premises at any 
time between sunrise and sunset if the farming vehicle complies with the noise emission 
limits in Australian Design Rule 28/01 (ADR 28/01), which sets out noise emission limits 
for all types of vehicles.  The noise limits to which a farming vehicle would need to 
comply would be those for goods vehicles intended for off road use, of the same mass 
and engine power. 

The assigned levels for noise do not apply to noise emitted from a farming vehicle on 
rural premises at any time between sunset and sunrise if: 

The farming vehicle complies with the noise emission limits in ADR 28/01; and 

The occupier of the premises can show that it was reasonably necessary for the 
vehicle to be operated at night time. 

If the above conditions are not met, the farming vehicle must meet the assigned levels. 

The ‘rural premises’ to which Regulation 12 applies, exclude premises used for intensive 
poultry farming.  Therefore, in reference to the Caversham development, Regulation 12 
is only applicable to the viticulture operations adjacent the proposed development.  The 
nearby poultry operations are governed by the assigned levels discussed above. 

2.4 Environmental Code of Practice for Poultry Farms in Western 
Australia 1999 

The Western Australian poultry industry strives to minimise its impacts on neighbours, 
ecosystems and water resources.  Many farms have relocated further away from 
residential areas, others have incorporated practical measures to manage impacts.  The 
industry is leading the way by promoting best management practices as an industry 
standard and encouraging farmers to meet this standard.  

This Environmental Code of Practice, Environmental Code of Practice for Poultry Farms 
in Western Australia 1999, replaces the WA Environmental Protection Authority’s 
Environmental Code of Practice for the Poultry Industry 1991. 
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This key aim of this Code of Practice in reference to adjacent sensitive land uses, 
relevant to this report is as follows: 

Suggest practical measures for minimising environmental and social impacts. 

The document provides recommended minimum buffer distances between poultry farm 
facilities and existing or proposed future residential zones.  The minimum distance 
recommended between poultry farm facilities and existing or proposed future residential 
zones is 300m. 

2.5 Environmental Code of Practice for the Use of Agricultural and 
Veterinary Chemicals in Western Australia 2002 

A Code of Practice for the use of agricultural and veterinary chemicals in Western 
Australia was released by the Department of Agriculture (2002).   

The Code of Practice provides practical guidance for the safe, responsible and effective 
use of agricultural and veterinary chemicals.  Issues addressed in the Code of Practice 
include:

Duty of care. 
Choice, purchase, transport and storage of chemicals. 
Occupational safety and health. 
Environmental protection. 
Management and minimisation of spray drift. 
Minimising residues in agricultural produce. 
Record keeping. 
Responsibilities for owners.

With specific reference to the management of spray drift, the code clearly identifies the 
responsibilities of the owner/manager and of the spray operator.  The code identifies 
the factors that contribute to spray drift, such as the suitability and accuracy of the 
application equipment, wind speed and direction, the presence of inversion layers, and 
the proximity of sensitive areas.

The code suggests the preparation of a ‘Sprayplan’ for all routine spraying operations by 
the owner/manager, which would include identifying and mapping sensitive areas in the 
vicinity of the spray source.  The code also suggests planting and maintaining vegetation 
buffers, and notifying neighbours of upcoming spray events.

The owners/managers and operators of activities making use of spray chemicals are 
responsible for adhering to this Code of Practice clearly, to ensure that spray operations 
are carried out effectively and spray drift is managed with regard to the potential 
impacts to adjacent sensitive land uses.   
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2.6 EPA Guidance Statement No. 3 – Separation Distances Between 
Industrial and Sensitive Land Uses 

The Environmental Protection Authority’s Guidance Statement No. 3 (EPA, 2005) is 
intended to provide advice on generic separation distances between specific industry 
and sensitive land uses to avoid or minimise the potential for land use conflict. 

The objectives of Guidance Statement No. 3 are to: 

Identify the need for specific separation distances or buffer definition studies. 

Provide general guidance on separation distances in the absence of site specific 
technical studies. 

Guidance Statement No. 3 recommends separation distances between industrial and 
sensitive land uses, in particular, a separation distance for vineyards (viticulture) of 500m 
and a separation distance for poultry farming of 300–1000m depending on size of 
operations, from sensitive land uses such as residential development.  

The buffer distances are recommended due to the potential for any of gaseous (chemical 
spray drift), noise, dust and odour impacts from these operations.  As such, the 
recommended buffer distance represents a ‘generic buffer’ distance.  The practice of the 
EPA is to give consideration to alternative buffer distances or management practices 
based upon site specific analysis that can be demonstrated to meet the required 
environmental standards specific to various emissions. 

2.7 Environmental Management Guidelines for Vineyards 2002 

Environmental management guidelines for vineyard operators were released by the 
Department of Agriculture, Water and Rivers Commission, Department of 
Environmental Protection and Wine Industry Association of Western Australia (2002).  
These principles are not enforceable, but provide a strong guide to effective and 
appropriate management.

The guidelines cover best management practices for vineyards with reference to the 
management of spray drift and noise impacts, and acknowledge that conflicts can arise 
between vineyards and neighbouring land uses.

The guidelines suggest land use conflicts between vineyards and adjacent land uses can 
be reduced or made more acceptable by the following: 

Establishing effective topographic or vegetative barriers; 
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Modifying normal farm practices by adopting effective new technology such as 
hooded spray equipment, avoiding night-time activities which generate intrusive 
noise and the use of netting instead of noisy bird scaring devices; 

Conducting an independent study, if there is uncertainty, to demonstrate the likely 
area of influence of a specific farm practice.  This may suggest the need to modify 
the proposed farm practice or introduce a separation distance or buffer between 
the potentially conflicting land uses; and 

Consulting neighbours before night-time spraying or harvesting. 

2.8 Sub-regional Structure Plan for the Swan Urban Growth 
Corridor

The Sub-regional Structure Plan for the Swan Urban Growth Corridor – Draft G for 
Public Comment (Hassell, May 2008) has been prepared to cater for urban development 
and population growth within the City of Swan’s Urban Growth Corridor.  The area 
encompasses the future urban cells of Albion, West Swan and Caversham and is 
expected to eventually accommodate approximately 33, 000 residents. 

The strategic objectives of the Structure Plan are to: 

Provide coordination of development, including regional infrastructure within areas 
of the Swan Urban Growth Corridor marked for urbanisation. 

Provide for key transport links throughout the Sub-regional Structure Plan area. 

Ensure appropriate provision and equitable access to community facilities, open 
space areas and employment centres for future residents. 

Recognise the importance of environmentally sensitive and important agricultural 
areas.

Promote an appropriate range of residential densities to suit the needs of the 
community.

Provide for development in a manner consistent with Network City principles. 
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3.0 EXISTING ENVIRONMENT 

3.1 Topography 

The land is generally undulating, and slopes gently from an elevation of 18m AHD in the 
north-east corner of the site, to an elevation of 8m AHD in the south-west of the site 
(Figure 5).

3.2 Soils and Landforms 

The site is located on the Guildford Formation, which is characterised by soils of alluvial 
origin, ranging from silty clay to pebbly silt, and is characteristically low lying and poorly 
drained.  Elevated areas of the site contain a thin veneer of overlying Bassendean sands.  

Figure 5 indicates the soils across the site comprise: 

Pebbly Silt (Mgs1) – strong brown silt with common, fine to occasionally coarse 
grained, sub-rounded laterite quartz, heavily weathered granite pebble, some fine to 
medium-grained quartz sand, of alluvial origin.  This soil type extends over the 
majority of the site. 

Sand (S10) – very light grey at surface, yellow at depth, fine to medium-grained, 
sub-rounded quartz, moderately well sorted of eolian origin.  This soil type is found 
in the dryland area in the north-east of the site and in a small pocket extending 
along the eastern drainage channel (within Lot 2 Arthur Street). 

Clayey Silt (Mc1) – yellow brown to strong brown, blocky, mottled, soft, with 
variable clay content, dispersive in part, of alluvial origin.  This soil type is found 
within the south-western portion of the site, extending along the section of the 
western drainage channel that directs drainage water off site (towards Bennett 
Brook).

3.3 Wetlands and Hydrology 

3.3.1 Wetlands 

A large portion of the site is mapped by Hill et al. (1996) at regional scale as a regional 
sumpland (a sumpland is a seasonally inundated basin).   

The sumpland mapped within the site was originally assigned a ‘Resource Enhancement’ 
management classification by the DoE, however following the reclassification request the 
wetland was reclassified as ‘Multiple Use’.  Following further reclassification requests, a 
small area of remnant vegetation was reclassified as ‘Dryland’ and removed from the 
wetland database. 
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The majority of the area surrounding the site was very recently reclassified by the DoE 
(now DEC) from ‘Resource Enhancement’ to ‘Multiple Use’ management category 
wetland.

Figure 6 illustrates the extent of the sumpland within the site and the updated 
management categories assigned by the DEC.

3.3.2 Groundwater 

3.3.2.1 Groundwater Levels

The Perth Groundwater Atlas, accessed online on 21 October 2008 at 
http://www.water.wa.gov.au/idelve/gwa, shows the Average Annual Maximum Groundwater 
Level (AAMGL) for the site as between 8mAHD and 14mAHD.  Figure 6 of this report 
indicates that the groundwater contours below the site range between 6mAHD and 
14mAHD.  The source of these groundwater contours is the Department of Water, but 
the specific reference is unknown.

The estimated maximum (late winter) groundwater table at the site is generally located 
close to the surface, varying between 1–2m below surface level (Water and Rivers 
Commission, 1997).  Exceptions to this occur at the high-point of the site, in the north-
east corner, where the groundwater is 4m below the surface, and along the two 
drainage lines where the groundwater expresses itself above the ground. 

During May, when the groundwater table is at its lowest elevation, the separation 
distance between groundwater and the surface level at the site is approximately 4m 
(Department of Environment, 2004).  Exceptions to this occur at the high point of the 
site where the groundwater is approximately 8m below the surface during this period 
and along the two drainage lines where the groundwater falls to approximately 1–2m 
below the surface.

The site is located on the south-eastern edge of the Gnangara Mound, and as such the 
groundwater flow is in a general southerly direction towards the Swan River (Davidson, 
1995).  More detailed groundwater contours for the site indicate groundwater flow is 
loosely in a southerly to south-westerly direction (Figure 6). 

A groundwater monitoring program commenced following the installation of the 
Monitor Bore Series CGW1–CGW12 in February 2006, and continued until January 
2008.  The bores were sampled for water levels and physical parameters on a monthly 
basis, and for groundwater quality on a quarterly basis.  A map showing the location of 
each of the monitor bores is provided as Figure 6 of this EAR.  

Results of the monitoring program are presented as Figure A below, and generally 
indicate fluctuating groundwater levels consistent with expected seasonal variations (i.e. 
decreased levels during summer and increased levels during winter), with some minor, 
irregular peaks and troughs at a couple of the monitor bores.  
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Figure A: Groundwater levels recorded during the Caversham Groundwater 
Monitoring Program, 2006–2008 

3.3.2.2 Groundwater Quality

Monitor Bores CGW1–CGW12 were monitored for groundwater quality on a 
quarterly basis between March 2006 and November 2008.  The full set of results is 
presented as Appendix 2 of this report. 

The groundwater quality results from the monitoring program are comparable to two 
sets of monitoring criteria; the Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (ANZECC, 2000) and the Swan Canning Cleanup Program’s 
(SCCP) catchment water quality targets  (Swan River Trust, 2004).  The monitoring 
criteria are presented in Tables 1 and 2 below. 

Table 1:  Default Trigger Values for Physical and Chemical Stressors for South-
western Australia, Slightly Disturbed Ecosystems: Freshwater Lakes and 
Reservoirs (ANZECC, 2000) 

Analyte Default Trigger Value 

Total Phosphorous 0.01mg/L

Total Nitrogen 0.35mg/L

NOx-N 0.01mg/L

Ammonia-N 0.01mg/L

pH 6.5 – 8.0 

No criteria exist within ANZECC (2000) for disturbed environments, so these criteria 
levels provide a guide only. 
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Table 2:  Swan Canning Clean-up Program’s Catchment Water Quality Targets 
(Swan River Trust, 2004) 

Analyte Default Trigger Value 

Total Phosphorous 0.1mg/L

Total Nitrogen 1.0mg/L

The SCCP targets were developed by the Swan River Trust to provide guidance for 
developments and catchment management to reduce the nutrient input entering the 
Swan River.  These targets were generally considered for use between 2001–2005, but 
provide a good guidance for disturbed environments. 

Over the course of the two year monitoring period, nutrient concentrations at most 
monitor bores exceeded both sets of criteria.  Total Nitrogen (TN) and Total 
Phosphorous (TP) recorded the highest number of exceedances over several monitor 
bores.

The TN levels at Monitor Bores CGW1, CGW2 and CGW12 were consistently higher 
than the guidance criteria, over the two year monitoring period (Figure B).  These three 
monitor bores are located in the north eastern portion of the site.   

TN levels at Monitor Bores CGW1 and CGW12 increased significantly during 2007, 
where the highest concentration of TN was recorded at Monitor Bore CGW1 (27mg/l), 
during the August 2007 sampling event.  

Concentrations of TN in groundwater at Monitor Bores CGW1, CGW2 and CGW12 
remained high during the final quarterly sampling event in November 2007, as did the 
TN concentration at Monitor Bore CGW3.  The TN concentration at this monitor bore 
increased from 0.8mg/L to 6.9mg/L between May and August 2007, and decreased 
slightly to 4.7mg/L in November 2007, however still constituting a significant exceedance 
of both criteria.  All other monitor bores recorded TN concentrations at or below 
SCCP and ANZECC criteria by the final sampling event. 
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Figure B: Total Nitrogen Concentrations recorded during the Caversham 
Groundwater Monitoring Program, 2006–2008 

Concentrations of Total Kjeldahl Nitrogen (TKN) and Nitrate (NOx-N) also increased 
in line with the elevations in TN at the corresponding monitor bores discussed above.  
This is understandable, as TKN and NOx-N make up the overall concentration of TN. 

TKN and NOx-N are soluble forms of nitrogen which are normally leached into 
groundwater from nearby fertiliser application, and both can be absorbed by plants.  
Large amounts of nitrate in groundwater may cause eutrophication, which causes an 
excess of nutrients, resulting in oxygen deprivation and potential fish deaths in lakes or 
rivers connected to the system.  An increase in nitrogen concentrations in groundwater 
may lead to algal blooms where the groundwater is discharged.  Nitrification may also 
occur with increased nitrogen levels in groundwater, producing nitrite which can be 
toxic to plants at low pH values.

One significant rise in the concentration of Ammonia-N was recorded during the August 
2007 sampling event, where it reached 25mg/L at Monitor Bore CGW1.  This 
concentration decreased to 15mg/l during the final quarterly sampling event in 
November 2007.  All other monitor bores recorded Ammonia-N concentrations of 
approximately 0.2mg/l over the period of the monitoring program.  Although this 
constitutes exceedances of both SCCP and ANZECC criteria, the fairly uniform results 
indicate reasonably stable concentrations of Ammonia-N within groundwater at the site 
throughout the monitoring program. 

The TP concentrations at Monitor Bores CGW1 and CGW2 remained high over the 
course of the two year monitoring period (Figure C).  Particularly high levels of TP were 
recorded at these two bores during the May 2007 and August 2007 sampling events.  A 
number of other bores also recorded significantly elevated TP levels during 2007; 
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CGW4, CGW5 and CGW12, with concentrations at CGW3 and CGW6 being slightly 
elevated during early to mid 2007.  These monitor bores represent seven of the eight 
bores located in the eastern two thirds of the site. 

Levels of TP remained high at Monitor Bores CGW1, CGW2 and CGW12 during the 
final sampling event (November 2007).  The TP concentration at all other monitor bores 
returned to at or below SCCP or ANZECC criteria by the final sampling event. 
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Figure C: Total Phosphorus Concentrations recorded during the Caversham 
Groundwater Monitoring Program, 2006–2008 

3.3.3 Drainage and Watercourses 

Two drains flow across the site (Figure 6); one originating to the north of the site and 
drains land to the north of Reid Highway, flowing through the western portion of the 
site in a north–south alignment before it enters Bennett Brook to the south of the site. 

The other drain originates to the east of the site and briefly flows through the south-
eastern portion, before exiting the site south of Benara Road and entering Bennett 
Brook.  Both drains are ephemeral and become dry during the summer.  Both drains 
most likely began as natural watercourses which were altered to some extent, to drain 
the surrounding agricultural land.   

Other than the scattered Melaleuca spp. which occur along the western drain, these 
agricultural-style drains do not support significant ecological values and have minimal 
hydrological values.   

L07240: Rev 0, November 2008 Page 15



Environmental Assessment Report
Caversham Urban Cell, Local Structure Plan Area 

3.4 Vegetation and Flora 

Prior to European settlement of the area, the native vegetation within the site was 
representative of the Southern River Complex, which consists of open woodland of 
Eucalyptus calophylla – Eucalyptus marginata – Banksia spp. with fringing woodland of 
Eucalyptus rudis – Melaleuca rhaphiophylla along creek beds.   

Of the original area of the Southern River Complex on the Swan coastal Plain, 17% 
currently remains while 10% is proposed for protection, which meets the criteria for 
levels of protection identified within the Bush Forever documentation (Government of 
Western Australia, 2000). 

Examination of the earliest available aerial photography, taken in 1953, shows the site 
was cleared prior, with the exception of two small areas to the north of Patricia Street 
(Figure 7).

Of these two areas, Lots 214 and P94 Patricia Street appear to have been cleared in the 
mid 1980s and then left to regrow before being cleared once more in the late 1990s.  
Lot 214 does not currently appear to contain remnant native vegetation of any 
significance, while a small group of mature Eucalyptus spp. remain on Lot P94.   

The other area of remnant native vegetation, on the northern portion of Lots P85–P87 
and P214 Patricia Street, has remained uncleared.   

On-site examination of the remnant native vegetation within Lots P85–P87 and P214 
Patricia Street indicates a Jarrah/Marri/Banksia/Sheoak woodland – low forest with a 
degraded understorey.  Overall, the vegetation in the northern portion of Lots P85–P87 
and P214 Patricia Street is in degraded condition.

Some remnant native vegetation also occurs throughout the remainder of the site, 
represented as scattered individual trees.  These trees are predominantly Melaleuca spp. 
along parts of the western drainage line and scattered Marri and Eucalyptus spp. 
throughout the remainder of the site. 

3.5 Native Fauna 

A search of the Department of Conservation and Land Management’s Threatened Fauna 
Database of an area within 10km of the site suggests a number of threatened fauna 
species inhabit or may once have inhabited the general area.  

Species identified on the database (and their designated level of conservation priority) 
include:

Chuditch (Schedule 1 – Fauna that is rare or is likely to become extinct). 
Western Ringtail Possum (Schedule 1). 
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Baudin’s Black Cockatoo (Schedule 1). 
Carnaby’s Black Cockatoo (Schedule 1). 
White-tailed Black Cockatoo (Schedule 1). 
Graceful Sunmoth (Schedule 1). 
Peregrine Falcon (Schedule 4 – Other specially protected fauna). 
Major Mitchell’s Cockatoo (Schedule 4). 
Black Bittern (Priority 2 – Taxa with few, poorly known populations on 
conservation lands). 
Western Brush Wallaby (Priority 4 – Taxa in need of monitoring). 
Water Rat (Priority 4). 
Grey Falcon (Priority 4). 
Bush Stonecurlew (Priority 4). 
Guildford Springtail (Priority 4). 
Quenda (Priority 5 – Taxa in need of monitoring (conservation dependent)). 

The degraded area of remnant native vegetation within Lots P85–P87 and P214 Patricia 
Street presents the only area of vegetation within the site which could provide habitat 
for any of the identified species listed above.  However, based on the size and condition 
of this area of vegetation, the likelihood of any of these still inhabiting the site is 
relatively low.   

3.6 Acid Sulfate Soils 

The Western Australian Planning Commission (May 2007) Bulletin No. 64 – Acid Sulfate 
Soils regional mapping indicates that a small portion of the south-western corner of the 
site associated with the western drain contains soils that are High risk of Acid Sulfate 
Soils (ASS) or Potential Acid Sulfate Soils (PASS) occurring <3m from soil surface 
(Figure 8).  These soils are most likely peaty deposits associated with the drainage 
channel.

An area to the north of Patricia Street, which loosely correlates with the extent of 
remnant native vegetation, and a small area in the south-east of the site (along the 
drain), is mapped by WAPC (2007) as Moderate to Low risk of ASS or PASS occurring 
>3m from soil surface and no risk of occurrence <3m from soil surface.   

The remainder of the site is mapped as low to nil risk of ASS or PASS occurring >3m 
from soil surface and no risk of occurrence <3m from soil surface. 

3.7 Contamination

At this stage, no Preliminary Site Investigation (PSI) has been undertaken for the site.  
Given the current and past land uses for the site, a PSI will be undertaken prior to soil 
disturbing activities. 
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3.8 Aboriginal Heritage 

Two Aboriginal sites listed on the Department of Indigenous Affairs (DIA) database 
occur within the site (Figure 9).

Site 3746 is known as Moore’s Camp and was used by Jack Moore during the 1930s and 
1940s.  Mythology suggests Jack Moore was the last known person to have seen the 
Wagyl.  The site is as ‘Stored Data’ and it is not on the Permanent Register.  Moore’s 
Camp is located on Lot 86 Patricia Street, at the edge of the native vegetation. 

Site 3744 is known as Marshall’s Paddock and is a burial site, or contains skeletal 
remains.  The site is listed on the Permanent Register of the DIA database and is 
considered a closed site, which means that public access to information about the site is 
restricted.  Marshall’s Paddock is located within the central western portion of the site. 

3.9 Dampier – Bunbury Natural Gas Pipeline 

The Dampier – Bunbury Natural Gas Pipeline (DBNGP) lies along the eastern boundary 
of the site (Figure 10).  The DBNGP was constructed during the early 1980s and is 
sunken below ground. 

3.10 Reid Highway and Proposed Perth – Darwin Highway 

The site is bound to the north by Reid Highway and to the west by the proposed Lord 
Street extension, generating traffic noise into the periphery of some areas of the site.   

3.11 Perth International Airport Flight Path 

Perth International Airport is located approximately 5km south of the site.  Planes 
approach the airport from the north along West Swan Road.  The 20 Australian Noise 
Exposure Forecast (ANEF) contour from the Airport lies adjacent to the eastern 
boundary of the site (Figure 10).

3.12 Surrounding Land Uses 

3.12.1 Viticulture/Horticulture 

Land both within and adjacent to the south and east of the site is currently used for 
viticulture and other intensive horticulture, such as the growing of table grapes and 
melons.
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Most vineyards which are currently operating within the site intend to cease operation 
once residential development within the site commences.  However, some operators 
within the site, such as the Pinnelli Vineyard, intend to continue practising viticulture for 
the foreseeable future (Figure 10).  Vineyards located to the south and east of the site 
along Benara Road and West Swan Road are likely to continue operation for the 
foreseeable future. 

3.12.2 Residential Development 

Immediately west of the site’s western boundary lies residential development which has 
only recently been completed (Figure 10).  This area of residential development is 
relatively small and is tightly bound by Reid Highway to the north, Bennett Brook to the 
west, Benara Road to the south and the Lord Street extension to the east. 

3.12.3 Bennett Street Poultry Farm 

A poultry farm exists on the western side of Bennett Street, adjacent to the south-west 
corner of the site (Figure 10).  This farm produces chicken meat and has operated since 
the 1960s.  It is the intention of the current operators of the farm to continue 
operations for the foreseeable future. 

3.12.4 Victoria Street Mushroom Farm 

A small mushroom farm is located north of the site, on Lot 52 Victoria Road, within the 
West Swan (east) Urban Cell.  The farm operates under a temporary approval, which is 
currently being reviewed by the City of Swan.  The farm is zoned ‘Urban’ under the 
Metropolitan Region Scheme and is separated from the Caversham Local Structure Plan 
area by Reid Highway.

3.12.5 Austral Brick and Tile Factory 

A brick and tile factory operated by Austral Bricks is located approximately 700m south 
of the site.  The factory produces bricks and roof tiles but has a relatively small capacity 
compared to other brick factories in the area (e.g. Midland Brick). 
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4.0 CAVERSHAM VITICULTURAL OPERATOR SURVEYS 

To determine representative viticultural practices and operations in the vicinity of the 
site, a number of vineyards were selected as being representative of the surrounding 
land uses.  Three operations either within or adjacent to the site, that were determined 
to be representative of the viticultural/horticultural activities conducted within the 
immediate vicinity, were selected.   

The selected operations were:  

1. Vineyard at Lots 18 Bennett Street and Lots 5 and 8 Benara Road (‘Pinnelli 
Vineyard’), operated by Domenic Pinnelli. 

2. Vineyard/table grapes and melon production at Lots 2 and 13 Arthur Street, 
operated by Richard Taylor. 

3. Table grape production at Lots 210 and 211 West Swan Road, operated by Peter 
Botica.

Figure 10 illustrates the location of these sites. 

4.1.1 Survey Scope 

A face-to-face survey with each of the operators from the above operations was 
conducted during October 2005.  The surveys focused on the following points: 

The details of the agricultural practises used on each site, with an emphasis on the 
application of chemicals: 

- Types of spray applied. 
- Method of application (eg. boom spray, airblast mister). 
- Frequency and timing of application. 

The permanency of the agricultural activities.

The scale of the operations. 

Any other relevant information.   
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4.1.2 Survey Results 

4.1.2.1 Pinnelli Vineyard – 40 Lots 18 Bennett Street and Lots 5 & 8 Benara Road

Details of Agricultural Practices 

The Pinnelli Vineyard is located within and adjacent to the south-western corner of the 
site.  The vineyard has been established for over twenty-three years and the complete 
winemaking process from growing wine grapes through to production and sales of wine 
occur on site.  The operation is considered to be medium-scale.  It is the intention of 
the vineyard operators to continue their viticultural practices and not partake in urban 
development within the structure plan area.

The types of sprays used include herbicides, fungicide, insecticides and growth 
regulators.  Herbicides are applied during July and August, while fungicide is sprayed 
from September through to May.  Insecticides are sprayed on an as needs basis.  The 
most consistent spraying involves the application of fungicides during months of spring, 
summer and autumn.  During these periods fungicides are applied every 10–14 days.  
The operators prefer to spray during the early morning or evening, when winds tend to 
be relatively calm or light, and although they try to avoid spraying in windy conditions 
due to time constraints they sometimes spray in conditions which are not ideal.   

All sprays are applied using a blower which is mounted at the back of a tractor.  The 
blower consists of a fan which forces the chemical through small outlets to create a mist 
which is forced upwards and outwards away from the blower.  The operating noise of 
the blower is considered loud. 

Noise also emanates from bird scarers, which are used during the growing season 
(September – April), and machine harvesters and grape crushers, which are used during 
the harvest/wine production season (February – April).  During the wine production 
process, the grape crushing machinery is used twenty-four hours a day. 

Dust is occasionally created when the ground is ploughed (to install new vines).  Dust 
suppression techniques are not employed but the operators do take into consideration 
wind conditions when ploughing. 

During the months of spring, organic fertilisers are applied and these can generate an 
odour.

Impact of Operations 

The potential impact of this vineyard operation on land immediately adjacent site is 
considered to be medium-high, particularly during spring – autumn.
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4.1.2.2 Vineyard/Horticultural - Lots 2 and 13 Arthur Street

Details of Agricultural Practices 

Lots 2 and 13 Arthur Street lie within the site and the operations include production of 
wine grapes, table grapes, melons, and also sheep grazing.  The operation may be 
considered relatively small scale.  The operator expects to continue operations for the 
short-term, until staged urban development reaches the property.   

The types of sprays used include herbicides, fungicide, insecticides and growth 
regulators.  Fungicide is sprayed from September through to December, while 
insecticides are sprayed on an as needs basis.  Growth regulator is sprayed during 
November, while herbicides are sprayed during May, September and October.  During 
the September – December period fungicides are applied every fourteen days.   

The operator prefers to spray during the early morning or evening, when winds tend to 
be calm or relatively light, and evaporation rates are low.  The operator is mindful of 
wind direction when spraying.

All sprays are applied using either a boom spray or blower which is located at the back 
of a tractor.  The operating noise of the blower is loud. 

Dust is very occasionally created when the ground is ploughed (to install new vines or 
crops).  Dust suppression techniques are not employed when ploughing is undertaken. 

No applications are used within the operations which create any significant odours. 

4.1.2.3 Vineyard - Lots 210 and 211 West Swan Road

Details of Agricultural Practices 

Lots 210 and 211 West Swan Road lies adjacent to the east of the site and produces 
table grapes.  The operation is relatively small scale.  The operator expects to continue 
operations in the short-term, and his intention beyond then is unclear.   

The types of sprays used include herbicides, fungicide, insecticides and growth 
regulators.  Spraying occurs relatively infrequently, with the exception of the September 
– January growth period when fungicide is applied every fortnight.  Pesticides are applied 
only once before picking commences.  The operator prefers to spray during the early 
morning or evening, when winds tend to be relatively light, and when evaporation rates 
are lower. 

All sprays are applied using either a blower or boom spray which is located at the back 
of a tractor.  The operating noise of the blower is loud. 

Dust is occasionally created when the ground is ploughed (to install new vines).   
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No applications are used within the operation which creates any significant odours. 

4.1.3 Summary of Results 

The results of the survey indicate that of the three operators interviewed, two are 
relatively small scale while one is medium scale in size (the Pinnelli Vineyard).  The 
operation located within the site on Arthur Street is likely to continue operations in the 
short-term until staged development reaches the property.  The Pinnelli Vineyard 
intends to continue operating into the foreseeable future, while the West Swan Road 
property can be expected to continue operating into the short-term future at least.  The 
operator of the West Swan Road property has indicated his preference for his land to 
be developed for residential use in the long-term future (although this is unlikely as it is 
not zoned ‘Urban’). 

The results of the survey suggest that similar practices are carried out across all three of 
the operations, with the main difference being that the Pinnelli Vineyard is more 
intensive in its stated application of chemicals and its use of machinery (given that it 
processes grapes and makes wine on site).  Thus, spray drift and noise impacts from the 
Pinnelli Vineyard are likely to be greater than from other small scale operations, such as 
those surveyed on Arthur Street and West Swan Road.  Extrapolation of the survey 
results, based on review of aerial photography and ground-truthing of land adjacent to 
the site boundary, leads to the conclusion that the Pinnelli Vineyard is the only medium-
scale operation adjacent to the site and that the remainder of operations adjacent to the 
site are small scale.

The results suggest that spray drift and noise impacts intermittently originating from 
Pinnelli Vineyard are likely to be greater than those originating from the small scale 
operations along Benara Road and West Swan Road.  Regardless, the impacts from the 
small scale operations are also likely to have some intermittent impact on the proposed 
adjacent urban development.

On this basis, these intermittent operational activities present a constraint to urban 
development within the site, and appropriate buffers must be determined to minimise 
the impacts.   

The Environmental Protection Authority’s (2004) Draft Separation Distances between 
Industrial and Sensitive Land Uses vineyard buffer of 500m is considered applicable in the 
absence of site specific assessment.  The following assessment describes and illustrates 
the grounds on which this buffer may be considered for variation.   
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5.0 PROPOSED LOCAL STRUCTURE PLAN 

The Caversham Local Structure Plan seeks to provide the necessary planning frame 
work for a 198ha area of land bounded by Benara Road, West Swan Road, Reid Highway 
and the proposed Lord Street extension, within the City of Swan. 

The proposed Local Structure Plan for Caversham (LSP) (Plan No. 2965-2001g.dgn, 
Revision G, 3 October 2008) has been prepared by RPS Koltasz Smith and has been 
completed in accordance with the requirements of the ‘Residential Development’ zone 
as outlined in Part 5 of City of Swan’s Local Planning Strategy No. 17.  

The objectives of the Residential Development zone are to: 

(a) ‘provide for the coordinated development of future residential areas through the 
application of a comprehensive plan to guide subdivision and development to be known as 
a ‘Structure Plan’; 

(b) provide for predominantly residential development, but including also a range of 
compatible services, consistent with the needs of an integrated neighbourhood, and 
planned so as to minimise adverse impacts on the amenity;  

(c) avoid the development of land for any purpose or at a time when it is likely to compromise 
development elsewhere in the district or prejudice the future development of land in the 
Residential Development zone for more appropriate purposes; and 

(d) take account of the need to protect the amenity and ongoing use of adjacent property 
owners as well as to provide for the needs of future residents..’ 

The zone contains a comprehensive suite of provisions which guide the preparation and 
adoption of local structure plans and associated development cost sharing mechanisms. 
The scheme also outlines the matters that are required to be addressed in preparing a 
local structure plan including  supporting documentation, the requirements/process to 
advertise and the assessment and adoption process to be undertaken by the City and 
the WAPC. 

The LSP incorporates the following land uses: 

A mixture of residential densities ranging from R15 to R60. 
A lifestyle/retirement village. 
A neighbourhood centre. 
A community site. 
A primary school. 
Public open space (POS). 
Provision for drainage. 
‘Transitional lots’ along the southern and eastern site boundaries. 
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The transitional lots are intended to provide additional protection of future residents 
from existing and surrounding land uses that may pose a potential impact.  The detailed 
design of these lots and more detail about their objective(s) and purpose is presented in 
the Transition Lot (Buffer) Management Plan, being prepared jointly by RPS Koltasz 
Smith and RPS Environment and Planning. 

A copy of the proposed Local Structure Plan is presented in Figure 11 of this EAR. 
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6.0 POTENTIAL ENVIRONMENTAL IMPACT OF 
DEVELOPMENT AND DISCUSSION OF MANAGEMENT 
COMMITMENTS

Development of any site creates the potential for negative environmental impacts if not 
managed appropriately. 

This section details the potential impacts that could occur as a result of the proposed 
LSP and details how these potential impacts will be managed in order to protect, and in 
most cases enhance, the existing natural environment. 

6.1 Groundwater

6.1.1 Maximum Groundwater Levels 

The close proximity of maximum groundwater levels to the surface level in some areas 
of the site presents a consideration for urban development within the site.   

Fill will be required to ensure that sufficient vertical separation distance between the 
groundwater and the built form is achieved.  Sufficient vertical separation to 
groundwater ensures that flooding of the future development does not occur and long-
term protection of the groundwater resource is secured. 

However, the importation of fill to facilitate development is more a commercial 
constraint than an environmental constraint.

The exact level of fill required to achieve the vertical separation distances required for 
urban development is not yet known, but will be calculated by the project engineers at 
the detailed design stage, from the results of the groundwater monitoring program. 

6.1.2 Groundwater Quality 

The water quality data collected during the groundwater monitoring program suggest 
that groundwater quality is extremely variable across the site, with many sites recording 
large increases in nutrients at various stages throughout the monitoring program.  
However, in general, the groundwater under the site is particularly high in nutrients. 

Given the current land uses on the site include a poultry farm, with the remainder of the 
site being cleared and used for agricultural activities and grazing, development of the site 
for urban purposes is likely to improve the quality of drainage water entering the 
groundwater.  Agricultural activities are known to produce high nutrient levels, such as 
Total Niitrogen (TN) and Total Phosphorus (TP).  These nutrients then enter surface 
water and groundwater resources. 

L07240: Rev 0, November 2008 Page 26



Environmental Assessment Report
Caversham Urban Cell, Local Structure Plan Area 

6.2 Surface Water 

6.2.1 Wetlands 

According to Hill et al. (1996), a large sumpland covers the majority of the Caversham 
development site.

As detailed in Section 3.3.1, a successful wetland reclassification on 9 May 2006 resulted 
in the majority of the sumpland being reclassified by the DEC (then Department of 
Environment) from ‘Resource Enhancement’ management category wetland to ‘Multiple 
Use’ management category wetland.  A small area of remnant vegetation in the north-
eastern corner of the site was reclassified as ‘Dryland’ and removed from the wetland 
database.  An area along the southern boundary is no longer mapped as wetland.   

The DEC uses the Water and Rivers Commission (2001) Wetlands Position Statement 
as a guide to all issues concerning wetlands on the Swan Coastal Plain.  The varying 
levels of protection for wetlands of different management categories as recognised 
within the Wetlands Position Statement are described in Table 3 below. 

Table 3: DEC Wetland Management Categories – Levels of Protection 

Management 
Category 

General Description Management Objectives 

Conservation Wetlands support a 
high level of 
ecological attributes 
and functions. 

Highest priority wetlands.  Objective is preservation of 
wetland attributes and functions through various 
mechanisms including: 
 Reservation in national parks, crown reserves and 

State owned land. 
 Protection under Environmental Protection 

Policies.
 Wetland covenanting by landowners. 

These are the most valuable wetlands and the 
commission will oppose any activity that may lead to 
further loss or degradation.  No development. 

Resource
Enhancement 

Wetlands which may 
have been partially 
modified but still 
support substantial 
ecological attributes 
and functions. 

Priority wetlands.  Ultimate objective is for 
management, restoration and protection towards 
improving their conservation value.  These wetlands 
have the potential to be restored to conservation 
category.  This can be achieved by restoring wetland 
structure, function and biodiversity.  Protection is 
recommended through a number of mechanisms. 

Multiple Use Wetlands with few 
important ecological 
attributes and 
functions remaining. 

Use, development and management should be 
considered in the context of ecologically sustainable 
development and best management practice 
catchment planning through land care.  Should be 
considered in strategic planning (e.g. drainage, 
town/land use planning). 

The management objective for ‘Multiple Use’ wetlands includes ‘use, development and 
management (being) considered in the context of ecologically sustainable development and best 
management practice catchment planning through landcare.’
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Given that the wetland within the site has been extensively modified and supports few 
ecological attributes, urban development is a land use which is consistent with these 
management objectives, and as such the ‘Multiple Use’ wetland is not considered an 
constraint to urban development of the site. 

Notwithstanding the above, the development will incorporate water sensitive urban 
design strategies that will ensure protection of the better quality wetlands downstream 
of the site (eg. Bennett Brook).  Essentially, treatment of stormwater will occur within 
the site prior to discharge toward surrounding wetland areas. 

6.2.2 Watercourses 

The two drains which flow across the site perform a drainage function for both lands 
upstream of, and within the site, and ultimately discharge water into the Swan River via 
Bennett Brook. 

Currently, significant nutrient export from the site is expected to occur as a result of 
untreated stormwater run-off and groundwater discharge.  Given the widespread 
intensive horticultural activities which currently occur within the site, it is likely that 
stormwater run-off containing nutrients and other contaminants is entering the 
surrounding catchment, and ultimately the Swan River. 

The LSP proposes rehabilitation and enhancement of the western-most drain, using a 
‘Living Stream’ concept.  POS has been strategically positioned to incorporate this 
drainage channel, which meanders from the northern boundary of the property, through 
to the centre of the development and then to the south-western corner, where a 1.41ha 
drainage basin exists.

Rehabilitation of this existing drain into a wider, more meandering channel, will allow for 
treatment of stormwater run-off prior to discharge into the greater catchment, through 
a stormwater treatment train approach.  The treatment train approach is likely to 
incorporate soft and hard treatment options.  Enhancement of this drain will also 
provide increased biodiversity and fauna habitat, following planting of native plant species 
typical of the Caversham/Swan area.  The existing Melaleuca spp. will be retained along 
the revegetated margins of the drain.   

Reconfiguration of the bed morphology of the drain will involve the removal of the 
concrete channels, were they occur, and replacement with a natural surface capable of 
allowing infiltration.  Holding basins (or pools) will be incorporated into the detailed 
living stream design, as will widening of some areas for wading bird habitat.  These areas 
will provide fauna habitat areas as well as providing a focal point within a POS area for 
visitors to the area. 

The eastern drain will be piped following residential development. 
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In additional, a Local Water Management Strategy has been prepared by Cardno BSD 
(August 2007), which outlines the mechanisms for how surface water drainage and 
groundwater will be managed within the Caversham site post-development, through the 
following:

Water Conservation Strategy. 

Stormwater Management Strategy. 

Groundwater Management Strategy. 

Matters to be addressed at subdivision stage and within the yet-to-be-completed 
Urban Water Management Plans. 

Monitoring and Implementation Requirements. 

In summary, as part of the LWMS, the client commits to the following key management 
strategies: 

Maintenance of the pre-development hydrological regime. 

Localised surface water aquifer recharge, via on-site infiltration and piped drainage 
network.

Directing piped drainage to roadside drainage swales or localised infiltration swales 
prior to discharge to major surface water drainage channels. 

Roadside drainage swales will be designed to retain a 1 in 5 year storm event. 

Overflow drainage will flow through vegetated treatment systems prior to entering 
major drainage channels, such as Bennett Brook. 

Localised infiltration swales will be designed to retain the 1 year ARI storm as a 
minimum.

Locations within selected POS corridor areas will be designed to store the 1 in 100 
year storm event. 

Retention of remnant native vegetation within POS to reduce landscaping water 
requirements.

Implementation of Gross Pollutant Traps, bubble ups and other such Best 
Management Practices. 

Due to the presence of clayey soils in some parts of the site, subsoil drains and 
stormwater lot connections will be provided in all areas where finished sand levels 
are less than 1.5m above the clay layer. 
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The detailed design phase will provide further specific information on how the 
commitments in the LWMS will be designed and implemented within the development. 

6.3 Drainage and Nutrient Export 

Appropriately planned and implemented development of the site for residential 
purposes has the capacity to significantly reduce the export of nutrients and other 
contaminants into the catchment, assuming best practice water management design is 
incorporated within the urban design process.  This is because sewered urban land uses 
may have significantly reduced nutrient and contaminant loading and inputs compared to 
agricultural and intensive horticultural activities.  

Differing rates of nutrient input from agricultural, horticultural and residential land use 
were compared by Gerritse et al. (1992).  Annual input rates per hectare for both 
nitrogen and phosphorus were greatest on land used for horticulture (192kg/ha/yr N 
and 102kg/ha/yr P), while inputs for both agricultural pasture grazing (18–65kg/ha/yr N 
and 20kg/ha/yr P) and residential purposes (connected to sewered mains) (35kg/ha/yr N 
and 20kg/ha/yr P) were dramatically less.  Given the level of horticultural activities 
currently employed within and surrounding the site, it is likely that nutrient inputs into 
the site, and stormwater run-off and groundwater exportation from the site, will be 
significantly reduced as a result of urbanisation. 

Given that the LWMS (Cardno BSD, August 2007) focuses on on-site stormwater 
retention and infiltration, contaminants and nutrients exported off site is expected to 
reduce post-development compared to pre-development levels.  As such, on-site 
retention and infiltration of stormwater will help to limit the impact of the development 
upon the surrounding Bennett Brook system and greater Swan River catchment. 

6.4 Vegetation and Flora 

Remnant native vegetation presents no significant constraint to urban development as 
little native vegetation remains within the site. 

The Jarrah/Marri/Banksia/Sheoak woodland – low forest which occurs within Lots P85–
P87 and P214 Patricia Street – is in degraded condition, and consequently may be 
considered of low environmental value.  Retention of this vegetation within the 
proposed Lifestyle/Retirement Village would be as much a landscape/amenity benefit as 
an environmental one. 

The scattered Melaleuca spp. which occur along portions of the western drain will be 
retained as part of the living stream corridor, which links a series of POS areas to form a 
potential habitat corridor.  These native trees will assist with nutrient stripping and will 
provide increased habitat and amenity as part of the living stream/treatment system and 
the surrounding POS areas. 
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Landscaping will incorporate waterwise plant species, with local native species being 
utilised where possible. 

6.5 Acid Sulfate Soils 

An Acid Sulfate Soils Self Assessment was conducted in accordance with Bulletin No. 64 
(WAPC, 2003) and the DEC Acid Sulfate Soils Guidelines Series (2003–2004).  The 
results of this were uncertain, due to a lack of detailed information about the 
construction works, which will be available at the detailed subdivision design stage.   

However, the majority of the site is mapped as low to nil risk of ASS occurring >3m 
from the soil surface and no risk at depths <3m from the soil surface.  Therefore, ASS is 
unlikely to pose a potential impact to development, particularly if all infrastructure and 
services are constructed within the imported fill or less than 3m below the current 
ground surface. 

The upland area containing the degraded remnant vegetation (in the north-eastern 
corner of the site) is mapped by the WAPC as moderate to low risk >3m from the soil 
surface and no risk <3m from the soil surface.  This majority of this area corresponds to 
the Lifestyle/Retirement Village.  In addition, a small area in the south-west of the site is 
mapped as high risk of ASS occurring <3m from the soil surface.  According to the LSP, 
a 1.41ha drainage basin is proposed this area, and it forms the last point in the treatment 
train/living stream prior to discharging off site.  These areas will be subject to detailed 
sampling for Acid Sulfate Soils prior to any excavation works (i.e. a Preliminary Site 
Assessment), in accordance with the DEC’s Acid Sulfate Soils Guideline Series.  The 
results will inform the exact configuration of the basin and location of buildings and/or 
infrastructure for the Lifestyle/Retirement Village. 

6.6 Contamination

Given that a large number of lots within the site have been used, are or currently being 
used, for horticultural and other rural activities, a Preliminary Site Investigation (PSI) for 
potential contamination will be undertaken prior to ground disturbing activities, 
according to the Department of Environmental Protection (2001) Contaminated Sites 
Management Series.

Horticulture/viticulture is identified by the DEC as a potentially contaminating land use.  
Key contaminants of concern associated with this land use include:  

Trace metals from fertilisers, corroding metals, boiler scale, etc. 

Nutrients from fertilisers, animal feed and manure. 
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Organochlorine and organophosphate based pesticides commonly applied to 
horticultural properties to control pests and buildings to control termites prior to 
the mid 1980s. 

Other pesticides such as synthetic pyrethroids and hepoxides commonly applied to 
horticultural facilities. 

Petroleum hydrocarbons and solvents often stored at horticultural properties or 
for the lubrication and maintenance of machinery. 

Phenols and other cleaning products used as detergents. 

Polycyclic Aromatic Hydrocarbons (PAHs) often associated with the breakdown of 
oil residues, kerosene and creosote. 

Asbestos containing materials may also be present in some of the houses, sheds and 
shelters across the site. 

The purpose of a PSI is to identify areas of potential contamination, the potential 
contaminants and factors that would affect the nature, magnitude and extent of the 
contamination.  The PSI includes: 

A review of relevant site characteristics. 

A review of site development and activities through historical aerial photography, 
land title and land ownership consultations. 

A site inspection. 

If the PSI identifies the need for further assessment, a soil and/or groundwater Sampling 
and Analysis Program (SAP) will be prepared, potentially to the satisfaction of an 
auditor, and detailed site sampling according to the SAP will be carried out as part of the 
Detailed Site Investigation (DSI). 

6.7 Aboriginal Heritage 

Two Aboriginal sites are recorded within the site.   

Although Moore’s Camp is not on the DIA’s Permanent Register, it is well known to the 
local Aboriginal Community as a place of significance.  The site will be protected as part 
of the Lifestyle/Retirement Village.  This site will be subject to detailed design at a later 
stage.
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The burial site or skeletal remains at Marshall’s Paddock presents an unknown 
constraint because of the restriction to access relevant information.  This site will be 
retained in a 0.3ha POS area within the development.   

6.8 Dampier – Bunbury Natural Gas Pipeline and Parmelia Gas 
Pipeline

The Dampier – Bunbury Natural Gas Pipeline and Parmelia Gas Pipeline alignments form 
a portion of the eastern boundary of the LSP area.  The LSP proposes a 75m setback to 
the Dampier – Bunbury Natural Gas Pipeline alignment, which is furthest west of the 
two pipelines.

This setback exceeds that of a previous risk assessment undertaken in Parmelia involving 
a high-pressure gas pipeline and proposed residential development, which found a 
distance of 32m sufficient to meet the EPA risk criteria (Environmental Protection 
Authority, 2000). 

These pipeline alignments, and the 75m buffer, are incorporated within the proposed 
transition (buffer) lots along the eastern site boundary.  Further detail on these 
transition lots is provided within the Transition Lot (Buffer) Management Plan (2008), 
jointly prepared by RPS Koltasz Smith and RPS Environment and Planning. 

6.9 Reid Highway and Proposed Perth – Darwin Highway 

The existing residential development which lies to the west of the site is bound to the 
north by Reid Highway.  The close proximity of this development to the Highway and 
the lack of visible buffers suggest noise originating from Reid Highway traffic is not 
substantial.

However, due to the site’s close proximity to Reid Highway and the proposed Lord 
Street extension, a Noise Impact Assessment has been undertaken as a precaution.  The 
assessment determined the requirement for noise mitigation measures within the 
Caversham Urban Cell, and includes strategies relating to landscaping, bunding, building 
design and construction.   

The Noise Impact Assessment undertaken by Lloyd Acoustics (2006) recommended the 
following noise management techniques: 

Constructing a 2.1–2.4m high wall as the western boundary wall of residences 
adjacent to the future Lord Street extension. 

Constructing a 2.1–3.0m high wall as the northern boundary wall of residences 
adjacent to Reid Highway. 
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Memorials on the titles of properties immediately adjacent to the Lord Street 
extension and Reid Highway advising of the possible noise impacts and requirement 
to use quiet house design principles. 

Further details on how the LSP responds to noise management are provided within the 
Noise Impact Assessment report (Lloyd Acoustics, 2006). 

6.10 Perth International Airport Noise Contours 

The 20 Australian Noise Exposure Forecast (ANEF) contour from the Perth Airport 
encroaches only slightly within the eastern boundary of the site.  This noise contour is 
widely recognised as the critical limit for noise exposure to residential areas.   

Future residents will be protected as this noise contour is contained within the 
transitional lots along the eastern site boundary.  Further information on the transition 
(buffer) lots is provided in the Transitional Lot (Buffer) Management Plan (2008), jointly 
prepared by RPS Koltasz Smith and RPS Environment and Planning.  The remainder of 
the site lies outside the 20 ANEF, and as such, no constraint to development exists. 

6.11 Buffer Management – Surrounding Land Uses 

6.11.1 Viticulture 

There are a number of viticulture/horticulture operations both within and adjacent to 
the LSP area.  The vineyards currently operating within the site intend to cease 
operations once residential development commences.  However, some operators 
outside the site, such as the Pinnelli Vineyard, have expressed their intention to continue 
practising viticulture for the foreseeable future.  Some vineyards located to the south 
and east of the site along Benara Road and West Swan Road are also likely to continue 
operations for the foreseeable future.   

The Environmental Protection Authority’s Guidance Statement No.3 - Separation
Distances between Industrial and Sensitive Land Uses (June 2005) identifies vineyards as 
requiring a standard 500m buffer, due to the potential for gaseous (chemical spray drift), 
noise, dust and odour impacts.  This default buffer distance assumes no other acceptable 
management measures are implemented within the development.  Figure 10 illustrates 
the extent to which a 500m buffer encroaches within the site, from vineyards which are 
likely to remain in operation after development of the site.

As such, constraint to urban development within the site exists given the potential 
impact these viticultural practices might have on the adjacent urban development.   
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However, it is noted that broad-scale viticulture (including winery) operators must 
comply with the Environmental Code of Practice for the Use of Agricultural and Veterinary 
Chemicals in Western Australia 2002.

However, given the Caversham Urban Cell cannot control operational practices for 
neighbouring viticultural activities, suitable management measures will be employed 
within the development which further assist in the reduction of any impacts.   

Section 7 of this report examines this potential constraint in further detail, including 
mitigation and management options being committed to, in order to reduce the 
standard 500m buffer set by the EPA’s Guidance Statement No.3, without impacting on 
future residents of the development.  A key strategy will be the incorporation of 
transitional (buffer) lots along the eastern and southern boundaries of the site.  The 
Transitional Lot (Buffer) Management Plan (2008), jointly prepared by RPS Koltasz Smith 
and RPS Environment and Planning, outlines this feature of the development in greater 
detail.

6.11.2 Bennett Street Poultry Farm 

The poultry farm which operates on Bennett Street, adjacent to the south-west corner 
of the site, presents a constraint to urban development of the site, due to the fact that 
the current operators of the farm wish to continue operations into the foreseeable 
future.

The Environmental Protection Authority’s Guidance Statement No.3 (June 2005) 
identifies poultry farms as requiring a 300–1000m buffer, depending on the size of the 
farm.  The buffer is intended to minimise impacts associated with potential noise, dust 
and/or odour emissions.   

However, it is noted that a buffer of only 150m exists between the residential 
development west of the Caversham Urban Cell and the Bennett Street Poultry Farm, 
which suggests that odour impacts from the poultry farm are not significant.  However, 
a larger buffer will be employed for the current site, given the predominant winds during 
the afternoon originate from the west-south-west, towards the site (Figure 12).   

In addition, this land use is subject to the provisions of the Environmental Code of Practice 
for Poultry Farms in Western Australia 1999, which governs operational procedures in an 
attempt to minimise off site impacts to surrounding areas.  However, as with viticultural 
activities, the Caversham Urban Cell cannot control operational practices for 
neighbouring poultry farms.  As such, suitable management measures will be employed 
within the development, which further assist in the reduction of any impacts from the 
poultry farm.   
A key strategy will be the incorporation of transitional (buffer) lots along the eastern 
and southern boundaries of the site.  The Transitional Lot (Buffer) Management Plan 
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(2008), jointly prepared by RPS Koltasz Smith and RPS Environment and Planning, 
outlines this feature of the development in greater detail. 

6.11.3 Victoria Street Mushroom Farm 

Given the Victoria Road Mushroom Farm is a small operation, currently operating under 
a temporary approval, on land zoned ‘Urban’ under the Metropolitan Region Scheme, 
this land use is not considered to be a constraint to development of the Caversham 
Urban Cell for the purposes of residential development.

6.11.4 Brick and Tile Factory 

Austral Bricks operates a brick and tile factory located on Harper Street, which lies 
approximately 750m south of the site.  The Environmental Protection Authority’s 
Guidance Statement No.3 (June 2005) identifies clay brickworks as requiring a 300–
1000m buffer, depending on the size of the factory.  Figure 10 illustrates the extent to 
which the maximum1000m buffer impinges into the site. 

Austral Brick’s Environmental Manager Dean Wilkinson has provided information 
relating to the size of the factory and likely impacts from the factory’s operations on the 
surrounding area.  According to Mr Wilkinson, the factory is the smallest brick factory 
operating in the Perth Metropolitan Area, at the time of questioning (2006).  Mr 
Wilkinson also noted the presence of vineyards between the factory and Benara Road, 
and suggested that vineyards are extremely sensitive to fluoride and other brick factory 
emissions.  The apparent good health of these vineyards suggests the factory is not 
affecting the vines. 

No modelling has been undertaken at the time of local structure planning.  However, 
the implementation of the transitional (buffer) lots will result in almost a 1000m to the 
nearest resident.  On this basis, this land use is not anticipated to impact on the LSP 
area.
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7.0 VITICULTURAL CONSTRAINTS 

7.1 Predicted Impact of Viticultural Activities on Urban 
Development within the Structure Plan Area 

7.1.1 Previous Investigations Regarding Buffer Distances and Spray Drift 

7.1.1.1 Queensland Department of Natural Resources

The Queensland Department of Natural Resources (QDNR) has conducted 
considerable research into formulating planning guidelines for separating agricultural and 
residential land uses, in Planning Guidelines Separating Agricultural and Residential Land Uses
(1997).  The QDNR reports the following with regard to aerial application of sprays via 
light aircraft: 

Research and field trials have shown vegetated buffers are effective in capturing up 
to 80% of pesticide spray drift from an application upwind of a single row of trees 
(Harden, 1992 in QDNR, 1997, Section 3.9); and 

It should be noted that the recommended vegetated buffer (which includes multiple 
rows of trees) will not capture 100% of the chemical spray drift, but may reduce 
spray drift to less than 1% at a sensitive receptor when managed in terms of 
porosity, litter build up and noxious weed control to ensure effectiveness 
(Section 3.12).

The recommended buffer in these circumstances was 40m wide with a cleared 10m 
firebreak on each side, with a porosity of 0.5 (i.e. 50% air space).  However, it is 
important to note that this buffer was considered applicable where sprays are 
applied or ‘dusted’ by light aircraft.  Logically, spray from a ground based tractor 
mounted boom or blower could be considered less prone to drift.   

Codes of Practice 

The DEP’s Draft Environmental Code of Practice for Market Gardens (2000) and the 
Department of Agriculture’s Code of Practice for the Use of Agricultural and Veterinary 
Chemicals in Western Australia (2002) provide a number of best management practices 
that can be implemented to minimise the potential for spray drift.  Whilst no market 
gardens operate at the site, the principles for spray drift management remain relevant. 

Extrapolation of data provided within Diagram 2 of the DEP’s Draft Code indicates that 
at wind speeds of 9 to 11km/h (above which no spraying should occur), less than 5% of 
spray applied with a boom placed at 40cm above the ground will drift, and this will ‘land’ 
within approximately 50m downwind of the point of application without the creation of 
an intercept barrier (such as vegetation).  Less than 15% of spray applied with a boom at 
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80cm under the same conditions will drift, and similarly this will ‘land’ within 
approximately 50m downwind of the application point.

This information is relevant in considering weed spraying between vines.

Figure 13 outlines the DEC’s Spray Drift Concept, including the extrapolated 
information.

7.2 Local Climatic Characteristics 

The effects of off site impacts of viticultural activities are also significantly influenced by 
local climatic characteristics.  With respect to the potential impacts from spray drift to 
the proposed urban development within the structure plan area, it is relevant and 
important to consider not only the direction of prevailing winds, but also the velocity of 
the wind.

The Department of Agriculture’s Code of Practice for the Use of Agricultural and Veterinary 
Chemicals in Western Australia (2002) recommends that spray application should not 
occur at wind speeds greater than 15km/hour.  Results of the site-specific survey suggest 
operators within the vicinity of the site adhere to these recommendations.  

Because of the location of the vineyards in relation to the site, it is necessary to 
consider the frequency of easterly, south-easterly, southerly and south-westerly winds 
which may transport spray drift and noise from the vineyards towards the structure plan 
area.

Annual wind-roses have been constructed from wind speed and direction data for Perth 
International Airport (the nearest Bureau of Meteorology station to Caversham) 
collected in the morning at 9am and the afternoon at 3pm (Figure 12).

The wind-roses present wind records for all directions and strengths, and indicate that: 

In the mornings winds in the area are predominantly easterlies (approximately 25% 
of the time), calm (15%) or north-easterlies (approximately 18%). 

In the afternoon, winds are predominantly south-westerly (over 30% of the time) 
or westerly (over 20% of the time).

However, wafting (less than 10kmh) south-easterly winds occur only approximately 5% 
of the time in mornings, and approximately 6% of the time in afternoons, while wafting 
easterly winds occur only approximately 4% of the time in mornings, and approximately 
3% of the time in afternoons.  Wafting north-easterly winds occur only approximately 
8% of the time in mornings, and approximately 2% of the time in afternoons.   

L07240: Rev 0, November 2008 Page 38



Environmental Assessment Report
Caversham Urban Cell, Local Structure Plan Area 

Consequently, assuming the operators of the vineyards accord with relevant Codes of 
Practice with regard to spraying, the frequency of conditions in which it may be possible 
for spray drift to impact upon the residential site is relatively low.   

7.3 Adherence to Occupational Health and Safety Legislation 

Assuming the agricultural activities surrounding the site are in compliance with the 
requirements of the Occupational Health and Safety Act 1984, it is unlikely that the 
potential for spray drift impacts on the proposed residential development would be 
significant.

Under its obligations to employees and customers under the Occupational Health and 
Safety Act 1984, the vineyards must operate a safe and hazard free working environment.  
In other words, the safety requirements for the employees of these businesses will 
logically also protect people that will live in the vicinity of the agricultural operations.

However, it is recognised that the developers of the Caversham Urban Cell, and indeed 
the greater Swan Sub-regional Structure Plan Area, cannot influence or control the 
operational procedures of the existing viticulture activities.  As such, appropriate 
management strategies will be implemented to further negate the potential for negative 
impacts on future residents of the development. 

7.4 Noise

7.4.1 Noise Impact Assessment 

A detailed Noise Impact Assessment was conducted by Lloyd Acoustics (2006), and the 
resultant reported is appended in full to the Structure Plan Report.  In summary, the 
study identified four main noise sources from viticultural activities including: 

Spraying equipment. 
Tractor.
Bird scarers. 
Grape crushers. 

Of these sources, noise issues associated with bird scarers and grape crushers were 
dismissed on the basis that both of these are only used by the Pinnelli Vineyard, and that 
the bird scarer is only used occasionally (and its use can be reasonably managed by 
adherence to the EPA’s Best Practice Guidelines for Bird Scaring in Orchards) and the 
grape crusher is housed within a shed and consequently unlikely to be a significant 
source.
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Tractor noise is also dismissed by Lloyd Acoustics (2006) because it is exempt from the 
Environmental Protection (Noise) Regulations 1997.

On the basis of potential noise from fan-type vine sprayers and night-time noise 
criterion, Lloyd Acoustics (2006) determined that a minimum buffer distance of 85m 
between residential dwellings and vineyard operations would be necessary.  This is 
based on a fan-type sprayer operating at night-time under light downward winds.  The 
use of the fan-type sprayer is considered reasonable as night-time spraying (i.e. to 
minimise evaporation rates and spray loss through stronger winds), would only be 
undertaken using a fan-type sprayer, as a blower type sprayer would be louder and in 
direct violation of the Environmental Protection (Noise) Regulations 1997. 

For a detailed explanation of the noise assessment process and management strategies 
proposed, refer to Lloyd Acoustics’ Noise Impact Assessment (2006), appended to the 
Local Structure Plan Report. 

7.5 Management and Design Strategies 

7.5.1 Buffer Distance and Design 

Sections 7.1–7.4 have presented information from which a conclusion may be made that 
the potential impacts of spray drift from the adjacent viticultural operations upon the 
proposed residential development are relatively low.  These sections also recommend a 
suitable buffer distance to manage noise that would be generated from fan-type vine 
sprayers at night-time. 

It is acknowledged that a certain level of responsibility to manage negative factors 
associated with viticulture rests with the agricultural activity operators) under the 
relevant Codes of Practice, and by law, in terms of chemical exposure and occupational 
health and safety).  However, as previously stated, in order to further mitigate the 
potential for spray drift impacts, buffer distances and design strategies need to be 
considered for the development.   

Based on its extensive research, the QDNR established minimum buffer widths, with 
and without buffer elements, as summarised in the table below. 

The QDNR research indicates that through appropriate design, buffer distances can be 
significantly reduced.  The most appropriate buffer design in this situation is widely 
recognised as a 40m planted buffer of mature, dense trees and shrubs.  A vegetated 
buffer would not only serve to reduce spray drift impact but also provide a visual barrier 
between the two land uses.  This is particularly important for the protection of the rural 
landscape when viewed from Benara Road and West Swan Road.   
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The specific design of the vegetated buffer, including the appropriate species 
composition (taking into consideration height and density), will require further 
investigation, and be negotiated with the City of Swan.  This is proposed to be 
undertaken as soon as possible, given the vegetation will need time to establish prior to 
residents moving in to the subdivision. 

Table 4: Buffer Distances as Determined by Queensland Department of Natural 
Resources (Queensland Department of Natural Resources, 1997) 

Parameter Duration 
Threshold 

Minimum Default 
Distance (m) 

Minimum Design Distance 
with Buffer Element (m) 

Chemical spray drift None 300 40

Intermittent noise1 > 10hrs/yr < 
50hrs/yr 

60 (d) 
1000 (n) 

15 (d) 
250 (n) 

Long-term noise1 > 50hrs/yr 500 (d) 
1000# (n) 

120 (d) 
1000# (n) 

Dust/smoke/ash None 150 40

1 = Based on source noise level of 90 dB(A) (LAmax T) at 7.5m 
d = Noise occurring in day-time (6am-10pm) 
n = Noise occurring night-time (10pm-6am) 
# = Long-term noise occurring between 10pm-6am is likely to be considered intrusive and therefore unreasonable.  Such 
noise sources may be ameliorated by a combination of enclosing or muffling the noise or by provision of a buffer area and 
attention to residential design. 
Source: QDNR (1997) 

The QDNR research summarised in Table 4 suggests a buffer width of 120m which 
includes a 40m vegetated buffer would be sufficient to minimise impacts to urban 
development associated from the adjacent vineyards.  This 120m buffer incorporates the 
following distances required to minimise each respective impact: 

Chemical spray drift – 40m requirement. 
Intermittent day time noise – 15m requirement. 
Long-term day time noise – 120m required. 
Dust/smoke/ash – 40m requirement. 

The potential for noise impacts is less clear, although on the basis of the QDNR (1997) 
research a preliminary but highly conservative buffer for likely noise impacts is 
suggested.

However, the Noise Impact Assessment undertaken by Lloyd Acoustics (2006) (see 
Section 4.6.1) indicates that on the basis that fan-type blowers would be used during the 
night-time, a buffer distance between residential dwellings and vineyard activities of only 
85m would be required.

On this basis, an 85m buffer, incorporating a 40m buffer of vegetation, along the 
immediate boundary of the site is recommended as an appropriate buffer.   
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A Transition Lot (Buffer) Management Plan has been jointly prepared by RPS Koltasz 
Smith and RPS Environment and Planning.  This document details the concept of the 
transition lots and the broad, overarching design features.  Detailed investigation into 
the composition of the vegetated buffer to achieve landscape objectives and 
minimisation of impacts from spray drift and noise will be undertaken following approval 
of the Local Structure Plan. 

The transition lots are intended to provide additional protection of future residents 
from existing and surrounding land uses that may pose a potential impact.  Essentially, 
they are large lots, with a building envelope located in the northern or western portion 
of each lot, which maximises the distance of the residence from the vineyards.  The 
transition lot will consist of a 55m deep non-residential component at the rear of the 
lot, and a 30m deep residential component from the street front boundary.  The 55m 
component will consist of a 40m deep vegetated buffer to screen potential spray drift, 
with the balance of 15m as usable yard area.   

Please refer to the Transition Lot (Buffer) Management Plan for more detailed 
explanation of this concept. 

7.5.2 Advice to Purchasers and Memorials on Lot Titles 

All prospective purchasers of lots within the site should be advised of the vineyards’ 
existence and potential impacts on the contract of sale.  Additionally, memorials on the 
title of all lots within a 1300m distance (based on the distance to achieve daytime levels 
of 35dB(A) using a blower-type sprayer, as identified by Lloyd Acoustics (2006)) of any 
vineyards should be advised of the location and potential impacts of the vineyards on 
amenity.

All houses within the transition lot zone will also be required to incorporate quiet house 
design principles.  These principles are detailed in Lloyd Acoustics’ Noise Impact 
Assessment (2006). 

Please refer to the Transition Lot (Buffer) Management Plan (RPS Koltasz Smith and RPS 
Environment and Planning, 2008) and the Noise Impact Assessment (Lloyd Acoustics, 
2006) for more detailed explanations. 
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8.0 KEY CONCLUSIONS 

Residential development is considered suitable for the site.  Review of the proposed 
Local Structure Plan and comparison with the existing natural environment provides the 
following key conclusions: 

The site’s topography, soils and landforms present no significant obstacles to 
development.  However, fill be required to facilitate the development for residential 
purposes.

No significant remnant native vegetation will need to be cleared, as a majority of 
the site has limited native vegetation remaining.  The areas of remnant native 
vegetation to the north of Patricia Street will be protected within the 
Lifestyle/Retirement Village. 

Nutrient export from the site to the Swan River is likely to be reduced as a result 
of sewered urban development, given best practice urban water management will 
be incorporated within the urban design.  An Urban Water Management Plan will 
be prepared at subdivision stage, and be in accordance with the principles of the 
approved Local Water Management Strategy (Cardno BSD, August 2007). 

The Local Water Management Strategy (Cardno BSD, August 2007) and the yet-to-
be-prepared Urban Water Management Plan will ensure protection of the better 
quality wetland areas adjacent to the site. 

The enhancement of the western most drainage channel, using a ‘Living Stream’ 
concept.

This drain will be rehabilitated using native species, enhancing biodiversity at the site 
and providing additional habitat for local fauna.  The living stream will be 
incorporated into the overall stormwater system and will incorporate a treatment 
train approach, for the treatment of stormwater (for nutrients), prior to discharge 
off site.  The living stream will include various fauna habitats, including: 

- Wide, shallow sections for wading birds. 
- Native trees for bird nesting. 
- Reeds for dragon flies and macroinvertebrate protection. 

Planting with native plant species will also assist with any potential erosion issues.  
The area will provide a focal point for future residents, with passive recreational 
benefits.

The two known Aboriginal Sites will be protected in Public Open Space an the 
Lifestyle/Retirement Village landscaped areas.   
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The site lies outside the 20 ANEF noise contour associated with Perth International 
Airport.

The transitional (buffer) lots identified as part of the Transitional Lot (Buffer) 
Management Plan (RPS Koltasz Smith and RPS Environment and Planning, 2008) 
provide protection from the negative impacts of noise and spray drift that could 
potentially be generated from nearby viticultural activities.

These lots will incorporate a thick vegetated buffer of native vegetation.  As such, 
these lots will also provide a landscaping screen to neighbouring wineries, thus 
improving the landscape amenity of the development. 

Noise associated with Reid Highway and the proposed Lord Street extension is 
addressed in the Noise Impact Assessment (Lloyd Acoustics, 2006). 

The Dampier – Bunbury Natural Gas Pipeline lies within the proposed transitional 
lots along the eastern site boundary. 

Specific design strategies that will be incorporated as part of the development are 
anticipated to protect and enhance the existing environmental features of the site.  
Commitments being made by the developer, as part of the Local Structure Plan design 
process, include: 

Preparation and implementation of an Urban Water Management Plan to guide 
detailed design of the stormwater system and will ensure protection of the better 
quality wetland areas adjacent to the site as well as the groundwater resources in 
the area. 

Undertaking a Preliminary Site Investigation (PSI) to determine the likelihood for 
on-site contamination.  The PSI will be required for all lots which are recognised as 
having past or present land uses which may have impacted upon soil and 
groundwater quality.  It will be undertaken prior to soil disturbing activities. 

Undertaking a Preliminary Site Assessment PSA) to determine the presence or 
otherwise of Acid Sulfate Soils (ASS).  This assessment will be undertaken in areas 
mapped by the WAPC having any risk of ASS within 3m of soil surface, and along 
the western most drainage channel, given substantial earthworks in this area are 
likely.  The outcomes of the PSA will inform detailed subdivision design, and as such 
will be undertaken prior to detailed subdivision design. 

Determination with the City of Swan (and potentially the DEC) of the detailed 
characteristics and species composition for the transitional lots.   
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APPENDIX 1 

EPA Environmental Impact 
Assessment Process



STATE ENVIRONMENTAL IMPACT ASSESSMENT SCHEME REFERRAL PROCESS (Figure A2 in EPA Guidance
Statement No.33, May 2008)



APPENDIX 2 

Quarterly Groundwater Quality 
Monitoring Results



Sample ID Date Ammonia-N
Total

Kjeldahl
Nitrogen

Nox-N Total Nitrogen Reactive
Phosphorus

Total
Phosphorus

CGW -1 

15/03/2006 0.2 2.4 0.01 2.4 0.29 0.3
14/06/2006 0.2 1.6 0.08 1.7 0.25 0.28
13/09/2006 0.2 5.9 0.06 5.96 0.71 0.81
20/12/2006 0.2 1.8 0.2 2 0.39 0.53
21/02/2007 0.2 3.7 4.2 7.9 0.11 0.12
8/05/2007 0.2 3.8 8.20 12.00 0.17 0.17
8/08/2007 25 26 0.62 27 0.63 0.83
13/11/2007 15 17 0.05 17.00 0.6 0.6

CGW - 2

15/03/2006 0.2 1.7 5.60 7.3 0.36 0.56
14/06/2006 0.2 1.4 6.10 7.5 0.2 0.22
13/09/2006 0.2 3.4 4.80 8.2 0.23 0.36
20/12/2006 0.2 2 1.80 3.8 0.21 0.21
21/02/2007 0.2 0.2 7.9 7.9 0.14 0.14
8/05/2007 0.2 1.9 5.70 7.60 0.08 1.1
8/08/2007 0.2 1.3 4.4 5.7 0.56 0.60
13/11/2007 0.2 0.8 5.60 6.40 0.34 0.34

CGW - 3

15/03/2006 0.2 0.3 0.08 0.4 0.05 0.17
14/06/2006 0.2 0.8 0.79 1.6 0.02 0.08
13/09/2006 0.2 1.1 0.64 1.74 0.06 0.1
20/12/2006 0.2 0.6 0.44 1.04 0.02 0.05
21/02/2007 0.2 0.2 0.81 0.8 0.10 0.25
8/05/2007 0.2 0.2 0.56 0.80 0.02 0.33
8/08/2007 0.2 0.8 6.1 6.9 0.07 0.19
13/11/2007 0.2 0.2 4.70 4.70 0.05 0.05

CGW - 4 

15/03/2006 0.2 0.2 0.02 0.2 0.01 0.03
14/06/2006 0.2 0.6 0.06 0.7 0.01 0.02
13/09/2006 0.2 0.6 0.02 0.62 0.01 0.23
20/12/2006 1.5 1.5 0.03 1.53 0.01 0.01
21/02/2007 0.2 0.2 0.03 0.2 0.03 0.11
8/05/2007 0.2 1.4 0.01 1.40 0.02 1.9
8/08/2007 0.2 1.4 0.12 1.5 0.02 0.56
13/11/2007 0.2 0.2 0.06 0.30 0.02 0.08

CGW - 5 

15/03/2006 0.2 0.2 1.30 1.3 0.07 0.12
14/06/2006 0.2 0.4 0.11 0.5 0.05 0.07
13/09/2006 0.2 0.3 0.02 0.32 0.02 0.13
20/12/2006 0.2 0.2 0.01 0.21 0.02 0.09
21/02/2007 0.2 0.2 0.02 0.2 0.06 1.5
8/05/2007 0.2 0.2 0.01 0.20 0.04 0.14
8/08/2007 0.2 0.3 0.03 0.3 0.07 0.26
13/11/2007 0.2 0.2 1.60 1.60 0.09 0.09

CGW - 6 

15/03/2006 0.2 0.2 0.30 0.3 0.01 0.02
14/06/2006 0.2 0.4 0.82 1.2 0.01 0.03
13/09/2006 0.2 0.6 0.32 0.92 0.01 0.13
20/12/2006 0.2 0.3 0.13 0.43 0.01 0.15
21/02/2007 0.3 7.5 0.30 7.8 0.01 0.43
8/05/2007 0.2 0.2 0.39 0.40 0.02 0.4
8/08/2007 0.2 0.4 0.54 0.9 0.01 0.23
13/11/2007 0.2 0.5 0.10 0.60 0.03 0.1

CGW - 7 

15/03/2006 0.6 0.9 0.01 0.9 0.01 0.26
14/06/2006 0.2 0.6 0.03 0.6 0.02 0.05
13/09/2006 0.2 0.3 0.01 0.31 0.01 0.02
20/12/2006 0.2 0.3 0.02 0.32 0.01 0.05
21/02/2007 0.2 0.2 0.02 0.2 0.01 0.03
8/05/2007 0.2 0.3 0.02 0.30 0.01 0.02



8/08/2007 0.2 0.8 0.49 1.3 0.01 0.15
13/11/2007 0.2 0.2 0.82 0.80 0.02 0.09

CGW - 8 

15/03/2006 0.2 0.2 0.50 0.5 0.03 0.1
14/06/2006 0.2 0.3 0.75 1.1 0.02 0.03
13/09/2006 0.2 0.4 0.32 0.72 0.03 0.23
20/12/2006 0.2 0.2 0.30 0.5 0.02 0.04
21/02/2007 0.2 0.6 0.77 1.4 0.03 0.14
8/05/2007 0.2 0.2 0.83 0.80 0.03 0.03
8/08/2007 0.2 0.2 1.0 1.2 0.04 0.15

13/11/2007 0.2 0.4 0.29 0.70 0.06 0.07

CGW - 9 

15/03/2006 1.8 1.4 0.01 1.4 0.02 0.03
14/06/2006 0.7 1.3 0.06 1.4 0.01 0.13
13/09/2006 0.6 1.8 0.01 1.81 0.01 0.02
20/12/2006 0.6 1.2 0.01 1.21 0.01 0.07
21/02/2007 0.3 1.2 0.04 1.2 0.01 0.17
8/05/2007 0.2 0.7 0.01 0.70 0.01 0.01
8/08/2007 0.2 1.3 0.01 1.3 0.02 0.21

13/11/2007 0.5 0.8 0.06 0.90 0.04 0.05

CGW - 10 

15/03/2006 0.2 0.2 0.10 0.1 0.01 0.02
14/06/2006 0.2 0.3 0.09 0.4 0.01 0.03
13/09/2006 0.3 0.8 2.60 2.4 0.02 0.02
20/12/2006 0.2 0.2 0.01 0.21 0.01 0.05
21/02/2007 0.2 0.3 0.05 0.4 0.01 0.15
8/05/2007 0.2 0.2 0.01 0.20 0.01 0.01
8/08/2007 0.2 1.4 4.4 5.8 0.01 0.14

13/11/2007 0.2 0.2 0.08 0.30 0.02 0.02

CGW - 11 

15/03/2006 0.2 0.2 0.30 0.3 0.01 0.01
14/06/2006 0.2 0.4 0.04 0.4 0.02 0.05
13/09/2006 0.2 0.3 0.01 0.31 0.04 0.14
20/12/2006 0.2 0.2 0.01 0.21 0.02 0.07
21/02/2007 0.2 1.2 0.13 1.3 0.02 0.09
8/05/2007 0.2 0.2 0.01 0.20 0.04 0.04
8/08/2007 0.2 1.8 0.06 1.9 0.16 0.20

13/11/2007 0.2 0.2 0.08 0.20 0.02 0.1

CGW - 12 

15/03/2006 0.2 0.3 1.70 2 0.06 0.13
14/06/2006 0.2 4.8 2.30 7.1 0.05 0.16
13/09/2006 0.2 1.8 1.40 3.2 0.03 0.05
20/12/2006 0.2 1.3 0.76 2.06 0.01 0.05
21/02/2007 0.2 1.7 17 19 0.01 0.13
8/05/2007 NO SAMPLE DUE TO INSUFFICIENT WATER
8/08/2007 0.2 8.1 3.4 12 0.29 1.1

13/11/2007 0.2 4.5 12.00 17.00 0.09 0.22

CGW - Z 

15/03/2006 0.2 3 0.01 3.00 0.29 0.3
14/06/2006 0.2 1.9 0.08 2.00 0.25 0.25
13/09/2006 0.2 0.4 0.25 0.65 0.02 0.13
20/12/2006 0.2 0.3 0.01 0.31 0.01 0.07
21/02/2007 0.2 2.1 0.12 2.2 0.03 0.77
8/05/2007 0.2 0.8 0.01 0.80 0.02 0.02
8/08/2007 0.2 0.2 1.1 1.3 0.17 0.17

13/11/2007 0.2 0.4 0.27 0.70 0.06 0.11

CGW - B 

15/03/2006 0.2 0.2 0.01 0.20 0.01 0.03
14/06/2006 0.2 0.2 0.01 0.20 0.01 0.01
13/09/2006 0.2 0.2 0.01 0.20 0.01 0.01
20/12/2006 0.2 0.2 0.01 0.20 0.01 0.01
21/02/2007 0.2 0.2 0.01 0.2 0.01 0.01
8/05/2007 0.2 0.2 0.01 0.2 0.01 0.01
8/08/2007 0.2 0.2 0.01 0.2 0.01 0.01



13/11/2007 0.2 0.2 0.01 0.20 0.01 0.01

CGW - R 

15/03/2006 0.2 0.2 0.01 0.20 0.01 0.01
14/06/2006 0.2 0.2 0.01 0.20 0.01 0.01
13/09/2006 0.2 0.2 0.01 0.20 0.01 0.01
20/12/2006 0.2 0.2 0.01 0.20 0.01 0.01
21/02/2007 0.2 0.2 0.01 0.2 0.01 0.01
8/05/2007 0.2 0.2 0.01 0.2 0.01 0.01

0.2 0.2 0.01 0.2 0.01 0.018/08/2007
13/11/2007 0.2 0.2 0.01 0.20 0.01 0.01



Sample ID Date
Water
Level

(mAHD)

Temperatu
re (ºC) pH EC ( S/cm)

CGW 1

15/02/2006 13.43 23.0 6.39 1738
15/03/2006 13.28 29.1 6.38 2279
12/04/2006 13.145 22.4 6.41 2215
15/05/2006 13.082 22.5 6.51 1877
14/06/2006 13.02 20.9 6.33 1988
13/07/2006 13.085 19.6 6.23 2250
17/08/2006 13.391 19.0 6.36 2880
13/09/2006 13.62 18.7 6.08 2570
12/10/2006 13.463 19.1 6.67 2700
20/11/2006 13.301 2.6 6.44 2500
20/12/2006 13.64 28.5 6.25 2070
11/01/2007 13.142 23.9 6.04 2210
21/02/2007 12.825 24.1 6.29 2380
16/03/2007 12.853 25.0 6.02 2291
11/04/2007 12.681 24.0 6.33 2396
9/05/2007 12.747 24.0 6.31 2182
7/06/2007 12.67 21.4 6.7 2.23
3/07/2007 12.926 19.7 5.74 2910
8/08/2007 13.517 19.2 6.55 3280
7/09/2007 13.642 17.7 6.06 4420

18/10/2007 13.498 19.8 6.16 4150
13/11/2007 13.357 20.4 6.36 3510
12/12/2007 13.241 20.3 6.22 3216
17/01/2008

CGW 2

15/02/2006 13.798 22.8 6.54 293
15/03/2006 13.694 23.8 6.44 331
12/04/2006 13.563 21.7 6.6 334
15/05/2006 13.5 23.0 6.95 335
14/06/2006 13.373 19.1 6.52 378
13/07/2006 13.42 19.4 6.58 404
17/08/2006 13.789 18.0 6.61 428
13/09/2006 13.954 16.9 6.19 402
12/10/2006 13.829 18.8 6.34 420
20/11/2006 13.633 21.5 6.9 350
20/12/2006 13.498 22.1 6.68 360
11/01/2007 13.344 23.8 6.66 356
21/02/2007 13.114 23.7 6.45 332
16/03/2007 13.009 25.6 5.83 315
11/04/2007 12.935 24.2 6.48 276
9/05/2007 13.067 22.3 6.39 255
7/06/2007 13.184 21.4 6.93 280
3/07/2007 13.413 18.5 5.91 356
8/08/2007 13.913 18.6 6.73 285
7/09/2007 13.962 17.0 7.12 318

18/10/2007 13.819 19.4 6.5 326
13/11/2007 13.672 20.5 6.74 263
12/12/2007 13.729 19.8 6.39 420
17/01/2008 13.401 25.3 6.8 239
15/02/2006 9.813 20.2 6.28 463
15/03/2006 9.527 29.1 6.07 593
12/04/2006 9.337 21.9 6.36 586
15/05/2006 9.139 21.5 6.59 539



CGW 5

CGW 3

14/06/2006 8.844 21.1 6.73 526
13/07/2006 8.702 19.8 6.23 566
17/08/2006 10.024 19.5 6.38 587
13/09/2006 11.266 20.2 5.78 380
12/10/2006 10.878 18.7 6.81 550
20/11/2006 9.987 20.1 6.72 520
20/12/2006 9.338 26.5 6.2 450
11/01/2007 9.127 21.2 6.49 540
21/02/2007 8.838 20.9 6.05 573
16/03/2007 8.684 22.3 5.91 597
11/04/2007 8.566 21.3 6.44 583
9/05/2007 8.463 21.6 6.03 599
7/06/2007 8.516 21.4 6.45 600
3/07/2007 9.091 21.1 5.59 640
8/08/2007 11.647 19.5 6.36 539
7/09/2007 9.266 18.1 6.32 780

18/10/2007 11.322 19.3 6.37 596
13/11/2007 10.704 20.7 6.34 570
12/12/2007 11.291 19.7 7.01 649
17/01/2008 9.548 20.0 6.37 475

CGW 4

15/02/2006 3.933 20.8 5.96 3610
15/03/2006 4.028 23.3 5.75 4540
12/04/2006 3.983 22.0 5.72 5030
15/05/2006 4.061 22.1 5.67 4470
14/06/2006 3.898 22.0 5.65 4000
13/07/2006 3.776 19.7 5.61 4930
17/08/2006 3.847 20.1 5.63 4970
13/09/2006 3.831 21.1 5.56 4820
12/10/2006 3.776 20.7 5.76 4740
20/11/2006 3.541 22.4 5.77 4830
20/12/2006 3.312 21.9 5.61 5120
11/01/2007 3.116 21.7 5.59 5300
21/02/2007 3 21.5 5.58 4760
16/03/2007 2.999 23.9 5.39 4780
11/04/2007 3.056 21.8 5.71 5862
9/05/2007 3.085 21.2 5.65 4800
7/06/2007 3.205 21.5 5.55 4770
3/07/2007 3.155 20.9 5.16 5970
8/08/2007 3.256 21.1 5.33 5750
7/09/2007 3.308 17.8 5.21 4320

18/10/2007 3.408 19.7 6.32 2620
13/11/2007 3.434 21.5 5.37 5670
12/12/2007 3.099 20.6 6.45 1290
17/01/2008 2.838 23.2 5.35 4200
15/02/2006 10.216 19.5 6.93 651
15/03/2006 9.871 23.0 6.73 796
12/04/2006 9.636 20.8 6.85 775
15/05/2006 9.646 21.0 6.97 675
14/06/2006 9.577 20.7 6.71 691
13/07/2006 9.569 19.6 6.82 716
17/08/2006 9.745 19.2 6.86 757
13/09/2006 10.053 18.2 6.47 721
12/10/2006 10.332 19.1 7.02 680
20/11/2006 10.202 19.4 6.77 660
20/12/2006 9.924 22.6 6.64 660
11/01/2007 9.611 20.5 6.84 678



7/09/2007 8.746 18.3 7.22 1890

CGW 5
21/02/2007 9.239 20.6 6.5 672
16/03/2007 8.972 22.3 6.28 671
11/04/2007 8.834 21.7 6.8 676
9/05/2007 8.859 21.9 6.59 658
7/06/2007 9.264 21.3 6.3 640
3/07/2007 9.253 20.1 6.48 710
8/08/2007 9.613 19.6 6.62 685
7/09/2007 9.448 17.4 5.34 623

18/10/2007 9.493 18.9 6.49 649
13/11/2007 10.763 21.0 7.01 846
12/12/2007 9.617 21.3 6.49 721
17/01/2008 9.971 20.4 7.06 643

CGW 6

15/02/2006 7.483 19.5 7.07 1386
15/03/2006 7.047 24.3 7.07 1744
12/04/2006 7.061 21.4 6.99 1817
15/05/2006 7.573 21.3 7.06 1453
14/06/2006 7.538 19.2 7.1 1472
13/07/2006 7.795 18.1 7.05 1479
17/08/2006 8.12 19.0 7.22 1546
13/09/2006 8.418 17.2 7.04 1482
12/10/2006 8.335 18.1 7.25 1440
20/11/2006 7.822 19.9 7.16 1510
20/12/2006 7.123 20.4 7.14 1580
11/01/2007 7.108 21.7 6.89 1727
21/02/2007 6.786 21.7 7.01 1739
16/03/2007 6.14 24.1 6.7 1678
11/04/2007 6.317 23.0 6.93 1904
9/05/2007 7.098 22.2 6.97 1669
7/06/2007 7.426 22.2 7.18 1490
3/07/2007 7.58 20.7 6.42 1630
8/08/2007 8.698 19.3 7.28 1517
7/09/2007 9.048 18.6 7.34 1430

18/10/2007 9.076 20.4 7.03 1983
13/11/2007 8.338 21.0 7.6 1454
12/12/2007 8.851 21.2 6.13 1870
17/01/2008

CGW 7

15/02/2006 8.56 20.1 5.76 2610
15/03/2006 8.402 20.5 5.24 2730
12/04/2006 8.324 21.7 5.24 2740
15/05/2006 8.272 21.4 5.23 2360
14/06/2006 8.22 20.4 4.95 2168
13/07/2006 8.428 18.6 5.01 2270
17/08/2006 8.813 17.7 5.19 2298
13/09/2006 8.923 18.6 4.88 2135
12/10/2006 8.694 18.2 5.25 2060
20/11/2006 8.323 20.0 5.21 2170
20/12/2006 8.109 23.2 5.13 2260
11/01/2007 7.986 21.6 4.93 2349
21/02/2007 7.812 21.1 5.08 2289
16/03/2007 7.664 24.0 4.99 2391
11/04/2007 7.61 22.4 5.3 2603
9/05/2007 8.061 22.0 5.14 2188
7/06/2007 8.321 21.4 5.16 2070
3/07/2007 8.581 19.9 4.88 2392
8/08/2007 9.656 18.6 5.47 2028



15/05/2006 9.457 21.0 6.56 422

18/10/2007 9.335 19.3 5.22 2216
13/11/2007 8.909 21.4 4.66 2660
12/12/2007
17/01/2008

9.366
9.508

21.4
21.2

7.22
6.42

3019
633

CGW 8

15/02/2006 7.867 20.6 6.41 618
15/03/2006 7.458 21.8 6.6 764
12/04/2006 7.159 20.9 6.35 759
15/05/2006 7.005 20.9 6.28 671
14/06/2006 6.783 20.9 6.25 694
13/07/2006 6.668 18.9 6.13 716
17/08/2006 6.671 16.6 6.47 779
13/09/2006 6.907 19.3 6.12 738
12/10/2006 7.077 19.7 6.66 710
20/11/2006 7.008 20.6 6.44 700
20/12/2006 6.841 22.0 6.3 700
11/01/2007 6.64 21.0 6.45 702
21/02/2007 6.378 20.6 6.2 704
16/03/2007 6.23 23.9 6.08 686
11/04/2007 6.109 20.8 6.5 710
9/05/2007 6.02 21.1 6.3 665
7/06/2007 6.092 21.4 6.19 680
3/07/2007 6.044 21.0 5.28 721
8/08/2007 6.281 20.8 6.35 707
7/09/2007 6.818 20.1 6.23 746

18/10/2007 7.132 16.5 5.84 318
13/11/2007 7.212 20.5 6.46 657
12/12/2007 7.328 21.1 6.2 918

CGW 9

17/01/2008 6.938 20.8 6.11 571
15/02/2006 7.268 22.9 6.85 930
15/03/2006 7.187 25.7 7.23 1237
12/04/2006 7.265 21.6 7 1277
15/05/2006 7.361 19.1 6.87 1110
14/06/2006 7.243 15.9 7.02 1033
13/07/2006 7.331 16.0 6.78 1016
17/08/2006 7.551 15.1 6.73 1870
13/09/2006 7.549 17.4 6.56 1829
12/10/2006 7.375 17.8 7.13 970
20/11/2006 7.258 21.0 6.84 980
20/12/2006 7.192 24.1 6.8 1140
11/01/2007 7.145 23.6 6.84 1190
21/02/2007 6.976 24.9 6.85 1306
16/03/2007 6.911 25.7 6.6 1321
11/04/2007 6.84 23.5 7.08 1244
9/05/2007 7.216 21.1 6.93 1021
7/06/2007 7.367 17.3 6.67 1010
3/07/2007 7.565 15.3 5.91 2458
8/08/2007 7.898 16.2 6.82 1283
7/09/2007 7.672 16.4 6.56 1675

18/10/2007 7.412 19.2 6.84 1272
13/11/2007 7.289 18.7 7.13 946
12/12/2007 7.429 20.3 6.59 1445
17/01/2008 6.393 23.7 6.66 910
15/02/2006 9.884 20.3 7.03 415
15/03/2006 9.707 22.3 6.99 442
12/04/2006 9.509 21.2 6.85 442



11/01/2007 10.686 20.2 7.52 1525CGW 12

CGW 10

14/06/2006 9.296 20.4 6.44 456
13/07/2006 9.457 18.2 6.12 508
17/08/2006 9.935 17.7 6.64 659
13/09/2006 10.313 18.9 6.3 823
12/10/2006 10.041 18.7 7.09 620
20/11/2006 9.451 19.3 6.37 470
20/12/2006 9.161 20.6 6.27 500
11/01/2007 9.001 20.5 6.57 466
21/02/2007 8.783 20.5 6.25 465
16/03/2007 8.71 22.9 6.17 444
11/04/2007 8.678 21.7 6.6 433
9/05/2007 8.905 21.8 6.32 478
7/06/2007 9.146 20.7 6.52 500
3/07/2007 9.311 19.3 5.74 565
8/08/2007 10.778 17.9 6.78 1116
7/09/2007 10.768 18.3 6.72 987

18/10/2007 10.444 18.5 6.98 736
13/11/2007 10.172 20.7 6.8 582
12/12/2007 10.002 20.2 6.86 511

CGW 11

17/01/2008 9.449 20.8 6.54 338
15/02/2006 11.234 20.1 7.27 508
15/03/2006 11.049 26.6 7.11 719
12/04/2006 10.84 20.9 7.22 795
15/05/2006 10.966 20.5 7.17 597
14/06/2006 10.902 20.4 6.66 451
13/07/2006 10.973 20.2 6.62 417
17/08/2006 11.6 18.3 6.91 439
13/09/2006 11.886 20.3 6.34 430
12/10/2006 11.616 19.5 6.95 420
20/11/2006 11.21 19.7 6.51 410
20/12/2006 10.927 23.0 6.84 490
11/01/2007 10.746 22.0 6.92 509
21/02/2007 10.316 21.8 6.71 558
16/03/2007 10.169 22.3 6.54 602
11/04/2007 10.105 22.0 7.05 635
9/05/2007 10.562 21.6 6.74 574
7/06/2007 10.818 21.1 6.94 490
3/07/2007 11.157 18.9 6.26 373
8/08/2007 12.435 16.9 6.47 314
7/09/2007 12.296 18.4 6.7 434

18/10/2007 11.912 20.0 6.76 435
13/11/2007 11.664 20.6 6.71 406
12/12/2007 11.508 20.0 6.73 486
17/01/2008 11.106 21.7 7.1 457
15/02/2006 11.255 19.9 7.92 1420
15/03/2006 11.093 26.6 7.33 1757
12/04/2006 10.89 20.3 7.37 1648
15/05/2006 10.707 20.3 7.4 1444
14/06/2006 10.447 22.3 7.26 1410
13/07/2006 10.341 19.2 7.14 1506
17/08/2006 10.867 18.9 7.43 1674
13/09/2006 11.678 19.7 7.19 1584
12/10/2006 11.63 18.4 7.47 1560
20/11/2006 11.182 19.6 7.39 1540
20/12/2006 10.88 20.9 7.47 1540



17/01/2008 11.327 22.3 7.3 1297

CGW 12
21/02/2007 10.409 24.0 7.36 1420
16/03/2007 10.282 23.4 7.09 1429
11/04/2007 10.169 - - -
9/05/2007 10.06 21.5 7.37 1406
7/06/2007 10.054 20.9 7.25 1360
3/07/2007 11.523 17.4 7.53 443
8/08/2007 11.958 18.2 7.64 1172
7/09/2007 12.302 17.4 7.3 1560

18/10/2007 12.107 19.3 7.33 1768
13/11/2007 11.788 20.7 7.6 1762
12/12/2007 12.008 19.6 7.4 1889
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KEY DESIGN OBJECTIVES 
EARTHWORKS AND SUBSOIL DRAINS 

» Subsoil drainage pipes are to have a minimum grade of 1:500. 

» Subsoil drainage pipes are to have a free outfall into the bioretention swales shown in 
Figure 5.1, at 500 mm above the invert of the Caversham West central drain. 

» Subsoil drains are to be placed in the road reserves and lot side boundaries with a maximum 
spacing of 40 - 50 m, consistent with the locations and invert levels shown in Figure 5.1. 

» Maximum lengths of subsoil drainage pipes are to be consistent with Table 5.1. 

» Where the subsoil drain invert is below pre-development AAMGL, lot levels are to be at least 
1.8 m above subsoil drain invert levels. Where the subsoil drain invert is above the pre-
development AAMGL, Lot levels must be at least 1.2 m above AAMGL. 

» Lot levels are to be at least 300 mm above the 100 year ARI flood levels shown in Figure 6.2. 

STORMWATER DRAINAGE 
» All lots to install soakwells for the on-site retention and disposal of stormwater. 

» 1 year 1 hour ARI flows will be retained and infiltrated in the bioretention areas which will be 
located adjacent to the Caversham West drain. Figure 6.1 shows flow paths and the 1 year 
1 hour ARI retention volumes. 

» The 5 year ARI flows are to be conveyed predominantly by a conventional pipe network along 
the road reserves. 5 year ARI flows will generally follow the same flow paths as the 100 year 
ARI events. These flow paths are shown in Figure 6.1 and Figure 6.2. 

» The peak 5 year ARI flow rate through the 750 x 450 mm box culvert crossing Patricia Street will 
be restricted to 0.4 m3/s, in accordance with the revised Figure 10-11.16b of the Swan Urban 
Growth Corridor DWMP, provided by GHD on 11 June 2009. 

» The peak 100 year ARI flow rate through the 750 x 450 mm box culvert crossing Patricia Street 
will be restricted to 0.7 m3/s, in accordance with the revised Figure 10-11.16b of the Swan 
Urban Growth Corridor DWMP, provided by GHD on 11 June 2009. 

» Flood levels within the Caversham West will return to minimum levels within 24-48 hrs after the 
peak 5 year or 100 year ARI storm event. 
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» Figure 6.2 shows the extent of flooding within the Caversham West drainage corridor for the 
peak 100 year ARI event. 

» 5 year and 100 year ARI flows are to be conveyed via a combination of overland flow paths and 
pipes within the road reserves and directed to the Central Drain, as shown in Figure 6.2. 

ROAD LEVELS 
» The road levels are to be a minimum of 1 m above subsoil drain levels. 

» The road levels are to be set such that the delineation of catchment areas is consistent with 
Figure 6.2. 

BEST MANAGEMENT PRACTICES (BMPS) 
» The bioretention swales are required at the approximate locations shown in Figure 5.1. A typical 

cross section is shown in Diagram 5.1. 

» The structural BMPs to be implemented at Brookleigh Estate are presented in Table 7.2. 

» The non-structural BMPs to be implemented at Brookleigh Estate are presented in Table 7.3. 

WATER CONSERVATION 
» Water conservation initiatives such as waterwise landscaping, xeriscaping, and garden and lawn 

care education, in combination with waterwise appliances and rainwater tanks, as outlined in 
Section 4.3 will be encouraged to reduce potable water consumption. 

» Waterwise landscaping, rainwater tanks and the use of waterwise appliances can potentially 
reduce the consumption potable water from the current average of 137 kL/person/year to 
45 kL/person/year. 

» The water use for POS irrigation is to be no greater than 27,675 kL per annum.  

IMPLEMENTATION 
» Suitable monitoring and maintenance of the structural BMPs will be consistent with Section 10.2. 

» Pre-development and post-development surface water monitoring programs will be established 
consistent with Section 9.1. 

» Groundwater quality will be monitored consistent as outlined in Section 0, using fixed 
groundwater bores to ensure no decline in groundwater quality. 
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1 INTRODUCTION 
1.1 THE SITE 
The Brookleigh Estate site is located within Caversham, within the municipal area of City of Swan. Situated 
approximately 1 km west of West Swan Road and Reid Hwy intersection, it is approximately 7 km north 
from Perth Airport. The site is bounded by Reid Hwy to the north, Patricia Street to the south, Arthur St to 
the east, and the proposed Lord St extension alignment to the west. 

The total area of the site is approximately 32.5 ha, which has been mostly cleared on the eastern portion 
of the site, and the western portion is mostly uncleared bushland. As investigated by Douglas and Partners 
in 2005 these cleared paddocks on the eastern portion have historically been utilised for viticultural. 

Under the Metropolitan Region Scheme (MRS) and City of Swan Town Planning Scheme the area of 
interest is zoned for ‘Future Urban Development’. The locality of the site is illustrated in Diagram 1.1 
below. 

The subdivisional pre-calc plan prepared by McMullen Nolan (15 July 08), proposed a yield of 437 lots, and 
4.34 ha set-aside for public open space (POS). 

Diagram 1.1 – Brookleigh Estate locality plan 
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The Sub Regional Structure Plan (SRSP) for the Swan Urban Growth Corridor (Figure 1.1) was produced 
for the development and management of Henley Brook/Albion, West Swan, and Caversham district in the 
City of Swan. The Caversham DSP, shown in Figure 1.2, falls within the Swan Urban Growth Corridor 
SRSP. Brookleigh Estate LSP falls within the Caversham DSP is shown in Figure 1.3.  

1.2 SWAN URBAN GROWTH CORRIDOR 
DRAINAGE AND WATER MANAGEMENT 
PLAN 

The Swan Urban Growth Corridor Drainage and Water Management Plan (Swan DWMP) (DoW, 2009) has 
been produced to guide development and outline water management strategy requirements within the; 
Henley Brook/Albion, West Swan, Whiteman Park South, and Caversham structure plan area. 

The Swan DWMP provides recommendations and references to the relevant guidelines for further study 
during Local Water Management Strategy (LWMS) investigation, in regards to; stormwater management, 
groundwater management, water quality management, water supply and conservation management, 
wastewater management, and protections of environmental assets. 

1.3 CAVERSHAM LOCAL STRUCTURE PLAN –
LOCAL WATER MANAGEMENT 
STRATEGY 

Caversham Local Structure Plan area (CLSP) is approximately 176ha, bounded by proposed Lord St 
extension to the west, Reid Highway to the north, the Dampier Bunbury Natural Gas Pipeline (DBNGP) and 
private properties fronting West Swan Road to the east and Benara Road to the south. The LWMS 
(Cardno, 2007) is being developed to provide a broad level of water management strategy supporting the 
future development of CLSP area. The LWMS is still being finalised, and has not yet been approved by the 
DoW. 

The CLSP LWMS provided analysis and summary of the CLSP predevelopment environmental conditions. In 
addition, it also provided recommendations and references to the relevant guidelines for further study 
during the subdivisional design, in regards to; water conservation, stormwater management strategy, 
groundwater management, monitoring, and sharing of stormwater management costs. 
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1.4 CONTENT OF THIS URBAN WATER 
MANAGEMENT PLAN 

This urban water management plan (UWMP) is specific to Brookleigh Estate Caversham and provides 
management techniques to address the following, in accordance with the requirements set in the CLSP 
LWMS: 

» Compliance with the design objectives in the CLSP LWMS. Demonstration of compliance should 
be achieved through appropriate assessment tools, calculations or assessments. 

» Measures to achieve water conservation and efficiencies of use. 

» Detailed stormwater management design including the size, location and design of public open 
space areas, integrating flood management capability. 

» Measures to implement onsite infiltration (i.e. at lot level) 

» Specific structural and non-structural best management practices and treatment trains. 

» Management of groundwater levels. 

» Protection of Multiple Use Corridor (MUC), waterways (and their buffers), remnant vegetation 
and ecological linkages. 

» Management of subdivisional works (to ensure no impact on conservation areas and 
management of dust). 

» Monitoring program and/or contribution. 

In addition, this UWMP also addresses: 

» Management of disease vector and nuisance insects (mosquitoes and midges). 

» Implementation including roles, responsibilities, funding and maintenance arrangements. 

This UWMP seeks to obtain approval for the early land-release subdivision area (refer to Figure 1.3, 
Appendix A), the remaining area is conditionally subject to the endorsement of the Caversham North Local 
Structure Plan. 
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2 DESIGN OBJECTIVES 
2.1 GENERAL 
The CLSP LWMS (Cardno, 2007) outlined design objectives, management strategies and additional 
investigations required for the development of a UWMP in the Brookleigh Estate area. 

Practical and sustainable water quantity criteria have been determined based on flood detention storage 
and waterway requirements based on Australian Rainfall & Runoff (AR&R) (Engineers Australia, 2001), the 
Stormwater Management Manual for Western Australia (DoW, 2007) and peak flow criteria set in the 
Department of Water’s Swan DWMP, 2009. 

The ‘Decision Process for Stormwater Management in Western Australia’ has been adopted from the 
Stormwater Management Manual for Western Australia (DoW, 2007) and is included as Figure 2.1. This 
flow chart summarises the design processes and criteria for stormwater management at structure planning 
(UWMS) and subdivision design (UWMP) stages. 

Stormwater management for the structure plan requires compliance with management strategies for the 
following criteria: 

» surface water quantity 

» subsurface (groundwater) quantity 

» water quality management (surface water and groundwater) 

» wetland and waterway protection 

» water conservation 

The CLSP LWMS (Cardno, 2008) aims to achieve the following objectives (consistent with the State 
Planning Policy No. 2.9: Water Resources, WAPC, 2006): 

» Manage the water regime so that there is: 

» No net difference in water quality and quantity, such that post-development water quality 
and quantity conditions are equal to or better than pre-development conditions. 

» Appropriate conditions for development which prevent flooding. 

» Manage the urban water cycle as a single system in which all urban water flows are recognised 
as a potential resource and where the interconnectedness of water supply, stormwater, 
wastewater, flooding, water quality, waterways, estuaries and coastal waters is recognised. 

» Achieve best practice urban water management in relation to: 
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» Stormwater management and retention of stormwater on site/at the source. 

» Water conservation and water efficiency including re-use and recycling of water or 
utilisation of alternate sources where possible. 

These objectives will be achieved through the actions and strategies identified in the CLSP LWMS (Cardno, 
2008) and implemented in this UWMP. 

2.2 WATER CONSERVATION 
The water conservation design objectives are outlined in the CLSP LWMS (Cardno, 2008), and are in 
accordance with the targets in the Swan DWMP (DoW, 2009) and the State Water Strategy for Western 
Australian (Government of Western Australia, 2003). In addition, the State Water Plan (Government of 
Western Australia, 2007) includes a water consumption target of 100kL/person/yr. Section 4 outlines these 
objectives, and addresses how the potable water usage targets will be met by implementing waterwise 
initiatives. 

2.3 SURFACE WATER QUANTITY 

2.3.1 Flood conveyance 
Investigation and modelling has been undertaken to meet the surface water design criteria outlined in the 
CLSP LWMS (Cardno, 2008), the Swan DWMP (DoW, 2009) and the Stormwater Management Manual for 
Western Australia (DoW, 2007). 

The general criteria for surface water management include: 

» For events up to 1 year 1 hour ARI, no flows will be allowed to exit the site – surface runoff will 
be retained and infiltrated on site. 

» 5 year ARI flows will be conveyed predominantly by a conventional piped network draining the 
road reserve. 

» 5 year ARI flows rate at the downstream end of Brookleigh Estate (i.e. Patricia Street box 
culvert) is not to exceed 0.4 m3/s. 

» 100 year ARI peak flow rate at the Patricia Street culvert is not to exceed 0.7 m3/s. 

» 100 year ARI flows to be conveyed by overland flow paths within the road reserve and POS 
areas. 

» The flow path for water exceeding the design level of the flood storage area is to be directed 
away from development by providing an overland flow path to the Central Drain. 
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» A freeboard of 0.3 m will be provided between the peak 100 year ARI flood level and 
house/building pad levels, in accordance with stormwater management requirements of AR&R 
(EA, 2001). 

2.3.2 Convenience/nuisance control 
Stormwater infrastructure requirements as a function of road hierarchy are outlined in Figure 2.2. This 
demonstrates how road design for amenity should be separated from road design for flood protection. 
Three layers of design criteria are identified, including: 

» pollution control – low level of service/amenity required 

» convenience/nuisance control – medium level of service/amenity required 

» flood control – high level of service/amenity required 

Hydraulic modelling was undertaken for the entire CLSP area, which determined a peak 5 year ARI 
discharge of 0.4 m3/s through a 750 x 450 mm box culvert crossing Patricia Street. The peak 100 year ARI 
discharge through the Patricia St culvert was 0.7 m3/s. 

Section 6.2 contains results of the detailed hydraulic modelling carried out to show that the discharge from 
Brookleigh Estate meets the specified surface water quantity criteria. 

2.4 GROUNDWATER QUANTITY 
Management of groundwater export will be in accordance with the Stormwater Management Manual for 
Western Australia (DoW, 2007) and the groundwater management strategy for the CLSP area as set out in 
the Swan DWMP (DoW, 2009). 

The Swan DWMP (DoW, 2009) requires that the controlled groundwater level (CGL) will be identified for 
the site based on the outcome of hydrogeological/geotechnical investigations. The CGL will be used to 
design swales and/or subsoil drainage in the subdivision to ensure local and regional environmental 
impacts are managed. 

2.5 WATER QUALITY AND CONTAMINATION 

2.5.1 General 
Consideration for water quality export will be in accordance with the Stormwater Management Manual for 
Western Australia (DoW, 2007). 
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The Stormwater Management Manual for Western Australia (DoW, 2007) requires surface water to be 
retained (infiltrated) for the 1 year 1 hour ARI event and requires treatment of runoff from these events. 
Consequently, if the appropriate treatment measures are applied to surface water, there should be a net 
improvement in groundwater quality due to the improved quality of surface runoff recharging the 
groundwater. 

The guidelines specified in Stormwater Management Manual for Western Australia (DoW, 2007), Decision 
Process for Stormwater Management in Western Australia – Water Quality, and the interim water-related 
design objectives for the Swan Urban Growth Corridor area (DoW, 2009) are to be applied during 
subdivision design in Brookleigh Estate. 

2.5.2 Surface water quality 
The following design criteria are intended to apply to run-off from impervious areas and should be met in 
addition to the groundwater design objectives when using a water quality simulation model like MUSIC: 

» Principle: 

» Reduce the average annual load of stormwater pollutants estimated to be generated by 
the development if it used traditional, directly connected stormwater drainage designs 

» Design Objectives: 

» As compared to a development that does not actively manage water quality: 

- At least 80% reduction of total suspended solids 

- At least 60% reduction of total phosphorus 

- At least 45% reduction of total nitrogen 

- At least 70% reduction of gross pollutants 

Section 7 of this report addresses the water quality design objectives outlined above. 

2.5.3 Groundwater quality 
When using a water quality simulation model, like MUSIC, the following design criteria should be employed 
depending on the location of development: 

Where development is associated with a waterway or open drain that intersects the shallow water table: 

» Principle: 

» Minimise the discharge of pollutants from shallow groundwater which intersects 
waterways or drains 
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» Design Objectives, as compared to a development that does not actively manage water quality: 

- At least 60% reduction of total phosphorus 

- At least 45% reduction of total nitrogen 

2.5.4 Acid sulfate soils 
Investigations to identify the locations of potential acid sulfate soils (PASS), actual acid sulfate soils (AASS) 
and contaminated areas have been completed as part of the subdivision planning for the entire Caversham 
Structure Plan area (Douglas Partners 2005). 

Geotechnical investigations over the site identified the presence of three geological units; Guildford 
Formation, Alluvium, and Bassendean Sand. Based upon the acid sulfate soil mapping published by the 
WAPC and DoE, also in conjunction with Douglas Partners (2005) investigation and in-house laboratory 
testing, the risk of actual and potential acid sulfate soils at depth of up to 3.0m below the existing ground 
surface is considered to be low to no risk. 

2.6 WETLAND AND WATERWAY 
PROTECTION 

The Department of Environment & Conservation wetland mapping in the vicinity of Brookleigh Estate is 
shown in Figure 2.3. According to RPS Bowman Bishaw Gorham investigation, the entire Brookleigh Estate 
site condition and attributes is representative of a ‘Multiple Use’ Wetland, with some remanent of native 
vegetation, and pocket of Melaleuca spp. scattered along the central drain. Therefore, it is a design 
objective that good native vegetation and Melaleuca spp. will be retained.    

2.7 VECTOR AND NUISANCE MANAGEMENT 
Ideally all components of the program to manage stormwater at Brookleigh should be designed to ensure 
that, as far as practical, they do not contribute to creating an environment which increases the possibility 
of mosquitoes and/or midges breeding onsite. 

There are two distinct stages to be considered: 

» Design of the stormwater management system to ensure that as far as practical, constructed 
wetlands, multiple use corridors, open drains, road gullies etc do not contribute to onsite 
mosquito breeding. 

» Ongoing maintenance and management of the stormwater system to ensure that it continues to 
operate as designed thereby reducing the risk of creating conditions likely to promote onsite 
mosquito breeding. 
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These design objectives/criteria are addressed in Section 7.5. 
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3 PRE-DEVELOPMENT 
ENVIRONMENT 

3.1 SITE CONDITIONS 

3.1.1 Surface conditions 
A geotechnical investigation was carried out by Parson Brinckerhoff Pty Ltd (PB) in February 2008, it was 
reported that the 32.5 hectares site comprises of cleared pastures land with three residential dwellings 
and associated sheds and paddocks on the eastern portion, while the western portion was mostly 
uncleared bushland with access tracks available along the fence lines. 

The site slopes centrally towards a branch drain that is graded from north to south, towards Bennet Brook. 
Survey data shows that ground level varies from approximately 15.2m AHD at north-east corner, 13.5m 
AHD at south-west corner, and 11m AHD at the southern point of the drain.  

Topsoils were reported to be 0.1m to 0.2m deep from existing surface level, and consisted of silty sand for 
most part of the site. At the northeast corner of the site, top soils comprised of clean sand to depth of 
0.4m, where as within the proximity of the open branch drain, clayey sand can be found up to 0.6m thick 
with high content of medium to high plasticity fines. The geotechnical bore logs from PB’s site 
investigation are included as Appendix B. 

Stormwater drainage 
The existing central drain onsite is most likely a natural watercourse, which was altered to drain the 
surrounding agricultural land. This agricultural style drain originates to the north of the site and drains the 
West Swan area to the north of Reid Highway, flowing through the western portion of the Caversham LSP 
area in a north/south alignment before it enters Bennett Brook, south of Benara Road. Environmental 
Opportunities and Constraints Analysis by RPS identified that the drains do not support significant 
ecological values with minimal hydrological values, other than some Melaleuca spp scattered along the 
drain. RPS’s findings regarding the open drains throughout the estate are included as Appendix C.

The geotechnical investigation indicated that low permeability soils are present at a shallow depth over the 
majority of the site, and onsite disposal of stormwater will be limited. A combination of subsoil drainage 
and imported fill will be placed to ensure that sufficient separation is achieved between finished lot levels 
and peak groundwater levels.  

Lots within Brookleigh Estate will use soakwells to infiltrate roof runoff. Road runoff will be conveyed to 
the central drain, and for events up to 1 year 1 hour ARI will be retained and treated in bioretention 
swales adjacent to the central drain. 
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3.1.2 Subsurface conditions 
General 
The topsoil is underlain by inter-bedded layers of sand, silty sand, clayey sand, sandy clay, silty clay, and 
clay typical of Guildford Formation (PB 2008). A deep layer of clean sand, up to depth of 2.5m, is located 
at the north east corner of the site, elsewhere, clayey sand and sandy clay was intersected at relatively 
shallow depth typically 0.5m below surface level (PB 2008). 

Therefore, the site classification in accordance with AS 2870 – 1996[1] is Class ‘S’ for most of the site, 
however, there are extensive areas where ‘M’ and ‘H’ site classification would apply. PB geotechnical 
report has provided a delineation of these site classification zones, which is attached as Figure 3.1 in 
Appendix A.  

To improve the area of moderate and high reactive clay, ‘M’ & ‘H’ site classification, to achieve ‘S’ site 
classification over the entire site, PB recommended removal of the reactive material and/or filling over the 
reactive areas with compact, clean, stable material.  

Groundwater 
At the time of the geotechnical investigation, November 2007, the groundwater levels would be expected 
to be less than their annual maximum elevation. Groundwater was encountered in several test pits during 
the geotechnical investigation at depths ranging between 0.9 m and 3.8 m. 

Twelve groundwater monitoring bores was installed across the Caversham Structure Plan area. Two of 
these bores are located at the northwest and northeast corner of Brookleigh Estate. Data was collected on 
a monthly monitoring program by RPS from February 2006 to January 2008. Groundwater depths recorded 
during the investigation for the northwest and northeast corner varies between 0.7 m - 3.1 m, and 1.1 m 
– 3.4 m, respectively. Appendix D contains the groundwater level data from the Caversham LWMS 
(Cardno, 2009).  

3.2 GROUNDWATER DEPENDENT 
ECOSYSTEMS 

There are no significant water bodies located within the Brookleigh Estate. The majority of Brookleigh 
Estate is low-lying, and is classified as ‘multiple use’ wetland, as illustrated in Figure 2.3. 

The nearest conservation category wetland to the site is Bennett Brook, situated west of the site. This 
wetland is located over 500 m from the western boundary of Brookleigh Estate, and will not be affected by 
the development. 
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3.3 LOCAL AND REGIONAL 
HYDROGEOLOGY 

3.3.1 General 
Groundwater levels are generally shallow across the site, due the low laying Guildford Formation causing 
perching of surface water in the overlying sands. Seasonal groundwater level fluctuations of up to 2.3 m 
result in water-logging of the low-lying areas adjacent to the central drain during winter months.  

The hydro-geological system for the site consists of the Superficial Aquifer (unconfined), Mirrabooka 
Aquifer (semi-confined), Leederville Aquifer (confined), and Yarragadee aquifer (confined). 

Recharge to the superficial aquifer is by groundwater through flow and rainfall infiltration. Discharge from 
the superficial aquifer is by groundwater through flow, evapotranspiration and surface water drainage 
features such as the central drain, and downward percolation into the underlying Mirrabooka Aquifer. The 
Bassendean Sand formation is generally a medium to fine grained quartz sand and typically has a 
hydraulic conductivity of up to 10 m/day. 

3.3.2 Site specific groundwater levels  
Average annual maximum groundwater level (AAMGL) across the Brookleigh site has been calculated using 
measured groundwater levels in monitoring bores across the CLSP area, and corrected using the 31 year 
recorded water levels measured in nearby Water and Rivers Commission Monitoring Bores (WIN site 
ID 4886). The AAMGL contours and monitoring bores are presented in Figure 3.2. A detailed explanation 
of the methodology used to calculate these site-specific AAMGL contours is contained in Section 3.10.1 of 
the Caversham LWMS (Cardno, 2008). 

3.4 PRE-DEVELOPMENT ENVIRONMENTAL 
ASSESSMENT 

3.4.1 General 
This section addresses the management of water quality to protect and enhance the environmental values 
of water bodies that receive groundwater and surface water from the Caversham area and therefore 
applies to Brookleigh Estate. These values include ecological values (e.g. protection of ecosystem health) 
and social values (e.g. the ability to safely recreate in receiving waters). 

Specifically, the aims of this section are to: 

» Provide a brief overview of the nature of water bodies within the study area and those 
potentially affected by the proposed development. 
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» Briefly review available information on the quality of surface water and shallow groundwater in 
the study area, as well as the water quality of receiving water bodies. 

» Identify water quality-related objectives that can be used as ‘modelling objectives’ and/or 
‘conceptual design objectives’ when developing water management strategies for the study area.

Additional information regarding the pre-development surface water and groundwater quality monitoring 
and analysis can be found in the Caversham LSP LWMS. 

3.4.2 The study area’s receiving waters
Rainfall and stormwater within the study area has the potential to enter the following receiving waters: 

» Shallow groundwater. Shallow groundwater is also likely to be intercepted by subsoil drains, 
albeit for a short period of time each year, and directed into the development’s stormwater 
treatment system before being re-infiltrated to the groundwater aquifer. 

» Surface waters to the north of the study area, namely the West Swan catchment area, 
connected via the central drain. Water in the central open drain flows into Bennett Brook, then 
the Swan River, and ultimately the Indian Ocean. 

3.4.3 Available water quality data 
Two organisations have undertaken surface water or groundwater quality monitoring for the Caversham 
SP area: 

RPS Bowman Bishop Gorham has undertaken groundwater quality monitoring from February 2007 to 
January 2008, at 12 locations across the Caversham SP area, of which two were located within the 
Brookleigh Estate. 

Cardno was recently engaged to develop and implement a Surface Water Sampling and Analysis Plan to 
provide baseline surface water quality data within the Caversham Area. Surface water samples were taken 
at 5 locations along the two existing open drain within the Caversham SP, from July to September 2009. 
Sampling Location SWQ1 and SWQ2 are located within Brookleigh Estate SP. 

3.4.4 Surface water quality data  
Surface water sampling aimed to capture five rainfall events from five (5) locations that were selected to 
provide an indication of the surface water quality conditions both upstream and downstream of the future 
urban area. The samples were analysed for following parameters: 
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» Surface waters to the north of the study area, namely the West Swan catchment area, 
connected via the central drain. Water in the central open drain flows into Bennett Brook, then 
the Swan River, and ultimately the Indian Ocean. 

» Total Nitrogen (TN); 

» Total Phosphorous (TP); 

» Orthphosphate (ORP); 

» Oxides of Nitrogen (NOx); 

» Total Kjeldahl Nitrogen (TKN);  

» Ammonium (NH4); 

» Temperature (Temp); 

» Dissolved Oxygen (DO); 

» Reduction/Oxidation Potential (Eh); 

» Salinity; 

» pH; and 

» Electrical Conductivity (EC). 

Key findings from the monitoring are summarised below: 

» Sampling within the different locations of the western streamline (SWQ1, SWQ2 and SWQ3) 
show that the TN concentrations upstream are greater than those downstream. 

» TP concentrations increased between SWQ2 and SWQ3 suggesting a potential source of 
phosphorous between the two locations. All other nutrient concentrations remain stable 
throughout each location.  

» Sampling within the eastern streamline (SWQ4 and SWQ5) show the TN and TP concentrations 
remain consistent with ‘moderate’ nutrient concentration values. An increase in NOx 
concentrations between the two sampling locations suggests a potential source of NOx on site. 

» The nutrient concentration values recorded are consistent with the dominant land-uses of the 
region. Vineyards are abundant in the region and use fertilisers that contain many of the 
nutrients sampled. The poor condition of the streamlines also means that the nutrient removal 
efficiencies of these areas is low. ‘Duck weed’ was located within the drains at all sampling 
locations and is consistent with the high nutrient concentrations recorded. 
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The results from the monitoring program and the location of the monitoring sites are shown in 
Appendix F. 

3.4.5 Groundwater quality data  
Representative data for pre-development average groundwater quality is presented in Table 3.1. This data 
originates from 24 monthly sampling events by RPS Bowman Bishaw Gorham from 12 bores between 
January 2006 and January 2008 within the Caversham Structure Plan area. Appendix D contains the 
groundwater level data collected during the pre-development monitoring program, as reported in the 
Caversham LWMS (Cardno, 2009). 

Table 3.1 – Predevelopment Groundwater Quality 

Location pH Conductivity

(EC)

Redox Dissolved 
Oxygen 

(DO)

Ammonia
- N 

(NH4-N) 

Total 
Phosphorous 

(TP)

Total 
Nitrogen 

(TN)

CGW1 6.28 2538 24.4 2.194 0.2 0.408 3.992
CGW2 6.52 332.5 46 2.166 0.2 0.298 6.94
CGW3 6.3 567 90.9 2.834 0.2 0.13 1.116
CGW4 5.62 26136.5 22.6 1.448 0.46 0.08 0.65
CGW5 6.62 691.5 12.2 1.934 0.2 0.112 0.506
CGW6 7.00 1622 48 3.476 0.22 0.152 2.13
CGW7 5.35 2271.5 96.4 1.968 0.28 0.082 0.466
CGW8 6.24 692 97.8 3.79 0.2 0.108 0.844
CGW9 6.79 1276.5 -127.8 0.922 0.8 0.084 1.404

CGW10 6.53 552.5 -23.4 1.332 0.22 0.054 0.702
CGW11 6.78 502.5 -18 1.27 0.2 0.072 0.504
CGW12 7.38 1471 94 6.8225 0.2 0.104 3.552

The results of sample analysis by RPS, for the two bores within the Brookleigh Estate are shown below in 
Table 3.2. Sample analysis results for the other bores within the Caversham LSP area can be found in the 
Caversham LSP LWMS. 

Table 3.2 – Groundwater Quality within the Brookleigh Estate area (RPS Bowman Bishaw Gorham, 2006) 

Location Total 
Nitrogen 
(mg/L)

Total 
Phosphorous 
(mg/L)

Ortho-
Phosphorous 
(mg/L)

Ammonia 
- N
(mg/L)

Oxides of 
Nitrogen 
(mg/L)

Total 
Kjeldahl
Nitrogen 
(mg/L)

NW corner 0.3 0.01 0.01 <0.2 0.3 <0.2 

NE corner 2.0 0.13 0.06 0.2 1.7 0.3
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Figure 3.3 contains average nutrient loads found at each bore location across the site during the pre-
development monitoring period. 
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4 WATER CONSERVATION 
STRATEGY 

4.1 WATER DEMAND 
The Water Corporation carried out a study of domestic water use for Perth in 2003 with a view to 
collecting data on different uses within a household, identify water use and trends, and to develop 
forecasting model and water use efficiency programs in the future. 

The study determined the total water usage, ex-house usage, in-house usage and consumption patterns. 
It also reported the annual water usage, average daily consumption as well as peak day demand. 

The water usage as a percentage of the total demand is represented graphically in Diagram 4.1 below, 
from the Water Corporation’s Domestic Water Study:

Diagram 4.1 - Single residential household water usage 

Table 4.1 and Table 4.2 below summarise the annual and daily consumption for a single residential 
household (based on 3.35 people per household, as found in the Water Corporation study). 
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Table 4.1 - Average annual water consumption (single residential household) 

Consumption type Annual consumption 

In-house annual average use per household 190 kL 

Ex-house annual average use per household 260 kL 

Leaks 10 kL 

Total annual average use per household 460 kL 
(Domestic Water Study – Water Corporation 2003) 

Based on the statistics shown in Table 4.1 above, this equates to 137 kL/person/year (based on the 3.35 
people per household, as was found in the Water Corporation study). 

The State Water Strategy target for water usage is to achieve a reduction from 180 kL/person/year to 
155 kL/person/year. As this target has been achieved in recent years, the recent State Water Plan 
(Government of Western Australia, 2007) has set a new water consumption target of 100kL/person/yr. 

Table 4.2 - Average daily water consumption (single residential household) 

Consumption type L/house/day % total use 

In house use (excl toilet use) 411 33 

Toilet flushing 112 9 

Ex house 707 56 

Leaks 29 2 

Total  1259 100 
(Domestic Water Study – Water Corporation 2003) 

4.2 WATER CONSERVATION INITIATIVES 
The Water Corporation estimates that garden watering accounts for an estimated 60% of Perth’s domestic 
scheme water usage. This is a particularly low value use for what is effectively a high quality resource 
(drinking water). Consequently, a significant reduction in potable water use can be achieved by minimising 
water use outside of homes. Based on this, the following initiatives will be implemented to reduce water 
usage at Brookleigh: 

» xeriscaping 

» waterwise POS designs that feature areas of un-irrigated ground 

» reduced areas of lawn/gardens that require significant amounts of watering 

» garden and lawn care education 

» encouraging residents to use rainwater tanks 
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4.3 WATERWISE LANDSCAPING 

4.3.1 Design principles 
Waterwise landscaping packages will be provided by the developer to land owners to achieve the following 
(from the Water Corporation’s Waterwise website):

» minimise the extent of water consuming planting 

» maximise the use of water conserving elements and techniques 

» apply the basic principle of hydrozoning to planting design (grouping plants on the basis of 
having similar water requirements) 

General design principles that will be adopted for Brookleigh Estate include: 

» do not plant areas unless it is necessary for functional or aesthetic reasons 

» maximise the use of non-planting treatments such as mulches 

» Keep planted areas dense and consolidated. Sparse scattered plants are more difficult to water 
efficiently than ones that are in defined areas. 

» Keep lawn to the minimum consistent with functional and aesthetic requirements. Avoid planting 
lawn on slopes or in narrow necks or paths which are difficult to water efficiently and maintain. 

These design principles will be achieved through the waterwise initiatives. 

4.3.2 Waterwise lawn areas 
To minimise water use, lawn areas will be designed on the following basis: 

» Turf areas will be reduced to cover less than 60% of outdoor areas. The remaining areas will 
consist of gardens and paved areas. Diagram 4.2 below shows examples of reduced turf areas. 

Diagram 4.2 – Turf reduction 
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» Sprinklers that produce coarse sprays of large droplets will be used. These sprinklers are less 
prone to wind drift and will minimise evaporation. 

» Gear drive sprinklers and impact sprinklers will only be used where large, regular areas are 
involved. 

» Pop-up sprays will be used for smaller areas of lawn. 

» Spray head layouts will closely match the outlines of the lawn to minimise overspray onto paths 
and gardens. 

» Lawn and garden watering zones will be on separate programs. 

4.3.3 Waterwise garden areas  
The following measures will be implemented to promote water conservation in garden areas: 

» Most garden emitters are designed to operate at low water pressures. Each garden station will 
be fitted with a flow reduction valve at the inlet. 

» Shrubs and perennials – use drippers to individual small plants. When choosing components, 
work on providing 10 litres per square metre of watered soil. This corresponds to the Perth 
Standard Drink of 10 mm depth of precipitation. 

» Larger shrubs and fruit trees – use low pressure micro-irrigation sprinklers to spread water 
across the entire drip zone. Their low trajectory will undershoot foliage, and avoid wind losses. 

The Water Corporation website has a section devoted entirely to “Waterwise Gardens”. It contains useful 
information to help lot owners and landscapers design waterwise gardens and select waterwise plants. 
The website address is: "http://www.watercorporation.com.au/W/waterwise_gardens.cfm

4.3.4 Water application rates  
Irrigation controllers are to be set to deliver a ‘standard drink’ of 10 mm or 10 L/m2 per application. Plants 
will be grouped depending on their watering needs: 

» Watering/drop zone 1 – plants with a low water requirement. They will only need occasional 
watering over summer. 

» Watering/drop zone 2 – plants with a moderate water requirement. These plants will need to be 
watered every 3 to 7 days. 

» Watering/drop zone 3 – plants with a high water requirement. These plants will need to be 
watered every 1 to 2 days. 
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In general the plant selections shown on the Water Corporation’s ‘Waterwise Gardens’ website are classed 
as belonging to either drop zone 1 or drop zone 2 for their water consumption, and lawn areas fall within 
drop zone 2. Table 4.3 and Table 4.4 below show the watering requirements. 

Table 4.3 – Drop zone 1 watering requirements 

Month Frequency Water use / month (L/m2)

January once a week* 40 

February once a week* 40 

March once a week* 40 

April once a fortnight* 20 

May no watering 0 

June no watering 0 

July no watering 0 

August no watering 0 

September once a fortnight* 20 

October once a fortnight* 20 

November once a week* 40 

December once a week* 40 

TOTAL 260 L/m2 per year 

Notes: 1 - watering frequency taken from the Water Corporation website 
* - indicates watering only if needed. 
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Table 4.4 - Drop zone 2 watering requirements 

Month Frequency Water use / month (L/m2)

January every second day 155 

February every second day 140 

March every third day 103 

April every fifth day 60 

May no watering 0 

June no watering 0 

July no watering 0 

August once a fortnight* 20 

September once a week* 40 

October every fourth day 78 

November every third day 100 

December every second day 155 

TOTAL 851 L/m2 per year 

Notes: 1 - watering frequency taken from the Water Corporation website 
* - indicates watering only if needed. 

4.3.5 Reductions in water use from waterwise 
landscaping 

Using the above waterwise landscaping techniques the outdoor potable water use requirement per lot was 
determined based on the following assumptions: 

» Average residential lot size of 485 m2.

» Average verge area of approximately 67.5 m2

» Average outdoor area of 50% of lot size plus the verge (242.5 m2). Outdoor areas consist of 
driveways and paved areas (hardstands), lawns, gardens, and the verge. 

» Average outdoor hardstand area of 50% from driveways, paved areas, alfresco etc (155 m2).

On this basis the average outdoor area consisting of lawns and garden is approximately 145 m2, which can 
be subdivided as follows: 

» Turf areas will be reduced to cover less than 40% of outdoor areas (124 m2). The remaining 
areas will consist of gardens and paved areas. 

» Average garden area of 10% of outdoor areas (31 m2).
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This is summarised in Table 4.5 below: 

Table 4.5 - Nominal lot landuse areas based on a 480 m2 lot Size and 67.5 m2 verge 

Percentage (%) Area (m2)

internal floor area 43.9 242.5 

hardstands (45% of outdoor area) 28 139.5 

lawns (45% of outdoor area) 22.5 139.5 

gardens (10 % of outdoor area) 5.6 31 

Total  100 552.5 

Using the irrigation volumes shown Table 4.3 and Table 4.4, the water usage required for outdoor areas 
was calculated assuming that 50% of plants in the gardens will have a drop zone 1 rating. Water 
requirements for outdoor areas are summarised in Table 4.6 below: 

Table 4.6 - Outdoor water requirements per housing/special business lot 

Area (m2) Watering requirement 
(L/ m2 per year) 

Watering requirement
(kL per year) 

lawn (drop zone 2) 139.5 851 118.7 

garden (drop zone 2) 15.5 851 13.2 

garden (drop zone 1) 15.5 260 4.1 

Total 155  136 

The calculations above show that waterwise landscaping packages can result in an ex-house annual 
average usage per household of approximately 136 kL for housing lots. Based on the statistics shown in 
Table 4.1, this would result in an average annual use per household of 336 kL, which equates to 
100.3 kL/person/year (based on 3.35 people per household). This is a reduction of approximately 
36.7 kL/person/year from the average use of 137 kL/person/year calculated from Table 4.1 (i.e. waterwise 
landscaping will result in less potable water use than is currently occurring through water restrictions 
alone). 

4.4 WATERWISE APPLIANCES & RAINWATER 
TANKS 

Simple water conservation techniques, such as installing waterwise appliances and rainwater tanks in the 
home can have a significant impact on reducing water consumption. Table 4.7 below summarises the 
savings in potable water consumption through the installation of waterwise appliances and rainwater tanks 
(based on 2.8 people per household). While the installation of waterwise appliances and rainwater tanks 
will not be enforced by the developer, they will be strongly encouraged. 
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The potential savings in water consumption have been taken from the Water Corporation’s Waterwise 
Ways booklet.  

The Water Corporation’s Domestic Water Use Study also surveyed the percentage of households which 
already have the above waterwise appliances installed. These percentages, combined with the potential 
savings (through waterwise appliances, waterwise landscaping and rainwater tanks) have been used to 
calculate the total water consumption targets in Section 4.5 below. 

Table 4.7 – Reduction in water consumption from water efficient appliances 

Appliance type Potential savings 
(kL/house/year) 

Potential savings 
(kL/person/yr) 

% of households with 
waterwise appliances 
(at time of study) 

3-star rated shower head 23 7 24% 

7 minutes shower (3 
minutes saving) 

44 13 N/A 

Rainwater tanks 40 12 Unknown – assume 0% 

4-star rated washing 
machine

35 10 8% 

Dual-flush toilets 33 10 56% 

4-star dishwasher 9 3 Unknown – assume 0% 

4.5 WATER CONSUMPTION TARGETS 
By installing waterwise appliances throughout the home, practising waterwise landscaping and installing 
rainwater tanks, potable water consumption can be reduced by up to 91.7 kL/person/year. Based on the 
water consumption values measured in the Water Corporation’s Domestic Water Use Study, these savings 
will equate to an average potable water consumption of 45.3 kL/person/year, which is below the State 
Water Plan target of 100 kL/person/year. 

4.6 WATERWISE POS DESIGN 
Public open space (POS) at Brookleigh Estate will be irrigated using groundwater. There is a total of 
approximately 4.54 ha of irrigation area, comprising of 3.69 ha of POS and all trees area, which would 
require 27,675 kL of irrigation water based design calculations by CADsult Irrigation Design Consultant. 
The irrigation calculated results are presented in Table 4.8 below. 

Table 4.8 – Irrigation water requirements, calculated output 

CADsult – Calculated Output Section 12/11/2008 

Irrigation Season 30.3 weeks 

Peak Evaporation Month January 

Peak Mean Daily Evaporation 10.2 mm/day 
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CADsult – Calculated Output Section 12/11/2008 

Season Evaporation 1657 Mm

Irrigation Area (incl Solo trees) 45,000 m2

Total Equivalent Area (incl all Trees) 45,400 m2

Peak Day Volume 170.3 kL/day 

Peak Month Volume 5281 kL/month 

Season Consumption 27675 kL/Annum 

To further reduce this water use, POS areas will be landscaped with the following to reduce the irrigation 
area: 

» mulches and groundcovers 

» footpaths 

A request for groundwater abstraction has been submitted to the Department of Water in November 2008 
for the irrigation of 4.54 ha of POS area across the entire Brookleigh development. The groundwater 
supply will need to be sourced from the deeper Mirrabooka aquifer at an approximate depth of 50 m 
below ground level. 

POS landscaping design will be in accordance with the City of Swan’s Local Planning Policy E9.4 –
Landscape Designs. A preliminary landscape layout plan is attached as Figure 4.1, in Appendix A. 

4.6.1 Maximise at-source infiltration 
Water conservation is highly dependent on water sensitive urban design (WSUD) principles, which 
promote maximising infiltration through source control BMPs (minimising the effective impervious area of 
development). Consequently, adopting the structural and non-structural BMP treatment train proposed in 
Section 7.3 is vital to the viability of total water cycle management and its requirements to maximise 
water conservation and re-use. This will include: 

» Maximising at-source infiltration to recharge the superficial aquifer. At source infiltration is being 
achieved via a series of infiltration BMPs. 

» Lot runoff will be infiltrated at source via soakwells contained within each lot. Subsoil 
drains within the road reserve will also promote infiltration. 

» Bioretention swales will be sized to retain and infiltrate runoff from events up to 1 year 
1 hour ARI. Subsoil drains will also have a free outfall to the bioretention swales. Excess 
runoff in the bioretention swales will overflow to the Central drain. 
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4.7 WASTEWATER 
Each lot within the Brookleigh Estate will be serviced by a Water Corporation sewer reticulation system 
gravitating towards a proposed temporary wastewater pump station prior to discharging into an existing 
DN300 gravity sewer main on Bennett Street. Under the Water Corporation planning, eventually a DN375 
gravity main will connect this development with the Eden Hill Pump Station B (located approximately 
1.3km southwest of the site), which ultimately discharges into the Beenyup Wastewater Treatment Plants. 
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5 GROUNDWATER MANAGEMENT 
5.1 SUBSOIL DRAINAGE DESIGN 

5.1.1 Subsoil drain outfall  
A key factor governing subsoil drainage design is the availability of a free outfall. In order to function 
effectively, free (non-submerged) outfalls are required for the subsoil drainage network. The subsoil 
drainage system within Brookleigh Estate outfalls to bioretention swales located in the POS corridor central 
of the subdivision. The subsoil drainage layout and outfall locations for Brookleigh Estate are shown in 
Figure 5.1. A sketch showing the typical subsoil drain outfall and bioretention swale arrangement is 
included as Diagram 5.1 below. 

Diagram 5.1 - Subsoil drain outfall and bioretention swale arrangement 

5.1.2 Subsoil drainage design 
The subsoil drains are to be designed at a minimum grade of 1:500. The subsoil drains should have a 
maximum spacing of 40 m - 50 m between drains and be located in road reserves, and lot side 
boundaries. The proposed subsoil drainage layout and preliminary invert levels are shown on Figure 5.1. 

5.1.3 Subsurface drainage theory and modelling  
Subsurface drainage is accomplished by placing an artificial channel or subsoil drain below the perched 
groundwater table, so that the hydraulic head of the channel is less than that of the soil to be drained. 
The hydraulic head differential creates a hydraulic gradient in the direction of the subsoil drain, depressing 
the phreatic line (free water surface) in the vicinity of the subsoil drain. The constant removal of water 
flowing into the drain maintains the hydraulic head differential, thus maintaining the depressed phreatic 
line. Without further recharge, the subsoil drains will continue to operate to maintain groundwater levels 
at or about the level of the drains. 

Not to scale
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The hydraulic gradient and hydraulic conductivity of the soil to be drained govern the rate at which water 
moves toward the drain. Control of water is accomplished by controlling the hydraulic gradient. Therefore, 
flow is regulated by adjusting the effective depth of the drain and the spacing between drains. 

It is best practice to design subsoil drains such that they do not operate above half capacity. The required 
subsoil drain sizes to achieve this for 40 m drain spacing at Brookleigh are tabled below. 

Table 5.1 - Subsoil drain sizing 

Subsoil drain pipe diameter Maximum upstream length of subsoil pipe 
(sum of all upstream converging lines of any diameter) 

150mm 400m 

225mm 1300m 

300mm >1300m (not to exceed 2000m) 

5.2 CONTROLLED GROUNDWATER LEVELS 
As shown in Figure 5.2, low lying areas of the central drain are inundated during periods of high 
groundwater. The proposed subsoil drainage layout is shown in Figure 5.1, and for the eastern portion of 
the development, invert levels are generally greater than 0.2 m below pre-development AAMGL. As noted 
in Section 3.3 this AAMGL refers to the perched groundwater, caused by perching of infiltrated surface 
water over the Guildford formation, rather than ‘true’ groundwater. The term AAMGL has been retained in 
this UWMP to maintain consistency with the LWMS for the area. 

The subsoil drains assist in infiltration throughout the site and are placed to ensure adequate separation to 
finished lot levels in periods of high groundwater. Drawdown of peak groundwater levels caused by the 
installation of subsoil drains and the presence of the central drain is illustrated in Figure 5.3. 

Based on a minimum freeboard of 1.2 m between maximum groundwater levels and finished fill levels, 
Diagram 5.2 illustrates the minimum design levels relative to a subsoil drain placed above the Guildford 
Formation to control water perching. 
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Diagram 5.2 - Minimum design levels for subsoil drains on Guildford 

5.3 FILL REQUIREMENTS FOR 
GROUNDWATER SEPARATION 

A separation distance of approximately 1.2 m from the controlled groundwater level (CGL) to residential 
footings is required. The minimum desirable separation distance can occur naturally or can be achieved 
through earthworks (i.e. either cut to fill or use of imported fill). Subsoil drains will be installed through 
Brookleigh Estate to control local groundwater levels during periods of high groundwater, in combination 
with the importation of fill material. The use of subsoil drains will improve at-source infiltration in 
individual lots and maintain the required separation from peak groundwater levels. 

The existing depth to peak groundwater levels at Brookleigh Estate is shown in Figure 5.2. Figure 5.4 
illustrates minimum required lot levels to achieve a 1.2 m to 1.8 m separation distance from subsoil drain 
invert levels. 
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6 SURFACE WATER MANAGEMENT 
6.1 SURFACE WATER QUANTITY 
Based on the surface water objectives outlined in Section 2.3, the following surface water flow and flood 
level criteria have been set for Brookleigh Estate in accordance with advice from the Department of Water 
(DoW 2008): 

» Flows for events up to 1 year 1 hour ARI will be retained in the bioretention swales located 
adjacent to the central drain. 

» 5 year flows will be conveyed predominantly by a conventional piped network draining the road 
reserve. 

» Peak 5 year and 100 year ARI post-development flows from the Brookleigh Estate will not 
exceed 0.4 m3/s and 0.7 m3/s respectively at the culvert crossing Patricia Street, to comply with 
the revised modelling completed as part of the Swan Urban Growth Corridor DWMP. Maintaining 
these flows will ensure that developments downstream of Brookleigh Estate are not adversely 
affected. With consideration of the peak post-development inflow from the West Swan 
catchment, via the culvert crossing Reid Highway, modelling completed by Emerson Stewart for 
the entire Brookleigh Estate has meet the flow requirements at Patricia Street. Peak post-
development flows entering Brookleigh Estate’s central drain are presented below: 

» 5 year ARI peak inflow = 0.3 m3/s 

» 100 year ARI peak inflow = 0.4 m3/s

» 100 year flows will be conveyed to the central drain by a combination of overland flow paths and 
piped drains within the road reserve. 

» Figure 6.1 shows the proposed 1 year ARI flow regimes and required storage areas. Figure 6.2 
illustrates the hydraulic modelling results for 5 year and 100 year ARI events, including peak 
flow rates and flood levels. The minimum required cross section for the central drain through the 
drainage corridor areas central of Brookleigh Estate is also shown in Figure 6.2. The final drain 
cross-section will be designed by the landscape architects, and will be constructed as a natural 
swale with ecological function. However, the final design will need to provide an equivalent 
volume to the cross-sections shown in Figure 6.2 in order to maintain the flood levels 
determined by hydraulic and hydrologic modelling. 
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Diagram 6.1 below shows an indicative cross section of the final swale design. 

Diagram 6.1 - Typical cross section of main drainage swale 

6.1.1 Average recurrence interval (ARI) design 
discharge for BMPs 

The Stormwater Management Manual for Western Australia (DoW, 2007) requires surface water to be 
retained onsite for events up to 1 year ARI, and requires treatment of runoff from this event. 
Consequently, if the appropriate treatment measures are applied to surface water, there should be a net 
improvement in groundwater quality due to the improved quality of the surface runoff recharging the 
groundwater. 

The drainage system for Brookleigh Estate has been designed to maximise infiltration and provide water 
quality treatment for the 1 year 1 hour ARI event; which effectively represents 99% of the mean annual 
runoff from an urban catchment in Perth. 

6.1.2 1 year ARI flow regime 
Runoff from events up to 1 year 1 hour ARI within Brookleigh Estate are retained in the bioretention 
swales adjacent to the central drain south of the subdivision. Runoff from events greater than 1 year 
1 hour ARI will exceed the capacity of the bioretention swales and will overflow to the central drain. 
Runoff for major flood events (i.e. 5 year and 100 year ARI) will be conveyed to the central drain by a 
combination of piped drainage and overland flow. 
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6.1.3 Flood storage – detention strategy 
The strategy adopted for stormwater quantity management for Brookleigh Estate is to provide storage on 
a subcatchment level to detain flows on site for the 1 year 1 hour ARI event, and to limit the outflow at 
the downstream end of the Brookleigh Estate development to 0.4 m3/s for the peak 5 year ARI event, and 
0.7 m3/s for the peak 100 year ARI event. Off-line storage will be provided in the POS areas to ensure that 
the peak allowable flow rates are not exceeded. 

6.1.4 Flood conveyance  
Major flood conveyance (i.e. runoff from 100 year ARI storm events) will generally follow the existing 
topography of the site. Access road reserves will be used as overland flow paths to the POS corridor. 

A freeboard of 0.3 m will be provided between the peak 100 year ARI flood level and house/building pad 
levels, in accordance with stormwater management requirements of AR&R (EA, 2001). 

Flow paths for Brookleigh Estate, and 100 year ARI peak flood levels in the central drain corridor are 
shown in Figure 6.2. 

6.2 HYDROLOGIC AND HYDRAULIC 
MODELLING 

Hydrologic and hydraulic modelling has been undertaken to determine peak flow rates and detention 
requirements of the proposed drainage system. 

Modelling of the system has been undertaken using the computer software package XP-SWMM. XP-SWMM 
is an urban drainage design software package capable of carrying out both hydrologic and hydraulic 
modelling of urban catchments. 

Appendix B outlines the assumptions made and the results of the hydrologic and hydraulic modelling. 
Water quality management (for frequent events, up to 1 year 1 hour ARI) is discussed in Section 7. 

6.2.1 5 year ARI peak flow requirements 
Figure 6.2 shows the peak 5 year ARI flood levels in the central drainage corridor of Brookleigh Estate, 
along with peak post-development flow rates at the Water Corporation easement. The modelled 5 year 
ARI peak flow rate at the Patricia Street culvert crossing was 0.4 m3/s, and the peak flood level in the 
central drainage corridor was calculated to be 11.5 m AHD, immediately upstream of Patricia Street. 
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6.2.2 100 year ARI peak flow and fill  
requirements 

Imported fill and cut-to-fill will be required in low-lying areas of the site to achieve the 0.3 m freeboard 
above 100 year ARI flood levels, as required by AR&R (EA, 2001). Figure 6.2 shows the peak 100 year ARI 
flood levels in the central drain corridor through Brookleigh Estate, and peak post-development flow rates 
at the Water Corporation easement. 

Figure 6.2 also shows the peak 100 year flood width of the central drain through the POS corridor. 

Hydraulic modelling results for Brookleigh Estate show that the peak outflow at the culvert crossing 
Patricia Street is 0.7 m3/s, with a maximum flood level of 11.8 mAHD immediately upstream of Patricia 
Street. 
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7 WATER QUALITY MANAGEMENT 
7.1 SURFACE WATER QUALITY 
As stated in Section 2.5 the design objective associated with water quality and contamination is that 
structural BMPs should be sized to treat runoff from directly connected impervious areas for events up to 
1 year 1 hour ARI.  

In Brookleigh Estate, the following structural BMPs will be used for retention and infiltration of runoff for 
storm events up to 1 year 1 hour ARI (i.e. to ensure no surface water outflows from the site for this 
event): 

» Lot runoff will be infiltrated at source via soakwells. Subsoil drains within the road reserve will 
promote infiltration. 

» Runoff from road reserves will be directed via a pipe network into the bioretention swales 
adjacent to the central drain. 

» Runoff from access roads that drain into stormwater gully pits for smaller rainfall events will 
form part of the ‘leaky system’ where stormwater runoff will be allowed to infiltrate through the 
bottom of the gully pits. 

» Bioretention swales have been sized to retain discharge from the street drainage system for 
events up to 1 year 1 hour ARI. Subsoil drains will also have a free out fall to the bioretention 
swales. The location and size of these bioretention swales is shown in Figure 5.1. 

7.1.1 Nutrient reductions in surface water  
Modelling completed in MUSIC using a filter media depth of 0.3 m has shown that bioretention swales with 
surface areas as shown in Table 7.1 have sufficient capacity to contain and infiltrate all runoff from the 
site for events up to 1 year 1 hour ARI, and will achieve the surface water quality criteria outlined in 
Section 2.5. Table 7.1 below summarises the nutrient reductions achieved in Brookleigh Estate by treating 
runoff in these bioretention swales. 

Table 7.1 - Bioretention swale surface areas and nutrient reductions 

Bioretention 
swale 

Surface 
area (m2)

Nutrient reduction achieved 
(%)

Nutrient reduction target 
(%)

TSS TP TN GP TSS TP TN GP

Bioretention 1 400 m2 95% 79% 61% 100%

80% 60% 45% 70%Bioretention 2 180 m2 98% 82% 57% 100%

Bioretention 3 175 m2 98% 82% 57% 100%
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Bioretention 
swale 

Surface 
area (m2)

Nutrient reduction achieved 
(%)

Nutrient reduction target 
(%)

TSS TP TN GP TSS TP TN GP

Bioretention 4 140 m2 98% 82% 57% 100%

Bioretention 5 530 m2 98% 78% 60% 100%

80% 60% 45% 70%

Bioretention 6 250 m2 98% 82% 57% 100%

Bioretention 7 225 m2 98% 82% 57% 100%

Bioretention 8 500 m2 95% 79% 61% 100%

Bioretention 9 300 m2 98% 82% 57% 100%

Bioretention 10 1000 m2 98% 82% 57% 100%

Bioretention 11 500 m2 98% 81% 56% 100%     

The parameters used in MUSIC modelling were in accordance with MUSIC Guidelines for Perth, Interim 
Final Report (Water Corporation, 2007). 

7.2 GROUNDWATER QUALITY 

7.2.1 Groundwater export via subsoil  drains  
The subsoil drains throughout Brookleigh Estate will intercept the groundwater in some areas of the site 
during periods of high groundwater. The subsequent drawdown of peak groundwater levels across the site 
is minimal, and will not impact on any groundwater dependant waterbodies. 

Figure 5.3 shows the expected groundwater drawdown due to the central drain and the installation of 
subsoil drains in Brookleigh Estate. 

Groundwater exported from the site via the subsoil drainage system will be treated in the bioretention 
swales at the locations shown in Figure 5.1. 

7.2.2 Implementation of groundwater quality 
design objectives  

The following strategy has been used to satisfy the recommended groundwater quality related conceptual 
design objectives: 

» Bioretention swales will be used to treat runoff from the road reserves and discharge from 
subsoil drains. 
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» Landscaping packages provided by the developer to lot owners will encourage the use of smaller 
lawn areas. Landscaping packages provided by the developer to land owners will include loamy 
topsoil. This topsoil will increase the efficiency of fertilisers and retain a large proportion of the 
phosphorous that would have otherwise percolated through the Bassendean Sands into the 
groundwater. 

7.3 STRUCTURAL AND NON-STRUCTURAL 
TREATMENT TRAINS 

7.3.1 Structural BMPs 
Water sensitive urban design 
Within Brookleigh Estate a number of WSUD elements will be implemented to satisfy the structural BMP 
criteria listed in Section 2.5 of this report. These are summarised in Table 7.2 below, including the scale 
and ownership at which they apply. 

Table 7.2 - WSUD elements identified for Brookleigh Estate, including scale and ownership  

Scale Ownership and 
maintenance 

BMP 

Residential/group housing Lot Owner » infiltration 

» soakwells (where appropriate) 

» amended topsoils 

Street Local Authority » access roads 

» infiltration 

» sediment traps 

Estate Local Authority » retention / detention areas integrated 
within POS (including gross pollutant 
traps) 

» vegetated swales 

» groundwater re-use 
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Residential lot-level BMPs 

Infiltration and soil amendment 
Infiltration of stormwater is common practice in Western Australian land development projects and is 
considered an appropriate source control measure that can significantly reduce the magnitude and volume 
of stormwater runoff generated from the site. In the case of the Brookleigh Estate, the Bassendean sands 
found across the site have low phosphorus retention capacity and nutrients generated from the proposed 
development will contribute to the nutrient load conveyed by the groundwater. It is recommended that 
stormwater be infiltrated through a top layer of sandy loam soil (soil amendment) within 
garden/landscaped areas, for treatment and retention of nutrients, before reaching the groundwater. Soil 
amendment will be included in landscaping packages offered to residents. 

Rainwater generated from roof areas can be infiltrated into the groundwater without the need for pre-
treatment, on the basis that roof areas generate significantly lower nutrient loads. The infiltration of roof 
runoff can be through the use of soakwells installed at the building stage. 

Street-level BMPs 

Road hierarchy 
Stormwater infrastructure requirements as a function of road hierarchy are shown in Figure 2.2. This 
demonstrates how road design for amenity should be separated from road design for flood protection. 
Three layers of design criteria are identified, including: 

» pollution control – low level of service/amenity required 

» convenience/nuisance control – medium level of service/amenity required 

» flood control – high level of service/amenity required 

The following section outlines the street drainage strategy and BMPs based on the level of service required 
for the road. 

Access roads 
Access roads will drain to a conventional piped network with side entry/gully pits located to suit 
appropriate spread rates and pit spacing for the 5 year ARI event. Side entry pits will be a ‘leaky system’, 
designed so that runoff from minor rainfall events will be infiltrated. Stormwater from events exceeding 
the infiltration capacity of the ‘leaky system’ will be conveyed through the pipe system to bubble up pits 
within the bioretention swales. 

The design criteria for the side entry pit system will be as follows: 
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» Runoff from access roads for events up to 1 year 1 hour ARI will both infiltrate and be conveyed 
through the drainage system. 

» Runoff from access roads for events exceeding 1 year 1 hour ARI will be conveyed through a 
pipe system. The pipe system from the side entry pits will be designed to convey stormwater for 
events up to the 5 year ARI. 

» Runoff from access roads exceeding the 5 year ARI will be conveyed partially through the pipe 
system and as overland flow. 

Estate-level BMPs 
The following estate level BMPs have been identified for Brookleigh Estate: 

Vegetated swales 
To reduce sediment loads vegetated swales can perform both a detention storage function as well as a 
treatment function in terms of removal of sediment during the conveyance of stormwater. Vegetated 
swales, consisting of a vegetated open swale should be adopted within POS areas as an alternative to the 
traditional kerb and gutter system for conveying stormwater runoff to the arterial drainage system in the 
multiple use corridor. 

Bioretention swales 
Bioretention swales combine the stormwater treatment functions of a vegetated swale and stormwater 
filtration system. Stormwater is filtered through a prescribed media (e.g. sandy loam) before being 
allowed to infiltrate into the groundwater system.  

It is proposed to construct bioretention swales adjacent to the arterial drainage route in the drainage 
corridor through Brookleigh Estate. The bioretention areas have been designed to treat runoff from the 
roads and lots (south of the POS corridor), and have been sized to contain all runoff for events up to 
1 year 1 hour ARI. 

The bioretention filter media will improve the phosphorus retention index (PRI) of the soil for the purposes 
of enhancing onsite nutrient and metal retention. Soils with a PRI >30 will be used in the bioretention 
swales, as shown in Diagram 5.1. The typical depth of filter media proposed is 300 mm. 

The contaminants that are trapped in the soil are mainly nutrients and metals. Hydrocarbons can be 
readily trapped and assimilated by the soil structure as well (as long as it is not an oil spill or similar 
significant event). 

The bioretention swales within Brookleigh Estate drainage corridor are designed to: 
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» Retain and infiltrate runoff from 1 year 1 hour ARI storm events to promote sediment settlement 
and nutrient reduction. 

» Detain runoff from 5 year ARI storm events to restrict the flow from the site to 0.4 m3/s at the 
Patricia Street culvert crossing. 

» Allow the surplus runoff from 100 year ARI events to bypass the detention areas by overtopping, 
using both the pipe network and overland flow paths to flow directly to the central drain. 

7.3.2 Non-structural BMPs 
Non-structural measures for the study area 
Table 7.3 describes those non-structural BMPs that are being implemented for use in the Brookleigh 
Estate, in combination with structural measures. The table also provides a description of the BMPs, their 
benefits, the scale at which they should be applied and the suggested responsibilities for implementation. 
These non-structural BMPs were derived from Chapter 7 of the Stormwater Management Manual for 
Western Australia (DoW, 2007). 

These recommendations: 

» Seek to minimise nutrient export from the study area in stormwater and shallow groundwater. 

» Seek to minimise the use of mains water. 

» Are focussed on medium residential land use with some public open space. 

Technical guidelines on non-structural the BMPs can be found in Ecological Engineering (2004), US EPA 
(2001) and Victorian Stormwater Committee (1999). In particular, Ecological Engineering (2004) contains 
22 recently developed non-structural technical guidelines for use in Western Australia. Many of these are 
highly relevant to the study area. 
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Table 7.3 - Non-structural BMPs to be implemented in the study area 

Proposed BMP Description Primary 
Benefits 

Scale of 
Application 

Responsibility for Implementation 

Increased use of local 
native plants 

Target should be 30% local native plants (or 
unfertilised area) in residential garden beds and 
maximum use of native plants in public open space 
areas.

Reduced 
nutrient export 
from the site 
and reduction 
in the use of 
water. 

Allotment and 
estate scale. 

Developer to apply via landscape design, promotion of 
landscape packages at point of sale and market testing 
of covenants. 
Council to investigate regulation of single dwelling 
developments after market testing of covenants. 
An objective of Council’s policy ENG 14 ‘Landscaping’ 
states that ‘Landscaping of public open space is to utilise 
local native plants or sandplain plants to the maximum 
practicable extent, but no less than 30% of the 
landscaped area within a development (as an average 
across the development)’.

Reduced areas of 
lawns / gardens 
requiring significant 
watering & fertilising 

Minimise the area within the study area that is used for 
activities involving the application of nutrients and the 
need for irrigation (i.e. residential gardens and lawns, 
high-maintenance public open space). 

As above. Allotment and 
estate scale. 

See above. 

Garden and lawn care 
education 

Use of intensive, participatory and targeted garden / 
lawn care educational programs such as the successful 
‘Master Gardener’ programs run in the US (see Taylor 
and Wong, 2002b), and the more recent ‘Great 
Gardens’ workshops. Such programs educate residents 
about a wide range of lawn and garden care activities
(e.g. choice of plants, irrigation, fertilisation, 
composting, mulching, etc.).  They involve recruitment 
of volunteers, intensive training, demonstration 
gardens and evaluation activities. 

As above. Allotment 
scale. 

Developer to run while assets (e.g. roads, stormwater 
treatment facilities in the streetscape) are still being 
maintained by the developer. 
Developer to include information about best 
management practice in resident welcome packs. 
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Proposed BMP Description Primary 
Benefits 

Scale of 
Application 

Responsibility for Implementation 

Nutrient and water 
management plans for 
POS 

Develop and use simple nutrient and water 
management plans for all areas of public open space to 
minimise the need for application of large quantities of 
nutrients and water. DoW now require local 
governments to prepare & implement POS 
management plans. 

As above. Estate scale. Council to apply via development conditions.  Developer 
to prepare and use plans. 
Council staff to use plans once these assets are managed 
by Council. 

Maintenance of 
drainage and sewerage 
infrastructure 

Ensure all structural stormwater BMPs are maintained 
in accordance with approved maintenance plans. 
Ensure there are no illicit connections of sewerage to 
stormwater or groundwater. 

Reduced 
pollutant
export to 
receiving 
waters. 

Estate scale. For local stormwater drainage: Developer to prepare and 
implement maintenance plan for first two years that is 
then continued by Council. 
For major drainage and sewerage: Water Corporation to 
apply via its own inspection and maintenance activities.

Erosion and sediment 
control during 
development 

Use best practice erosion and sediment control (ESC) 
during development especially with respect to the 
management of topsoil. This would involve developing 
an erosion and sediment control program/plan as part 
of the development assessment and approval process, 
as well as inspection and enforcement activities by 
trained environmental staff from the construction / 
building firm as well as Council. 

Reduced 
sediment and 
nutrient export 
to receiving 
waters. 

Allotment and 
estate scale 

Developer to prepare and implement ESC plan for the 
major earthworks phase. 
Council and Developer to work together to investigate 
ways to require or encourage builders to develop and 
implement simple ESC plans during the building phase. 
Council to consider and evaluate enforcement options. 

Notes: 1 - For more information regarding these measures, see Ecological Engineering (2004), Taylor and Wong (2002b) and US EPA (2001). 
2 - This table assumes that the development will be sewered using best practice infrastructure and technology (an important structural measure to minimise groundwater contamination with nutrients) 
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7.4 WETLAND AND WATERWAY 
PROTECTION 

Section 3.2 summarises the location of groundwater dependant wetlands near the Brookleigh Estate. 

There are no direct flows from Brookleigh Estate into significant waterways or water bodies. 

7.5 VECTOR AND NUISANCE MANAGEMENT 

7.5.1 Stormwater system design 
Each aspect of the stormwater management system has the potential to create a favourable environment 
for mosquitoes to breed. Areas requiring design consideration are: 

» swale drains in POS areas 

» bioretention swales in POS areas 

» roadside gullies 

Swale drains in the drainage corridor areas (central drain) 
Drains should be maintained to prevent erosion and the establishment of emergent vegetation. Unlined 
drains will require maintenance regarding weed control and the removal of any silt build-up. 

It is important that access is available along the drainage system to allow the drains to be maintained as 
required. 

All junctions and discharge sections should be constructed to minimize erosion and have access to allow 
the removal of any build-up of silt. 

With respect to mosquito management, the aim is to ensure that there is a good rate of flow along the 
system and that weed growth and silt build-up is kept under control. Mosquito breeding may be an issue 
when water flow is impeded as a result of excessive weed growth or silt build-up. It may also be of 
concern if there is any infiltration from the seasonal water table at times when the drains would otherwise 
be dry. 

Bioretention swales in central drainage corridor & western POS area 
Similarly to the infiltration storage areas as discussed above, it is important to ensure that bioretention 
swales are well-maintained, to ensure that stormwater runoff and discharge from the subsoil drainage 
system is infiltrated effectively and ponding of water in the bioretention swales is minimised. 
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Road gullies 
Ideally all gullies should have the outflow pipe at the base of the gully to ensure that no residual water 
remains in the gully. Any gully which holds water for a period greater than five days is likely to create 
conditions favourable for mosquitoes to breed. 

Ongoing maintenance 
The most neglected part of any drainage system tends to be maintenance scheduling. Systems when first 
installed work efficiently as designed but over time there will be a gradual deterioration in the 
effectiveness of the system unless a comprehensive maintenance program is in place. In the case of 
stormwater management any reduction in operational efficiency of the system will increase the likelihood 
of mosquitoes breeding onsite. 

In effect anything which restricts the flow of water through the system or allows pooling for extended 
periods may create conditions favourable for mosquitoes to breed. 

The period of inundation of the infiltration storage areas is not expected to last longer than 5 days which 
is the time it takes to create favourable conditions for mosquitoes to breed. The period of inundation of 
the bioretention swales in the POS area are further discussed in Section 6.2. 

Regular maintenance to control weed growth, silt build-up etc must be carried out. The vegetation within 
the bioretention swales also needs to be monitored periodically. It is important that the system is designed 
with this in mind and that ready access is available to any areas of the system which are likely to require 
maintenance. 
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8 MANAGEMENT OF 
SUBDIVISIONAL WORKS 

The issues that will require management in order to ensure that construction activities will not 
detrimentally impact on the environment are: 

» management of dust 

» dewatering 

» acid sulfate soils 

8.1 DUST MANAGEMENT 

8.1.1 Legislative requirements  
The Environmental Protection Authority’s (EPA) current guideline regarding the management of dust is 
‘Prevention of air quality impacts from land development sites’ (EPA, 2000). This document provides broad 
guidelines for dust management whilst more detailed assessment and prevention tools are documented in 
the EPA’s earlier document ‘A guideline for the prevention of dust and smoke pollution from land 
development sites in Western Australia’ (EPA, 1996).

8.1.2 Dust management strategy 
The guidelines shall be followed when carrying out the subdivisional works. 

Prior to each stage of construction an air quality management program (as documented in the 1996 
publication referred to above) shall be completed and submitted to the City of Swan for approval. 

8.1.3 Site specific implications  
The EPA’s guidelines recommend the completion of dust generating activities during winter to minimise 
the risk of dust generation. However the completion of earthworks at Brookleigh Estate during the winter 
months is not necessarily feasible, due to the high groundwater table. The cost of dewatering outweighs 
the additional effort required to mitigate the dust resulting from construction activities during summer. As 
a result it is recommended that there be no restrictions to earthworks being undertaken during summer 
months. 
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8.2 DEWATERING 
Dewatering is likely to be required in some areas to enable subdivisional works (predominantly sewer 
installation) to proceed. Given the current over allocation of this groundwater sub-area it will be necessary 
for dewatering licences to be obtained from the Department of Water prior to dewatering works 
proceeding. 

8.3 ACID SULFATE SOILS 
Brookleigh Estate is located in a low to no risk ASS area as identified by Douglas Partners (2005) 
Geotechnical and Environmental Investigation. Therefore, an acid sulfate soil management plan (ASSMP) 
will not be necessary for the proposed subdivisional works. 
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9 MONITORING PROGRAM
Three types of water quality-related monitoring are recommended for the study area given the proposed 
development and site conditions. These types are briefly described in the following sections.

Given the need for the monitoring effort to be commensurate with the size of the development, it is 
recommended that development of the study area be treated as ‘one event’ when undertaking monitoring 
(even though staging of works will occur).

9.1 STORMWATER POLLUTANT LOAD 
MONITORING

Ensuring there is no increase in nutrient loads leaving the study area and entering sensitive waterways 
such as the Bennett Brook and the Swan River are important objectives that need to be monitored. 

Surface water monitoring will consist of grab-sampling at key locations within the subdivision, which will 
be undertaken as part of the routine groundwater monitoring or in response to rainfall events as 
necessary. The locations proposed include:

upstream of the subdivision (adjacent to Reid Hwy culverts),

downstream of the subdivision (adjacent to Patricia St culvert), 

and, at the discharge from a key representative bio-retention basin. 

These locations have been selected to provide representation of the pollutant loading across the entire 
development, therefore eliminating the need to sample each bio-retention basin discharge location.  The 
proposed monitoring locations are shown in Figure 9.1.

Results from the grab sampling will to be used to indicate how successful best management practices for 
stormwater and shallow groundwater quality management have been in minimising pollutant loadings in 
surface waters that leave the site and enter downstream receiving waters.

The developers will be responsible for post-development monitoring activities in accordance with Council 
policies (currently for a five year period) for submission to regulatory authorities. If water quality and 
quantity objectives are not met during this period, the developer is to undertake a review of the system to 
determine why the objectives are not being met. On completion of the review, the City and developer are 
to agree on the recommended course of action(s) to be undertaken by the developer to ensure the 
objectives are met to the satisfaction of the local government. A period less than five years may be 
negotiated by the developers and City after three years subject to developers being able to technically 
demonstrate that the system is performing as intended and will continue to do so.
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Monitoring should commence upon completion of landscaping of the central drainage channel (MUC). 
However, this is not to occur during periods when major development (i.e. earthworks) is occurring 
adjacent to the MUC. 

To minimise costs, monitoring parameters would include: 

» Dissolved Oxygen (%), pH, TN, TP and TSS for at least 20 runoff events over the proposed 
monitoring period. 

» nutrient species (e.g. FRP, TP, NO3-N, NH4+, TN) for at least five (5) run-off events per 
monitoring period (as defined above) 

Surface Water Trigger Values 

The preliminary surface water quality trigger values have been derived from the measured surface water 
quality at the Patricia Street intersection with the surface channel.  Consideration has also been given to 
the National Water Quality Management Strategy (ANZECC, 2000) default trigger values for slightly 
disturbed ecosystems.  These are presented in Table 9.1. 

Table 9.1 - Post-development Surface Water Trigger Values 

Nutrient Post Development Trigger Values Default Trigger Values for Slightly 
Disturbed Ecosystems (ANZECC 

2000) 

TN (mg/L) 1.6 1.2 

TP (mg/L) 0.2 0.065 

Ortho-P (mg/L) 0.2 0.04 

NH4 0.1 0.08 

NOx 0.35 0.15 

DO 80% sat  

pH 6.5 - 8 6.5 - 8 

The above interim trigger values are intended to be dynamic values, and they should be reviewed 
following each monitoring occasion to ensure that the triggers are appropriate.  This is considered an 
appropriate approach to assess trigger values, given the entire site will be extensively modified during 
development via the import of fill and landscaping of lots and POS areas. 

Should the trigger values be breached, the contingency action plan in Section 9.4 would be implemented. 
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9.2 GROUNDWATER RECHARGE MONITORING 
Groundwater quality is a significant issue for the study area given its hydrogeology. The current 
groundwater has been predominately low in nutrient and urbanisation has the potential to contaminate 
groundwater, particularly where infiltration is being widely used as a means of disposing or storing 
stormwater. 

To determine whether shallow groundwater quality is slowly improving with time or at least not degrading 
as a result of development, the following monitoring strategy is recommended. 

9.2.1 Shallow groundwater quality monitoring  
This involves the use of two bores to be installed at Brookleigh Estate to sample groundwater quality 
within the superficial aquifer. These bores will monitor water quality bi-monthly (i.e. every 2 months) for 
pH, FRP, NO3-N, TP, TN and NH4+. The aim of the monitoring would be to demonstrate that the quality 
of the shallowest and most recently recharged groundwater is generally improving or being maintained 
across the site. The upstream/downstream comparison will also facilitate assessing the effectiveness of 
management of the POS areas.  The monitoring would be undertaken at a key representative location 
both upstream and downstream of the POS area to be developed in one of the first stages, which is shown 
in Figure 9.1.  The representative location is the same for both surface and groundwater quality.  This is 
considered to be a reasonable approach as the landscaping and subsequent management of POS areas 
and the MUC will be consistent across the development.  

The developers will be responsible for post-development monitoring activities in accordance with Council 
policies (currently for a five year period) for submission to regulatory authorities. If groundwater quality is 
not met during this period, the developer is to undertake a review of the system to determine why the 
objectives are not being met. On completion of the review, the City and developer are to agree on the 
recommended course of action(s) to be undertaken by the developer to ensure the objectives are met to 
the satisfaction of the local government. A period less than five years may be negotiated by the 
developers and City after three years subject to developers being able to technically demonstrate that the 
system is performing as intended and will continue to do so. 

Monitoring should commence upon completion of landscaping of the central drainage channel (MUC). 
However, this is not to occur during periods when major development (i.e. earthworks) is occurring 
adjacent to the MUC. 

The groundwater quality results will be compared against the baseline groundwater quality results 
discussed in the following section. 



BROOK L EIGH  EST A T E 

PA T RICIA  ST  -  CA V ERSHA M 

Ur b a n  W a t e r  Ma n a g e m e n t  Pl a n  

N o v e m b e r  2 0 0 9  /  Re v i s i o n  E 

W:\INFRASTRUCTURE\INFRASTRUCTURE_PROJECTS\1069_CAVERSHAM SUBDIVISION - QUBE (EX 108067I)\06_WRKPAPERS\CAVERSHAM 
UWMP\REV E\REPORT_BROOKLEIGH_UWMP_REVE.DOCX 

EMERSON STEWART 49

Groundwater Trigger Values 

The trigger values for groundwater have been derived from the average results from bores CGW11 and 
CGW 12.  These bores indicate moderate to low nutrient levels.  The trigger values provided in Table 9.2 
(below) have also been derived in consideration of those provided for lowland rivers in the National Water 
Quality Management Strategy (ANZECC, 2000). 

Table 9.2 - Post-development groundwater Trigger Values 

Nutrient Post Development Trigger Values 

TN (mg/L) 2.0 

TP (mg/L) 0.1 

Ortho-P (mg/L) 0.1 

NH4 0.2 

NOx 0.35 

pH 6.5 – 8 

As with surface water trigger values, the above interim trigger values are intended to be dynamic values, 
and they should be reviewed following each monitoring occasion to ensure that the triggers are 
appropriate.  This is considered an appropriate approach to assess trigger values, given the entire site will 
be extensively modified during development via the import of fill and landscaping of lots and POS areas, 
and that the NWQMS default trigger values are really intended for surface water, not groundwater. 

Should the trigger values be breached, the contingency action plan in Section 9.4 would be implemented. 

9.3 BMP MONITORING 
Various best management practices (BMPs) are proposed within Brookleigh Estate to minimise stormwater 
pollutant loads, groundwater pollution and variations in hydrology. Some of these are structural (e.g. 
bioretention systems, vegetated swales, groundwater reuse, etc.) while others non-structural (e.g. 
education on fertiliser use, nutrient management plans for public open space, soil amendment, 
xeriscaping, etc.). Chapter 10 of the Stormwater Management Manual for Western Australia provides 
advice on the performance monitoring of such BMPs (DoW, 2007). 

Monitoring in the form of inspections by the developer’s representative (i.e. civil engineering consultant) 
and council (i.e. City of Swan) will ensure that the BMP designs are fully implemented as approved (e.g. in 
accordance with the approved drawings). Such inspections would occur during and immediately upon 
completion of each development stage. 
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9.4 CONTINGENCY PROCEDURES 
One concern that often arises (particularly with local government) with ‘new’ developments proposing 
water sensitive urban design elements relates to what happens if post-development monitoring finds 
water quality-related objectives are not being met. This section addresses this concern. 

If post-development monitoring finds that water quality-related objectives have not been met, the 
following procedures would be undertaken by the developer and council (in the order provided): 

Ensure that the development has fully complied with development conditions relating to water quality 
management (e.g. installation and operation of BMPs). If such BMPs have not been designed and installed 
as approved, then the developer would do so or council would be entitled to take regulatory action for a 
breach of development conditions. 

Inform City of Swan via informal reporting.  This will be done to ensure that any further contingency 
actions proposed are consistent with the standards and approach that would be undertaken by the City of 
Swan. 

Investigate opportunities to apply additional non-structural BMPs to the study area (e.g. educational 
programs, street sweeping, nutrient management plans, alteration of structural BMP maintenance 
regimes, soil amendment, local rainwater tank rebate scheme, etc.). Funding for such additional measures 
would typically be covered by the local government authority.  

Revision of POS management practises will be undertaken to determine if the nutrient application is 
appropriate.  This may result in more detailed soil and leaf tissue analysis to determine nutrient 
requirements for the POS.  This would be undertaken following receipt of the results above trigger values, 
and on an annual basis thereafter prior to application of nutrients by the landscape contractor. 
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10 IMPLEMENTATION PLAN 
10.1 ROLES, RESPONSIBILITIES AND 

FUNDING 
There are four key stakeholders to which responsibilities can be assigned to implement the UWMP: 

» Developer 

» City of Swan 

» Water Corporation 

» Land owner. 

The roles, responsibilities and funding of each of these stakeholders are summarised in Table 10.1 below. 

Table 10.1 - Roles, responsibilities and funding for implementation of the UWMP 

Organisation Role Funding

Developer » Satisfy relevant WAPC conditions including preparation of 
UWMP. 

» Design and construct the potable water supply and sewer 
supply to Water Corporation standards. 

» Design, construct and maintain (maintenance period to be 
negotiated between the developer and the City of Swan) public 
open space. 

» Undertake post-development monitoring activities for 
submission to regulatory authorities. 

» Ensure construction and management are consistent with 
UWMP. 

Developer 

City of Swan » Assume responsibility for constructed roads and stormwater 
drainage infrastructure including the ongoing operations and 
maintenance. 

» Maintain the public open space (including irrigation) at the 
completion of the developer’s maintenance period.

» Assume responsibility for the approval of the built form. 

Rates 

Water Corporation » Assume responsibility for the constructed potable water supply 
and sewerage infrastructure including ongoing operation and 
maintenance. 

Rates 
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Organisation Role Funding

Land Owner » Assume responsibility for meeting all requirements of the 
relevant local authority and building codes during the built form 
phase (including construction and maintenance of soakwells for 
onsite stormwater disposal). 

» Comply with Water Corporation’s waterwise program. 

Land Owner 

10.2 MAINTENANCE 
The responsibilities for maintenance of infrastructure are set out in Table 10.1 above. 

The Water Corporation has set practices for the maintenance of water and sewer infrastructure. This 
section deals solely with the maintenance requirements of the stormwater structural BMPs proposed at 
Brookleigh Estate, as described in Section 7.3 of this report. 

The developers will be responsible for maintaining public open spaces in accordance with Council policies 
(currently for a five year period) and rectify any design faults during this time. A period less than that 
specified in Council policy (but to a minimum of two years) may be negotiated by the City and developers 
subject to developers being able to demonstrate to the City that the public open space is adequately 
established and can be maintained to the City’s standards.

During this maintenance period the developer is to keep a record of all maintenance activities that are 
carried out. These records are to be handed over to the City of Swan when the developer’s maintenance 
period expires. 

The main structural BMPs proposed at Brookleigh Estate are: 

» bioretention swales 

» vegetated swales within POS areas 

The maintenance requirements for each of those BMPs are outlined below. 

10.2.1 Bioretention swales 
One of the primary maintenance requirements for bioretention systems is to inspect and repair or replace 
the treatment system’s components. Generally this involves periodic maintenance of the landscaped area. 
Plants that are appropriate for the site, climatic, and watering conditions should be selected. The 
appropriate selection of plants will aide in the reduction of fertilizer and pesticide usage, which, can 
increase the level of nutrients entering the receiving water bodies. Bioretention system components should 
blend over time through plant and root growth, organic decomposition, and the development of a natural 
soil horizon. These biologic and physical processes over time will lengthen the facility’s life span and 
reduce the need for extensive maintenance. 
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Another critical maintenance consideration is the monitoring of sediment accumulation at the inlet points. 
Depending on the catchment activities, the deposition of sediment can smother plants and reduce the 
available ponding volume. (Wong et al, 2004). Should excessive sediment build up occur, it may impact on 
the plant health leading to a reduction in their capacity to maintain the infiltration rate of the filter media. 
Regular sediment removal may therefore be necessary. 

Routine maintenance should include a biannual health evaluation of the trees and shrubs and the 
subsequent removal of any dead or diseased vegetation (EPA, 1999). Diseased vegetation should be 
treated using preventive and low-toxicity pesticides to the extent possible. The highly organic and often 
heavily vegetated areas in standing shallow water can create a breeding ground for mosquitoes. Routine 
inspection for areas of standing water and corrective measures to restore proper infiltration rates are 
necessary to eliminate these breeding environments. In addition, bioretention systems can be susceptible 
to invasion by aggressive weeds and thereby increases the potential for ponding if not routinely 
maintained. 

In order to maintain the system’s appearance it may be necessary to prune and weed. Furthermore, mulch 
replacement is suggested when erosion is evident or when the site begins to look unattractive. Specifically, 
the entire area may require mulch replacement every 2 to 3 years, although spot mulching may be 
sufficient when there are random void areas. Mulch replacement should be done prior to the start of the 
wet season.Recommended timing for inspection and maintenance of bioretention swales is outlined in 
Table 10.2 below. 

Table 10.2 - Inspection & maintenance program - bioretention swales 

Inspection activities Suggested frequency 

Inspect soil and repair eroded areas. monthly 

Inspect for erosion or damage to vegetation, preferably at the end of the wet 
season to schedule summer maintenance and before autumn, to ensure the 
strips are ready for winter. However, additional inspection after periods of 
heavy runoff is desirable. 
Inspect to ensure grass is well established. If not, either prepare soil and 
reseed or replace with alternative species. Install erosion control blanket. 
Check for debris and litter, and areas of sediment accumulation. 
Inspect health of trees and shrubs. 

semi-annual inspection 

Maintenance activities Suggested frequency 

Water plants daily for 2 weeks at project completion 

Remove litter and debris monthly 
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Remove sediment 
Remulch void areas 
Treat diseased trees and shrubs 
Mow turf areas 
Repair outflow structures and erosion at inflow points 
Unclog underdrain 
Regulate soil pH regulation. 

as needed 

Remove and replace dead and diseased vegetation. semi-annual 

Add mulch and replace tree stakes and wires. annual 

Mulch should be replaced every 2 to 3 years or when bare spots appear. 
Remulch prior to the wet season. 

every 2-3 years, or as needed

10.2.2 Vegetated swales in POS areas  
The useful life of a vegetated swale system is directly proportional to its maintenance frequency. A well 
designed and regularly maintained vegetated swale can have a long operating life. 

The maintenance objectives for a vegetated swale system include keeping up the hydraulic and removal 
efficiency of the channel and maintaining a dense, healthy vegetation cover. Maintenance should include: 

» Frequently inspect during the first few months to ensure grass cover is establishing well. If 
required, reseed or plant an alternative species. Once established, continue to inspect bi-
annually for signs of erosion. 

» Periodically mow (typically bi-annually) with grass never cut shorter than the design flow depth, 
and implement weed control. Cuttings should be removed from the channel and disposed in a 
local composting facility. 

» Carry out clearing of debris and blockages prior to winter and after major storm events. 
Accumulated sediments should be removed to avoid the transportation of re-suspended 
sediments during periods of low flow and to prevent a damming effect from sand bars. 

» Repair damaged areas within the channel as required. For example, if the channel develops ruts 
or holes, it should be repaired by using a suitable soil that is properly tamped and seeded. The 
vegetation cover should be thick, else reseed as necessary. 

» Regularly inspect swales for ponding. Swales can become a nuisance due to mosquito breeding 
in standing water if obstruction develops (e.g. accumulated debris, invasive vegetation) and/or 
swale slopes are too flat and inadequately maintained. 

Recommended timing for inspection and maintenance of bioretention swales is outlined in Table 10.3 
below. 
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Table 10.3 - Inspection & maintenance program – vegetated swales 

Inspection activities Suggested frequency 

Inspect after seeding and after first major storms for any damages. post-construction 

Inspect for signs of erosion; damage to vegetation; channelisation of flow; 
debris and litter; and areas of sediment accumulation. Perform inspections at 
the beginning and end of the wet season. Additional inspections after periods 
of heavy runoff are desirable. 

semi-annual 

Inspect level spreader for clogging; grass along side slopes for erosion and 
formation of rills or gullies; and sand/soil bed for erosion problems. 

annual 

Maintenance activities Suggested frequency 

Mow grass to maintain a height of 7-10 cm, for safety, aesthetic, or other 
purposes. Litter should always be removed prior to mowing. Clippings should 
be composted. 
Irrigate swale during dry season (October to April) or when necessary to 
maintain the vegetation. 
Provide weed control, if necessary to control invasive species. 

as needed (frequent, seasonally) 

Remove litter, branches, rocks, blockages, and other debris and dispose of 
properly. 
Maintain inlet flow spreader (if applicable). 
Repair any damaged areas within a channel identified during inspections. 
Erosion rills or gullies should be corrected as needed. Bare areas should be 
replanted as necessary. 

semi-annual 

Unclog the pea gravel diaphragm, if necessary. 
Correct erosion problems in the sand/soil bed of dry swales. 
Plant an alternative grass species if the original grass cover has not been 
successfully established. Reseed and apply mulch to damaged areas. 

annual (as needed) 

Remove all accumulated sediment that may obstruct flow through the swale. 
Sediment accumulating near culverts and in channels should be removed 
when it builds up to 7cm at any spot, covers vegetation, or once it has 
accumulated to 10% of the original design volume. Replace the grass areas 
damaged in the process. 
Rototill or cultivate the surface of the sand/soil bed of dry swales if the swale 
does not draw down within 48 hours 

as needed (infrequent) 

10.3 ASSESSMENT AND REVIEW 
The assessment of the performance of the UWMP against the design objectives / criteria can be carried in 
the form of post-development water quantity and water quality monitoring. 

The monitoring program required for Brookleigh Estate is addressed in Section 0 of this report. 

The assessment and review of the performance of the various UWMP design objectives and criteria is to 
be undertaken by the authorities shown in Table 10.4. 

It is proposed that the outcomes of the review process be used as an education tool in order to enable: 
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» Authorities to review the design criteria to confirm their applicability and/or 

» Subsequent developers to adjust the BMP treatment trains selected in future developments 
within the CLSP area. 

Table 10.4 - Assessment and review responsibilities 

Authority Design Objective / Criteria 

City of Swan Water quantity (Local Authority Drainage Network). 
Management of disease vector and nuisance insects. 
Water Quality, 
Water Quantity. 

Water Corporation Water conservation (compliance with water wise program 
& usage of potable water) 

Department of Water Water quality,  
Water quantity, 
Groundwater levels, 
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11 SUMMARY OF UWMS OBJECTIVES AND STRATEGIES 
Table 11.1 - Design objective summary 

UWMS objective Brookleigh Estate strategy 

Water conservation Section 2.2 Objectives satisfied Section 4 

State Water Strategy (Government of Western Australia 2007) water consumption target of less 
than 100 kL/person/year. 

Various in-house and ex-house water saving measures are proposed. This includes 
the use of stormwater for non-potable use which will potentially reduce potable 
water consumption to approx 45.3 kL/person/year. 

Groundwater levels Section 2.3 Objectives satisfied Section 5 

Local and regional environmental impacts are managed appropriately. BMP treatment train proposed to improve water quality exported from the site. 

Minimal threat to groundwater dependant wetlands and other ecosystems. There are no significant waterbodies or groundwater dependant wetlands that will 
be impacted by the development at Brookleigh Estate. 

Water quality and contamination Section 2.5 Objectives satisfied Section 7.3 

Implement source controls to prevent pollution or treat stormwater as high in the catchment as 
possible.

» increased use of local native plants and reduced areas of lawns / gardens that 
require fertilisation and significant amounts of watering 

» garden and lawn care education 

» nutrient and water management plans for public open space 

» fertiliser control 

» maintenance of drainage and sewerage infrastructure 

» erosion and sediment control during development 
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UWMS objective Brookleigh Estate strategy 

Structural BMPs should be sized to treat runoff from directly connected impervious areas for 
events up to 1 year 1 hour ARI. 

Bioretention swales have been designed to treat the runoff for 1 year 1 hour ARI 
events. Runoff from lots will be infiltrated via soakwells.  

Surface water quantity Section 2.3 Objectives satisfied Section 6 

Design for flood protection using outcomes/requirements from flood modelling in the Swan Urban 
Growth Corridor DWMP and requirements set in Australian Rainfall and Runoff (IEA, 2001). 

Sufficient detention storage provided in POS areas to maintain peak 5 year and 
100 year ARI flow rates as per the Swan DWMP modelling. 

The effective impervious area of the development shall be minimised. Soakwells will be installed in individual lots to reduce the effective impervious area 
of the development. 

Design convenience/nuisance control structural BMPs on roads for the relevant ARI design event 
depending on the level of service of the road (refer to Figure 2.2). 

» Runoff generated by frequent events will be retained and infiltrated on site. 

» 5 year ARI flows in neighbourhood connector and access roads to be conveyed 
by a conventional piped network draining the road reserve. 

» Events greater than 5 year ARI flows to be conveyed by a combination of 
overland flow paths and pipes within the road reserve connecting to the central 
drain. 

Install in transit measures to treat stormwater throughout the conveyance systems. Vegetated swale design within POS areas to detain runoff and allow infiltration. 

Implement end-of-pipe measures to mitigate any contaminants remaining in the stormwater prior 
to discharging to receiving environments. 

Bioretention swales within the central drainage corridor within Brookleigh Estate 
will detain stormwater and allow it to infiltrate prior to discharging into the 
vegetated central drain which will further act to improve water quality. 

Wetland and waterway protection Section 2.6 Objectives satisfied Section 7.4 

Use wetlands as part of the flood management system. No CCWs located in Brookleigh Estate. 

Existing drains through wetlands to be allowed to remain. Swales and POS within existing multiple use corridor being used to convey runoff. 
These are the only existing drains / flow paths that are required to maintain the 
existing hydrologic regime. 
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UWMS objective Brookleigh Estate strategy 

Drainage inverts below the controlled groundwater level (CGL) be permitted only where wetland 
groundwater levels will not be adversely affected. 

No groundwater dependant wetlands are present in the immediate vicinity of 
Brookleigh Estate. 

Guidelines specified in Decision Process for Stormwater Management in Western Australia - 
Protect Waterways and Wetlands. 

The retention of wetland and waterways is covered above 
There are no conservation category wetlands, other conservation wetlands, or 
waterway foreshore areas within the Brookleigh development. 

Where stormwater infiltrates into groundwater which either immediately discharges into a 
marine/coastal environment or is contained within a groundwater aquifer that does not interact 
with the surface water system on the Swan Coastal Plain. 

The stormwater infiltrated into the groundwater at Brookleigh Estate will 
discharge into the surficial aquifer and will not immediately discharge into a 
marine/coastal environment. As the surficial aquifer interacts with the surface 
water system by way of infiltration and baseflow in swales, this condition is not 
applicable in the case of the Brookleigh development. 

Maintain the post-development 1 year ARI flows to pre-development conditions (irrespective of 
soil type). 

The bioretention swales within Brookleigh Estate have been designed to retain 
runoff from storm events up to 1 year 1 hour ARI. As a result there will be no 
stormwater discharged from the site for the 1 year 1 hour ARI event. This is 
consistent with the pre-development regime of the Caversham site. 

Vector and nuisance management Section 2.7 Objectives satisfied Section 7.5 

Design of the stormwater management system to ensure that as far as practical, constructed 
wetlands, multiple use corridors, open drains, road gullies etc do not contribute to onsite 
mosquito breeding. 

Design guidelines for detention basins, open drains and roadside gullies have 
been compiled with to ensure they do not contribute to mosquito breeding. 

Ongoing maintenance and management of the stormwater system to ensure that it continues to 
operate as designed thereby reducing the risk of creating conditions likely to promote onsite 
mosquito breeding. 

The requirement for maintenance is discussed and suggested maintenance 
programs are included in Section 7.5. 
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APPENDIX B 
GEOTECHNICAL BORE LOGS 
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APPENDIX C 
RPS ENVIRONMENTAL ASSESSMENT 
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APPENDIX D 
LWMS GROUNDWATER LEVEL DATA 
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APPENDIX E 
HYDROLOGIC AND HYDRAULIC MODELLING 
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HYDROLOGIC AND HYDRAULIC 
MODELLING 
Modelling of the drainage system for Brookleigh Estate has been undertaken using the computer software 
package XP-Storm. XP-Storm is an urban drainage design software package capable of carrying out both 
hydrologic and hydraulic modelling of urban catchments. The following sections outline the assumptions 
made and results calculated from the modelling. 

HYDROLOGIC MODELLING 
General 
Hydrologic models to estimate sub-catchment runoff from Brookleigh Estate were created for design 
storms with an ARI between 1 year and 100 years. Design storm durations investigated varied between 
1 hour and 72 hours. 

Design rainfall 
Design rainfall for the hydrologic model was determined for Caversham based on AR&R (EA, 2001) 
Intensity Frequency Duration (IFD) data. The IFD data used to generate runoff for hydrologic and 
hydraulic analysis is presented in Table C.1 below. 

Table C.1- Caversham design Intensity Frequency Duration data  

ARI
(years) 

Duration 

Intensity (mm/hr) 

1 hour 6 hour 12 hour 24 hour 36 hour 48 hour 72 hour 

1 15.93 - - - - - - 

5 26.70 8.17 5.26 3.39 2.60 2.13 1.58 

100 47.41 13.76 8.62 5.69 4.42 3.67 2.77 

Runoff generation 

Infiltration losses 
Runoff is generated when the infiltration capacity of the soil is exceeded. Different soil types and land uses 
have different infiltration characteristics. The land uses adopted in the hydrologic model were derived from 
the CLSP LWMS (Cardno, 2008). These land uses, where appropriate, comprised: 
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» Caversham Soil with Sparse Vegetation (multiple use corridors, and detention basins)

» roads and road reserve

» residential

» public open space

Post-development land uses and catchment areas for Brookleigh Estate are shown in Table C. 2 below.

Table C. 2 - Post-development land uses

Land use (ha)
1. Roads and road reserves
2. Residential
3. Multiple Use Corridors & Detention Basins
4. Public open space

Subcatchment 1 2 3 4
Total Area 
(ha)

Brookleigh Estate 7.7 21.14 2.78 0.90 32.52

Loss models assigned to the pervious areas (Table C. 3) are based on land use type and previous 
experience with similar studies.

The losses adopted in this model differ to the values adopted in the Swan Urban Growth Corridor Drainage 
and Water Management Plan (DoW/GHD 2009). The underlining reason for this is that:

DoW & GHD utilised a different hydraulic modelling package called Infoworks CS for the Swan 
DWMP analysis.

It is assumed that the groundwater levels in the developed areas will be controlled by a subsoil 
drainage system.

Additionally, minimum fill for foundation requirements will increase infiltration rates through 
imported fill.

Table C. 3- Post-development loss models for pervious areas

Land use type Initial loss (mm) Continuing Loss 
(%)

Impervious 1.0 0

Roads and road reserves 1.0 50%

Residential lots 1.5 75%

POS & Multiple Use Corridor 10 60%



BROOK L EIGH  EST A T E 

PA T RICIA  ST  -  CA V ERSHA M 

Ur b a n  W a t e r  Ma n a g e m e n t  Pl a n  

N o v e m b e r  2 0 0 9  /  Re v i s i o n  E 

W:\INFRASTRUCTURE\INFRASTRUCTURE_PROJECTS\1069_CAVERSHAM SUBDIVISION - QUBE (EX 108067I)\06_WRKPAPERS\CAVERSHAM 
UWMP\REV E\REPORT_BROOKLEIGH_UWMP_REVE.DOCX 

EMERSON STEWART

Land uses 
Table C.4 below presents the assumed impervious portions of the various land use zones within the 
Structure Plan area: 

Table C. 4 - Land use impervious areas 

Land Use Assumed Impervious Portion 

Road reserves 80% 

Residential 36% 

Public open space 0% 

A depression storage loss of 1 mm was applied to hardstand impervious areas. 

HYDRAULIC MODELLING 
Subcatchment hydrographs calculated in the runoff module of XP-SWMM for the post-development models 
were routed through the development and storage areas in the hydraulic module. The following section 
provides results of the hydraulic modelling. 

Post-development hydraulic modelling 
Figure 6.2 presents the results of the hydraulic modelling, including: 

» post-development sub-catchments 

» flow directions 

» extent of flooding in POS areas 

» peak 5 year and 100 year ARI outflows at Patricia Street culvert crossing 

The strategy adopted for stormwater quantity management is to provide storage for the 1 year 1 hour ARI 
event within bio-retention swales located adjacent to the central drain. Pipes from the road conveyance 
system will bubble-up into these bio retention swales, with excess runoff from larger events overtopping 
the bio-retention swales and discharging to the central drain. 

The peak 5 year ARI discharge from the site will be restricted to 0.4m3/s and the peak 100 year ARI 
discharge will be restricted to 0.7m3/s at the Patricia Street culvert crossing south of the site, in 
accordance with modelling completed for the entire Swan Urban Growth Corridor area. 

Modelling Inputs & Constraints

Post Development incoming flows from the West Swan Catchment area, via the Reid Highway culvert 
crossing, were supplied by GHD/DoW, for various duration of the 5 year and 100 year storm event. 
Incoming flow hydrographs are presented in the Diagram C.1 and C.2. 
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In accordance with the revised Figure 10-11.16b of the DWMP, provided by GHD on 11 June 2009,  the 
outfall conditions at the Patricia Street culvert crossing were set as constant backwater levels of 11.06 
mAHD and 11.15 mAHD for the 5 year and 100 year ARI event, respectively. 

Size and invert levels of critical hydraulic control structures at Patricia Street and upstream of the 
development are included in Figure 6.6. 

Diagram C. 1 –5 Year ARI inflow hydrographs – downstream of Reid Hwy  
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Diagram C. 1 –100 Year ARI inflow hydrographs – downstream of Reid Hwy 

Modelling results 
Key hydraulic modelling results (including maximum storage volumes) for the 1 year 1 hour ARI event are 
illustrated in Figure 6.2. Runoff from the 1 year 1 hour ARI event is completely contained within the 
bioretention swales, with no overflow to the central drain. 

Key modelling results for the peak 5 year and 100 year ARI events are presented in Table C. 5 and 
Table C.6 below. 
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Table C. 5 - 5 year ARI hydraulic modelling results 

Storage area Overflow to central 
drain (m3/s) 

Critical duration storm 
event 

Bioretention swale 1 0.02 48 hr 

Storage Basin 12 0.06 36 hr 

Bioretention swale 6 0.09 12 hr 

Bioretention swale 7 0.03 36 hr 

Bioretention swale 8 0.02 36 hr 

Bioretention swale 9 0.02 36 hr 

Bioretention swale 10 0.06 36 hr 

Peak outflow crossing the Patricia 
Street culvert crossing 

0.4 36hr 

Table C. 6 - 100 year ARI hydraulic modelling results 

Storage area Overflow to central 
drain (m3/s) 

Critical duration storm 
event 

Bioretention swale 1 0.04 24 hr 

Storage Basin 12 0.15 48 hr 

Bioretention swale 6 0.35 1 hr 

Bioretention swale 7 0.04 36 hr 

Bioretention swale 8 0.03 36 hr 

Bioretention swale 9 0.03 36 hr 

Bioretention swale 10 0.1 36 hr 

Peak outflow crossing the Patricia 
Street culvert crossing 

0.7 36hr 

Inundation of POS areas 
After a large rainfall event, part of the POS areas will be inundated for a period of time depending on the 
intensity of the storm event. 

The period of inundation depends on the depth to groundwater at the time of the storm, infiltration 
capacity of the soil, the recurrence interval and duration of storm and whether or not the storage areas 
receive stormwater from upstream catchments. Water will not be held in the bioretention swales for 
extended periods of time. 

The hydraulic modelling results showed that flood levels in the central drain will reduce to minimum levels 
within 24-48 hours after a 5 year or 100 year ARI storm event.
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Safety

To prevent pedestrians being swept along streets and other drainage paths during major storm events, 
the product of water velocities and depths in streets and major waterway generally should not exceed 
0.4m2/s in accordance with Urban Stormwater Management of AR&R (Volume 1). 

In comparison, the Water Corporation’s Urban Main Drainage Manual specified a maximum velocity x 
depth product of 0.32m2/s for floodway that are designated as pedestrian access way, and a maximum 
velocity x depth product of 0.4m2/s for trafficable floodways. 

The hydraulic modelling results showed that the maximum velocity x depth product along the Caversham 
Central Drain is 0.1 m2/s during the 100 year 36 hr ARI storm event, and will comply with the Water 
Corporation and AR&R specifications. The maximum velocity x depth product along the Caversham Central 
Drain is presented in Figure 6.8. 
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APPENDIX F 
PREDEVELOPMENT SURFACE WATER QUALITY 
MONITORING (CARDNO 2009) 



 

 
 

 

 
 

 

 

Our Ref V9059--SLC90019.10--DPC 
 
Contact Dave Coremans 

 
 
6 October 2009 
 
  
Mr Nathan James 
QUBE Property Group 
PO Box 1161 
NEDLANDS 
WA 6909 
 
 
 
 
Dear Nathan 
 
PRE-DEVELOPMENT SURFACE WATER MONITORING AT CAVERSHAM 
 
As you are aware, pre-development surface water monitoring was a requirement 
of the Department of Water (DoW) to provide baseline surface water quality data 
for the Caversham Local Water Management Strategy (LWMS).  This letter report 
fulfils the requirements in reporting the results of the surface water quality 
monitoring program that may be utilised in future during detailed design stages 
and other management documents that may be required. 
 
1. Introduction 
 
1.1. Project background 
 
The Caversham study area encompasses 178ha of land situated between the 
proposed Lord Street extension to the west, Reid Highway to the north, the 
Dampier-Bunbury Natural Gas Pipeline (DBNGP) and private properties fronting 
West Swan Road to the east and Benara Road to the south.  The site is 
predominately zoned ‘Rural’ under the Metropolitan Region Scheme (MRS) with 
portions of are to the north-west zoned ‘Urban’ and ‘Urban Deferred’.  The LWMS 
was created to support the rezoning of the portions of the site currently zoned 
‘Rural’ to ‘Urban’ and the lifting of the ‘Urban Deferred’ zoning under the MRS.  
The location of the site is shown in Figure 1.   
 
1.2. Project Objective 
 
Cardno was engaged to develop and implement a surface water Sampling and 
Analysis Plan (SAP) to provide baseline surface water quality data within the 
study area prior to development.  The objective of this project is to characterise 
the pre-development hydrological environment.  Baseline data will provide a basis 
for future performance criteria to ensure that any future development is able to 
fulfil the stormwater management requirements of the Department of Water 
(DoW). 
 
1.3. Purpose of this Report Letter 
 
The purpose of this report letter is to document the results of the three months of 
surface water quality monitoring, undertaken between July 2009 and September 
2009. 
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2. Methodology 
 
2.1. Surface Water 
 
Surface water sampling aimed to capture five rainfall events within the three months of monitoring.  
Surface water samples were proposed to be collected from five (5) locations selected to provide an 
indication of the surface water quality conditions both upstream and downstream of future urban 
development. 
 
The impact of Caversham on surface water quality was assessed at five (5) locations: 

• Western streamline entering the study area, south of Reid Highway; 
• Western streamline north of Patricia Street; 
• Western streamline exiting the study area; 
• Eastern streamline upstream of the study area, west of West Swan Road; and 
• Eastern streamline near the exit of the study area. 

The locations of the surface water monitoring sites are shown in Figure 2. 
 
Several parameters of surface water quality were measured in situ utilising a Hydrolab Quanta water 
quality meter and included: 

• Temperature (Temp); 
• Dissolved Oxygen (DO); 
• Reduction/Oxidation Potential (Eh); 
• Salinity; 
• pH; and 
• Electrical Conductivity (EC). 

 
Upon collection, surface water samples were placed directly into laboratory prepared and supplied 
sample containers.  Surface water samples were placed on ice immediately following collection and 
transported to a NATA registered laboratory under standard chain of custody procedures as soon as 
possible.  The analytes selected for surface water analysis were: 

• Total Nitrogen (TN); 
• Total Phosphorous (TP); 
• Orthphosphate (ORP); 
• Oxides of Nitrogen (NOx); 
• Total Kjeldahl Nitrogen (TKN); and 
• Ammonium (NH4). 

 
2.2. Chain of Custody 
 
Standard chain of custody forms were completed for all samples transferred to the laboratory detailing 
the sample identification, collection date and the requested analysis. Upon receipt of the samples the 
laboratory completed the chain of custody forms and provided a copy to Cardno for confirmation.  
 
2.3. Laboratory Analysis 
 
The laboratory used for this investigation was the ALS Laboratory Group.  ALS is a National 
Association of Testing Authorities (NATA) accredited laboratory (NATA Accreditation No. 825) and is 
accredited for compliance with ISO/IEC 17025.  All primary and QA/QC samples were submitted to ALS 
for analysis. 
 
 
3. Assessment criteria 
 
In order to provide an indication of the relative concentration of nutrients within surface water, 
comparison with the default trigger values for slightly disturbed ecosystems – Lowland River (ANZECC 
2000) is made in the following sections.  These default trigger values are summarised in Table 3.1. 
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Table 3.1 Default trigger values for slightly disturbed ecosystems (ANZECC 2000) 

TN 
(μg/L) 

TP 
(μg/L) 

ORP 
(μg/L) 

NH4 
(μg/L) 

NOx 
(μg/L) 

DO
(% Sat) 

pH Salinity
(μS/cm) 

1,200 65 40 80 150 80-120 6.5-8.0 120-300 
 
The default trigger values are specifically intended for application to nutrient concentrations within 
surface water features. 
 
Discussion of the nutrient concentrations in the following sections refers to their relative concentration 
compared to the default trigger values.  The terms ‘low’, ‘moderate’, ‘high’ and ‘very high’ are used in 
the following manner: 

• ‘Low’ – nutrient concentration below, equal to or marginally above the default trigger value; 
• ‘Moderate’ – nutrient concentration up to five times the default trigger value; 
• ‘High’ – nutrient concentration between five and 10 times the default trigger value; and 
• ‘Very High’ – nutrient concentrations more than 10 times the default trigger value. 

 
Principlally, comparison is made for the TN and TP concentrations.  However, some comment is also 
provided for nutrient species (ORP, NH4, NOx) where these form a substantial portion of the overall 
nutrient concentrations 
 
 
4. Monitoring Results 
 
The SAP set the objective of sampling surface water in response to rainfall events.  While sampling was 
attempted throughout July and September 2009, not all of the sampling locations maintained a surface 
water flow.  Subsequently, surface water samples could not be collected from all the proposed locations 
during each monitoring event.  
 
4.1. SWQ1 
 
Surface sample location SWQ1 is situated within the western streamline south of Reid Highway where 
the streamline enters the study area.  Results of the in situ and laboratory analysis are shown in 
Table 4.1. 
 
Table 4.1 In situ and Laboratory Analysis Results for Surface Water Location SWQ1 

 30th Jul 13th Aug 21st Aug 9th Sep 17th Sep 

Field Chemistry Parameter 

Temperature  (oC) 

No flow to 
sample 

No flow to 
sample 

18.39 19.56 16.72 

Conductivity (mS/cm) 0.638 0.97 1.238 

pH 7.36 7.37 7.67 

Redox (mV) 128 128 112 

DO (%) 51.3 70.8 73.8 

DO (mg/L) 4.9 6.52 7.17 

Salinity (mS/cm) 0.4 0.47 0.61 

Laboratory Analyte 

TN (mg/L) 

  

3.5 3.2 3.1 

TP (mg/L) 0.54 0.37 0.36 

Ortho-P (mg/L) 0.3 0.21 0.22 

NH4 (mg/L) 0.09 0.02 0.04 

N03+N02 (mg/L) 0.18 0.08 0.58 

TKN (mg/L) 3.3 3.0 2.5 
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A comparison of the results with the default trigger values for slightly disturbed ecosystems provided in 
the National Water Quality Management Strategy (ANZECC 2000) indicates: 

• ‘Low’ TP, NH4 and NOx concentrations that were generally slightly above or below the default 
trigger values; 

• ‘Moderate’ TN concentrations; and  
• ‘High’ ORP concentrations that were over five times the default trigger value.   

 
The recorded pH values were within the default trigger value ranges.  The DO values recorded were 
less than the trigger values while the salinity values were slightly higher than the default trigger criteria. 
 
 
4.2. SWQ2 
 
Surface sample location SWQ2 is situated within the western streamline north of Patricia Street.  
Results of the in situ and laboratory analysis are shown in Table 4.2. 
 
Table 4.2 In situ and Laboratory Analysis Results for Surface Water Location SWQ2 

 30th Jul 13th Aug 21st Aug 9th Sep 17th Sep 

Field Chemistry Parameter 

Temperature  (oC)  19.67 16.67 17.89 18.19 

Conductivity (mS/cm)  0.655 0.520 0.517 1.393 

pH  7.39 7.28 7.33 7.76 

Redox (mV)  114 127 129 122 

DO (%)  68.7 34.9 77.0 89.4 

DO (mg/L)  5.93 3.42 7.34 8.36 

Salinity (mS/cm)  0.32 0.30 0.25 0.69 

Laboratory Analyte 

TN (mg/L) 0.7 0.9 3 0.9 2.4 

TP (mg/L) 0.1 0.08 0.5 0.07 0.35 

Ortho-P (mg/L) 0.65 0.07 0.38 0.06 0.30 

NH4 (mg/L) 0.39 0.05 0.03 0.02 0.07 

N03+N02 (mg/L) 0.78 0.15 0.18 0.28 0.37 

TKN (mg/L) - 0.7 2.8 0.6 2.0 

 
A comparison of the results with the default trigger values for slightly disturbed ecosystems provided in 
the National Water Quality Management Strategy (ANZECC 2000) indicates: 

• ‘Low’ TN and NH4 concentrations;  
• ‘Low’ to ‘moderate’ TP and NOx concentrations; and  
• A high variation of ORP concentrations ranging from ‘very high’ to ‘low’.   

 
The pH and salinity values were generally within the ranges of the default trigger values while DO 
values were less than the trigger values. 
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4.3. SWQ3 
 
Surface sample location SWQ3 is situated within the western streamline at the point where the 
streamline exits the study area.  Results of the in situ and laboratory analysis are shown in Table 4.3. 
 
Table 4.3 In situ and Laboratory Analysis Results for Surface Water Location SWQ3 

 30th Jul 13th Aug 21st Aug 9th Sep 17th Sep 

Field Chemistry Parameter 

Temperature  (oC)  16.43 16.77 16.35 16.42 

Conductivity (mS/cm)  1.063 0.329 0.995 0.876 

pH  7.00 7.07 7.23 7.5 

Redox (mV)  125 122 125 106 

DO (%)  43.4 43.8 60 65.3 

DO (mg/L)  4.14 4.41 5.88 6.36 

Salinity (mS/cm)  0.52 0.2 0.49 0.43 

Laboratory Analyte 

TN (mg/L) 1.7 1.5 2.6 1.9 2.0 

TP (mg/L) 0.24 0.21 0.64 0.3 0.35 

Ortho-P (mg/L) 0.12 0.12 0.36 0.17 0.22 

NH4 (mg/L) 0.03 0.07 0.03 0.14 0.02 

N03+N02 (mg/L) 0.025 0.03 0.02 0.08 0.06 

TKN (mg/L) - 1.5 2.6 1.8 2.0 

 
A comparison of the results with the default trigger values for slightly disturbed ecosystems provided in 
the National Water Quality Management Strategy (ANZECC 2000) indicates: 

• ‘Low’ TN, NH4 and NOx nutrient concentrations; and 
• ‘Moderate’ ORP nutrient concentrations; and 
• ‘Moderate’ to ‘high’ TP concentrations. 

 
The pH values were within the default trigger ranges.  The DO values were less than the trigger criteria 
while the salinity values were generally above the default trigger value ranges. 
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4.4. SWQ4 
 
Surface sample location SWQ4 is situated within the eastern streamline upstream of the study area 
situated to the west of West Swan Road.  Results of the in situ and laboratory analysis are shown in 
Table 4.4. 
 
Table 4.4 In situ and Laboratory Analysis Results for Surface Water Location SWQ4 

 30th Jul 13th Aug 21st Aug 9th Sep 17th Sep 

Field Chemistry Parameter 

Temperature  (oC)  21.02 18.17 17.49 18.88 

Conductivity (mS/cm)  0.639 0.41 0.495 0.819 

pH  6.96 7.29 7.32 8.19 

Redox (mV)  131 136 143 119 

DO (%)  85.2 63.8 90.5 126.3 

DO (mg/L)  6.82 6.11 8.69 11.96 

Salinity (mS/cm)  0.31 0.3 0.24 0.4 

Laboratory Analyte 

TN (mg/L) 5.6 1.8 3 1.3 3.4 

TP (mg/L) 0.14 0.19 0.49 0.28 0.26 

Ortho-P (mg/L) 0.03 0.08 0.42 0.32 0.20 

NH4 (mg/L) 0.018 0.08 0.08 0.02 0.04 

N03+N02 (mg/L) 2.6 0.05 1.08 0.06 1.11 

TKN (mg/L) - 1.8 1.9 1.2 2.3 

 
A comparison of the results with the default trigger values for slightly disturbed ecosystems provided in 
the National Water Quality Management Strategy (ANZECC 2000) indicates: 

• ‘Low’ NH4 and NOx concentrations;  
• ‘Moderate’ TN concentrations; 
• ‘Moderate’ to ‘high’ TP concentrations ranging up to 12 times greater than the default trigger 

values; and  
• ‘High’ ORP concentrations that were up to 10 times the default trigger criteria. 

 
The pH, DO and salinity in situ parameters values were predominately within their respective default 
trigger ranges. 
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4.5. SWQ5 
 
Surface sample location SWQ5 is situated within the eastern streamline near the exit of the streamline 
from the study area.  Results of the in situ and laboratory analysis are shown in Table 4.5. 
 
Table 4.5 In situ and Laboratory Analysis Results for Surface Water Location SWQ5 

 30th Jul 13th Aug 21st Aug 9th Sep 17th Sep 

Field Chemistry Parameter 

Temperature  (oC)  19.85 17.20 17.83 18.88 

Conductivity (mS/cm)  0.65 0.247 0.399 0.381 

pH  7.19 7.07 7.84 8.58 

Redox (mV)  115 129 125 112 

DO (%)  57.3 55.1 99.1 118.8 

DO (mg/L)  5.11 5.37 9.41 11.32 

Salinity (mS/cm)  0.31 0.20 0.19 0.17 

Laboratory Analyte 

TN (mg/L) 11.0 2.5 4.5 1.2 4.7 

TP (mg/L) 0.15 0.21 0.43 0.11 0.46 

Ortho-P (mg/L) 0.07 0.09 0.32 0.10 0.22 

NH4 (mg/L) 0.18 0.17 0.07 0.07 0.04 

N03+N02 (mg/L) 8.00 1.05 2.68 0.29 2.36 

TKN (mg/L) - 1.4 1.8 0.9 2.3 

 
A comparison of the results with the default trigger values for slightly disturbed ecosystems provided in 
the National Water Quality Management Strategy (ANZECC 2000) indicates: 

• ‘Low’ NH4 concentrations; 
• A high variation in TN concentrations ranging from ‘medium’ to ‘high’; 
• ‘Moderate’ TP and ORP concentrations; and 
• ‘High’ NOx concentrations. 

 
The pH, DO and salinity in situ parameter values are predominately within their respective default 
trigger values. 
 
 
5. Discussion 
 
The first monitoring occasion conducted did not include in situ physiochemical data as the sampling 
occasion occurred in response to the first rainfall event (since Cardno was engaged) and due to the 
spontaneous nature of mobilisation, field chemistry measurement equipment was unavailable.  The 
SWQ1 monitoring location is situated within a swamp area and was not sampled in the sampling 
occasion as the water was ponding and not flowing.  The first sampling occasion contained generally 
higher nutrient concentrations. 
 
Sampling within the different locations of the western streamline (SWQ1, SWQ2 and SWQ3) show that 
the TN concentrations upstream are greater than those downstream.  TP concentrations increase 
between SWQ2 and SWQ3 suggesting a potential source of phosphorous between the two locations.  
All other nutrient concentrations remain stable throughout each location.  Sampling within the eastern 
streamline (SWQ4 and SWQ5) show the TN and TP concentrations remain consistent with ‘moderate’ 
nutrient concentration values.  An increase in NOx concentrations between the two sampling locations 
suggests a potential source of NOx on site. 
 
The nutrient concentration values recorded are consistent with the dominant land-uses of the region.  
Vineyards are abundant in the region and use fertilisers that contain many of the nutrients sampled.  
The poor condition of the streamlines also means that the nutrient removal efficiencies of these areas is 
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low.  ‘Duck weed’ was located within the drains at all sampling locations and is consistent with the high 
nutrient concentrations recorded. 
 
6. Conclusions and Recommendations 
 
Variation is evident in the samples but the results suggest that they are consistent spatially and 
temporally.  The results are therefore considered accurate and hence it is deemed unnecessary to 
conduct more sampling occasions. 
 
Should you have any queries or concerns, please do not hesitate to contact me directly on 9273 3888. 
 
 
Yours sincerely 
 

 
 
David Coremans 
Senior Environmental Scientist 
for Cardno  
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Executive Summary 
This document is the Community and Economic Development Plan for the Caversham Local Structure Plan 
(LSP). As required by the City of Swan, it outlines the foundations for social planning and community 
development strategies for the area. It also includes a Community Facilities Needs Analysis and Plan.  

The Caversham LSP is a proposed residential development, comprising approximately 198 hectares. It is 
bounded by Reid Highway and the proposed Lord Street extension and abuts lots fronting Benara Road and 
West Swan Road on the edge of the Swan Valley within the City of Swan. The LSP has an estimated yield 
of 1,814 lots and 2,165 dwellings (including a retirement village) and with an anticipated population at 
completion of approximately 5,500 residents. The majority of the land within the LSP is owned by members 
of the Caversham Main Landowners Group – namely Western Corporate, Qube Property Group, Lester 
Group and Estates Development Company. 

The area sits at the southern end of the Urban Growth Corridor of the City of Swan and is adjacent to both 
the urban development areas that fall within the Altone Place Plan and the semi rural areas of the Swan 
Valley Place Plan. Consequently, it is at the intersection of areas that are quite different in character, and 
offers good access to the many excellent recreational opportunities of the Swan Valley with the 
convenience, lifestyle and housing choice of urban living. It is also in close proximity to the employment 
centres of Midland, Morley, Malaga and Ellenbrook. 

It is expected that the demographic profile of the area will be a mix of couples with young families 
purchasing their first home - similar to those in the neighbouring areas of Beechboro and Kiara - along with 
older couples from the surrounding areas who are wishing to purchase homes more suited to their current 
needs but wish to remain in their locality. There is also a retirement village planned within the LSP.  
Currently, there is a culturally diverse community in the region and this is expected to also be the case in 
relation to the Caversham LSP. 

The surrounding community values the semi rural environment of the Swan Valley and its urban 
convenience. It also values the strong sense of community in the area and this is likely to flow across to the 
LSP area with the aid of initiatives that assist the development of relationships within the community. Good 
connections to the wider region in order to access the recreational facilities, tourism destinations and 
employment centres will also be essential to achieving a high quality lifestyle in this development. These 
connections include the physical links of quality roads, cycle and pedestrian paths that connect into the 
current trail network and public transport to all the major destinations, as well as social connections via links 
to existing community services and community and sporting groups, as well as the wide array of education 
facilities found throughout the region.   

This CEDP focuses on putting in place the solid foundations for a strong community across the whole LSP 
area, which in turn will provide unity and cohesion across the wider area. There is then scope at the 
subdivision stage for each of the developer groups using this CEDP as a foundation for community 
development work to offer additional strategies as development timelines become clearer and as the 
community evolves. These foundational strategies fall into two major components: connection to the region 
and connection to each other. Each of these components has a number of initiatives that form the 
framework for the community development activities.  
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Both the Altone and Swan Valley Place Plans developed by the City of Swan list a number of strategies that 
are relevant to the Caversham LSP. There has been a strong emphasis in this CEDP on supporting these 
priorities and adding value to the strategies already determined by the City of Swan.  

These include:  

 Supporting the establishment of a community newsletter;  

 Hosting local community events;  

 Establishing a residents’ reference group to increase the sense of ownership of their own 
community; 

 Lobbying for increased public transport and exploring interim transport options; and 

 Information packs for residents about recreation options, community groups and sporting clubs, 
services, tourism destinations etc. 

Economic development for the LSP will depend upon access to the commercial and employment centres of 
Midland, Morley, Malaga and Ellenbrook; while some local employment will be available through the 
neighbourhood centre, retirement village, primary school and support for home-based businesses.  

The Community Facility Provision Strategy recommended for Caversham is based on the creation of a local 
community hub. At this hub facilities are co-located to create a focal point for community social and 
economic activity and integration with existing facilities. It also includes multipurpose and shared use 
facilities while targeting local needs.  

The recommended provisions, detailed in the Caversham Community Facilities Provision Strategy include: 

 A local multipurpose community centre;  

 A shared use oval and sports courts; 

 Local parks – eight passive parks greater than 3,000 square metres (excluding drainage sites); 

 Walking and cycle paths; 

 Shared-use of District Active Open Space located in West Swan East; 

 Broadband internet access; and 

 Commercial and economic facilities – including a neighbourhood shopping centre, retirement 
village, health and medical centre and child care facility.  

As the community in the Caversham LSP area becomes established there is the opportunity for them to 
become the drivers of future community development with the support of the developers and the City of 
Swan. 
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1. Introduction 
1.1 This Document 
This document articulates the initial Community and Economic Development Plan for the Caversham LSP. It 
should be read alongside the Caversham Community Audit (for complete document see Appendix 1), which 
provides a profile of the surrounding community and its facilities and services, as well as a demographic 
report and analysis. 

This CEDP does not follow the pattern of many CEDPs, as the Caversham LSP has multiple landowners 
with different development timelines and development priorities. This CEDP, therefore, provides a unified 
vision for the area and an overarching strategy for supplying the fundamental building blocks for a thriving 
and cohesive community. This strategy can then be expanded further with subsequent social development 
and community action plans - developer led with the involvement of the new residents, as well as the 
surrounding community.  

1.2 Project Background 
In the Caversham LSP is a proposed residential development, comprising approximately 198 hectares. It is 
bounded by Reid Highway, the proposed Lord Street extension and abuts lots fronting Benara Road and 
West Swan Road on the edge of the Swan Valley within the City of Swan. The LSP has an estimated yield 
of 1,814 lots and 2,165 dwellings (including a retirement village). 

The land sits at the eastern fringe of the urban development front and forms part of the south western 
gateway to the Swan Valley. It is also the southern portion of the City of Swan’s Urban Growth Corridor. Its 
proximity to the Swan Valley, Whiteman Park, historical Guildford and employment centres of Midland (three 
kilometres), Malaga ( five kilometres), Ellenbrook ( nine kilometres), Morley (seven kilometres) and Perth 
central business district (13 kilometres south-west) all contribute to the sense of place for the Caversham 
LSP area.  

Figure 1: Location Map of Caversham Local Structure Plan Area 
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The majority of land within the LSP is owned by four major landowners who have established an informal 
working group to resource a coordinated planning approach to this development. This group is known as the 
Main Landowners Group (MLG). Through this group the proposed Caversham Structure Plan has been 
prepared along with associated studies, including the development of a Community Audit and this resulting 
CEDP.

2. Purpose of CEDP 
The Caversham CEDP details the foundational social and economic facilities and services to be provided 
with the estate, as well as associated costs of infrastructure provision.  

Specific areas addressed in the plan include: 

 The social and economic environments within the Caversham LSP; 

 Relevant social and economic opportunities and constraints associated with the development 
and how they will be addressed; 

 Strategies and timeframe for the provision of initial community and economic development within 
the Caversham LSP;     

Caversham LSP Area
(indicative only) 
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 Identification of potential partnership opportunities; 

 Detailed community facilities and infrastructure program; and 

 Indicative costing for the provision of community facilities within the Caversham LSP area. 

2.1 CEDP Objectives 
The community and economic development objectives for the Caversham LSP are to investigate and 
propose mechanisms to: 

 Create an attractive and desirable estate; 

 Establish local facilities and services to meet the initial and ongoing needs of the Caversham 
LSP community; 

 Support and coordinate provision of district facilities and services; 

 Facilitate sustainable community development initiatives that provide the basis for establishing 
an active, cohesive and integrated community; and 

 Maximise employment and local economic development opportunities within Caversham LSP 
and support the regional employment centres of Midland, Malaga and Morley. 
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2.2 Guiding Policies and Strategies 
The Caversham CEDP has been prepared after detailed review and consideration of the following available 
guidelines and literature (summaries of these documents are found in Appendix A). 

 Swan Valley Place Plan July 2008 – 2009, City of Swan, July 2008. 

 Altone Place Plan July 2009 - 2012 (draft), City of Swan, July 2009. 

 Swan Urban Growth Corridor Sub Regional Structure Plan (SSRSP), Western Australian 
Planning Commission, February 2009. 

 Economic Futures Discussion Paper, City of Swan, March 2009. 

 Swan Urban Growth Corridor Sub-Regional Plan. Land Use and Economic Workshop – 
Summary of Outcomes, October 2007. 

 Urban Growth Corridor – Sub Regional Planning Community Facilities Analysis, City of Swan, 
January 2008. 

 Draft Swan Urban Growth Corridor Infrastructure Strategy for Development Contributions, April 
2009. 

 City of Swan Play Space Strategy, October 2006. 

 Lilac Hill Recreation Reserve Indicative Concept Plan, August 2005. 

 Swan Valley Cycle Trail Pathways Extensions Stage 2 – Future Connections, City of Swan, 
March 2006. 

 Altone Walk and Cycle Trails Plan – Part Two, March 2009. 

2.3 Supporting Documents 
The following documents support this CEDP. 

 Caversham Local Structure Plan Community Audit, Creating Communities Australia, July 2009. 
This document provides a social and economic snapshot of the project area and its regional 
context. 

 Caversham Local Structure Plan Facilities Provision Strategy, Creating Communities Australia, 
July 2009. 
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3. Local Context 
3.1 About the Area 
Detailed information about the area is contained in the Caversham LSP Community Audit (see Appendix A), 
including a full demographic analysis and significant features and heritage of the area. The LSP area sits 
between two quite different environments. To the west is urban development with a culturally diverse 
population largely made up of families with dependent children and whose parents are employed in 
construction, manufacturing and retail. To the north and north-east of the LSP is a semi rural environment 
with older residents and a significant teenage population. Currently, the LSP area is used for viticulture 
activities and these activities will continue in areas surrounding the LSP. There is also retirement 
accommodation planned for the LSP area. 

In terms of the City of Swan’s place planning process, Caversham’s LSP borders sit just outside Altone 
Place Plan and Swan Valley Place Plan. It is part of the Urban Growth Corridor, which as yet does not have 
its own place plan. 

Figure 2: Caversham LSP area and Surrounding Context (indicative only) 
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3.1.1 Demographic Projections 

Using the maximum number of dwellings forecast in the Caversham LSP, the forecast population at full 
development is 5,495 people, with 89 per cent living in the main residential area and 11per cent living in the 
proposed retirement village. 

Table 1: Indicative Population in the Caversham LSP Area 

Maximum 
Dwellings1

Persons/ 
Dwelling2

Maximum 
Population 

Main 1,815 2.7 4,900 

Retirement Village 350 1.7 595 

Total 2,165 5,495 

The Caversham LSP area is the intersection between the existing Altone (Beechboro) community, the City 
of Swan’s new development areas and the semi rural areas of the Swan Valley, and as such will attract 
residents who are either looking to purchase their first home or move from their existing home into a new 
dwelling that better suits their needs, particularly as they age.  

Therefore, the following demographic characteristics may be expected in the Caversham LSP area. 

 A high proportion of younger families and first home buyers in the area; however, all household 
types will be represented, including: 

o Second and third homebuyers from surrounding areas; and 

o Older residents looking to downsize or move into the retirement village. 

 An ethnically and culturally diverse society, yet the majority of residents will hold Australian 
citizenship. 

 Dwellings will be largely owner occupied, and only a slightly lower level of rental properties in the 
area compared to the City of Swan overall. 

 Households will have a slightly higher median weekly household income compared to the City of 
Swan. 

 The top four industries of employment are likely to be manufacturing, retail, construction and health 
care/social assistance. 

 A slightly lower level of unemployment compared to the City of Swan. 

 The majority of households will own either one or two vehicles. 

It is important to note that while the specific demographic characteristics identified above are anticipated 
within Caversham LSP area, the community will consist of a broad demographic mix. 

                                                                       
1 Please note these figures were correct at the time of writing this report, however they may be subject to review at a later date. 
2 Sourced from the Shrapnel Urban Planning, Swan Urban Growth Corridor Sub-Regional Plan Land Use & Economic Workshop Summary of
Outcomes.
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4. Stakeholder Feedback 
The scope of the consultancy has enabled a series of meeting with stakeholders that has included local 
grape growers, a residents’ group, not for profit community service groups and state and local government 
representatives (see Appendix B for details). 

The main consultation process has identified the following key areas under which the strategies for the   
Caversham LSP community and economic program can be grouped. 

 Connection to each other within the local area that creates a strong sense of community within a 
diverse population. 

 Connection to the district and region and its wide selection of recreational and economic 
opportunities. 

These areas offer the foundation for a framework of strategies designed to maximise opportunities for 
residents to interact with each other on an informal basis and through organised activities. The consultation 
also indicated that connection to the social and economic resources outside the Caversham LSP area will 
be critical to the estate’s success. The needs and opportunities identified in this consultation have also been 
incorporated into the CEDP. 

The values identified through the consultation include: 

 Appreciation of cultural diversity; 

 Neighbourhood safety; 

 Connection to each other within the community; 

 Good connectivity to regional services, facilities, recreation and employment opportunities; 

 Importance of parks and recreational opportunities; 

 Proximity to urban facilities; and 

 Proximity to the semi rural environment of the Swan Valley. 
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5. Social and Economic Analysis 
5.1 Social Viability 
The philosophy driving this CEDP is that places do not automatically transform into functioning communities 
unless both the urban planning and social planning aspects of projects are developed in unison. Well-
planned neighbourhoods provide the essential raw materials to establish a community; however, the 
planning of robust communities also requires a comprehensive sociological and economic response.  

5.1.1 Implications for Community Development and Local Structure Plan 

Social assessment of the structure plan and projected demographics for Caversham LSP suggests the 
following implications for community development. 

 Facilities, services and programs for young families and youth are likely to be required. There is 
likely to be a high proportion of these cohorts within the structure plan area and there is already 
a shortfall of these facilities and services through the district. 

 Additional childcare facilities are needed to support young families who move to the area. 

 Good linkages to the facilities and services are already provided in the district. 

 There is a range of lot sizes and housing types needed to cater for community diversity, 
particularly for older residents wishing to downsize and remain within their local area. 
Community programming will need to cater for this diversity. 

 Provision of good public transport to enable access to recreational and commercial centres - 
particularly for young people and the elderly - will be extremely important to the success of this 
development. 

 Good provision of pedestrian and cycle paths throughout the LSP, as well as to recreational 
opportunities in the wider district (such as Whiteman Park), is important. 

 Orientation and integration of the new residents into the many existing community programs and 
services already running in the Altone and Swan Valley area is required.  

 A small local neighbourhood hub will be important for residents of the Caversham LSP area.  
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5.2 Economic Viability 

5.2.1 Analysis of the District Structure Plan 

The design of the District Structure Plan provides the essential physical elements to support and enhance 
the appropriate level of local economic activity within Caversham LSP, and provides required connections to 
district and regional activity centres. 

Local economic elements within the plan include: 

 A centrally located medium-sized neighbourhood centre, as identified in the City of Swan 
Commercial Centres Strategy (2004); 

 A primary school and a retirement village within the LSP (to provide further local employment 
opportunities); and 

 Easy access in and out of the LSP area supporting connections to the key employment centres 
of Midland, Malaga, Morley and Ellenbrook. 

5.2.2 Employment Self Sufficiency3

Caversham LSP is likely to achieve an employment self sufficiency4 of 24.3 per cent. This is a good 
achievement given that the Caversham LSP area does not contain any district or regional employment centres; 
therefore only providing a local employment centre that caters for the Caversham population. It also achieves a 
higher employment self sufficiency than the 18.5% initially predicted in the Swan Urban Growth Corridor Sub-
Regional Plan Land Use & Economic Workshop – Summary of Outcomes (Shrapnel Urban Planning 2008). 

Further to this local provision the Caversham LSP significantly contributes to the district structure plan 
(DSP) employment self sufficiency target of between 30% and 60% specified in Liveable Neighbourhoods 
(WAPC, 2009); with a target of 60% employment self sufficiency expected in a large DSP or sub-regional 
plan. For Caversham this would include the Albion District Centre, Ellenbrook Regional Centre, Midland 
Strategy Regional Centre and Malaga Industrial Area. Note Liveable Neighbourhoods does not set an 
employment self sufficiency target for a LSP. 

On a higher level, Directions 2031 (WAPC, 2009) indicates the North East Metropolitan Planning Corridor, 
which includes City of Swan and Shires of Kalamunda and Mundaring, achieved an employment self 
sufficiency of 63% in 2008 and sets a target of 75% by 2031. Note Directions 2031 does not set an 
employment self sufficiency target for any structure planning document. 

Detailed analysis of Caversham LSP’s workforce and employment generators is shown in the tables below.  

Employment Self Sufficiency

Caversham LSP Workforce 2,360 

Caversham LSP Employment 573 

Self Sufficiency 24.3% 

                                                                       
3 Please note all employment figures were correct at the time of writing this report, however they may be subject to review at a later date. 
4 Employment self sufficiency is the total jobs available in a particular area as a proportion of the number of people in the workforce living in that 
area. The higher the proportion the more opportunity there is for people to work close to their home. 
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Caversham LSP Workforce 

Dwellings Persons/Dwelling5 Population Workforce 

Main 1,815 2.7 4,900 2,360 

Retirement Village 350 1.7 595 0

Total 2,165 5,495 2,360 

Workers per Dwelling    1.36

Caversham LSP Employment Generators 

Employment Driver Capacity Ratio Projected Jobs 

Neighbourhood Centre 4,750m² floor space 30m² per employee7 160

Primary School 540 students 1 employee per 16 students7 34 

Retirement Village 595 persons 1 employee per 0.2 persons7 119 

Home Based  12% of dwellings will contain a 

home-based business8

260

Total 573

                                                                       
5 Sourced from the Shrapnel Urban Planning, Swan Urban Growth Corridor Sub-Regional Plan Land Use & Economic Workshop Summary of
Outcomes. These figures are consistent with the City of Swan Population & Household Forecasts for West Swan 
6 Liveable Neighbourhoods, 2009. 
7 Sourced from Swan Urban Growth Corridor Sub-Regional Plan, Land Use and Economic Workshop – Summary of Outcomes, October 2007 
8 This ratio is based on Liveable Neighbourhoods (WAPC, 2009) which indicates that “up to 16% of dwellings now have a home based  business”. 
Given the anticipated demographics in Caversham, including a retirement village, it is estimated that 12% of all dwellings will  house a home based 
business. 
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5.2.3 Implications for Economic Development 

Based on the structure plan and employment provision for Caversham LSP, the following economic 
development implications have been identified. 

 Whilst a small amount of local employment will be available within the structure plan area the 
most important factor for the economic development of the Caversham LSP community will be 
having excellent connectivity to the major employment centres of Midland, Morley and Malaga.  

 Transport network should facilitate convenient and timely connection to these centres. Well 
designed cycle paths, particularly connecting to Reid Highway and to public transport nodes 
such as Midland, would also facilitate this.  

 Through the development of detailed area plans DAP the use of dwellings for home offices will 
be permitted as of right without the need to obtain planning approval for all dwellings within 400 
metres of the Neighbourhood Centre. In relation to home businesses, consideration will be given  

 to the formulation of DAP provisions which encourage such development in areas coded R30 
and above within 400 metres of the Neighbourhood Centre. 
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6. Facilities and Infrastructure Needs Analysis 
The table below identifies specific community facilities and infrastructure required to service the Caversham 
population.  

Table 2: Community Facilities Needs Matrix 

Facility 
Hierarchy 
Classification 

Research Source 
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C
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Public Primary School Local         

Multipurpose Neighbourhood Community 

Centre 

Local
          

Sporting Oval/ Active POS – Shared Oval with 

Primary School 

Local
         

Change Rooms Local       

Facilities and Amenity for Youth  Local          

Walking and Cycle Paths Local         

Passive Parks Landscaped with Community 

Amenity (x3) 

Local
          

Multipurpose Sports Courts (x4) Local        

Shared Use of District Active Open Space District          

Childcare Centre Local        

Health and Medical Centre Local         

Broadband Internet Connection Local        

Neighbourhood Shops/ Café/ Restaurant Local         

© Creating Communities Australia Pty Ltd. 



Creating Communities Australia Pty Ltd                             15 

7. Community Facilities Provision Strategy 
The following table outlines indicative capital costs for all local public community facilities that will service 
the needs of the future Caversham community. 

Local Facilities No. Rate Elemental 
Cost 

(ex GST) 

Fee & 
Contingency 
Allowance  

Item Cost Timeframe 

Local Landscaped Parks 85,000m2 $50 $4,250,000 $425,000 $4,675,000 2010 
onwards

Walking and Cycle Paths (2.5m 
wide) 

2,500m $63 $157,500 $15,750 $173,250 2010 
onwards

Broadband Internet Access 
1,814 lots $2,600 included $4,716,400 2010 

onwards

Shared Use Oval – earthworks, 
turf and irrigation 

Shared Use Oval - Floodlighting 

9,912m2

2 Poles

$35

$25,000

$346,920

$50,000

$48,309 

$5,000 

$395,229 

$55,000 

2012

Local Community Centre  

Local Community Centre land 

605m2

4,000m2

$2,600

$100

$1,573,000 $314,600 $1,887,600 

$400,000 

2013

Shared-use Sports Courts – 
plexipave with fencing and lighting 

4 $71,000 $284,000 $39,548 $323,548 2017

Gross Local Facility Project 
Costs (at current prices) 

$12,626,027

Funding of the abovementioned local facilities will involve partnerships with government funding programs, 
the WA Department of Education and Training, and the City of Swan.   
ns
The abovementioned indicative costing excludes the following items: 

 Parking; 

 External services on site; 

 facilities;  

 Headworks and statutory charges; 

 External spaces within built facilities; and 

 Landscaping around built facilities. 
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8. Social Planning and Community Development 
Approach

The community development and social planning for Caversham LSP proposes strategies based on the 
results of: 

 Consideration of the strengths and possibilities of the area;  

 The values and aspirations of those living in the surrounding areas and those who are 
responsible for service delivery in the district; 

 City of Swan priorities for the area; 

  The projected demographic profile, and  

 The opportunities offered by the structure plan. 

To ensure thorough planning that incorporates all the foundational elements for a sustainable quality of life, 
as well as encouraging personal and community growth, these proposed strategies have been reviewed 
through:

  CCA’s Sociology of Community (Healthy Community, Figure 1); 

  Creating Communities Australia’s (CCA) Intentional Communities Matrix (Figure 2); and  

 The City of Swan’s draft Altone Place Plan and Swan Valley Place Plan. 

This process also develops the social capital necessary to form the basis for economic development. Local 
economic development depends on the development of trusting relationships within the community and 
good links to resources in the broader region that facilitate economic growth. 
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Figure 1: Sociology of community 

© Creating Communities Australia Pty Ltd 2008 

Figure 2: Intentional Communities Matrix 

Ourselves Our community Our endeavours Our place 

Individual wellness 
(physical, mental, spiritual) 

Personal development  

Self-determination  

Access and amenity

Personal worth  

Cultural heritage  

Collective identity  

Ownership  

Cooperative spirit 

Civic creativity  

Community giving  

Tolerance/honesty/trust 

Group cohesiveness  

Diverse industry  

Competitive advantage  

Innovation and 
entrepreneurship  

Nexus

Growth and renewal 

Sustaining structures

Safety and security  

Functional planning

Aesthetic attributes

Civic attractors 

Respite spaces 

© Creating Communities Australia Pty Ltd 2002 
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9. Caversham LSP CEDP Strategies 
This Plan focuses on providing the foundation building blocks essential for a healthy and vibrant community. 
These fundamental building blocks will be established in a coherent process involving all the developers in 
the Caversham LSP, with the option of each developer adding further strategies as the community evolves 
and the development timeline becomes certain. This could occur most naturally at the subdivision stage. 

Caversham LSP officially sits in the Urban Growth Corridor between the Swan Valley Place Plan and the 
Altone Place Plan areas, and will therefore be impacted upon by initiatives from both plans. However, it is 
anticipated that given the barrier of Reid Highway, the urban nature of the Caversham LSP development 
and the pull of the strong urban population to the east of the LSP, the residents will be most affected by 
many of the initiatives that fall within the Altone Place Plan. This is particularly likely given the absence of a 
City of Swan Urban Growth Corridor Place Plan. 
The strategies for the Caversham are strongly linked to supporting and contributing to the implementation of 
these Place Plans. 

The CEDP consists of two components as the basis for social planning and community and economic 
development.  

1. Connection to the Wider Region 
This component is strongly focused on integration of the Caversham LSP into the life of the region. 
Through the consultation and research phase this was identified as a key factor in the potential 
success of this development. The region is rich in opportunities, particularly due to its proximity to 
some of the metropolitan area’s best recreational facilities. It also has a large and diverse number 
of education and training facilities that are important attractors to the area for families.  

The Altone and Swan Valley Place Plans offer a number of priorities for the broader area that are 
relevant to Caversham LSP. These include a focus on improved public transport throughout the 
area; establishing a community newsletter; increased focus and funding for youth services; 
showcasing the diversity of the area with such events as a Harmony Day celebration; and holding 
‘Altone-wide’ events such as a Christmas celebrations and a community art project. There is also a 
priority in giving the community the opportunity to interact with local government decision making 
concerning their community and improving communication channels to facilitate this. 

Effective economic connections to the wider region will also be essential to the sustainability of the 
Caversham LSP area. Improved public transport and other transport links are also crucial for 
accessing employment opportunities in the wider region, including Midland, Malaga, Morley and 
Ellenbrook. Linking Caversham LSP residents into the other initiatives proposed by the Altone and 
Swan Place Plans - such as a local business database, support for home-based offices, business 
attraction schemes and promoting City of Swan youth development and employment schemes - is 
also key to establishing an economically robust community.  
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2. Connection to Each Other Within the Caversham LSP 
Whilst strong connections to the broader region are important there is also a need to develop a 
strong sense of neighbourhood and strong community relationships within the smaller LSP area. 
This creates mutual trust relationships where people feel they know their neighbours. This is 
essential in promoting a feeling of community safety, an active, vibrant community and a sense of 
belonging and ownership in their community. Again the Altone and Swan Valley Place Plans have 
a number of priorities that can form strategies to be implemented in the Caversham LSP area. 
Examples of these include local community events such as Picnic in the Park, getting the local 
school involved in community projects and promotion of Neighbourhood Watch. Swan Valley and 
Altone place- wide strategies, such as a community newsletter, can also have a Caversham LSP 
focus, with a Caversham LSP one-page insert or Caversham LSP information included in an Altone 
community welcome and information pack. In addition, it is proposed that a number of initiatives be 
instigated to activate the community hub around the neighbourhood shopping centre, school and a 
small community centre.  

The table below outlines the CEDP framework. 

Indicative Community and Economic Development Activation Plan 

Development 

Aims 
Strategy/Initiative Potential 

Partners* 
Facility/Infrastructure 
Required Timeframe 

Component 1: Connection to the wider region 

Access to 
Recreational 
Opportunities 

Community 
Participation 

Celebration of 
Diversity 

Information in welcome pack detailing 
recreational facilities, parks, 
recreational activities, vineyards etc. 

MLG, CoS,  Year 1 
onwards 

Pedestrian/cycle paths connecting 
recreational destinations 

MLG, Other 
developers in 
the Altone 
area; DSR, 
CoS

DUPs Year 1 
onwards 

Annual calendar of Altone and Swan 
Valley community events 

CoS, MLG  Year 1 
onwards 

Information on community groups  and 
sporting clubs in region included in 
Welcome Packs 

Volunteering opportunities  promoted 
in community newsletter 

MLG,
CoS,DSR 

 Year 1 
onwards 

Participation in CoS Harmony Day CoS, 
Developers

 Year 2 
onwards 

Community 
Celebration 

Social Support 

Participate in Annual Altone Christmas 
party 

As Caversham LSP develops host 
own or Urban Growth Corridor 
Christmas event 

Developers

CoS

POS of 3,000 m2  Year 1 
onwards 

Information in welcome packs on 
services provided by CoS and NGOs 
including aged care support, health 
services, youth services etc 

MLG, CoS,   Year one 
onwards 
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Development 

Aims 
Strategy/Initiative Potential 

Partners* 
Facility/Infrastructure 
Required Timeframe 

Component  2: Connection to each other  

Sense of 
Belonging 

Social Cohesion 

Social Support 

Biennial Picnics in the Park CoS 
MLG

POS of 3,000m2 Year 2 
onwards 

Caversham LSP Community news 
sheet

MLG  Year 1 
onwards 

Local play groups/mothers groups/ 
retirees groups established 

Local
churches,
Play Group 
Association, 

Brockman
House

WA Dept of 
Health

Blue Sky 
Community 
Group 

CoS

Local community centre Year 3 
onwards 

After school care established   Local community centre Year 3 
onwards 

Promotion of youth activities within the 
region 

Negotiate with NGO  or local church to 
initiate local youth activity 

CoS

YMCA 

Brockman
House

Local
churches

Local community centre Year 1 
onwards 

Year 3 

Community 
Safety 

Neighbourhood Watch  Office of 
Crime
Prevention

CoS

 Year 1 on 
wards 

Shared
Experiences, 
Places and 
History 

Community art project  CoS 

MLG

DET 

Local community centre Year 4 

Community Self 
Determination 

Establish Caversham LSP Community 
Reference Group that can become a 
residents’ association in affiliation with 
other existing residents’ groups in the 
Altone and Swan Valley areas 

MLG

Swan Valley 
Progress
Association 

CoS

Local community centre 
with meeting rooms (meet 
in neighbouring facility 
until community centre is 
established)

Year 1 
onwards 

CoS- City of Swan 

DET – Department of Education and Training 

DSR – Department of Sport and Recreation 

MLG- Caversham Main Landowners Group 

*NB Potential partnerships are indicative. Negotiations are still to be completed.
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10. Budget and Staging 

This CEDP provides the foundational strategies for building a strong community. All developers within the 
Caversham LSP will provide these initial strategies that will provide unity and cohesion across the LSP area. 
However, the time of subdivision presents the best opportunity for each developer to provide additional 
initiatives for each area within the Caversham LSP area. These additional initiatives could include welcome 
events and resident information evenings, street parties, gardening workshops, community art projects, 
children’s fun days, community fairs, swap meets etc.  

The following is the estimated budget for the foundation strategies outlined above. Additional initiatives 
negotiated at the time of subdivision would require further budgeting. 

Stage  Year Indicative budget 

Year1  2010  $85,000 

Year 2 2011 $95,000 

Year 3 2012 $105,000 

Year 4 2013 $115,000 

Year 5 2014 $125,000 

Year 6 2015 $125,000 

Year 7 2016 $110,000 

TOTAL $760,000 

Total/lot $400 

The details for the budget and staging for the facilities development are contained within the Facilities 
Provision Strategy. 
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11. Monitoring and Evaluation 
The Community and Economic Development Plan is intended to guide the development of the local 
structure plan, the developer contribution plan and subsequent stages of subdivision. The implementation of 
this plan will be monitored on a regular basis through input from the Community Reference Group as well as 
the normal City of Swan Community Development review processes. It is also recommended there be an 
annual stakeholders workshop including both these groups, service providers and representatives of local 
business to review the progress and to assess the changing needs of the community.  
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Appendix A - Guiding Policies and Strategies
The Caversham LSP CEDP has been prepared after detailed review and consideration of the following 
available guidelines and literature. 

Swan Valley Place Plan July 2008 - 2009 – City of Swan, July 2008 
The Swan Valley Place includes a number or areas to the north of the structure plan, including the south- 
west corner of Caversham, which borders the Caversham LSP. Using a place-centred planning approach 
the document identifies opportunities for the Swan Valley area and outlines priorities for the city’s provision 
of services to the Swan Valley area. This has been done in consultation with the community and discussion 
internally within the City of Swan. The Caversham LSP should be consistent with the implementation of this 
plan.

Altone Place Plan July 2009 - 2012 (draft) – City of Swan, July 2009 
A similar place planning document has been prepared for the Altone area (which Caversham LSP adjoins). 
This document provides a wholistic and integrated guide for the city’s provision of services to the Altone 
area.  Through a process of community engagement the city has identified the community’s vision for the 
area, as well as its needs and opportunities.  

It is anticipated that this Place Plan will have significant impact on the residents of the Caversham LSP.  
Therefore, the CEDP should also be consistent with and contribute to the implementation of this plan where 
it is relevant to the structure plan area.  

Swan Urban Growth Corridor Sub Regional Structure Plan (SSRSP), 
Western Australian Planning Commission, February 2009 
This Plan has been prepared by the Western Australian Planning Commission in conjunction with the City of 
Swan, the community and participating landowners, including the Caversham Main Land Owners Group. Its 
purpose is to guide land development and the preparation of district structure plans for the Henley Brook 
(Albion), West Swan and Caversham areas. 

Specifically in terms of the Caversham LSP area, provision is made for: 

 Residential development over the entire LSP area; 

 A primary school on the south side of Patricia Street; 

 A neighbourhood centre adjoining the proposed primary school on Patricia Street; 

 An Arthur Street ‘flyover’; 

 A pumping station site near Bennett Street in the south-west margins of the site; and 

 An activity/public transport corridor from Arthur Street flyover west into Patricia Street. 
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Economic Futures Discussion Paper, City of Swan, March 2009 
This discussion paper presents the early findings from the initial research and consultation conducted by 
consultant’s engaged by the City of Swan to develop their Economic Vision and Strategy.  

Six strategic ‘economic futures’ themes have been identified based on the research finding investment 
attraction and new business development; skills enhancement and employment growth; lifestyle and 
identity; strategic infrastructure; place making; and leadership and governance. 

The Caversham LSP area will provide local level facilities and associated employment options for residents, 
with support of and connectivity to the main employment centres being the main economic focus. 

Swan Urban Growth Corridor Sub-Regional Plan. Land Use and Economic 
Workshop – Summary of Outcomes, October 2007 
The sub-region of Caversham/ Henley Brook/ West Swan has excellent access to a variety of convenient 
employment opportunities. 

These include: 

 The Midland and Morley strategic regional centres; 

 Ellenbrook regional centre; 

 Swan Valley;  

 Perth Airport; and 

 The Malaga, Bassendean, Midland and Hazelmere industrial/ mixed business areas. 

The Caversham, West Swan and future Albion urban districts should provide added catchment area support 
to these planned major centres. They should not seek to establish an excessive level of economic activity 
that would undermine the viability of these centres. They should only provide local activity centres to provide 
retail and commercial economic activity for the convenience of the local population. 

Urban Growth Corridor – Sub Regional Planning Community Facilities 
Analysis, City of Swan, January 2008 
This paper addresses the likely community facility needs for the Swan Urban Growth Corridor and states the 
City of Swan’s position on the provision of suitable spaces for facility development. The paper covers the 
Urban Growth Corridor areas of Caversham, West Swan and Albion and is expected to eventually 
accommodate approximately 12,500 dwellings and 33,000 residents. 

New local facilities will be required in the Urban Growth Corridor; however, there will not be any 
requirements for the following district and regional facilities: libraries, performing arts centres, aquatic 
centre, indoor recreation centres and regional sports complexes. 
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The Caversham LSP is consistent with proposed community facilities to be provided within Caversham. The 
facilities are recognised as community ‘hubs’ for the development and will be noted as such in the CEDP 
and used for community activation initiatives.

Draft Swan Urban Growth Corridor Infrastructure Strategy for Development 
Contributions, April 2009 
This document outlines the policy for the developer contributions to community infrastructure, including 
community facilities. A DCP for community facilities consistent with this policy will be included in the 
Caversham LSP CEDP.  

City of Swan Play Space Strategy, October 2006 
This document outlines a City of Swan strategy based on the concept of play spaces rather than 
playgrounds, recognising that spaces for play can be incorporated into the whole site. This plan is not 
relevant to the Caversham LSP but its principles will be noted for future planning stages.  

Lilac Hill Recreation Reserve Indicative Concept Plan, August 2005 
This plan has been noted and connections to this facility will be of great value to the residents of Caversham 
LSP.

Swan Valley Cycle Trail Pathways Extensions Stage 2 – Future 
Connections, City of Swan, March 2006 
This document outlines the next stages of the Swan Valley Cycle Trail Pathway. It is an excellent piece of 
infrastructure and will provide residents of Caversham will an alternate transport network (i.e. walk/cycle) to 
access surrounding areas. Where appropriate, pathways within the Caversham LSP will connect into the 
existing Swan Valley Cycle Trail. 

Altone Walk and Cycle Trails Plan – Part Two, March 2009 
This plan identifies 60 recommendations for additional cycle and walk path infrastructure both within and 
outside Altone.   

Where appropriate, pathways within the Caversham LSP will connect into the existing and planned Altone 
walk and cycle trails. 
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Appendix B - Stakeholder Consultation List 
Meeting Attendees Location Time 

City of Swan City of Swan (CoS): John 
Elliott, Linda Richardson, 
Anthony Kelly, Brian 
Blechynden,  
Kelly Walsh 

Caversham Main 
Landowners Group (CMLG): 
Nathan Butson, Mark 
Hector, Tony Aleksovski 

Creating Communities 
Australia, Carole Lambert, 
Nyssa Searles 

City of Swan Offices, 
Midland

May 27, 2009 

City of Swan Brian Blechynden – 
Coordinator Community 
Facilities Planning, 
Community Planning 

Carole Lambert – Facility 
Planning Specialist, 
Creating Communities 
Australia

Mark Davis – Journalist, 
Creating Communities 
Australia

City of Swan Offices, 
Midland

June 18, 2009 

11am – 12.30pm 

City of Swan  Roz Bailey – City of Swan 
Community Development 
Coordinator (Altone Place 
Office)

Peter Bracegirdle – City of 
Swan Altone Place Manager 
(Altone Place Office) 

Carole Lambert – Facility 
Planning Specialist, 
Creating Communities 
Australia

Mark Davis – Journalist, 
Creating Communities 
Australia

City of Swan - Altone Place 
Office

June 22, 2009 

9 – 10:15am 

Blue Sky Community Group 
Inc. and Brockman House 
Inc (Family and Community 
Centre) 

Neville Wilcock – Blue Sky 
Community Group 
Coordinator  

Fiona Duffield – Brockman 
House  Manager  

Joanne  – Brockman House 
Family Support Officer  

Carole Lambert – Facility 
Planning Specialist, 
Creating Communities 
Australia

Mark Davis – Journalist, 
Creating Communities 
Australia

Blue Sky Community 
Centre 

June 25, 2009 

9:30 – 11:30am 
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Meeting Attendees Location Time 

Department of Education Richard Bloor, Principal 
Consultant Asset Planning, 
DET 

Jim Richards, Western 
Corporate 

Ross Lee, Lester Group 

Tony Aleksovski, EDC 

Carole Lambert – Facility 
Planning Specialist, 
Creating Communities 
Australia

Mark Davis – Journalist, 
Creating Communities 
Australia

DET Offices, East Perth June 26, 2009 

3 – 3:30pm 

Swan Valley Progress 
Association and Swan 
Valley Grape Growers 
Association 

Peter Enright – Swan Valley 
Progress Association 
Chairperson 

Sue Hurt – Swan Valley 
Progress Association 
Secretary

Matt Katich – Swan Valley 
Grape Growers Association, 
Swan Valley Progress 
Association 

Darryl Trease - Swan Valley 
Grape Growers Association, 
Swan Valley Progress 
Association 

Carole Lambert – Facility 
Planning Specialist, 
Creating Communities 
Australia

Mark Davis – Journalist, 
Creating Communities 
Australia

Penny Gardens Cafe June 27, 2009 

10am – 12pm 
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Disclaimer 
The professional analysis and advice in this report has been prepared by Creating Communities for the exclusive use of the client for the 
purposes specified in it. This report is supplied in good faith and reflects the knowledge, expertise and experience of the consultants 
involved. The report must not be published, quoted or disseminated to any other party without Creating Communities’ prior written consent. 
Creating Communities accepts no responsibility whatsoever for any loss occasioned by any person acting or refraining from action as a 
result of reliance on the report, other than the addressee. 
In conducting the analysis in this report Creating Communities has endeavoured to use what it considers is the best information available 
at the date of publication, including information supplied by the addressee.  Unless stated otherwise, Creating Communities does not 
warrant the accuracy of any forecast or prediction in the report.  Although Creating Communities exercises reasonable care when making 
forecasts or predictions, factors in the process, such as future market behaviour, are inherently uncertain and cannot be forecast or 
predicted reliably. 
Creating Communities shall not be liable in respect of any claim arising out of the failure of a client investment to perform to the advantage 
of the client or to the advantage of the client to the degree suggested or assumed in any advice or forecast given by Creating Communities. 



         Caversham Community 
Facilities Provision Strategy 

Caversham Main Landowners Group
October 2009 



Creating Communities Australia Pty Ltd                                                       i 

Project Details 
Prepared for: Client Caversham Main Landowners Group 

Contact Details Jim Richards 

Director, Western Corporate 

Phone 9286 1411  

Address 211 Stirling Hwy 

Claremont WA  6010 

Prepared by: Consultant Creating Communities Australia Pty Ltd 

Project Team Allan Tranter, Project Director 

Lynden Prince, Project Manager 

Carole Lambert, Facilities Planning Specialist 

Nyssa Searles, Research Officer 

Address 100 Jersey Street  

Jolimont WA 6014 

Phone 9284 0910 

Fax 9284 0912 

Email allan@creatingcommunities.com.au

lynden@creatingcommunities.com.au 

Document prepared August 2009. 

Copyright 
The work is copyrighted. The Copyright Act 1968 permits fair dealing for study, research, news reporting, criticism or review. 
Selected passages, tables or diagrams may be reproduced for such purposes, provided acknowledgment of the source is included.  
Permission of any more extensive reproduction must be obtained from Creating Communities Australia on (08) 9284 0910.



Creating Communities Australia Pty Ltd                                                       2 

Contents
1. Purpose of the Document 3
2. Methodology and Community Facility Needs 3

2.1 Methodology 3
2.2 Community Facility Needs 3

3. Community Facility Provision Strategy 4
3.1 Local Multipurpose Community Centre 4
3.2 Shared Use Oval and Sports Courts 7
3.3 Childcare Centre Site 8
3.4 Local Parks 9
3.5 Walking and Cycle Paths 10
3.6 Shared-use of District Active Open Space 10
3.7 Broadband Internet Access 11
3.8 Commercial and Economic Facilities 11

4. Timing of Provision 12
5. Indicative Capital Cost Estimate 13

5.1 Local Public Community Facilities 13
5.2 Exclusions 13
5.3 Developer Contributions 14

6. Appendix 1: Caversham Neighbourhood Centre Structure Plan 15



Creating Communities Australia Pty Ltd                                                       3 

1. Purpose of the Document 
The timely provision of well-planned community and economic infrastructure such as shopping centres, 

primary schools, community centres, pavilions, parks, sporting fields and other civic amenities is critical to 

the formation of sustainable well-connected communities. 

The purpose of this draft community facility provision strategy is to outline the preliminary concepts for 

proposed community facilities within the Caversham residential development. It details the facility types, 

expected uses, anticipated facility components and indicative cost estimates, forming a key element of the 

Community and Economic Development Plan (CEDP) for the estate.  The intent is to guide the planning, 

development and funding of community facilities within the Caversham development. 

2. Methodology and Community Facility Needs 

2.1 Methodology 
A number of different research methods were employed to identify needs for community facilities within the 

Caversham development.  These include: 

 Literature review; 

 Demographic analysis; 

 Review of existing community facilities and usage data; 

 Review of community facility provision standards; 

 Consultation with key City of Swan staff; 

 Consultation with key stakeholders; and 

 Analysis of research findings. 

2.2 Community Facility Needs 
An analysis of the research findings confirms the following community facilities will be required for the future 

Caversham community. 

Public Built Facilities Private Built Facilities Public Open Space Amenity 

1 x Local 

multipurpose

community centre 

1 x Public primary 

school

4 x multi-marked 

outdoor sport courts 

1 x Health and 

medical centre 

1 x Child care 

centre 

1 x local shopping 

centre. 

1 x active sporting 

oval* 

Local passive 

parks*

Shared-use of the 

proposed District 

Active Open Space 

in West Swan East 

Amenity for youth. 

Amenity for seniors.

Interlinking walking 

and cycle paths. 

Broadband Internet 

Access. 

* Will form part of the public open space allocation based on the provision of 10% gross subdivisible land 

area. 
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The provision of the abovementioned facility requirements will be the responsibility of a range of agencies 

including Caversham land developers, other land developers active within the urban growth corridor, state 

and local government and the private sector.  The requirements for public built facilities, open spaces and 

amenity underpin the recommended facility provision strategy for the Caversham Local Structure Plan. 

3. Community Facility Provision Strategy 
The community facility provision strategy recommended for Caversham is based on the following principles: 

 Creation of local community hubs: – where synergies exist, facilities should be co-located to 

create a focal point for community social and economic activity. 

 Integration with existing facilities: – community facilities and services should aim to complement 

those already existing in the locality and avoid any duplication. 

 Multipurpose and shared use facilities: – efficient facility design should maximize usage and 

minimise future management costs. 

 Target local needs: – the facilities within Caversham should be local in nature and aim to meet 

identified needs for local services and activities. 

Detailed below are the key elements of the strategy. 

3.1 Local Multipurpose Community Centre 
Co-located with the future primary school and active public open space, the Caversham Community Centre 

will be a key focal point for local residents, accommodating a broad range of community services and 

recreational activities.  The building itself will combine elements of a multipurpose community centre with 

those of a junior sports pavilion to provide an efficient facility suitable for meetings, group activities, 

community education programs, social functions and community support services.  The facility will be 

suitable for use by junior sporting clubs, not-for profit community support agencies, playgroups, youth clubs, 

seniors groups, and multicultural organisations. 

Suggested facility design components for the local community centre include: 

Internal Facility 
Component 

Area (m2) Functionality Design Details 

Entrance Foyer 20  Main entrance 
 Community notice board 
 Display area for local arts 

 Vending machine. 

Large Multipurpose 
Activity Room 

120 + 25  Club/ group functions 
 Social/ fundraising activities 
 Yoga/ Pilates 
 Tae kwon do/ Tai chi 
 Children’s drama classes 
 Youth events/ discos 
 Seniors activities/ active 

ageing programs 
 School activities and events 

 Multipurpose flexible space 

 Direct access to kitchen. 

 Large store room for tables 
and chairs, portable staging 
and exercise mats. 
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Training Room 50 + 10  Information presentations 
 Community seminars 
 Migrant education programs 

 Multipurpose 

 Secure store room for 
laptop and digital projection 
equipment. 

Meeting/
Counselling Room 

35  Service clubs 
 Community support group 

meetings
 Craft groups 
 Women’s/ mother’s groups 
 Outreach social services 
 Outreach financial counselling 

 Multipurpose 

 Lockable storage 
cupboards for group 
equipment. 

Playgroup Room/ 
Children’s Activity 
Room 

75 + 15 + 20  Playgroups 

 Before and after school care 

 Children’s holiday activities 

 Parenting programs 

 Direct access to enclosed 
outdoor play area. 

 Internal store room for arts 
and craft equipment, 
games/ toys. 

 External store for outdoor 
play equipment. 

Kitchen/ Kiosk 25  Multicultural cooking classes 
 Tea/ Coffee facilities 
 Food preparation and heating 
 Serving area for functions 

 Commercial kitchen 

 Lockable storage 
cupboards for groups 

 Internal and external 
servery 

Toilets 30  Male 
 Female 
 Disabled 

 Internal access 

 As per building 
standards. 

Toilet/
Changerooms

130  Male 
 Female 

 Universal design 

 No showers required 
in change rooms. 

 Ablutions to include 
accessible WC. 

Cleaners Store 20  Storage of cleaning equipment  

External Sports 
Equipment Store 

30  Storage of sporting equipment  

Total floor space 605   
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Suggested external facility components for the local community centre include: 

External Facility 
Component 

Area (m2) Functionality Design Details 

Outdoor Play Area 100  Play space for toddlers and 
primary aged children 

 Direct access from 
Playgroup Room/ 
Children’s Activity Room 

 Enclosed area. 

 Shaded play equipment. 

 Grassed area. 

Paved Courtyard 160  Breakout space for functions/ 
social activities 

 Direct access from Large 
Multipurpose Activity Room 

Total external floor 
space 

260

The Caversham Community Centre will be designed and located to provide a multipurpose community 

centre with an identifiable image, a clear address/ entry off Patricia Road and a strong relationship with the 

neighbourhood precinct.  Good pedestrian links and clear visual connections will integrate the community 

centre with the primary school, neighbourhood shopping centre, active open space and surrounding 

residential areas (see Appendix 1: Neighbourhood Centre Structure Plan).  Other key design attributes of 

the community centre include: 

 Located adjacent to the primary school site to enable shared usage. 

 Multipurpose rooms ideal for a broad range of community uses. 

 Direct access from the community centre onto the shared oval. 

 Adequate storage throughout the building. 

Once constructed, the centre will be owned by the City of Swan, which will be responsible for all centre 

management tasks including centre bookings, coordinating access, programming, cleaning, building 

maintenance and security.  Ideally, centre bookings and programming should be managed through the 

Altone Place Office, with specific community development activities being an extension of those within the 

Altone Place Plan. This will enable the developers of Caversham to contribute to the activation of the 

Caversham Community Centre through sponsoring centre-based activities which complement those being 

delivered within the broader locality.  Developer support would continue while the estate is being 

constructed, reducing as the estate nears completion to affect an exit strategy. 

Potential also exists for the management model to incorporate a community management committee to 

enable the management of the centre to be ‘locally driven’.  
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Agencies that have indicated an interest in using the centre include: 

 Brockman House Inc – family support services and children’s activities; 

 Blue Sky Community Group – family support services and migrant education; 

 Swan Districts Hospital – health promotion programs; 

 Office of Crime Prevention – neighbourhood watch program; and 

 Swan TAFE – training course to assist young women return to work, mentoring courses. 

The Caversham Community Centre project has the potential to attract grant funding from the Department of 

Sport and Recreation (CSRFF) and Lotterywest.  The balance of the capital funds required would be 

sourced through a collaborative funding arrangement between Caversham developers and the City of Swan.  

Construction of the community centre could be managed by the City of Swan or alternatively by the land 

developer (Western Corporate), however this would need to be determined at subdivision stage. 

Prior to the development of community facility, interim arrangements may be entered into in order to provide 

spaces that can be used by community groups.  Temporary arrangements may be established with local 

schools, shopping centres or the land sales office to make available space that can be used by community 

groups.

3.2 Shared Use Oval and Sports Courts 
The public primary school site within the Caversham structure plan is 3.5 hectares in size and located 

immediately adjacent to a local active open space site.  This has been done deliberately, the aim being to 

establish a shared school-community sporting oval on the open space. The site for the oval also offers 

opportunities to access additional space by covering a creek that dissects the site; a larger grassed area 

could be achieved if an increased playing area was required. 

Once constructed, the school will be managed by the Department of Education and Training (DET) and is 

expected to cater for kindergarten through to Year 7.  The development of the school is not included in 

DET’s forward plans and it is envisaged that school aged children moving into the estate will initially attend 

either East Beechboro Primary School or Caversham Primary School, as both these school have capacity 

for increased enrolments. 

The co-location of the primary school site with the active open space and the community centre maximises 

opportunities for the following shared use facilities.  

3.2.1 Local Oval 
The primary school will require use of a junior sports oval during school hours.  The future need for a local 

sporting oval to accommodate junior sports programs and adult sports training is strongly supported by the 

research.  Consequently, the preferred option for the provision of a local sports oval is to establish a junior 

sized shared-use oval on the active open space. Preliminary discussions with the DET confirms support for 

this approach and the establishment of a shared-use agreement between the City of Swan and the DET to 

share construction and maintenance costs on a 50/50 basis. 
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Depending on the rate of lot sales/ housing development, and the capacity of East Beechboro Primary 

School and Caversham Primary School to accommodate the increasing need for kindergarten, pre-primary 

and primary school services, it is unlikely that the primary school will be developed before 2017.

3.2.2 Outdoor Sports Courts 
The DET would normally provide two outdoor sports courts within the primary school site.  The research 

indicates a need for four multi-marked sport courts for community use.  The preferred option is to develop a 

four court facility within the school site, but co-located with the community centre, which could be used by 

both the school and the community.  The school would need exclusive use of 2 courts during school hours, 

while the community would have access to the remaining 2 courts during school hours and all 4 courts out 

of school hours. 

A shared-use agreement between the City of Swan and the DET would be required to share construction 

and maintenance costs on a 50/50 basis. 

Suggested facility design components for shared-use facilities with the primary school include: 

Facility  Area (m2) Functionality Design Details 

Junior Oval 9912 

(118 x 84) 

 Local junior sports clubs – 

training and competition 

 Local senior sports clubs – 

training only 

 Casual community use 

 Located on active POS vested in 

the City of Swan. 

 Shared use facility with primary 

school. 

4 Outdoor 

Sports Courts 

3034  Local sports club –training 

and competition 

 Casual community use 

 Located on primary school site 

adjacent to community centre. 

 Shared use facility with primary 

school. 

3.3 Childcare Centre Site 
The anticipated number of young families in the future Caversham community supports the need for a site 

for a private childcare centre.  An objective of the Local Structure Plan is to co-locate a private child care 

centre within the neighbourhood community centre adjoining the primary school.  Where this is not possible 

it should be locate within four hundred meters of the centre.  Whilst the proponents of the Caversham Local 

Structure Plan encourage the development of a private day care facility within the structure plan area, the 

construction of such a facility with be at the discretion of a private developer.  
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3.4 Local Parks 
According to the City of Swan Play Place Strategy, the City does not support the provision of functional play 

spaces smaller than 3000m2.  Excluding public open space which has a drainage function, there are eight 

passive parks larger than 3000m2 within the Caversham structure plan.  These parks will provide passive 

green spaces within walking distance to residences for informal play and recreation.  The functionality of 

each park will be slightly different from the other, providing a variety of options for different age groups and 

family structures.  Park amenity and playground equipment will vary across each park to ensure provision 

for different age groups (toddlers under 3 years; juniors 3 – 5 years; intermediate 5 – 7 years; seniors 8 – 12 

years; youth 13 – 17 years; and adults).  In addition to a variety of play equipment, other park amenity will 

include shaded park furniture, BBQ’s and picnic shelters, kick-about spaces, and recreation equipment for 

youth (i.e. skate tracks/ elements, 3- on-3 basketball court).

The proposed functionality and design for the public open space within the first stage (Cell 1) subdivision 

approval area is detailed below:  

Facility  Area Functionality Design Details 

Central Linear 
Park

2ha  Central spine of POS integrating 
pedestrian cyclist connections 
linking Reid Hwy the to 
neighbourhood centre  

 Passive recreation 
 Drainage 

 ‘Living Stream’ within natural 
landscaping

 BBQ/ picnic area 
 Playground equipment 
 Activity nodes 
 Kickabout space 
 Cycling and walking path 

Northeast POS 2764m2  Local park 

Western POS 
adjacent high 
density

6346m2  Neighbourhood Park 
 Dog walking 

 BBQ/ Picnic area 
 Park furniture 
 Landscaping 

The abovementioned local parks will initially be maintained by QUBE Property Group for a minimum of two 

years and then on a performance basis thereafter (up to five years).  After which it will be vested in and 

maintained by the City of Swan.  

Specific design concepts for other local parks will be developed prior to subdivision approval. 
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3.5 Walking and Cycle Paths 
The provision of a network of dual use pathways (DUP’s) and on-road cycling facilities within Caversham 

will be important to promote walking and cycling within the estate, and to connect the development with key 

destinations in the broader locality.   

Constructed of 2.5m wide concrete, the DUP network within Caversham will provide access to all local 

community facilities within the estate (i.e. neighbourhood shopping centre, primary school, sporting oval and 

parks, community centre, health centre, retirement village, etc).  The pedshed analysis produced for the 

structure plan indicates almost all future residents will be within a 10 minute walk to the primary school and 

neighbourhood centre. 

The City of Swan has undertaken significant planning for the future provision of walking and cycle paths. 

The Altone Walk and Cycle Trails Plan Part Two (2009) indicates new shared paths along Patricia Street 

and Benara Road, providing opportunities for through connections to Beechboro, Lockridge, Whiteman 

Park, and Guildford.  The Swan Valley Cycle Trail Pathways Extensions Stage 2 – Future Connections 

(2006) indicates an existing shared-use path on West Swan Road from Benara Road to George Street, with 

proposed future connections through to the new ‘Albion’ subdivision and district centre, Whiteman Park and 

Ellenbrook.

Importantly, new DUP’s and on-road cycling facilities provided within Caversham will link with those existing 

and proposed shared use paths within adjacent areas to promote cycling as a viable local transport option 

for residents. The local structure plan assures coordination of this path network amongst the various 

landowners at Caversham. 

3.6 Shared-use of District Active Open Space 
The need for a District Active Open Space within the Urban Growth Corridor has been identified by the City 

of Swan and is incorporated within the West Swan East (WSE) structure plan area north of Reid Hwy. This 

facility is 14 hectares in size and will provide a multipurpose active sport facility for junior and senior 

formalised sporting activities, as well as passive recreation areas, all within a landscaped setting. 

Residents of the Caversham estate will utilise this facility for participation in district level sporting 

competitions and recreation. 

Facilities proposed for inclusion in this district active open space include: 

 1 x Junior Oval 

 2 x Senior Oval 

 4 x outdoor sports courts 

 2 x Cricket Practice Nets 

 District Playground 

 Passive Recreation Spaces 

 District Pavilion 
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The District Active Open Space project has the potential to attract grant funding from the Department of 

Sport and Recreation (CSRFF).  Traditionally, provision of district level facilities is the responsibility of state 

and local government, however, it is anticipated that the City of Swan will require developer contributions for 

this facility from all developers in the Urban Growth Corridor. 

Once constructed, maintenance and coordination of usage of the facilities within the District Open Space will 

be the responsibility of the City. 

3.7 Broadband Internet Access 
The early provision of broadband internet within Caversham will ensure residents, people setting up home-

based business, and others establishing small businesses in the estate have access to ‘state of the art’ 

electronic communications technology.  Caversham developers are proposing to provide fibre optic cabling 

to all residences and commercial operators within its landholdings. 

3.8 Commercial and Economic Facilities 
Within Caversham, a number of retail and commercial facilities will be developed.  These include:  

 Neighbourhood Shopping Centre – small supermarket with a café and a variety of specialty 

shops. 

 Retirement Village – Over 55’s lifestyle village to be developed by Lester Group.  Will include 

some recreation facilities for seniors which may be available for limited community use. 

 Health and Medical Centre – Ideally located in close proximity to neighbourhood shopping 

centre.  May include consulting rooms for a GP and other allied health professionals. 

 Child Care Centre. 

The zoning within the Caversham LSP allows for consideration of these uses.  Subject to market forces, 

provision of the abovementioned commercial facilities will be developed by the private sector, meeting local 

service needs and providing opportunities for local employment. 
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4. Timing of Provision 
Assuming a sales rate of 120 dwellings per year, the following table estimates population growth and the timing 

of provision for all local community facilities within Caversham.  The trigger for the provision of community 

facilities would ultimately be population growth and market forces (lot sales).  The trigger for construction of the 

community facilities, including the shared-use oval, will be determined as part of the wider process of 

determining the proposed Caversham Structure Plan and Development Contribution Plan. Landowners will be 

required to contribute to development of the proposed community facilities and to secure these payments a 

deed of agreement shall be entered into by landowners within 28 days after approval of the Structure Plan for 

advertising or within 14 days after a Deed in common form capable of being executed is sent to the landowner, 

whichever is the later in order to satisfy Cl 5A.2.7.3 of LPS17 in the absence of an approved DCP. 

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

Total Dwellings Settled 
Cell 1 

120 120 120 78

Total Dwellings Settled 
Cell 2 

120 120 120 74

Total Dwellings Settled 
Cell 3 

80 80 45

Total Dwellings Settled 
Cell 4 

120 120 120 120 120 93

Total Dwellings Settled 
Cell 5 

120 120 120 35

Cumulative Total 
Dwellings Settled 

120 360 840 1358 1798 2072 2165 

Expected Population 
(ave 2.54ppl/ dwelling)

305 915 2135 3450 4565 5260 5495 

Local Community 
Facilities 

Local Parks   

Walking and Cycle Paths   

Broadband Internet Access   

Retirement Village     

Shared-use Oval     

Child Care Centre      

Neighbourhood Shopping 
Centre 

   .  

Local Community Centre      

Health and Medical Centre       

Primary School and Shared 
use Sports Courts 
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5. Indicative Capital Cost Estimate 

5.1 Local Public Community Facilities 
The following table outlines indicative capital costs for all local public community facilities that will service 

the needs of the future Caversham community. 

Local Facilities No. Rate Elemental 
Cost 

(ex GST) 

Fee & 
Contingency 
Allowance  

Item Cost Timeframe 

Local Landscaped Parks 85,000m2 $50 $4,250,000 $425,000 $4,675,000 2010 
onwards

Walking and Cycle Paths (2.5m 
wide) 

2,500m $63 $157,500 $15,750 $173,250 2010 
onwards

Broadband Internet Access 
1,814 lots $2,600 included $4,716,400 2010 

onwards

Shared Use Oval – earthworks, 
turf and irrigation 

Shared Use Oval - Floodlighting 

9,912m2

2 Poles

$35

$25,000

$346,920

$50,000

$48,309 

$5,000 

$395,229 

$55,000 

2012

Local Community Centre  

Local Community Centre land 

605m2

4,000m2

$2,600

$100

$1,573,000 $314,600 $1,887,600 

$400,000 

2013

Shared-use Sports Courts – 
plexipave with fencing and lighting 

4 $71,000 $284,000 $39,548 $323,548 2017

Gross Local Facility Project 
Costs (at current prices) 

$12,626,027

Funding of the abovementioned local facilities will involve partnerships with government funding programs, 
the WA Department of Education and Training, and the City of Swan.   

5.2 Exclusions 
The abovementioned indicative costing excludes the following items: 

 Parking; 

 External services on site; 

 External spaces within built facilities; 

 Landscaping around built facilities; 

 Loose furniture and equipment for built facilities; and 

 Headworks and statutory charges. 
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5.3 Developer Contributions 
Cost sharing arrangements and developer contributions for both local and district community facilities will be 

the subject of a developer contributions plan currently being prepared by the City of Swan. 
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6. Appendix 1: Caversham Neighbourhood Centre Structure Plan 
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Disclaimer 
The professional analysis and advice in this report has been prepared by Creating Communities Australia for the exclusive use of the client 
for the purposes specified in it. This report is supplied in good faith and reflects the knowledge, expertise and experience of the consultants 
involved. The report must not be published, quoted or disseminated to any other party without Creating Communities Australia’s prior 
written consent. Creating Communities Australia accepts no responsibility whatsoever for any loss occasioned by any person acting or 
refraining from action as a result of reliance on the report, other than the addressee. 
In conducting the analysis in this report Creating Communities Australia has endeavoured to use what it considers is the best information 
available at the date of publication, including information supplied by the addressee.  Unless stated otherwise, Creating Communities 
Australia does not warrant the accuracy of any forecast or prediction in the report.  Although Creating Communities Australia exercises 
reasonable care when making forecasts or predictions, factors in the process, such as future market behaviour, are inherently uncertain 
and cannot be forecast or predicted reliably.
Creating Communities Australia shall not be liable in respect of any claim arising out of the failure of a client investment to perform to the 
advantage of the client or to the advantage of the client to the degree suggested or assumed in any advice or forecast given by Creating 
Communities Australia. 
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By Gary Quartermaine 

ABSTRACT 

A preliminary archaeological investigation (“desktop study”) for Aboriginal heritage 
significance of the Caversham Structure Plan Project Area, in the northern 
metropolitan area, was commissioned by Koltasz Smith. It was conducted to so that 
the proponents can comply with the provisions of the W.A. Aboriginal Heritage Act,
1972.

The archaeological investigation involved the assembly of data from previous work in 
the region, including information from the Heritage and Culture Division, Department 
of Indigenous Affairs (DIA) Aboriginal site register and files, previous survey reports 
and other relevant documents, maps and environmental information. No registered 
archaeological sites were located within the designated project area.   

Those areas most likely to contain archaeological sites are lake, swamp and water 
course margins, and sand hills. There is an area or relatively undisturbed vegetation in 
the north-east quadrant marked on the project area plan. This area may have some 
potential to contain archaeological material. 

Although no registered archaeological sites are within the project area, it is 
recommended that an archaeological investigation of areas with archaeological site 
potential, as well as other relatively undisturbed areas, be undertaken prior to 
development. 
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1.0   INTRODUCTION 

1.1   Background to Investigation 

A preliminary archaeological investigation (“desktop study”) for Aboriginal heritage 
significance of the Caversham Structure Plan Project Area, in the northern 
metropolitan area, was commissioned by Koltasz Smith and executed in November, 
2005.

The archaeological investigation was carried out by Quartermaine Consultants. The 
work was undertaken by Gary Quartermaine, BA Honours (Anthropology and 
Archaeology), who has conducted numerous Aboriginal heritage investigations 
throughout the state. This was undertaken in conjunction with the ethnographic 
component of the investigation, reported upon separately, which was conducted by R 
& E O'Connor Pty Ltd. 

The objective was to conduct an investigation to facilitate planning of the proposed 
development. The archaeological investigation involved the assembly of data from 
previous work in the region, including information from the Heritage and Culture 
Division, Department of Indigenous Affairs (DIA) Aboriginal site register and files, 
previous survey reports and other relevant documents, maps and environmental 
information. 

1.2   Location 

The Caversham Structure Plan Project Area is located in the northern metropolitan 
area approximately 15 kilometres north-east of the Perth CBD (see Figures 1 and 2 for 
location). Maximum dimensions are 1.7 kilometres EW by 1.1 kilometres NS. The 
project area is bounded by Reid Highway in the north, Lord Street in the west, Benara 
Road in the south, and West Swan Road in the east. 
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2.0   ARCHAEOLOGICAL CONTEXT 

2.1   Introduction 

The principal aim of archaeologists is to describe and explain past ways of life with 
reference to material culture. The general focus of Australian Aboriginal 
archaeological research has been to describe and explain the history of the occupation 
of the continent, examining cultural change and adaptations to develop explanatory 
models to describe how and why the occupation of the Australian continent 
proceeded.

2.2   Site Definitions 

Aboriginal material culture is based, to a large extent, on non-durable materials; such 
as wood, bark, fibre and skins; that have a limited life in the archaeological record. 
Stone tools, conversely, remain as often the only evidence of prehistoric activity. 
Bone; either as a tool, as refuse, or as a burial; falls somewhere between these 
extremes. Lofgren (1975:7) describes spears, spear-throwers and clubs for men, and 
digging sticks, wooden carrying dishes and grindstones for women, as the basic 
implements of Aboriginal life. 

Therefore, stone artefact sites reflect only one aspect of Aboriginal material culture 
which utilised a wide range of materials from the natural environment. 

For scientific purposes, an archaeological site is defined as "any place containing 
traces of past human activity" (Fagan, 1980:7). This is manifested in a number of 
different site components which may occur singularly or with one or more of the 
others to form an archaeological site. The most common of these are surface artefact 
scatters, quarries, art sites, stone arrangements, rock shelters with evidence of 
occupation, grinding patches, shell middens, burials and marked trees. 

The above definition of archaeological sites is a scientific definition. However, 
registered Aboriginal sites may not meet the scientific criteria on all occasions. The 
assessment as to whether such sites are covered by the provisions of the W.A. 
Aboriginal Heritage Act, 1972, Section 5, is made for the Minister for Indigenous 
Affairs by the Aboriginal Cultural Material Committee. Such assessment is usually 
undertaken as part of a Section 18 application for site disturbance. 

An Aboriginal archaeological site is mentioned in the WA Aboriginal Heritage Act,
1972, in Section 5 (c), which reads: 

“Any place which, in the opinion of the Committee is, or was, associated with the 
Aboriginal people and which is of historical, anthropological, archaeological or 
ethnographical interest and should be preserved because of its importance and 
significance to the cultural heritage of the state.” 
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In order to address the state legislation and in the absence of any guidance from DIA 
despite several enquiries over the past twenty years, an artefact scatter is recorded as a 
site by this consultant if it contains a concentration of artefacts in contextual 
association, three or more with a density of at least 1/100m². Areas of solitary 
artefacts, called Isolated Finds, are presently recorded but not registered as Aboriginal 
sites. This was not always the case in the past and some previously registered sites 
contain only a solitary artefact, in keeping with the broad scientific definition. 

2.3   Previous Archaeological Research 

The earliest evidence for prehistoric occupation of the South-West of Australia is 
dated at 38,000 years ago, for a stratified site at Upper Swan, located 25 kilometres 
northeast of Perth. The investigation of an archaeological site at Upper Swan yielded 
radio-metrically dated material in association with Aboriginal artefacts in a stratified 
deposit. This site, DIA ID 4299 (S00999), on the northern river terrace of the Swan 
River, gave a date of 38,000 years ago for Aboriginal occupation (Pearce and 
Barbetti, 1981). 

Schwede (1983a) has obtained a date of 29,000 years ago for stratified material from 
alluvial deposits at a site, DIA ID 3967 (S01453), on the Helena River, in Hazelmere. 

As well, a number of Holocene sites have yielded data on possible 
cultural/environmental changes during, and after, the recent transgression of the sea, 
for the metropolitan region (see Clarke and Dortch, 1977; Hallam, 1974; and Pearce, 
1978).

Excavations at these and other sites in the south-west have recorded a flaked stone 
industry with few formal tool types since early occupation. Distinctive microlithic 
tools appear in such assemblages from approximately 6,000 years ago (Dortch, 1977). 

Prehistoric stone tool industries in the South-West have been classified into earlier 
and later phases (Dortch, 1977). The early phase industries have only been 
documented from a few well-dated sites. They include small thick flake scrapers, 
bipolar cores, notched-denticulated pieces, flakes from discoidal cores, and single and 
multi-platform cores.  

These artefacts have been manufactured from a range of lithic materials, including a 
distinctive Eocene fossiliferous chert. It appears that access to this chert was lost after 
the last marine transgression (Dortch, 1977; and Glover, 1975). 

Later phase stone industries, generally found in archaeological contexts dating from 
4,000 years ago, include the addition of geometric microliths, backed blades, and a 
variety of adze flakes, which are part of the Australian "small tool tradition" (Dortch, 
1977; and Mulvaney, 1975). 

As part of a regional survey of the Metropolitan area, Hallam (1986:5) concludes that 
the majority of sites lie around the lakes and swamps of the Swan Coastal Plain, and 
that site numbers double in the last few hundred years. Four phases of occupation are 
suggested for the Coastal Plain. These are: 
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a. Early - low number of sites centred towards coast. Artefacts include steep scrapers 
on flakes and scrapers made from an Eocene fossiliferous chert. This phase was up to 
5000 years ago. 

b. Middle - from 5000 - 500 years ago. Showed a contraction of occupation to sites 
near permanent water. Artefacts were made on quartz and green chert and included 
backed blades, adzes, scrapers and flakes. 

c. Late - from 500 years ago. Concentration of sites on the Coastal Plain. Fabricators 
(bipolar cores) were introduced and a large percentage of assemblages were made up 
of quartz flakes, chips and debitage.

d. Final - post European contact and settlement. Use of introduced materials, such as 
glass, pottery and clay pipes, for the manufacture of artefacts (Hallam, 1971, 1973, 
1974, 1977 and 1986).

Schede questions Hallam’s Early and Late phase assemblages based on her studies of 
quartz artefacts in the metropolitan area (Schwede, 1991:243-244). Schwede 
concludes that the Early Phase covers sites between 4,600 and 40,000 years ago based 
on the absence of backed blades and the results of the analysis of debitage from sites 
older than 4,600 BP rather than the presence of fossiliferous chert. Schwede also 
concludes that quartz rich assemblages are common to all phases not just the Late 
Phase (Schwede, 1991:243-244).m However, the Hallam model remains the most 
comprehensive study of archaeological sites in the metropolitan area and provides a 
useful basis to categorise archaeological sites.  

Information from a survey of the Swan Coastal Plain to the foothills of the Darling 
Range and centred on the Swan River gives a picture of Aboriginal prehistoric 
occupation concentrated on the area immediately west of the foothills (Hallam, 1987). 
This information includes the results of two east-west transects across this region. The 
results show that the majority of recorded archaeological sites are located in the 
Bassendean Dunes and Pinjarra Plain landforms, around the rivers, lakes and swamps. 
There is little evidence of usage of coastal areas, only starting in the eastern part of 
the Spearwood Dunes zone (Hallam, 1987:20-23). 

Hallam (1986) concludes that Aborigines congregated around the estuaries and 
lagoons of the coastal plain in the summer and dispersed, in small groups, in winter 
through a wider hinterland which included the area of the Darling Scarp and Plateau. 

Anderson (1984) has proposed a land-use model for prehistoric exploitation of the 
Swan Coastal Plain, and its hinterland, based on regional research into the relative 
proportions of variously sized surface artefact scatters and their associated artefact 
densities. This model suggests that, due to the variation in resources available in the 
three different environmental zones investigated, there was more intensive use of the 
coastal plain than either the adjacent forest or open woodland plateau. 
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The seasonal movement of Aboriginal groups relates to the exploitation of the various 
resources available in the different environmental situations. Hallam (1986) concludes 
that Aborigines congregated around the estuaries and lagoons of the coastal plain in 
the summer and dispersed, in small groups, in winter through a wider hinterland 
which included the area of the Darling Scarp and Plateau. 

On the coastal plain, recorded sites are mostly located in disturbed areas, either from 
natural processes or humanly affected. Because of the nature of the coastal plain, it is 
postulated that sites may be present but covered by sand and vegetation and only 
discovered when they are exposed. The rivers, lakes and estuaries in the area would 
have provided fresh water and a terrestrial resource base for the Aboriginal people 
camping in this region.  

Commercial surveys and academic research have shown that the most common sites 
in the South West Region are artefact scatters, burial sites, quarries, and scarred trees. 
Stone arrangements associated with ceremonial sites are also known. It is evident that 
larger occupation sites are associated with fresh water sources. The preceding data 
provides a basis for predicting the occurrence of sites, assuming resources as the 
principal factor in site location. This predictive model of site location can be used to 
discover sites. The site types which can be expected to occur with the vicinity of the 
survey area are: 

1) Camp sites - small scatters, including brief or sporadic occupation, may occur at 
task specific sites or ephemeral water sources. Generally these small sites are 
interpreted as representing ephemeral “dinnertime” camps or task specific sites 
associated with the daily foraging activities of prehistoric groups. Large sites with 
high artefact densities commonly occur on the margins of permanent or semi-
permanent water sources. These sites typically represent campsite locations that were 
repeatedly occupied, sometimes for prolonged periods.  

2) Burial Sites - Usually located with ethnographic information or due to surface 
disturbance, and virtually impossible to detect without excavation; 

3) Scarred Trees - Resulting from bark removal for carrying bowls, shields and spear 
throwers; such sites are probably under represented owing to the lack of preservation: 
trees die and decay. 
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3.0   METHODS 

3.1   Obligations under the Act 

The Western Australian Aboriginal Heritage Act, 1972, makes provision...    

"... for the preservation on behalf of the community of places and objects customarily 
used by or traditional to the original inhabitants of Australia or their descendants, or 
associated therewith, and for other purpose incidental thereto." 

The Act defines the obligations of the community relating to sites (see Appendices 1 
and 2). 

An archaeological investigation is aimed at identifying the effects of proposed 
disturbance of the physical environment on historic and pre-historic Aboriginal sites.

In recognition of the significance of this area to living Aboriginal people, an 
investigation of Aboriginal interests was conducted and reported upon separately. 

3.2   Investigation Methodology 

The research involved familiarisation with DIA Aboriginal Site Register and site files, 
previous survey reports and other relevant literature, plus maps and environmental 
information for the areas under investigation. 

The tasks undertaken were as follows:- 

1. To document any registered Aboriginal sites located in the project area and assess 
their significance; 

2. To map those sites on appropriate scale; 

3. To check survey reports and other relevant literature covering sites and surveys in 
the project area. 
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4.0   RESULTS 

4.1   Archival Research 

The W.A. Aboriginal Heritage Act, 1972 (as amended), is administered by the 
Department of Indigenous Affairs’ Division of Heritage and Culture. The DIA 
maintains a Register in the form of a computerised data base of reported Aboriginal 
sites. Each registered Aboriginal site is designated by a numerical site id, site type 
(e.g. engravings, ceremonial, artefacts, etc), site name and its position is recorded by 
the Map Grid of Australia 1994 (MGA94) coordinates related to the Geocentric 
Datum of Australia 1994 (GDA94), as well as Longitude and Latitude.  

Although the grid references are given in MGA94/GDA94 coordinates, many of these 
sites were recorded in the period when imperial grid references were used. Since their 
recording, the grid references have been changed to the metric system on AGD66 then 
to AGD84 and finally to GDA94. Given that there was likely to be some errors in any 
imperial recordings, as they were given a grid reference within a one square mile 
coordinate, the transfer to the present system may have resulted in further errors in 
site location coordinates. Field verification is, therefore, required to determine the 
correct site location for any sites near the project area if there is insufficient 
information in the individual sites files to establish the actual location of the site. 

As a result of research at Heritage and Culture Division, it was established that 
eighteen Aboriginal sites have been registered at the DIA within two kilometres of the 
designated project area (Schwede, 1983b, 1984a, 1984b; Pickering, 1984; O’Connor, 
et al, 1985; Hallam, 1986; O’Connor and Quartermaine, 1987a, 1987b; Strawbridge, 
1988; O’Connor, et al, 1989; McDonald, 1990; Quartermaine, 1988a, 1988b, 1988c, 
1997, 2000a, 2000b, 2001; Lanske, 1995; Sauman, 2001; Hames, 2003).  

Of the Aboriginal sites, six are registered as archaeological sites. These are listed in 
Table 1. They are all artefact scatters with mainly quartz material while some contain 
fossiliferous chert chips, flakes scrapers and cores. Except for DIA ID 3879, the sites 
are registered as stored data only which usually means they have been subject to a 
Section 18 application for disturbance and are no longer extant. 

TABLE 1: Registered Archaeological Sites 
_____________________________________________________________________

     DIA      DIA      Status    Grid Ref.             Site type       Site name 
     Site ID Site No.  *       

     3227    S00441   S    401399.6471979     Artefacts     Bennett Br: Stephenson’s
     3521    S02502   S    401489.6474149     Artefacts     Bennett Br: Bennett St 
     3879    S01940   P    401439.6472799     Artefacts     Bennett Br: Benara Rd 2
     3907    S01819   S    400989.6474149     Artefacts     Lot 1068 
     3992    S01426   S    401389.6472499     Artefacts     Bennett Br: Grimrey Road  
     3997    S01431   S    401689.6472649     Artefacts     Bennett Br: Benara Rd 1 

     * P = Permanent register, S = Stored data    
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The closest registered sites to the project area are DIA IDs 3879 and 3997. These are 
both located on the south side of Benara Road near Bennett Brook. 

4.2   Previous Archaeological Surveys 

Several archaeological investigations have been conducted in the vicinity of the 
subject land (Schwede, 1983b, 1984a, 1984b; Pickering, 1984; O’Connor and 
Quartermaine, 1987a, 1987b; Strawbridge, 1988; McDonald, 1990; Quartermaine, 
1988a, 1988b, 1988c, 1997, 2000a, 2000b, 2001; Lanske, 1995; Sauman, 2001; 
Hames, 2003).  

Archaeological survey work has been completed for the original Dampier to Bunbury 
Natural Gas Pipeline (Pickering, 1984; Schwede, 1983b, 1984a) and the recent 
duplication corridor (Hames, 2003; Sauman, 2001). No archaeological sites were 
located near the subject land as a result of these investigations.  

Schwede (1984b) undertook excavations at two archaeological sites near Bennett 
Brook on the south side of Benara Road prior to the pipeline installation. DIA ID 
3879 is recorded as a surface artefact scatter of 40 pieces with no stratified material. 
This site is located in an area that has been quarried and re-filled so the provenance of 
the artefacts is dubious. DIA ID 3997 was originally recorded as three separate 
concentrations containing 15 artefacts over an area measuring 250 x 400 metres along 
firebreaks. Two test-pits were excavated at the site and artefacts were recorded to 
100cm below surface level. However, lupin seeds were also found to this depth, so the 
artefacts may be of recent age. Analysis of results revealed that quartz was used for 
95% of artefacts, and 95% were less than one centimetre maximum dimensions while 
none were more than four centimetres in length, the assemblage was consistent 
through the arbitrary spit levels (Schwede, 1984b). 

Another of these investigations involved the Reid Highway corridor for the Proposed 
Northern Perimeter Highway Route and covered the northern margin of the area of 
the subject land (O’Connor and Quartermaine, 1987a). No archaeological sites were 
located near the subject land. 

Following survey work of the Reid Highway alignment (O’Connor and Quartermaine, 
1987a; McDonald Hales, 1990), a Section 18 application for the Bennett Brook and 
Swan River crossings was granted to MRWA. The conditions included monitoring of 
ground disturbance in the Swan River area by an archaeologist.

An archaeological survey for the Balga to Wundowie Powerline Route followed 
Marshall Road to the north of the subject land (O’Connor and Quartermaine, 1987b). 
No archaeological sites were located in this section of the route corridor. 

Archaeological surveys of a housing development and a proposed quarry site to the 
south of Benara Road and east of Lord Street failed to locate any new archaeological 
sites (Quartermaine, 1988a, 1988b). An archaeological monitoring programme at the 
housing development failed to uncover any archaeological material (Quartermaine, 
2000a).
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An archaeological survey for a housing development immediately west of the subject 
land, east of Lord Street and south of Reid Highway, located one archaeological site 
near Bennett Brook, DIA ID 3521 (Quartermaine, 1988c). This site has been 
subsequently destroyed and is listed as stored data only. 

An archaeological survey of proposed road works for the Reid Highway and Lord 
Street extensions found no archaeological sites near the subject land (Lanske, 1995). 
Other road works surveys have been for the Hepburn Avenue extension to Reid 
Highway (Quartermaine, 2000b) and the Whiteman Park Access Road from 
Beechboro Road (Quartermaine, 2001). 

An archaeological survey of the Beechboro Land Scheme Area was undertaken 
(Quartermaine, 1997). This is located immediately north-west of the subject land, to 
the north of Reid Highway and between Beechboro Road and Lord Street. No 
archaeological sites were located within the survey area.    

None of the above reports resulted in archaeological sites being recorded within the 
subject land. 

Previously recorded sites in the area reflect a distribution that indicates where site 
survey work has been undertaken as well as the fact that development over the past 
175 years has obscured many archaeological sites. The locations of numerous sites are 
on the margins of rivers, lakes and swamps. Site density for various parts of the south-
west, based on the results of archaeological surveys, points to an average site density 
of about two sites per square kilometre overall with large variations according to 
location and environment.  

Most sites in the coastal plain have been recorded on the Bassendean Dunes landform 
and along the rivers and lakes with few sites on the Quindalup and Spearwood Dunes 
landforms. The subject land is within the Bassendean Dunes landform. 
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5.0   CONCLUSIONS 

5.1   Discussion 

A preliminary archaeological investigation (“desktop study”) for Aboriginal heritage 
significance of the Caversham Structure Plan Project Area, in the northern 
metropolitan area, was commissioned by Koltasz Smith.  

The Caversham Structure Plan Project Area is located in the northern metropolitan 
area approximately 15 kilometres north-east of the Perth CBD. Maximum dimensions 
are 1.7 kilometres EW by 1.1 kilometres NS. The project area is bounded by Reid 
Highway in the north, Lord Street in the west, Benara Road in the south, and West 
Swan Road in the east. 

The archaeological investigation involved the assembly of data from previous work in 
the region, including information from the Heritage and Culture Division, Department 
of Indigenous Affairs (DIA) Aboriginal site register and files, previous survey reports 
and other relevant documents, maps and environmental information. 

As a result of research at Heritage and Culture Division, it was established that 
eighteen Aboriginal sites have been registered at the DIA within two kilometres of the 
designated project area.

Of the Aboriginal sites, six are registered as archaeological sites. They are all artefact 
scatters with mainly quartz material while some contain fossiliferous chert chips, 
flakes scrapers and cores. Except for DIA ID 3879, the sites are registered as stored 
data only which usually means they have been subject to a Section 18 application for 
disturbance and are no longer extant. 

The project area has few areas of relatively undisturbed land that could provide a 
more accurate reflection of the archaeological signature of this part of the coastal 
plain. Visibility and obtrusiveness of archaeological material may be factors affecting 
the discovery of archaeological sites due to surface vegetation and a build up of a 
layer of organic material and covering by sand since traditional Aboriginal usage 
ceased in the nineteenth century, as well as disturbance from vegetation clearance and 
agricultural activities.   

Those areas most likely to contain archaeological sites are lake, swamp and water 
course margins, and sand hills. There is an area or relatively undisturbed vegetation in 
the north-east quadrant marked on the project area plan (Figure 2). This area may 
have some potential to contain archaeological material. 
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5.2   Recommendations 

The recommendations which follow are based on previous field observations and 
investigations of previously recorded sites in area. 

1. It is recommended that care be taken in those areas with the most potential to 
contain archaeological material. These are lake, swamp and water course margins, and 
sand hills. No registered archaeological sites are within the project area. However, it 
is recommended that an archaeological investigation of areas with archaeological site 
potential, as well as other relatively undisturbed areas, be undertaken prior to 
development. 

2. If any Aboriginal material is uncovered as a result of any development involving 
disturbance to the environment, it should be reported to the relevant authorities.  

3. Should any archaeological sites be affected by future development, permission for 
use of the relevant land, under Section 18 of the W.A. Aboriginal Heritage Act, 1972, 
must be obtained before any disturbance occurs. This can be done by written 
application to the Registrar of Aboriginal Sites for the consent by the Minister for 
Indigenous Affairs to use the land containing the site under the above Section. 

4. It is pointed out that human interference to Aboriginal sites is an offence, unless 
authorised under the Act, as outlined in Section 17 of the W.A. Aboriginal Heritage 
Act, 1972. Therefore, it is recommended that the Proponent take adequate measures to 
inform any project personnel of this requirement. 
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Figure 1: Location Plan                                                                                                 
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Figure 2: Caversham Structure Plan Project Area    
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APPENDIX 1 

OBLIGATIONS RELATING TO SITES UNDER THE ABORIGINAL HERITAGE 
ACT, 1972 

Report of Findings 

"15. Any person who has knowledge of the existence of anything in the nature of 
Aboriginal burial grounds, symbols or objects of sacred, ritual of ceremonial 
significance, cave or rock paintings or engravings, stone structures or arranged stones, 
carved trees, or of any other place or thing to which this Act applies or to which this 
Act might reasonably be suspected to apply shall report its existence to the Registrar, 
or to a police officer, unless he has reasonable cause to believe the existence of the 
thing or place in question to be already known to the Registrar." 

Excavation of Aboriginal Sites 

"16. (1) Subject to Section 18, the right to excavate or to remove any thing from an 
Aboriginal site is reserved to the Registrar. 

(2) The Registrar, on the advice of the Committee, may authorise the entry upon and 
excavating of an Aboriginal site and the examination or removal of any thing on or 
under the site in such manner and subject to such conditions as the Committee may 
advise."

Offences Relating to Aboriginal Sites 

"17. A person who- 

(a) Excavates, destroys, damages, conceals or in any way alters any Aboriginal site; or 

(b) In any way alters, damages, removes, destroys, conceals, or who deals with in a 
manner not sanctioned by relevant custom, or assumes the possession, custody or 
control of, any object on or under an Aboriginal site,

commits an offence unless he is acting with the authorisation of the Registrar under 
Section 16 or the consent of the Minister under Section 18." 

Consent to Certain Uses 

"18. (1) For the purposes of this section, the expression "the owner of any land" 
includes a lessee from the Crown, and the holder of any mining tenement or mining 
privilege, or of any right or privilege under the Petroleum Act, 1967, in relation to the 
land.
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(2) Where the owner of any land gives to the Trustees notice in writing that he 
requires to use the land for a purpose which, unless the Minister gives his consent in 
this Section, would be likely to result in a breach of Section 17 in respect of any 
Aboriginal site that might be on the land, the Committee shall, as soon as they are 
reasonably able, form an opinion as to whether there is any Aboriginal site on the 
land, evaluate the importance and significance of any such site, and submit the notice 
to the Minister together with their recommendations in writing as to whether or not 
the Minister should consent to the use of the land for that purpose, and, where 
applicable, the extent to which and the conditions upon which his consent should be 
given.

(3) When the Committee submit a notice to the Minister under subsection (2) of this 
section he shall consider their recommendation and having regard to the general 
interest of the community shall either -  

(a) Consent to the use of the land the subject of the notice, or a specified part of the 
land, for the purpose required, subject to such conditions, if any, as he may specify; or 

(b) Wholly decline to consent to the use of the land the subject of the notice for the 
purpose required,

and shall forthwith inform the owner in writing of his decision. 

(4) Where the owner of any land has given to the Committee notice pursuant to the 
subsection (2) of this section and the Committee have not submitted it with their 
recommendation to the Minister in accordance with that subsection the Minister may 
require the Committee to do so within a specified time, or may require the Trustees to 
take such other action as the Minister considers necessary in order to expedite the 
matter, and the Committee shall comply with any such requirement. 

(5) Where the owner of any land is aggrieved by a decision of the Minister made 
under subsection (3) of this section he may, within the time and in the manner 
prescribed by the rules of court, appeal from the decision of the Minister to the 
Supreme Court which may hear and determine an appeal. 

(6) In determining an  appeal under subsection (5) of this section the Judge hearing 
the appeal may confirm or vary the decision of the Minister against which the appeal 
has been made or quash the decision of the Minister, and may make such order  as to 
the costs of the appeal as he sees fit. 

(7) Where the owner of the any land gives notice to the Committee under subsection 
(2) of this section, the Committee may if they are satisfied that it is practicable to do 
so, direct the removal of any object to which this Act applies from the land to a place 
of safe custody. 

(8) Where consent has been given under this section to a person to use any land for a 
particular purpose nothing done by or on behalf of that person pursuant to, and in 
accordance with any conditions attached to, the consent constitute an offence against 
the Act." 
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APPENDIX 2 

Notes on the Recognition of Aboriginal Sites 

There are various types of Aboriginal Sites, and these notes have been prepared as a 
guide to the recognition of those types likely to be located in the survey area. 

An Aboriginal Site is defined in the Aboriginal Heritage Act, 1972, in Section 5 as: 

"(a) Any place of importance and significance where persons of Aboriginal descent 
have, or appear to have, left any object, natural or artificial, used for, or made for or 
adapted for use for, any purpose connected with the traditional cultural life of the 
Aboriginal people, past or present; 

(b) Any sacred, ritual or ceremonial site, which is of importance and special 
significance to persons of Aboriginal descent; 

(c) Any place which, in the opinion of the Committee is or was  associated with the 
Aboriginal people and which is of historical, anthropological, archaeological or 
ethnographical interest and should be preserved because of its importance and 
significance to the cultural heritage of the state; 

(d) Any place where objects to this Act applies are traditionally stored, or to which, 
under the provisions of this Act, such objects have been taken or removed." 

Habitation Sites 

These are commonly found throughout Western Australia and usually contain 
evidence of tool-making, seed grinding and other food processing, cooking, painting, 
engraving or numerous other activities. The archaeological evidence for some of these 
activities is discussed in details under the appropriate heading below. 

Habitation sites are usually found near an existing or former water source such as a 
gnamma hole, rock pool, spring or soak. They are generally in the open, but they 
sometimes occur in shallow rock shelters or caves. It is particularly important that 
none of these sites be disturbed as the stratified deposits which may be found at such 
sites can yield valuable information about the inhabitants when excavated by 
archaeologists. 

Seed Grinding 

Polished or smoothed areas are sometimes noticed on/near horizontal rock surfaces. 
The smooth areas are usually 25cm wide and 40 or 50cm long. They are the result of 
seed grinding by the Aboriginal women and indicate aspects of past economy. 
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Habitation Structures 

Aboriginal people sheltered in simple ephemeral structures, generally made of 
branches and sometimes  of grass. These sites are rarely preserved for more than one 
occupation period. Occasionally rocks were pushed aside or used to stabilise other 
building materials. When these rocks patterns are located they provide evidence for 
former habitation sites. 

Middens

When a localised source of shellfish and other foods has been exploited from a 
favoured camping place, the accumulated ashes, hearth stones, shells, bones and other 
refuse can form mounds at times several metres high and many metres in diameter. 
Occasionally these refuse mounds or middens contain stone, shell or bone tools. 
These are most common near the coast, but examples on inland lake and river banks 
are not unknown. 

Stone Artefact Factory Sites 

Pieces of rock from which artefacts could be made were often carried to camp sites or 
other places for final production. Such sites are usually easily recognisable because 
the manufacturing process produces quantities of flakes and waste material which are 
clearly out of context when compared with the surrounding rocks. All rocks found on 
the sandy coastal plain , for example, must have been transported by human agencies. 
These sites are widely distributed throughout the State.

Quarries

When outcrops of rock suitable for the manufacture of stone tools were quarried by 
the Aborigines, evidence of the flaking and chipping of the source material can 
usually be seen in situ and nearby. Ochre and other mineral pigments used in painting 
rock surfaces, artefacts and in body decoration are mined from naturally occurring 
seams, bands and other deposits. This activity can sometimes be recognised by the 
presence of wooden digging sticks or the marks made by these implements. 

Marked Trees 

Occasionally trees are located that have designs in the bark which have been incised 
by Aborigines. Toeholds, to assist the climber, were sometimes cut into the bark and 
sapwood of trees in the hollow limbs of which possums and other arboreal animals 
sheltered. Some tree trunks bear scars where section of bark or wood have been 
removed and which would have been used to make dishes, shield, spearthrowers and 
other wooden artefacts. In some parts of the state wooden platforms were built in trees 
to accommodate a corpse during complex rituals following death. 
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Burials

In the north of the state, it was formerly the custom to place the bones of the dead on a 
ledge in a cave after certain rituals were completed. The bones were wrapped in 
sheets of bark and the skull placed beside this. In other parts of Western Australia the 
dead were buried, the burial position varying according to the customs of the 
particular area and time. Natural erosion, or mechanical earthmoving equipment 
occasionally exposes these burial sites. 

Stone Structures 

If one or more stone are found partly buried or wedged into a position which is not 
likely to be the result of natural forces, then it is probable that the place is an 
Aboriginal site and that possibly there are other important sites nearby. There are 
several different types of stone arrangements ranging simple cairns or piles of stones 
to more elaborate designs.  

Low weirs which detain fish when tides fall are found in coastal areas. Some rivers 
contain similar structures that trap fish against the current. It seems likely that low 
stone slab structures in the south west jarrah forests were built to provide suitable 
environments in which to trap some small animals. Low walls or pits were sometimes 
made to provide a hide or shelter for a hunter. 

Elongated rock fragments are occasionally erected as a sign or warning that a special 
area is being approached. Heaps or alignments of stones may be naturalistic or 
symbolic representations of animals, people or mythological figures. 

Paintings 

These usually occur in rock shelters, caves or other sheltered situations which offer a 
certain degree of protection from the weather. The best known examples in Western 
Australia occur in the Kimberley region but paintings are also found through most of 
the states. One of several coloured ochres as well as other coloured pigments may 
have been used at a site. Stencilling was a common painting technique used 
throughout the state. The negative image of an object was created by spraying 
pigment over the object which was held against the wall. 

Engravings

This term described designs which have been carved, pecked or pounded into a rock 
surface. They form the predominant art form of the Pilbara region but are known to 
occur in the  Kimberleys in the north to about Toodyay in the south. Most engravings 
occur in the open, but some are situated in rock shelters. 
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Caches

It was the custom to hide ceremonial objects in niches and other secluded places. The 
removal of objects from these places, or photography of the places or objects or any 
other interference with these places is not permitted. 

Ceremonial Grounds 

At some sites the ground has been modified in some way by the removal of surface 
pebbles, or the modelling of the soil, or the digging of pits and trenches. In other 
places there is not noticeable alteration of the ground surface and Aborigines familiar 
with the site must be consulted concerning its location. 

Mythological Sites 

Most sites already described have a place in Aboriginal mythology. In addition there 
are many Aboriginal sites with no man-made features which enable them to be 
recognised. They are often natural features in the landscape linked to the Aboriginal 
Account of the formation of the world during the creative "Dreaming" period in the 
distant past. Many such sites are located at focal points in the creative journeys of 
mythological spirit beings of the Dreaming. Such sites can only be identified by the 
Aboriginal people who are familiar with the associated traditions.  
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APPENDIX 3 

SITE REGISTER LIST 
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1.0 Introduction 
1.1 Purpose of this report 
This traffic report in support of the Caversham Structure Plan has been 
commissioned by Koltasz Smith on behalf of the Caversham Main Landowners 
Group (MLG).  

A traffic report for the Caversham Structure Plan was originally prepared by 
Sinclair Knight Merz in November 2006.  Following appointment of SKM to 
undertake work for the City of Swan in relation to the Urban Growth 
Management Strategy, Transcore assumed responsibility for traffic and transport 
planning work for the Caversham Structure Plan.  Transcore provided a 
“preliminary update to traffic consulting advice” on 28 November 2006. 

Transcore has now prepared this updated traffic report for the Caversham 
Structure Plan.  The report remains largely as written by SKM except where 
Transcore has updated appropriate sections to reflect recent developments such 
as the Sub Regional Structu e Plan for the Swan U ban Growth Corridor (draft 
May 2008) 

r r

f t 

This traffic report assesses the forecast daily traffic volumes resulting from the 
structure plan, recommends an appropriate road hierarchy, external intersection 
treatments, potential bus routes and pedestrian and bicycle routes. 

The Caversham Structure Plan is shown in Figure 1.1.

1.2 Layout o  this repor
This report is divided into a further 6 sections: 

Existing and planned transport network 
Proposed development 
Traffic forecasting 
Road network assessment 
Pedestrian and cyclist network 
Public transport 
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2.0 Existing and Planned Transport Network 
2.1 Existing road network 
The Caversham Structure Plan area is bordered to the west by the future Lord 
Street, to the south by Benara Road, to the east by the Dampier-Bunbury Natural 
Gas Pipeline and by private properties fronting West Swan Road and to the north 
by Reid Highway. 

2.1.1 Reid Highway

Reid Highway is classified as a Primary Regional Road (PPR) under the Perth 
Metropolitan Region Scheme (MRS). The full extent of the existing MRS reserve 
for Reid Highway has been acquired, with no outstanding land that would affect 
the Caversham development. It is managed by Main Roads Western Australia 
(MRWA). The Department for Planning and Infrastructure (DPI) are finalising the 
final design for the section of Reid Highway from Lord Street to Great Northern 
Highway, which allows for a six-lane freeway with grade separated interchanges 
and provision for a public transport system in the median.  A design and 
construct contract was awarded in August 2008 for construction of a 2.6km dual 
carriageway for Reid Highway between West Swan Road and Great Northern 
Highway.  This section should be completed by February 2010.1

2.1.2 Benara Road

Benara Road is reserved as an Other Regional Road (ORR) under the MRS. 
Benara Road is classified as a District Distributor (A) Road and is a two lane 
single carriageway in the vicinity of Caversham managed by the City of Swan. 
The existing four-way intersection of Lord Street and Benara Road to the west of 
the development site is roundabout controlled. A second roundabout has been 
constructed for the intersection of Benara Road and Bennett Street to the 
immediate west of the development area. The location of this roundabout will 
ultimately mark the connection of Benara Road with the Lord Street extension, 
which is reserved under the MRS. 

2.1.3 West Swan Road

West Swan Road is reserved as an Other Regional Road (ORR) under the MRS. 
West Swan Road is classified as a District Distributor (A) Road and is a two lane 
single carriageway managed by the City of Swan. There is no dualling proposed 
for West Swan Road, however the road reserve width across Reid Highway 
provides for a future flyover, the timing and funding for which has not been 
established by MRWA or the City of Swan.  

The intersection of Reid Highway and West Swan Road is traffic signal controlled. 
The T-junction of Benara Road and West Swan Road is priority controlled. 

                                                
1 Source: Main Roads WA website: 
http:www.mainroads.wa.gov.au/BuildingRoads/Projects/UrbanProjects/Pages/reid_highway.aspx 
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2.1.4 Lord Street

Lord Street is reserved as an Other Regional Road (ORR) in the MRS. The 
existing MRS ORR reservation provides for Lord Street to be ultimately 
connected from Guildford Road, Bassendean through to Reid Highway 
immediately adjoining the project area. Lord Street is currently constructed 
between Guildford Road and Benara Road, though the 1km section immediately 
south of Benara Road currently lies to the west and outside the MRS reserved 
alignment.

The Lord Street extension forming the western edge of the project area between 
Benara Road and Reid Highway is not yet constructed. 

2.1.5 Arthur Street

Arthur Street is not reserved under the MRS, excepting the section intersecting 
with Reid Highway where land is reserved as Primary Regional Road (PRR) for a 
future flyover. Arthur Street is classified as a Local Distributor managed by the 
City of Swan and has been divided into two segments by Reid Highway. There 
are no connections between the north and the south sections of this street. 
Because Reid Highway is a Controlled Access Highway there is no access 
between Arthur Street and Reid Highway. Road reserve widths across Reid 
Highway are planned to provide for a future flyover, however there is no 
program for the timing or funding of a flyover at this stage. In many cases MRWA 
funds the construction costs for land reserved as a primary regional road in the 
Metropolitan Region Scheme, though funding details will need to be agreed 
between the developer, MRWA and the City of Swan. It is considered that the 
Arthur Street flyover is not required in the shorter term; however it has benefits 
for sub-regional connectivity and, as the general road network is still developing 
in the area, it is assumed that Arthur Street will be timed to fit into staged 
construction of the network in the longer term. This issue is discussed further in 
section 2.2.3 of this report. 

2.1.6 Patricia Street

Patricia Street is not subject to any reservation requirements and is a two lane 
single carriageway access Street managed by the City of Swan. It runs east-west 
through the area from West Swan Road to Bennett Street, with a short link in-
between not yet constructed. 

2.2 Future road network 

Detailed information for each individual road is provided in this section. The 
hierarchy for the proposed future road network is discussed under section 5 and 
shown in Figure 5.1.

2.2.1 Reid Highway

Following discussion with the Department for Planning and Infrastructure (DPI), it 
is understood that Reid Highway is proposed to be upgraded to a dual 
carriageway with the transit corridor to be relocated into the central median. This 
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may result in an expansion to the south of the Reid Highway reserve by up to 
10m. The timing and detailed impact of any amendment to the Metropolitan 
Region Scheme Primary Regional Road reservation in this location can not be 
confirmed at this stage. In addition, we are also advised by Koltasz Smith that the 
Preliminary Ethnographic Study of the Caversham Project Area identified the 
presence of Aboriginal Sites including 'Moore's Camp' and Aboriginal wells within 
the project area.  

Moores Camp is understood to lie immediately south of the Reid Highway 
reserve in the north east quadrant of the project area, with one of the known 
wells lying immediately south of the Reid Highway reserve in the northwest 
quadrant of the project area. Verbal discussion by Koltasz Smith with Mr Rory 
O'Connor, the project's consulting ethnographer, has indicated that difficulties 
would be faced by DPI and MRWA in attempting to widen Reid Highway on the 
southern side. The Caversham Structure Plan recognises the existing MRS 
reservation for Reid Highway. The proposed land requirement of Reid Highway is 
shown in Appendix A.

2.2.2 Lord Street

Lord Street, north of Reid Highway, will form the start of the Perth Darwin 
National Highway. This National Highway is reserved Primary Regional Road in 
the Perth Metropolitan Region Scheme. 

Lord Street is planned to be relocated to the east of Bennett Street and the MRS 
in this area has provision for a grade separated interchange at this location. It is 
currently proposed as a standard diamond interchange with Lord St (connection 
to south) going over the top of Reid Highway (see Appendix D). In the interim, it 
is likely to be traffic signalised as part of the staging for the development of the 
road network. The extension of Lord Street south of Reid Highway is proposed 
but is not in the current construction program. The proposed land requirement of 
Lord Street is shown in Appendix B.

The proposed land requirement of Reid Highway – Lord Street intersection is 
shown in Appendix C. The southern end of the Lord Street extension will tie in to 
the existing roundabout at Bennett Street and Benara Road. Previous discussions 
with the City of Swan have indicated that the developer may be requested to 
fund one carriageway and earthworks for both carriageways. This is not 
uncommon practice and would bring forward the timing of construction. 

2.2.3 Arthur Street

An overpass across Reid Highway has been proposed to connect the northern 
and southern section of Arthur Street. Assuming construction of the Lord Street 
extension, the flyover is not considered crucial to the Caversham development in 
traffic terms, however it is considered desirable in terms of overall connectivity in 
the regional area in the longer term.  However, Arthur Street is also part of a 
proposed Activity Corridor, as discussed in section 2.2.5, and the Arthur Street 
overpass is important for that Activity Corridor.  
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2.2.4 Patricia Street

The City of Swan, DPI and Main Roads Western Australia (MRWA) have all 
indicated support for the linkage of Patricia Street between the east and west. 
The intersection control of the future relocated Lord Street and Patricia Street is 
discussed under section 5.4. Patricia Street is also part of a proposed Activity 
Corridor as discussed in section 2.2.5. 

2.2.5  Proposed Activity Corridor

The draft Sub Regional Structu e Plan for the Swan U ban Growth Corridor
(SRSP) prepared for the Department for Planning and Infrastructure (May 2008) 
proposes a future Activity Corridor through Caversham, West Swan (East) and 
Henley Brook (Albion). 

r r

The SRSP indicates that the Activity Corridor functions to service the 
neighbourhood centre destinations, rather than acting as a high speed 
thoroughfare, with associated public transport and supportive land uses.  This is 
in accordance with Network City principles”. 

The proposed Activity Corridor runs along Patricia Street (connecting to the 
future Lord Street alignment at Patricia Street) and northwards along Arthur 
Street to cross Reid Highway. 

The SRSP therefore says, “A flyover is required where Arthur Street crosses Reid 
Highway linking Caversham with West Swan and Albion.  The Arthur Street 
flyover is critical: 

To ensure local connectivity allowing residents to travel north/south without 
being forced to use the busier intersections; and 
For bus services to operate effectively along the Activity Corridor.” 
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2.3 Existing and future forecas  traffic volumes t

Table 2.1 shows the existing traffic volume (AAWT)2 on the major roads 
surrounding the Caversham development area from MRWA counts (most recent 
available). These are compared to the 2031 forecast traffic volume provided by 
the Main Roads Regional Operations Model (ROM), which is designed to 
estimate regional traffic volumes on regional and major local roads. 

Table 2.1  Existing and forecast traffic volumes on major roads using MRWA 
traffic count data and the MRWA ROM model. 

Reid Hwy west 
of West Swan 

Rd

West Swan Rd 
north of 

Benara Rd 

Benara Rd 
west of West 

Swan Rd 

Perth Darwin 
Hwy/ Lord St 

Existing traffic 
volumes 

26,650
(March 2007) 

11,088
(20/08/2001) 

8,588
(06/08/2004) -

MRWA 2031 
forecast 
volume 

49,500 18,100 11,000 15,600 

Table 2.1 highlights the forecast changes in traffic over the next two decades in a 
strategic context.3 As a primary distributor designed for regional traffic 
movements, Reid Highway is currently carrying over 26,000 vpd. By 2031 the 
regional traffic flow on this highway will almost double to 50,000 vpd. West 
Swan Road is a north-south road and is currently carrying over 11,000 vpd. 
Traffic on this road will increase by approximately 60% to 18,000 vpd in 2031. 
As an east-west district distributor, Benara Road is currently carrying over 8,600 
vpd and an increase in traffic in the order of 30% would be expected. Lord 
Street/ Perth Darwin National Highway will carry approximately 15,600 vpd 
between Benara Road and Reid Highway in the MRWA forecast, but see Section 
4 and Figure 4.1 for revised forecasts that indicate up to 25,000 vpd on this 
section of Lord Street in future.  

                                                
2 Average Annual Weekday Traffic (AAWT) 
3 The MRWA ROM model has taken into account the urban development in a strategic context, 
although the size of the Caversham development used in ROM may not be exactly the same as 
this proposal. The size difference is not expected to have any significant impact upon the 
strategic model. 
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3.0 Proposed Development 
The structure plan area comprises approximately 198 hectares, with some 140 
hectares or 80% of the project owned by landowners participating in the 
Caversham Main Landowners Group (MLG). A neighbourhood centre and a 
primary school have been proposed along with medium to high density 
dwellings. The neighbourhood centre is to be located at the intersection of 
Patricia Street and Waldeck Road extension with higher density land uses 
proposed for the 400 m ped shed surrounding the centre. These land uses and 
density are intended to promote alternative transport modes, such as walking, 
cycling and public transport. The proposed land uses are shown in Figure 1.1
and detailed data is listed in Table 3.1.

Table 3.1 Proposed land uses for the Caversham Structure Plan 

Cell No. of dwellings by residential density Primary Neighbourhood
 Transition R15 - R25 R30 - R40 R60 Retirement School (ha) Centre (ha) 

 1 (NW)  378 58     
 2 (NE) 8 76   350   
 3 (SE) 27 118 60     
 4 (Mid) 32 391 236 23  3.5 1.5 
 5 (SW) 18 136 154 87    

Total 85 1099 508 110 350 3.5 1.5 

A detailed centre layout incorporating land use as not been completed at this 
time for the Neighbourhood Centre, though the City of Swan Commercial 
Centres Strategy indicates a size range of 3,500 m2 to 4,500 m2 Net Leasable 
Area for the Caversham Village Centre. A separate retail study has been 
completed for the Caversham Project, which considers external travel demand as 
well as internal travel demand and recommends the now proposed village centre 
location. The catchment area for the primary school and the neighbourhood 
centre is largely within the area bound by Bennett Brook to the west, Reid 
Highway to the north, West Swan Road to the east and Benara Road to the 
south. For this traffic assessment it is assumed the Neighbourhood Centre is 
4,000 m2 NLA and 600 students are assumed at the primary school. 
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4.0 Traffic Forecasting 
4.1 Development trip generation and distribution 

A trip is a one-way movement from an origin to a destination. A trip rate of 6 
vehicle trips per dwelling per day (vpd) is considered appropriate for the higher 
density residential land uses R60, with 7 vpd per dwelling considered appropriate 
for the medium density residential land uses R30 and R40. For the larger 
transition lots in the buffer areas and for residential densities of R15, R20 and 
R25 a trip rate of 8 vpd has been applied. For the retirement village a trip rate of 
3 vpd per dwelling is appropriate. This results in a total trip production from the 
residential land uses of approximately 14,750 vpd. However, it is estimated that 
approximately 25% of these trips would be to internal trip attractors such as the 
primary school and neighbourhood centre. 

The neighbourhood centre and the primary school would attract approximately 
4,800 and 1,200 vpd respectively. Most of the vehicle trips related to these two 
facilities would be characterised as drop off/ pickup or shopping activities on the 
way to other destinations as a secondary trip purpose. It is estimated that 60% of 
the trips associated with the neighbourhood centre and the primary school will 
be internal trips (ie. trips originating from within the development area).  

A sub area matrix from the MRWA model has been used to determine the 
internal/ external trip distribution pattern. The vehicle trips generated by the 
proposed development are shown in Table 4.1.

Table 4.1 Forecast trip generation for the Caversham development 

Distribution to/from external road network  
(derived from MRWA 2031 sub area model) 

Reid 
Hwy
West  

(A)

Benara 
Rd

West  

(B)

Lord St 
South  

(C)

West 
Swan 

Rd
south 
(D)

Reid 
Hwy
east   

(E)

West 
Swan 

Rd
north

(F)

PDNH 
north

(G) 

Cell Internal trips 
to/from 

primary school 
and

neighbourhood 
centre (trips 

per day)

I-E & 
E-I

trips 
per
day

10.36% 7.97% 30.61% 18.88% 16.48% 8.04% 7.67% 
1 843 2587 268 206 791 488 426 208 198 
2 423 1299 135 103 397 245 214 104 100 
3 389 1191 123 95 365 225 196 96 91 
4 1272 6318 655 504 1933 1193 1041 508 485 
5 696 2136 221 170 654 403 352 172 164 
Total 3624 13530 1402 1078 4140 2554 2230 1088 1038 

4.2 Through traffic 

Through traffic are the external trips that are not generated by the proposed 
development but travel through the study area on the internal road network or 
surrounding roads.  
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Traffic generated by the proposed West Swan and Henley Brook (Albion) 
developments was evaluated by SKM for a September 2007 transport workshop 
for the Sub Regional S ructu e Plan fo  the Swan Urban G owth Cor idor. This 
showed a through traffic flow of 7,000 vpd on Arthur Street from West Swan 
Road, through Caversham and across Reid Highway at the future Arthur Street 
flyover.

t r r r r

r r

The SKM plan also showed future total traffic volumes on the surrounding major 
road network based on Main Roads WA transport modelling. 

Another report, the Caversham North Local Structu e Plan T ansport Review
(April 2008) by Cardno BSD, considered total traffic volumes on Patricia Street 
(including through traffic) and found that total volumes would range from 5,100 
vpd to 3,800 vpd. 

4.3 Traffic flow forecast

The trips generated by the proposed Caversham development were assigned 
onto the road network to estimate the forecast traffic volumes on individual 
roads.  

The traffic forecast is based on the road network proposed within the Caversham 
Structure Plan and assumes the Lord Street extension between Reid Highway 
and Benara Road has been constructed. As the planning authorities are adamant 
that the Arthur Street flyover will ultimately be constructed across Reid Highway 
this link has been included in the road network for this traffic assignment. The 
traffic volumes generated by the Caversham development on the main elements 
of the internal road network are shown in Figure 4.1. Other local roads within 
this development have not been evaluated individually but can each expect less 
than 1,000 vpd. 

Inclusion of the Arthur Street flyover attracts less than 1,000 vpd of the traffic 
generated within Caversham so the volumes on the internal road network will 
generally not be significantly affected by the presence or absence of this link. 

Arthur Street itself is the only internal road that is expected to carry a significant 
amount of through traffic if the flyover is constructed. Local traffic on Arthur 
Street is expected to range from approximately 1,000 vpd in the north to 3,000 
vpd in the south. Therefore, addition of the anticipated 7,000 vpd of through 
traffic will result in total volumes ranging from approximately 8,000 vpd at the 
Arthur Street flyover to 10,000 vpd at the southern end of Arthur Street. Total 
traffic volumes on Arthur Street and the surrounding major road network are 
shown in brackets in Figure 4.1.
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5.0 Road Network Assessment 
5.1 Road hierarchy 

Assuming the full development of the Caversham Structure Plan area the major 
roads within the development area can be expected to have the following 
classifications under Liveable Neighbourhoods (October 2007). The road 
hierarchy has been determined based on projected traffic volumes and expected 
functionality of the roads. The road hierarchy is also shown in Figure 5.1 (prior to 
Arthur Street flyover) and in Figure 5.2 (following construction of the flyover). 

Reid Highway  -  Primary Distributor 

West Swan Road  -  Integrator Arterial A 

Lord Street  -  Integrator Arterial A 

Benara Road  -  Integrator Arterial B 

Patricia Street  -  Neighbourhood connector A 

Waldeck Road  -  Neighbourhood connector B 

Arthur Street  -  Design for a District Distributor (but will operate as a 
neighbourhood connector B until the flyover is constructed) 

All other subdivision roads within the development can be classified as access 
streets.

Without construction of the flyover across the Reid Highway, the forecast traffic 
volumes for Arthur Street are less than 3,000 vpd. However, Arthur Street is 
currently classified as a local distributor road under the Metropolitan Functional 
Road Hierarchy and the City of Swan has advised that it should be designed as a 
District Distributor road in the future. Design for this road must take into account 
its potential future functionality and the cross section in the following section 
reflects this. 
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5.2 Cross sec ions t

r r

Indicative cross sections for typical roads within the Caversham development are 
provided in Appendix E.

Most minor access streets are proposed to have a 15m road reserve. This reserve 
will allow for informal parking (staggered) on both sides of the street and an 
indicative cross section is provided in Figure A. Leg lengths on these streets will 
need to be kept to a minimum and traffic speeds controlled to a recommended 
30 km/h. These streets are appropriate for low traffic volumes.  

If more formal parking is desired, the reserve will need to be widened to 16m, as 
shown in Figure B.

A proposed road reserve of 13m is proposed for most access streets abutting 
public open space (see Figure C).

Indented parking is proposed for streets providing main access to activity nodes 
and uses such as public open space. The parking in these locations would either 
be indented on both sides of the road or would be provided on the side of the 
road abutting the land use generating the parking requirement.  

Individual cross sections are presented for Patricia Street, Arthur Street and 
Waldeck Road in Appendix E.

The proposed Patricia Street 21.5m road reserve allows for indented parking 
adjoining activity and traffic generating land uses and the proposed 3.5m traffic 
lanes are appropriate for this future bus route. Figure D suggests an indicative 
cross section for Patricia Street and includes a median to allow for safe 
pedestrian crossings. The Caversham North Local Structu e Plan T ansport 
Review (April 2008) by Cardno BSD indicated that the central median would be 
designed as a drainage swale and the City of Swan’s response to that report 
indicated a 5m swale would be accepted. Front lot access is considered 
acceptable given traffic volumes in the order of 5,000 vpd or less on Patricia 
Street.  

It is considered that a road reserve of 25 m for Arthur Street is sufficient to carry 
future traffic levels, including future traffic generated by the development north 
of Reid Highway, post construction of the Arthur Street flyover. Figure E suggests 
an indicative cross section for Arthur Street and includes a median for safe 
pedestrian crossing, cycle lanes, bus access, indented parking and shared use 
paths along both sides. 

The City of Swan has advised that it is likely that Arthur Street will become a key 
public transport route in the future (hence the need to consider buses within 
cross section design) and cycle lanes and shared use paths are recommended to 
reflect its future importance in terms of north-south connectivity. 

Figure F does not include cycle lanes and is proposed for Waldeck Road (20 m 
reserve).
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5.3 Road works timing and funding 

Discussion with MRWA, the Department for Planning and Infrastructure and the 
City of Swan indicates that the extension of Lord Street could be undertaken in 
staged construction, initially from Reid Highway south to Patricia Street and that 
funding would be sought from the developer. Previous discussions indicate that 
the City of Swan would request the developer to fund one carriageway and the 
earthworks for both carriageways, as well as to contribute in part to the 
construction of traffic signals at the Reid Highway/ Lord Street intersection. 

Contributions from development to the west of the Lord Street extension have 
been used by the WAPC to purchase land requested for Lord Street and will not 
be available for construction of the extension. The City of Swan advised that the 
Caversham project will be required to fund the construction cost of one 
carriageway however detailed discussions will be required to determine the 
extent of co-funding for the extension between the developers and the City of 
Swan.

It is proposed at this time that the Lord Street extension be undertaken in staged 
construction, with the extension south of Reid Highway to Patricia Street 
providing access to the development in the interim phase. The following staging 
plan has been proposed: 

Suggested construction stage 1: Single carriageway from Reid Highway to 
Patricia Street This should be timed to coincide with the release of land in 
cell 1, 4 and 5. The earthworks for the rest of the full extension (from 
Patricia Street to Benara Road) can also be incorporated in this stage. 

Suggested construction stage 2: Single carriageway from Patricia Street to 
Benara Road.  This should be timed to coincide with works for the 
remaining construction of the development project. 

Suggested construction stage 3: Ultimate dual carriageway from Reid 
Highway to Benara Road. At this stage, it is expected that stage 3 
construction would be undertaken by City of Swan. 

The Arthur Street flyover is not considered critical for the development as 
outlined in the Caversham Structure Plan however it is considered desirable in 
terms of connectivity in the longer term. While it is recognised that the flyover is 
not required for the Caversham development in the shorter term; as it is included 
within the MRS and will improve connectivity in the overall area, it is accepted 
that it will be constructed in the longer term as the surrounding road network is 
developed further. 
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5.4 Intersection control 

5.4.1  Intersections with external road network

Arthur Street/ West Swan Road 

The T-intersection between Arthur Street and West Swan Road would initially 
operate under priority control. It is recommended that a median be constructed 
on West Swan Road to allow for two stage crossing. In the future, if the Arthur 
Street flyover is constructed over Reid Highway, traffic signals or a roundabout 
may be required. 

Patricia Street/ West Swan Road 

The T-intersection between Patricia Street and West Swan Road would operate 
under priority control. It is recommended that a median be constructed on West 
Swan Road to allow for two stage crossing. 

Lord Street/ Reid Highway 

The MRS in this area has provision for a grade-separated interchange at this 
intersection. It is currently proposed as a standard diamond interchange with 
Lord St (connection to south) going over the top of Reid Highway. In the interim, 
it is likely to be signalised as part of the staging for the development of the road 
network.

Lord Street/ Benara Road 

Lord Street and Benara Road are both classified as integrator arterials. The SKM 
analysis for the Sub Regional Structure Plan indicates future traffic volumes in the 
order of 25,000 vpd on Lord Street south of Reid Highway. Traffic signal control 
is considered desirable for this intersection; however the intersection could 
operate under roundabout control depending on site conditions. 

Lord Street/ Patricia Street 

It is proposed for Lord Street to become an integrator arterial (A) road and 
Patricia Street to operate as a neighbourhood connector at its intersection with 
Lord Street. Access from Lord Street to Patricia Street is clearly an inherent 
principle in the Sub Regional Structu e Plan for the Swan Urban Growth Corridor
as the concept of an Activity Corridor along Patricia Street to Arthur Street 
depends upon this connection. 

r

r

The following comment is based on Lord Street remaining an arterial road 
without controlled access highway status. 

Stage one - T junction with Lord Street north and Pat icia Street west and east. 

A two staged construction is proposed for the Lord Street extension. The first 
stage is proposed to be constructed between Reid Highway and Patricia Street. 
The intersection during this phase would operate as a modified T-junction with 
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priority given to the traffic movements between Lord Street and Patricia Street 
west of the intersection. A GIVE WAY sign would be required on Patricia Street 
east approach. 

Ultimate stage - four way intersection 

Discussion with City of Swan suggested that at this stage there is no concrete 
proposal for the type of control at the intersection of Lord Street and Patricia 
Street, however roundabout control may be appropriate. It is suggested that, 
given the proximity to proposed traffic signal control at the Lord Street / Reid 
Highway intersection and other factors affecting safe vehicle movements at this 
intersection, more detailed analysis of the most appropriate ultimate intersection 
control at the Lord Street / Patricia Street intersection be undertaken prior to the 
detailed design phase. 

Waldeck Road / Benara Road 

The T-intersection between these two roads would operate satisfactorily under 
priority control with widened median on Benara Road to allow for 2 stage right 
turn crossing from Waldeck Road. 

5.4.2 Intersections within Caversham

Patricia Street / Waldeck Road 

The intersection between Patricia Street and Waldeck Road will be in close 
proximity to the proposed Neighbourhood Centre. A priority controlled T-
intersection is considered appropriate. 

Patricia Street/ Arthur Street 

The four-way intersection between Patricia Street and Arthur Street is proposed 
to be constructed as a roundabout. This will help to control traffic speeds on 
both roads and allow safe operation of this four-way intersection both with and 
without the additional traffic associated with the future Arthur Street flyover.  

Other minor intersections 

Several other four-way intersections (particularly along Patricia Street, Arthur 
Street and Waldeck Road) within the development area will also be constructed 
as roundabouts as shown on the Caversham Structure Plan. Other four-way 
intersections should be avoided where possible, for example through the 
construction of staggered right-left intersections. Where additional four-way 
intersections are still proposed they will need to be designed with suitable traffic 
management treatments to slow traffic on the side streets to ensure safe 
intersection operation.  
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6.0 Cyclists and Pedestrians 
6.1 Objec ive t

Walking and cycling have an important role within the overall transportation 
system of an urban area. When integrated with compatible land uses, a strong 
walk/ cycle network can: 

reduce private car dependency for residents; 
increase accessibility to employment and other urban activities for residents; 
reduce adverse environmental impacts of vehicular and motorised transport; 
increase resource efficiency in a multi-modal transport system; and 
reduce transport-related crashes or injuries. 

The objective of a pedestrian and cycle network is to provide for the convenient 
and safe movement of pedestrians and cyclists through and between urban cells, 
having regard for the need to service schools, shops, recreation and other land 
uses as well as public transport access points. 

6.2 Pedestrian and cyclist provision 

Existing facilities for cyclists are shown in the Department for Planning and 
Infrastructure’s Perth Bike Maps. The map extract in Figure 6.1 shows the existing 
shared paths and cycle lanes on the roads surrounding the Caversham Structure 
Plan area. 

Figure 6.1:  Existing cycle network  

The Caversham Structure Plan aims to maximise pedestrian and cyclist 
connections to the local and regional pedestrian / cycle network. 
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The neighbourhood centre and primary school can be easily accessed on foot 
from most of the residential lots in cells 1, 4 and 5.  Pedestrian / cyclist 
movements between the cells within the structure plan area can be made along 
Patricia Street, Arthur Street and Waldeck Road. Local movements within the cell 
are readily facilitated by other local streets, which provide direct or indirect 
linkage to the three major streets namely Patricia Street, Arthur Street and 
Waldeck Road. 

It is proposed to accommodate on-street cycle lanes on Arthur Street as shown in 
Figure 6.2 to connect with the existing cycle lanes on Reid Highway and West 
Swan Road south of Arthur Street.  

Figure 6.2:  Future cycle network  

Patricia Street and Waldeck Road are will not face the higher traffic volumes that 
Arthur Street could potentially carry if the flyover is built and are more likely to 
cater for school students than commuter cyclists. Therefore on-street cycle lanes 
are not considered necessary on Patricia Street and Waldeck Road. 

Provision has been made within the cross sections of Arthur Street, Patricia Street 
and Waldeck Road for a 2.5m shared use path along one side of these 
neighbourhood connectors (and Arthur Street potential district distributor). A 
shared path is also proposed along three access streets that serve the 
neighbourhood centre, primary school and central public open space (POS). 
Another shared path is proposed along the linear POS between Patricia Street 
and Reid Highway to connect to the existing shared path north of Reid Highway 
as shown on Figure 6.2. The existing shared path on Reid Highway will be 
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extended to Lord Street and a shared path will be included on the eastern side of 
the Lord Street extension abutting the development. 

On local access roads it is envisaged that cyclists will share the roadway with 
motorists due to low traffic volumes and small speed differential (assisted by the 
introduction of the 50 kph speed limit in built up areas). 

Footpaths should be provided along at least one side of all streets within the 
development, except very minor local access streets. These footpaths have a 
minimum recommended width of 1.5m. 

The proposed pedestrian and cyclist network will provide efficient access to 
activity nodes such as the neighbourhood centre, as well as the primary school, 
public open space and public transport stops. 

7.0 Public Transport 

Bus route 337 services Lord Street to the west of the development and operates 
during the peak hours from Monday to Friday. Bus route 52 operates along 
Benara Road and route 63 has been extended to service the Bennett Brook 
Estate; however this is currently an infrequent service. Bus route 52 runs from 
Benara Road along West Swan Road (turning into Middle Swan Road), however 
this is also a very infrequent service. 

In discussion with the PTA it has been suggested that a future bus route may 
operate from Bennett Street (current route for bus 63) along the extension of 
Patricia Street towards West Swan Road. 

However, it is not envisaged that the bus route will continue into West Swan 
Road. PTA has advised that a turning loop at the eastern end of Patricia Street 
would likely be required as right turning movements into West Swan Road are 
not desirable and also the patronage in this area does not justify a bus route 
along West Swan Road. The road cross sections proposed under section 5.2 
provide for bus access along Patricia Street. Bus access could also be 
accommodated within the 20m road reserves proposed for Waldeck Road and 
Arthur Street.  

Bus routes will be re-assessed when more detailed timing is available for the 
staged construction of Lord Street and when structure planning has progressed 
further.  

Ultimately, if the Arthur Street flyover is constructed across Reid Highway and 
Patricia Street – Arthur Street becomes an Activity Corridor as proposed in the 
draft Sub Regional Structure Plan for the Swan Urban G owth Cor idor then it is 
anticipated that bus services will also run along this Activity Corridor. The Sub 
Regional Structure Plan indicates that services from Ellenbrook to Morley and 
Ellenbrook to Bassendean, which currently use Lord Street, would operate along 
the Activity Corridor in future.  

r r
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These future possible bus routes are shown in Figure 7.1.

Figure 7.1:  Future public transport  
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8.0 Summary 

The main findings of the traffic study for the Caversham Structure Plan are 
outlined below. 

Traffic volumes in the order of 25,000 vpd are forecast for the proposed 
Lord Street extension. 

Traffic volumes of up to 20,000 vpd are forecast for West Swan Road. 

Traffic volumes in the order of 5,000 vpd are forecast for Patricia Street to 
the west and in the order of 3,000 vpd to the east towards the 
intersection with West Swan Road. 

Traffic volumes of up to 3,500 vpd are forecast for the southern end of 
Waldeck Road. 

Traffic volumes ranging from 1,000 to 3,000 vpd are forecast for Arthur 
Street (without flyover).  

Traffic volumes ranging from 8,000 to 10,000 vpd are forecast for Arthur 
Street with connection through to the north following construction of the 
flyover.

The Arthur Street flyover is not considered critical to the Caversham 
development in terms of traffic flow or access, however it is considered 
desirable in terms of strategic planning for a future Activity Corridor and is 
reserved for construction under the MRS in the longer term. 

The detail with respect to timing, funding and construction for the Lord 
Street extension needs to be refined in an agreement between the 
developer and the City of Swan. At this stage it is expected that the 
extension will be, at least in part, developer funded and will likely be 
constructed in a three stage process. 

The classification of Lord Street will need to be finalised before the details 
of an intersection between Lord Street and Patricia Street can be decided, 
although a connection here is assumed in the draft Sub Regional Structu e 
Plan for the Swan U ban G owth Corridor.

r
r r

The pedestrian network is intended to provide direct and legible access 
within the development and to major land uses such as the 
neighbourhood centre and primary school. 

It is proposed that on-street cycle lanes be provided on Arthur Street to 
connect to the existing external cycle network.  

Shared paths are to be provided on one side of Arthur Street, Patricia 
Street and Waldeck Road and several other access streets serving the 
neighbourhood centre and primary school. A shared path will also be 
provided along linear open space between Patricia Street and Reid 
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Highway to connect to an existing shared path at Reid Highway. The 
existing shared path on Reid Highway will be extended to Lord Street and 
a shared path will be included on the eastern side of the Lord Street 
extension abutting the development.  

Current access to public transport in the Caversham development area is 
relatively low, with the general area serviced by three separate routes 
operating during peak hour only. The PTA have advised of the potential 
for a future bus route to operate along the extension of Patricia Street 
towards West Swan Road (not connecting into West Swan Road).  

Ultimately, if the Arthur Street flyover is constructed across Reid Highway 
and Patricia Street – Arthur Street becomes part of an Activity Corridor as 
proposed in the draft Sub Regional Structu e Plan for the Swan U ban 
G owth Corridor then it is anticipated that some Ellenbrook bus services 
will also operate along this Activity Corridor. 

r r
r
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Appendix A  

Land requirement of Reid Highway 
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Caversham Structure Plan Traffic Report 
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Appendix B

Land requirement of Lord Street extension 
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Caversham Structure Plan Traffic Report 
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Appendix C  

Land requirement of intersection of 

Reid Highway and Lord Street 
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Caversham Structure Plan Traffic Report 
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Appendix D  

Preliminary design of Lord Street/ Reid 

Highway grade separated intersection 
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Appendix E  

Indicative Cross Sections 
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A
Minor access road 
Standard single lots 
No cycle lane 
Informal parking (staggered) 
Low traffic volumes 

B
Minor access road 
Alternative cross-section to ‘A’ where 
more formal parking is desired. 

Cross sections are indicative only and 
will be subject to consultation with 
approval authorities at detailed design 
stage.



C
Minor access road abutting P.O.S. 
Parking one side 
No cycle lane 
Low traffic volumes 

D
Patricia Street 

Neighbourhood Connector 
Indented parking 
No cycle lanes 
Shared path on one side 
Median is drainage swale 
Lane width accommodates buses 

Cross sections are indicative only and 
will be subject to consultation with 
approval authorities at detailed design 
stage.



E
Arthur Street 

Future district distributor 
Indented parking 
Cycle lanes 
Shared path on one side 
Right turn pockets in median 
Lane width accommodates 
buses 

F
Patricia Street 

Neighbourhood Connector 
Indented parking 
No cycle lanes 
Shared path on one side 

Cross sections are indicative only 
and will be subject to consultation 
with approval authorities at detailed
design stage. 



Appendix C

Turning Movement Volumes 
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Existing Scenario - Turning Movements
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Stage 1 Scenario 1a - Development Turning Movements (with Patricia Street connection)
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Appendix C3 | Job Number: T08003

Stage 1 Scenario 1b - Development Turning Movements (without Patricia Street connection)
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Appendix C4| Job Number: T08003

Stage 2 Development Scenario - Turning Movements
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Appendix C5 | Job Number: T08003

Stage 1 Scenario 1a - West Swan Road Turning Movements (with Patricia Street connection)
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Appendix C6 | Job Number: T08003

Stage 1 Scenario 1b - West Swan Road Turning Movements (without Patricia Street connection)
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