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Table of Amendments to Structure Plan

Amendment Description of Amendment Date Endorsed  Date Endorsed
No. by Council by WAPC
1 Structure Plan amendments: 23/05/2016 27/06/2016

e Increase in public open space;

e Removal of ‘Grouped Housing’ notation for large lots
in NW & NE corner; and

» Modification to road layout.

2 Structure Plan amendment:

e Re-code portion of structure plan from R40 to R20. ALl
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Forward Note

The Lots 1& 2 Rowley Road Structure Plan was initially approved by the Western Australian Planning
Commission in June 2012. Amendment No. 1to the structure plan was endorsed by the Commission on 27
June 2016. Therefore, please note the structure of this document is as follows:

o Part one: Implementation including latest amendment to the structure plan.
e Part two: Explanatory Section from the approved structure plan.
e Addendum 1: Report for Amendment 2 to the structure plan.
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Executive Summary

This is an updated version of the Lots 1& 2 Rowley Road Structure Plan which was approved by Western
Australian Planning Commission (WAPC) on 16 June 2016, as a result of a structure plan amendment
(Amendment No.1). The structure plan provides guidance for the planning and use of the balance land within
the structure plan area.

The structure plan provides for a mix of low and medium density residential land use with public open
space. Amendment No. 2 to the approved structure plan will re-code a portion of the structure plan area

in the north-east from R40 to R20. This is primarily in consideration of market demand and planning the
residual land in the north-east portion of the structure plan. The R20 coding will provide for a handful of
larger residential lots of around 700m2 - 800m2. These lifestyle size lots will add to the diversity of housing
accommodation in the development and wider community.

The original structure plan area has been partially developed for urban residential use since its original
endorsement by WAPC in June 2012. Approximately 60% of the structure plan area has now been subdivided
for mostly single dwelling (low-medium density) lots, with the balance area the subject of subdivision
conditional approvals.

The following table is an updated summary of the structure plan which now accounts for Amendment No. 2.

Section number referenced
within the Structure Plan Report

Item Data

Gross Structure Plan Area

114474 hectares

1.2

Area of each land use proposed 12
Zones - Residential 825 hectares
Public Open Space 1.363 hectares (12.5%) 13
Estimated Lot Yield 170 lots 12
Estimated Number of Dwellings 170 dwellings 12
Estimated Residential Density 1.2
* dwellings per gross hectare as 15 dwellings per gross hectare

per Directions 2031
° (szgiglisl\?;;;ggaicots;i aSPer 20 dwellings per site hectare
Estimated Population 501 people @ 2.8 people/ 12

household
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Part One - Implementation

Structure Plan Area

This Structure Plan shall apply to the land contained within the inner edge of the line denoting the Structure
Plan boundary on the Structure Plan Map.

Operation

The date the Structure Plan comes into effect is the date the Structure Plan is approved by the Western
Australian Planning Commission as set out in the Structure Plan - Certification Page.

Staging

Approximately 60% of the structure plan area has now been developed. Future staging will be from east
to west as an extension of current services within the development. The residual area in the north-east
will likely form part of the initial stages of development. The larger area of public open space in the south
western area of the Structure Plan is proposed to be created as part of subdivision of lots in the western
portion. The proposed road widening has already been provided as part of the already developed 60%
portion of the structure plan area.

Subdivision and Development Requirements

41 | Land Use & The Structure Plan Map outlines the Zones and Reserves applicable within the Structure Plan
Permissibility | Area and these will guide future subdivision and development of the land.

Land use permissibility within the Structure Plan Area shall generally be in accordance with
the corresponding Zone under the Shire of Serpentine Jarrahdale Town Planning Scheme No.

2 (TPS 2).
4.2 | Residential 1. Residential densities applicable to the Structure Plan Area shall be those residential
Density densities shown on the Structure Plan Map.

2. The Structure Plan shall provide for a minimum 15 dwellings per site hectare at the
subdivision approval stage.

43 | Local 1. Local Development Plans (LDP’s) are required to be prepared and implemented pursuant
Development to the provisions of TPS 2 and the Planning & Development (Local Planning Schemes)
Plans Regulations 2015, for lots with the following site attributes, but not limited to:

i. Lots with direct boundary frontage to an area of Public Open Space;
ii. Lots subject to Noise Attenuation provisions; and

iii. Lots serviced by a rear laneway (rear-loaded lots).

Additional Requirements

The following investigations and management plans may be required at the subdivision stage, where
appropriate:

e Urban Water Management Plan (aligning with the Local Water Management Strategy);

e Public Open Space Management Plan/s;

e Acoustic Report (addressing noise impacts from Rowley Road - north).; and

e Bushfire Management Plan.
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element.

Part Two - Explanatory Section Notes

An amendment (Amendment No. 1) to the Lots 1 & 2 Rowley Road Structure Plan was approved by the
Western Australian Planning Commission on 27 June 2016.

Amendment No. 2

Amendment No. 2 re-codes a 4,454m2 portion of the structure plan area in the north-east from R40 to R20.
This land is residual and was formerly proposed as a medium density grouped housing site. However given
the impacts of transport noise and its location, a reconsideration of the density coding for this area leads to a
more effective R20 density being a better planning outcome.

Early pre-lodgement consultations were undertaken and these are summarised in Table 1in Addendum No. 1
to this structure plan. The Addendum No. 1 report provides the rationale and planning framework to support
the structure plan amendment.

As part of the approved structure plan, technical reports and planning rationale were provided with
the approved structure plan documentation. Rather than duplicate this information, which remains
relevant (notwithstanding the modifications and updates in this structure plan document), the
Commission approved Lots 1 & 2 Rowley Road Structure Plan (2016) should be read in conjunction
with this structure plan report.

The approved structure plan Part 2 is retained in this Part 2 - Explanatory Section.

Addendum No. 1 to this structure plan provides supplementary updates, details and planning
justification for Amendment No. 2 to the approved structure plan.
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PART TWO (EXPLANATORY SECTION)

1.0 INTRODUCTION

1.1 Lots 1 & 2 Rowley Road Local Structure Plan 2012

As part of the WAPC endorsed Lots 1& 2 Rowley Road Local Structure Plan 2012,
technical reports and planning rationale was provided within the structure plan
documentation. Rather than duplicate this information, which remains relevant (other
than the updates in this SP report), the Lots 1& 2 Rowley Road Local Structure Plan 2012
report (Appendix 1) should be read in conjunction with this Part Two (Explanatory
Section).

The following sections provide supplementary updates, details and justification for the
proposed modifications to the Lots 1& 2 Rowley Road Local Structure Plan 2012 (herein
referred to as the “approved SP 2012").

Where there is any inconsistency between the 2012 Structure Plan and this document,
this document prevails.

August 2015 Rev 2.0 9
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2.0 LOCAL STRUCTURE PLAN UPDATES

2.1

Summary of modifications to approved SP 2012

Table 1 outlines the proposed variations to the WAPC endorsed Lots 1& 2 Rowley Road
Local Structure Plan 2012.

Table 1. Proposed modifications to approved SP 2012

Proposed SP

Justification/Rationale

notation for
large lots in NW
& NE corner

amendments

Increase in The public open space (POS) in the south-west portion of the SP

public open provides a local and district drainage function. In order to

space provide for adequate water sensitive urban stormwater
management, an increase in the size of the POS is required. The
increase in area of POS is shown on the SP map.
An updated POS schedule is provided which demonstrates that
the proposed SP meets the minimum 10% POS provision. The
proposed Amended SP now provides for 12.5% POS, as shown in
section 2.3 of this report, which is above the 10% provision
provided for in the original SP 2012.

Removal of The Proponent proposes to subdivide these large sites as green

‘Grouped title ‘Single Dwelling’ (rear loaded) laneway lots, which will

Housing’ provide a lot yield equivalent to ‘Grouped Housing’. The

equivalent lot yield will be achieved through narrow lot product
(i.e. typically 7.5m frontage). Plan 3 demonstrates how these
sites can be developed and serviced as single dwelling lots.
Table 2 in this report demonstrates the change in housing
product type will not impact on ability to achieve target density
under Directions 2031.

Modification to
road layout

As a result of the increase in size to the POS area, the original
road layout in the approved SP 2012 requires modification.
Under the proposed modifications to the SP, a road interface is
proposed between new R40 areas and the POS area.

August 2015 Rev 2.0

10
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2.2 Residential Densities and Yield

As a result of the above proposed variations to the approved SP 2012, the proposed SP
ultimately provides for approximately 179 dwellings with a density coding ranging from
R20, R30 & R40. The revised dwelling estimate is provided as follows:

Original Estimated Dwelling Yield (approved SP 2012)

WAPC 145280 185 dwellings
subdivision application | (includes estimated dwelling yield from grouped housing sites)

Proposed Estimated Dwelling Yield of modified SP

WAPC 145280, 179 dwellings
151809 & 462-15
subdivision & survey
strata applications

Table 2 provides development statistics which can be used to measure the performance
of the SP (and above subdivision applications) against the key target outcomes of
Directions 2031 and Liveable Neighbourhoods.

August 2015 Rev 2.0 11
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Table 2 Estimated Development Qutcomes for SP

Site Outcomes Target Density

Total SP Landholdings Area | 11.4474 hectares -

Area set aside for roads, 3.23 hectares -
drainage & POS

Balance area for residential | 8.21 hectares -
development

Estimate ultimate number of | 179 dwellings -

dwellings
Estimated number dwellings | 22 dwellings/ha Liveable Neighbourhoods
per site hectare' 12 — 20 dwellings per site hectare for

standard lot layouts

20 — 30 dwellings per site hectare for lots
within proximity to activity centres

SP target density per gross 16 dwellings/site ha Directions 2031
urban hectare? 15 dwellings per gross urban hectare

Notes for Table 2

! Liveable Neighbourhoods definition of site hectare is the area available for residential development
excluding roads, non-residential uses, public open space and drainage areas.
Directions 2031 definition of gross urban hectare is the gross area available for urban development

The SP delivers approximately 18 dwellings per site hectare, which exceeds the Liveable
Neighbourhoods density expectations for the site’s locational context.  Similarly, the SP delivers
approximately 16 dwellings per gross urban hectare, which exceeds the target density of 15
dwellings per gross urban hectare under Directions 2031. Approximately 501 persons (based on
average 2.8 persons per dwelling) are expected to live within the SP area.

August 2015 Rev 2.0 12
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2.3  Public Open Space Schedule

Table 3 provides an updated POS schedule based on the WAPC approved SP 2012
POS calculations and updated LWMS (see Hyd2o LWMS Addendum dated 15 October
2015 Appendix 2), including increase to POS area as provided for in this proposed SP.
The increased area in POS will primarily be used for 1:100yr stormwater drainage
storage infrastructure and therefore the added POS area to the SP provides more
useable POS for active and passive recreation as shown in Plan 2.

2.4 SPP 3.7 ‘Planning in Bushfire Prone Areas’

The subject site is affected by Department of Fire and Emergency Services Bushfire
Prone Mapping as per below extract from DFES database. Notwithstanding the DFES
mapping, neighbouring areas to the west and north have been cleared as part of
urban subdivision and the threat of bushfire from vegetation in these areas has been
removed.

The DFES mapping has since not been updated to reflect vegetation clearing. The
surrounding semi-rural land uses to the south and west have generally been parkland
cleared for rural pursuit but still pose some degree of bushfire risk.

Accordingly Bushfire Attack Level (BAL) Contour Plan Report has been prepared
demonstrating that the proposed lots in the Structure Plan can be adequately protected
and developed in accordance with SPP 3.7. The BAL Assessment is contained in
Appendix 4.

August 2015 Rev 2.0 13
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Table 3. Updated POS Schedule for Lots 1 & 2 Rowley Road Structure Plan

Calculation of Required POS Provision

Original Lots 1 & 2 (now subdivided) Total Site Area | 11.447 | 11.447
(ha)
Deductions
Rowley Road (requirements for regional road widening) 0.371
Dedicated Drainage
Birrega Living Stream (district main drain) 0.072
DD1 detention basin (1:1yr) 0.069
DD2 detention basin (1:1yr) 0.051
Total Deductions 0.563
Gross Subdivisible area (total area minus deductions) 10.884
Required POS (10%) 1.088

Breakdown of POS Provided
May comprise:
- minimum 80 per cent unrestricted POS 0.870
- Maximum 20 per cent restricted use POS 0.237 1.107

Public Open Space Contribution
Unrestricted POS (Non-Drainage Areas > 5yr ARI)

Local Parks
Local Park (LP1) central 0.176
Local Park (LP2) south west 1.170

Total Unrestricted POS 1.346
Restricted POS
1:5yr ARl drainage
DS1 central 0.01
DS2 south west 0.007

Total Restricted POS 0.017

Total Public Open Space provision provided 1.363!
POS Provision as Percentage of Gross Subdivisible Area (refer to Note 3) (12.5%)

Table Notes:

1. Final POS calculations will be subject to detailed survey and approved Urban Water Management Plan.
A minimum of 10% POS land contribution to be provided at Survey Deposited Plan final approval stage.

August 2015 Rev 2.0 14
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APPENDIX 1

LOTS 1 & 2 ROWLEY ROAD
LOCAL STRUCTURE PLAN 2012
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1.0 Operation of Local Structure Plan

This Structure Plan shall apply to Lots | and 2 Rowley Road, Darling Dawns, deplicted within the subject site
boundaries under Figure |.

This Structure Plan begins operation on the date it 1s adopted by the local government pursuant to Clause 5.183.5 of
ihe Scheme.

Refer to Figure | — Local Structure Plan.

|.I  Interpretation

The wards and expressicns used In this Structure Plan shall have the same respective meanings given to them in the
Shire of Serpentine |arrahdzle Town Planning Scheme Ne.2:

|.2  Relationship with the Scheme

This Structure Plan is to operate in accordance with the pravisions of Clause 5.18.6 of the Scheme.

The Structure Plan identifies reserves and zones, including residential densities. Use and development within the
Structure Plan area s to be in accordance with the provisions of the Scheme as if the reserves and zones as depicted
in the Local Structure Plan Map (Figure |) were actual reserves and zones. The Structure Flan is binding and
enforceable in the same way as comresponding provisions incorporated in the Scheme.

If a provision of the Structure Plan imposes a ctlassification on the land included in it is inconsistent with a pravisian of
the Scheme, then the provision of the Scheme prevails to the exient of any inconsistency.

Upon completion of development within the Local Structure Plan area, the Shire of Serpentine- Jarrahdale will initiate
an amendment to the Scheme to reflect the final zonings,

.3 Operation Date

In accardance with sub-clause 5.18.6 of the Scheme, this Structure Plan shall come into operation when it is adopted
by the Counail pursuant to sub-clause 5.18.3.15 of the Scheme.

|4 Local Authority Scheme Reserves

The provisions for these reserves shall be in accordance with those contained in the Scheme for ‘Lacal Autharrty
Reserves’

|.5  Residential Zone

The purpose and intent of the Residential Zonie (s to maximise the use of land within immediate proximity 1o urban
development and infrastructure as planined within the Wungong Urban Water Master Pian. Residential Development
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= to be integrated with the surrounding urban development planned to the north, east and west whilst providing a
soft landscaped Interface with rural development ta the south,

.6 Land Use Permissibility

Land use permissibility within the Residential Zone shall be in accordance with the corresponding zone under the
Scheme.

|.7  Development Requirements

The standards and development requirements applicable to the zones and R-Codings under the Scheme apply 10 the
areas having corresponding designations under the Structure Plan Map,

The planning approval procedures Including the procedures for the approval of uses.and developments under 1he
Scheme are to apply as If the land were correspandingly zoned or reserved under the Scheme.

1.8 Structure Plan Map

The Structure Plan Map outlines the planned pattem of develapment for the Structure Plan area. All development
should be camied out in accordance with the principles outlined on the Structure Plan Map.

The road layout depicted on the Structure Plan Map s indicative only and 1s subject to detaled planning at the time af
subdivision @r development.

The Structure Plan s depicted n Figure |

.9  Detailed Area Plans

In accordance with Clause 5185, Detalled Area Plans (DAPs) will be required to be prepared, prior to the clearance
of subdivision, for laneway lots, lots with an area of less than 350m, lots in the immediate vicinity of Hopkinson and
Rowley Roads, grauped dwelling lots and other lots with special circumstanges. Lots identified as having a potential
noise impact from traffic will also require DAPs.

The DAPs may include the following details:

»  Building envelopes;

»  Private open space;

»  Services;

»  Vehicular access, parking, loading and unloading areas, storage yards, and rubbish collection closures;
»  The location orientation and design of bulldings and the space between buildings,

»  Lighting and fencing;
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»  Forlots in the immediate vicinity of Hopkinson and Rowley Roads, development will be determined by
the noise assessment to be undertaken or by the achievement of compliance with the Environmernital
Protection (Noise) Regulations 1997,

»  Landscaping finshed levels and drainage; and
»  Specidl development controls and guidelines.

The DAP shall become operative an the day that it is endorsed by an authonsed officer of the Shire.

Once approved, residential development is.to be in accordance with the approved Detailed Area Plans (if applicable),
the Residential Design Codes, the Scheme and any relevant Planning Palicy.

|.10  Implementation Requirements

The following additional documentation will be provided to support subdivision at a later stage:
»  Moise Impact Assessment:
»  Traffic Impact Staternerit;
»  Fire Management Plary;

»  Landscape Master Plan
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2.0 Introduction

Greg Rowe and Associates acts on behalf of Deneva Pty Ltd, the landowner of Lots | and 2 Rowley Road, Darling
Downs (“'subject site™),

The purpose of the: Local Structure Plan ("LSP") is 1o refine the provisions under the district framework and ensure a
comprehensive approach to planning and development is undertaken with input from the lacal community,
landowners, government agencies and other key stakeholders.

The LSP ie a statutory planning document that will guide future land use and development within this ste and provide
a framework for more detailed planning at subdivision,

Under the provisions of the Shire of Serpentine-|arrahdale Town Planning Scheme No, 2 ("TPS 2"), it 1s understood a
LSP s required for land zoned "Urban Development' which acts as a precursor to the subdivision and future
development of land under this zone.

This report includes & description of the following matters:

»  Locauon of the subject site;

»  Description of the existing and surrounding land uses, physical features and existing infrastructure of
the subject site;

»  Oppartumities and constrants of the site; and

»  Discussion of the design philosophy supporting the LSP.
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3.0 Description of Site

3. Location and Cadastral Information

The subject site s located in the municipality of the Shire of Serpentine- Jarrahdale, approximately 27 kilometres
south east of the Perth Central Area.

Refer Figure 2 —Regional Location,

The subject site is situated in the locality of Darling Downs and is bound by Rowley Road to the Seuth, Hoplkinson
Road to the west and Hilbert Road to east. The subject site adjoins the boundary of the City of Armadale and abuts
the boundary of the Wungong Urban Water ("WUW'") Master Plan Area, under the jurisdiction of the Armadale
Redevelopment Authority.

The subject site is positioned approximately |km east of Tenkin Highway's intersection with Rowley Roadl,
Refer Figure 3 - Local Location,
The subject ste comprises two separate land parcels, being!

» Lot | on Cenificate of Title Volume | 449 Folio 53 |} and
» Lot 2 on Certificate of Title Volume [449 Folio 532.

Thesubject site has a total land area of | | 4474 hectares, with frontagesof 5,120 metres 1o Rowley Road (south) and
| 260 metres to both Hopkinson Read in the west and Hilbert Road 16 the east,

Refer Figure 4 — Site Plan / Aeral View and Appendix | — Certificates of Title:
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3.2 Existing and Surrounding Land Uses

The subject site 15 currently utilised for rural purposes. Lot | has various improvements Including a single residential
dwelling and several patio structures, whilst Lot 2 is vacant,

A regional drain (Birrega Main Drain) traverses the south-west corner of the subject site: This drain connects with the
adjoining lots both to the south and 16 the west,

The subject site is surraunded by "Urban" zoned land to the narth, east and west, hawever, much of this. land has not
been developed at this stage. The land to the south of the subject site comprises "Rural” zoned land, and s occupied
by aged persons housing and rural lifestyle lots,

The WUW Master Plan proposes a ''Neighbourhood Centre'" be located at the intersection of Rowley Road and
Hopkinson Street, directly abutting the subject site's north-west extremities:

Refer Appendix 2 — Wungong Urban Water Master Plan,

3.2.  Regional and Neighbourhood Structure

The current neighbourhood structure of the lacality has been based predominantly on rural-residential principles with
an established Rural-Residential estate being located directly to the south of the subject siie. A number of "Special
Rural'" zones also exist within that estate under the provisions of TPS 2.

The proposed Village Centre' adjacent to the narth-west boundary of the subject site will ultimately form an integral
part of the proposed community with respect to the provision of services and community facilities, variety of lang
uses and population density, This LSP proposes to locate compatible and complimentary residential land uses in close
proximity to the proposed Village Centre’,

This LSP is therefore proposed to fully integrate with the surraunding neighbourhacd, taking advantage of the
proposed structure of the future community under the WUW Master Plan,

322  Activity Centres
The subject site is currently serviced by the commercial centres within the Armadale and Byford localities. There are
ho existing commercial centres withir the locality of Datling Downs,

The area north west of the subject site is earmarked for the location of a Neighbourhood Activity Cernitre with Lhe
potential to accommodate up ta 4,500m? retail floorspace. The proximity 1@ this centre pravides the oppertunity to
maximise development within a walkable catchment to this centre through a more intehsive form of residential
development,

Any future development within the immediate vicinity of the Neighbourhood Centre will be required to comiply with
the Noise Regulations. Lots in the vicinity of the Neighbourhood Centre will also be subject to detailed area plans to
ensure unifarmity with surrounding development,
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323  School Sites
There are currently no school sites within the Darling Downs locality, with the closest sites located 1o the north east
i Armadale.

Armadale High Schaol is located approximately 3.7km to the north east of the subject site. There are also severl
Primary Schaols within the Armadale locality with the nearest schools being Armadale Adventist Primary School and
Dale Christiary Prirmary School located approximately 2.5km porth east af the subject site,

The area immediately north of the site js subject to the Wungong Urban Water Master Plan - Precinct K Local
Structure Plan, which includes a planned High School site to the north west of the Local Centre as well as a Primary
School site to the north of the subject site along Hilbert Road, There are no proposed dates for the opening of these
latter two Primary Schools at this stage.

3.3  Environmental Opportunities and Constraints

The WUW Master Plan contains a comprehensive summary of the relevant environmental issues applicable to the
subject site, The following is a summary af the envirenmental issues relevant to the subject site, as outlined within the
WUW Master Plan,

3.3.1  Landform / Topography

The landform within the locality is predominantly low lying, with little te no varations i the topography, The subject
site 15 located on the eastern portion of the Swan Coastal Plain, typically undulating with higher elevations being
associated with [he Bassendean and Guildford sands.

The WUW Master Plan identifies the |ncality as being charactensed by a number of low-lying swamp/lake features
that provide visual relief to the predominantly flat character; ft further identifies there are limited natural features that
could be utilised to jmprove the future residential amenity.

Consistent with the above, the subject site 1s predominantly fiat with a shght upward vanation in the topagraphy
adjacent to the central eastern boundary. Topographic contours for the subject site indicate that the majornity of land
ranges from approximately 26m AHD along the westem boundary to 27m AHD.

332 Hydrology

The subject site is affected by the Birrega Main Drain ‘which joins the Serpentine River and ultimately discharge to the
Peel Harvey Estuary. The Birrega Main Drain {5 Jocated within the Mundijong Rural Drainage District and is a rural
drain under the management of the Water Carporation.

The Birrega Main Drain flows beneath Rowley Road in a nertherly direction and chaniges course midway though the
study area, flowing west under Hopkinson Road and continuing west to Tonkin Highway, The WUW Master Plan
proposes the realignment of the Birrega Main Drain to the west of the site, The realignment to the west of the site is
designed to assist in achieving the planning outcomes and in particular environmental objectives through linking the
drdin to areas of significant vegetation protection, while alsa iImproving the hydraulic performarnice of the Drain,

SJS TRIM - IN12/8716




GREG ROWE | & z:sccistes

FTOCUIED DN ACHIENEMENT

333 Vegetation
A Flora and Vegetation Survey of 1he subject sile was prepared by ENV Australia (refer to Appendix 4), The findings
of the survey are summansed as follows!

»  The condtion of vegetation across the site is 'Totally Degraded' with [ittle native vegetation remaining,
and the presence of weedy pasture speaces;

»  Thesubject site contains 34 flora taxa, ot which 5 are native;
»  No Declared Rare Flora or Priority Flora taxa appear te occur on site: and

»  Na Threatened Ecological Communifies occur at the site, which has been totally cleared,

334  Soils

The WUW Master Plan Environmental Assessment identifies the subject site as being located within the Beermullzh
soll system, characterised by the Waters and Rivers Commission as being a poorly drained plain of sand and loam
over clay, in & flat plain, waterlogged in winter, often szline. The subject site is characterised by sandy clay/clayey sand
solls as identified underthe Geological Survey of WA (1986).

A geotechnical investigation of the subject site was undertaken in 2008 to assess the sub-surface condtions and
determine the suitability of the land to support urban development. A copy of the gectechnical investigation repart is
avallable upon request.

335  Acid Sulfate Soils

The subject site is located in an area identified under the Department of Environment and Conservation ("DEC)
mapping as ‘moderate to low risk of Aoid Sulphate Soils occurring within 3m of natural sell surface’, The proposal will
have limited potential for disturbance of acid sulphate soils as excavation will be limited to the realignment of the
Birrega Main Drain and clean fill will be used where required.

3.3.6  Conservation and Heritage
A search of the Department of Indigenous Affairs Database indicates that the site does not contain a listed
"Aboriginal Heritage Site"

34  Accessibility Assessment

The site is cunrently well serviced by the local road network being Rowley Road (north and south), Hopkinson Road
and Hilbert Road.

34.  Rowley Road

Rowley Road north is currently unconstructed and Rowley Road scuth is currertly occupied as the direct east-west
link for major traffic. Rowley Road is cortralled by Main Roads and comprises a 20m road reserve, Main Roads have
advised that the Rowley Road north read reserve Is to be Increased to 2 30m width to facilitate upgrades, as such the
subject site will allow for 5m road widening along the northerm boundary.
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342  Public Transport

The subject site is currently in the vicinity of two Transperth bus routes, The nearest bus stops is located
approximately 370m to the east near the intersection of Masters Road and Rowley Road and a second bus stop s
located appraximately 580m to the south near the intersection of Hopkinsan Road and Tiara Court. The service
currently provided to these stops is very limited with only two bus services per day. The subject site's location
adjacent 10 future urban land to the north, east and west will support upgrades to the public transport netwark

3.5  Opportunities and Constraints

From the above assessment of the site a number of site constraints and opportunities were identified in the design
pracess, these include:

Constraints

»  The treatment of the Birrega Main Drain;

»  The adjacent rural residential community and any percewved impact which residential developmernt may
have upon the existing lifestyle and amenity of the locality;

»  The configuration of the LSP area being a small urban cell separated by the location of four major
roads; and

»  The proposed treatments to Rowley Road,

Cpportuntties

»  Improved management and performance of Birrega Main Draim;

»  Proximity ta planned urban development to the north east and west including a planned
Neighbourhood Activity Centre, High School site and Primary School site;

» Provide a more intensive and efficient use of urban land;

»  Improvements to existing road netwaork ncluding upgrades ta Rowley Road north shifting majar trafiic
movements away from the rural residential land to the south of the site; and

»  Enhanced vegetation throughout the site within road reserves and POS,
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40 Town Planning Framework

4.1 Regional Planning

4.1.]  Metropolitan Region Scheme zoning
The subject site 15 currently zoned "Urban™ under the provisions of the Metropolitan Region Scheme ("MRS™).

Refer to Figure 5 — MRS Zoning

4.1.2  Wungong Urban Water Master Plan

The subject ste is immediately adjoining the Wungong Urban Water ("WUW") Master Plan Area to the north and
west, This is an area of land of approximately 1,500 ha, which (s part of the Armadale Redevelopment Authority's
("ARA") "Redevelopment Area" as defined under the Aimadule Redevelopment Act 2001,

The ARA is responsible for the preparation and implementation of a Master Plan that provides a planning framework
for the redevelopment of the project area comprising predominartly of an urban form, and also includes an
environmental and hydrological context,

The WUW Master Plan provides a guide to the futuie development of the study area and management of key
environmental issues, It has identified many of the study area's opportunities and constraints such as the high water
iable, nutrent, drainage and water resource management, conservation areas, multiple ownership and community
expectation,

The WUW Master Plan forms a critical component of the rationale and design philosophy which has informed the
proposed LSP for the subject site. The Wungong Urban Water area is also subject to a number of Policies and Place
Codes implemented by the ARA that are used to guide the development of structure plans within the project area.

The WUW Master Plan has been split inta a number of Cells, mmediately surrounding the subject site to the north
and west s the Cell K Local Structure Plan, and the Cell |B Local Structure Plan is located to the east (refer to
Appendix 3), The Cell IB Local Structure Plan has been adopted by the ARA, These Lacal Structure Plans are
generally consistent with the land use designation under the WUW Master Plan.

The subject site is immediately adjoining an area that has been identified as a future “Nelghbourhaad Activity Centre'”
north west of the site, a future “'Living Stream" to the west and "Urban” and "Suburban” land to the north, east and
west

The WUW Master Plan recorfigures several Water Corporation Drains inta "Lving Streams”, The Birrega Main Drain
1raverses the subject site. In accordance with the WUW Master Plan the Birrega Main Drain will be realigned ta the
west of the site and will be developed as a “Livirg Stream”™.

The proposed realignment of the Birrega Main Drain to the west of the site will result in the pottion of the drain
currently: located within the subject site being relocated along Rowley Road (south) and linking into the designated
realigned drain to the west. A Local Water Management Strategy ("I.WMS™) has been prepared for the subject site
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by |DA Consulting Hydrologists: This LWMS (a copy of which s provided in Appendix 5) details investigations of the
hydraulic implications of staged construction of the realignment of the Birrega Main Drain and found both filling of the
subject site for development and a staged realignment of the drain could accur without adversely affecting fload levels
either upstream or downstream. The investigations found future realignment of the Birrega Main Drain downstream
of the subject ste would provide oppertunities for an overall improved hydraulic performance cf the Birrega Main
Drain system.

ARA Policy states that Neighbourhood and Local Centres are intended to provide for convenierice retalling, local
offices, a public transport stop and a post box and civic/community seryices and facilities in a main streets style centre
and provide a focal point for the local community, Neighbourbiood Activity Centres have been distributed throughout
the WUW area to provide a 400-500m walkable distance for most residents. Areas immediately adjoining
Neghbourhaod Centres generally within a 400-500m catchment have been designated as "Urban" areas comprising
residential lots ranging between | 60m*to 350m? in size. "Suburban” development zones have been provided with ot
sizes ranging between 200m* ta 575m?*

42  Local Planning

4.2.1  Shire of Serpentine-jarrahdale Town Planning Scheme No. 2
The subject ste has recently been rezaned "Urban Development” under the prowisions of the Shire of Sarpentine
larrahdale Town Planining Scheme No.2 (“TPS 2"). TPS 2 states the following:

“The purpose of the Urban Development Zone is to provide for the orderly planning of large areas of
land in @ locally integrated monner within o regional cantext, whilst retaining flexibility to review
planning with changing circumstances.”

The subject site s located within Development Area No.4 af TPS 2 and as such 1s subject to the requirements listed
under Appendix |5 of TPS 2. TPS 2 requires the preparation of a LSP within a Development Area prior to
subdivision. This recart has been prepared in accordance with these requirements.

Refer to Figure 7 —TPS 2 Zoning
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5.0 Local Structure Plan

This LSP represents a logical extension of urban development to the WUW Master Plan, located immediately to the
north, east and west of the subject site.

The following section has been prepared in support of the LSP and addresses the relevant elements of Liveable
MNeighbourhoods,

The LSP s depicted in Appendix 6.

5.1  Design Objectives

Given the natural and man-made site characterisiics the following objectives were identified through the design
process:

» To provide a vanety of lot sizes that can accommodate & varety of housing product;
»  To provide a high quality walkable urban enviranment:
» Ta provide a water sensitive design that 1s responsive to the existing site conditions:

» o provide high quality POS for both passive and active recreation purposes: and

»  Toimprove the amenity of the existing community,

52  Design Response to Site and Context Analysis

Given the proximity to future urban develapment planned under the WUW Master Plan, it s considered appropriate
1o integrate the proposed development inte the surrounding environment. As such, the proposed LSP includes a
transition of residential development including higher densities within close proximdy to the planned Activity Centre
1o the north west of the subject site.

The subject site is reasonably unconstrained in terms of existing vegetation and building structures. Subdivision of the
subject site will result with the enhancement of vegetation with approximately | |,000m?* of POS and landscaping
throughout road reserves,

The LSP also includes the realignment of the Bifrega Main Drain to connect with the "Living Stream" planned to the
west of Rowley Road south and improve the maintenance and performance of the Drain, A 30m linear POS reserve
= also proposed to the south west of the site to provide the opportunity for better water management, The LWMS
prepared by |DA Consulting Hydrologists (refer Appendix 5) investigates the realignment of the Birrega Main Drain
that is required 1o accommodate the future downstream realignment of the Birrega Main Drain detailed in the
approved WUW Master Plan, [t 1s understood that the realignment of the Birrega Main Drain was propased in the
WUW Master Plan Area to assist in achieving planning outcomes and in particular environmental objectives thiough
linking the Birrega Main Drain to areas of significant vegetation protection, while also improving the existing hydraulic
performance of the drain.
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The potential impact on adjoining rural resideritial development 1o the south is cansidered an important aspect to
informing the LSP design. It 1s important to provide a sustainable urban form that will make the most efficient use of
the site in accordance with the intended purpose of the "Urban Development” zone whilst providing a suttable
interface with development to the south. Medium densities have been provided In order to take advantage of the
proximity to urban infrastructure that will be provided immediately adjoining the site, As such, the LSP has proyided
wider urban lots facing the south and fronting onto a landscaped swale,

The development of the subjeci site will also facllitate the construction of Rowley Road north shifting major traffic
movements away from the rural residential development to the south,

52,1  Land Use Description
The LSP area predominantly consists of residential development, providing a variety of low and medium density
housing opportunities. The LSP aiso includes a land area contribution of | 0% towards POS,

Residential activity within the subject site comprises predominately medium density single residential lots, however
provision has been made for a number of larger grouped housing sites which may be developed for higher density
developmernt,

The Birrega Main Drain is proposed ta be landscaped and provide a pedestrian connection to the "Living Stream'' to
the west of Rowley Raad sauth, This will be facilitated by a proposed realignment to the Birega Main Drain (subject
to Water Corparation negotiations and approval), The new alignment of this drain will alsa contribute to providing an
interface to the rural development to the south through the provision of a lingar POS reserve.

522  Existing Vegetation

A Flora and Vegetation Survey of the subject site was prepared by ENV Australia (refer to Appendix 4), The subject
site is currently “Totally Degraded" of vegetation with small pockets of trees remaining to the east. The potential to
maintain these trees will be affected by the earthworks implications. However, new trees throughout the
development will be included as part of a Landscape Master Plan to be prepared during the subdivision stage

523 Minimise Effects on Local and Nearby Amenity
Several ssues were raised during the advertising process of the Scheme Amendment i relation to the interface
treatments, densities and traffic,

The development allows for planned upgrades ta Rowley Road and will ultimately result with a shift in the majority of
raffic movements being experenced within the northem alignment of Rowley Road, away from the nural residential
development to the south

The impact of urban development will be softened by the provision of a landscaped swale running through the
southwest boundary of the subject site,

Further east from the drainage swale low density (R20) lots are proposed. Given the ARA do not support estate
walls and fencing, it is expected these residential lots will be fronting the rural lots rather than back an ta them, This
approach is consistent with urban development imtended ta the south west of the site. Residential lots will be
integrated through suitable landscaping,
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53 Movement Network

53.1  Description of Road Network

The subject site is primarily serviced by Rowley Road south, Hopkinson Road to the west, Hilbert Road ta the east
and Rowley Road north. It should be noted that Rowley Road north, although a gazetted road, has not yet been
constructed, The proposed |.SP allows for road widening to accommaodate this road.

The internal road network will comprise of predominantly Access Streets comprising road reserve widths of 13.2 m
and |5.4m which allows suitable space for a network of dual use paths.

Road widening and truncatiens have been appled to Rowley Road north and the intersections alang Hilbert Road in
consultation with Main Roads WA It s our understanding that Main Roads will require the widening of the Rowley
and Hilbert Roads reserves to a total of 30m, with 5m extra on each side. A roundabout s planned towards the
south east corner of the subject site and an increased! truncabon has been applied to the north east of the subject site
in accordance with Main Roads' requirements.

In addition, 2 6m larieway has been provided for the R30 lots fronting the POS, to allow for direct frontage o the
POS,

The realignment of the Birrega Main Drain will result with the provision of a drainage swale along the southwest of
the subject site. The use of faneways will avoid the interruption of these swales.

Appropriate road reserve widths within the LSP area have been provided which will allow for approprate facilities to
be included at detalled road design stage.

532  Connectivity

The local road network has been designed with a high level of connectivity to facilitate walking and cycling and enable
relatively direct local vehicle trips in between neighbourhoods and 1o the Nejghbourhood Activity Centre, The
connectivity of the road network as well as the linkages provided through POS will contribute to the high level of
accessibility for pedestrians in the cell.

The road network has been designed to provide a strong conrection to the Neighbourhood Centre. Pedestnan links
to the Centre will be provided through a network of dual use paths.
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54 Lot Layout

54.1  Density Targets

The LSP includes a strong focus toward the Neighbourhood Centre to the north west of the subject site. The
allocated denstties provide a variety of lot sizes including a mixture of R20, R30, and R40 increasing towards the
MNeghbourhood Centre. These densities are similar to those identified under the WLIW Place Codes for the area to
the north,

The LSP comprises the following potential lot and dwelling yields:

Liveable Neighbourhoods provides the following density targets:

» |21to 20 dwellings per site hectare 1s required for standard lot layouts, distributed to achieve any
required urban density of dwelling yield;

» 20 1o 30 dwellings per site hectare in 400m of Neighbourhood Centres; and
» 30 to 40 dwellings per site hectare for areas in 400m of Town Centres.

Across the LSP area an average residential density of 26 dwellings per site hectare is achieved in accordance with the
above requirement,

542 Lot Size and Variety

To ensure the efficient use of urban land, specifically in proximity 1o the proposed activity centre to the naith west of
the subject site, bath higher densities and a range of |ot sizes are proposed for the area to facilitate a vanety in
howsing product:

As previously discussed, the mixture of densities will include a gradual increase toward the propesed Neighbourhood
Centre to the north east, The LSP includes a mixture of grouped dwelling 2nd single dwelling sites including density
codings of R20, R30 and R40.

A mixture of R20 density lots are also proposed within the LSP and are predominantly located to the east of the cell
and along the southern boundary of the site. Residential lot sizes at R20 densities are considered sustainable i an
"Urban" zane and will contribute to the efficiency of the proposed Activity Centre.
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Development reflecting medium densities of R30 and R40 is proposed around POS sites in accordance with Liveable
Nejghbourhoods. Some lots have been provided with direct frontage to POS to increase surveillance and vehicle
access through the rear laneways. It is expected that development of these lats will be subject to the provisions of
Detailed Area Plans which would include provisions in relation to dwelling frontage, garage location, etc.

Three R40 grouped dwelling sites are proposed and would allow for a total of approximately 20 dwelling units to the
north east and approximately 44 dwelling unrts on the westem sites. These sites would provide for a diversity of
housing product within the urban cell,

The comer location of the grouped dwelling sites would encourage a high quality landmark design to complement
that of the Nejghbourhood Centre, The size of these lots would also allow sufficient space for communal open space
with facades addressing all street frontages. These grouped dwelling sites will assist with generating the necessary
resident base and activity required to sustain the future growth of the Neighbourhood Cernitre.

543 Lot Orientation

Given the current onentation and shape of the subject site, the proposed development will be able to maximise east-
west/ north-south aligned lots. R30 lats are predominantly orientated north-south, with the lots facing east/west. R20
lots are predominantly east-west eriented, however, increased widths between |5m to | 7m will be provided where
onentation s alang the north-south length.

Further climate responsive design can be facilitated thraugh the built form and where appropnate can be included
within DAPs.

55  Public Open Space

Lnder the pravisions of Liveable Neighbourhoods a range of site responsive urban parkland is required, which
appropriately addresses district, neighbourhood and local needs of residents, compnsing a mixture of unrestricted and
restricted open space.

The subject site comprises a total site area of | | 4474 hectares, which includes a gross subdivisible area of 10,8877
hectares (minus Rowley Road and drainage reserve). At this stage, a total land area of approximately |0,888m? has
beenset aside over three POS sites, being for active/passive recreation and drainage purpeses. These sites dre
approximately 2.577m?, 4452m?* and 5,7 12m? in size.

Whilst Liveable Neighbourhoods provides for a minimum contribution of |0% of the gross subdivisible area as POS, 4
minimum of 8% is required for active and passive recreational purposes where the remaining 2% may comprise of
restricted use public open space, The proposed Local Structure Plan includes drainage areas greaterthana | in 100
year event as restricted POS. The smaller POS areas fronting Rowley Road (south), which will have a drainage
component, are within the 2% allowance,

The sizes of the proposed POS sites allow for the capacity to accommodate both passive and active recreation
facilities. Further; the proposed parks are within the recommended 400 metre walkable distance from all proposed
residential dwellings in the LSP area in accordance with Liveable Neighbourhoods,
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performance of the Birrega Main Drain, The proposed realignment in the subject site is consistent with the WUW
Master Plan and represents the first stage of rts realignment to Tonkin Highway.

5.6.2 Local Water Management Strategy
A Local Water Management Strategy ("LWMS'") has been prepared in support of the proposed LSP and is attached
as Appendix S.

A summary of key elements proposed in the LWMS are set out in the table below.
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5.7  Services

The proposed urban development area will be proyided with full services in a high standard of development. Cardno
Gilbert Rose Consutting Engineers have provided the following summary of engineering requirements.

57.1  Water Supply
In the Water Corporation ultimate scheme the subject site will be serviced by the extension of a 500/400mm trunk
main along Eignt Road.

ft should be noted that the existing 250mmi in Vermilion Road has a limited spare capacity.

A temparary water supply could become available to service the first stage of this development (i.e. approximately
45-50 lots) from Vermilion Road.
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Water supply to this area will be boosted at the time of extension of trunk mains and the remaining lots could be
serviced afier comaletion of these Infrastructure worlks,

572 Wastewater Disposal

In Water Corporation's ultimate scheme wastewater from the subject site will be gravitated into a future pumping
station n Hilbert Road at the intersection with Vermilion Road. It should noted that pre-funding a Type 40 aora Type
20 wastewater pumping station and a pressure main discharging to the treatment plant at Waterworks Road would
be required,

573  Power Supply
All electrical power reticulation to the proposed development area will be underground in accordance with WAPC
Policy.

The exisung high voltage aerial network on three roads surrounding the subdivision provides the necessary
mfrastructure to service the subject site,

574  Telecommunications
The subject site cauld be serviced from the extension of existing infrastructure netwark in Hilbert Road and Rowley
Road,

575 Alinta Gas

There is no Alinta Gas infrastructure currently avalable within the vicinity ot the subject site.

The nearest poirt of medium pressure netwark (s located in Wungong Road within the vicinty of Ninth Road, The
gas main may be extended to service the subject site at the expense of the developer,
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58 Detailed Area Plans

Detailed Area Plans ("DAP") present the opportunity to achieve better residential design outcomes, especally i
relatian to smaller lot sizes. Therefore DAPs will be prepared for:

»

»

»

»

»

»

»

Lots where it Is important ta cantrol vehicle access;

Lots abutting POS;

Lots with an area of less than 350m*

Laneway lots;

l.ots in the immediate vicinity of Hoplanson and Rowley Raads,
Lots identified as having a potential noise Impact from traffic; and

Crouped Dwelling stes.
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The DAP's will iInclude details of garage location, setback, dwelling frontage and additional site specific development

raquirements.

DAP's will be submitted, as required, to enable the clearance of the conditions of subdivision approval,

59  Staging

Given the size and scope of the development it s not proposed te implement a formal staging program for 1he
implementation of this LPS

Notwithstanding the above however, it 1s acknowledged the developrnent will most likely occur in a logical
progression with the construction and establishment of the services 10 be provided to the subject site, as discussed

previously,
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6.0 Conclusion

The LSP provides a planning framewarlk to guide the urban development of the subject site. The proposed land uses
and subdivision layout are consistent with the planning cantext provided under the MRS and TPS 2. The LSP design
has been guided by the principles of Liveable Neighbourhioods.

The preparation of this LSP has been guided by an analysis of the opportunities and constrants within the subject site.
The new POS sites will result with the rehabilitation of vegetation within the subject site and the realignment of the
Birrega Main Drain will improve the draipage of the catchment area,

Development within the future Neighbourhood Centre catchment has been maximised through the allocation of
higher densities and grouped dwelling sites to address a number of street frontages. Residential densities surrounding
this catchment have been provided at densities ranging between R20 to R40.

The Information provided within this report, reflects that the subject site 1= tapable of being suitably developed for
urban purposes. Suttable pravisions of POS site have been made. These facilties are connected to the surounding
areas through an integrated road layout, Servicing requirements including roads and utilities have been adequately
addressed,
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1/D50969
WESTERN AUSTRALIA 2 8/9/2006
L
RECORD OF CERTIFICATE OF TITLE g 51

UNDER THE TRANSFER OF LAND ACT 1893

The person described in the first schedule is the registered proprietor of an estate in fee simple in the land described below subject to the
reservations, conditions and depth limit contained in the original grant (if a grant issued) and to the limitations, interests, encumbrances and
notifications shown in the second schedule.

REGISTRAR OF TITLES

LAND DESCRIPTION:
LOT 1 ON DIAGRAM 50969

REGISTERED PROPRIETOR:
(FIRST SCHEDULE)

DENEVA PTY LTD OF 12 GAYTON ROAD, CITY BEACH
(T J348562 ) REGISTERED 4 JULY 2005

LIMITATIONS, INTERESTS, ENCUMBRANCES AND NOTIFICATIONS:
(SECOND SCHEDULE)

1. J893003 MORTGAGE TO ST. GEORGE BANK LTD REGISTERED 29.8.2006.

Warning: A current search of the sketch of the land should be obtained where detail of position, dimensions or area of the lot is required.
* Any entries preceded by an asterisk may not appear on the current edition of the duplicate certificate of title.
Lot as described in the land description may be a lot or location.

END OF CERTIFICATE OF TITLE

STATEMENTS:

The statements set out below are not intended to be nor should they be relied on as substitutes for inspection of the land
and the relevant documents or for local government, legal, surveying or other professional advice.

SKETCH OF LAND: 1449-531 (1/D50969).

PREVIOUS TITLE: 1449-530.

PROPERTY STREET ADDRESS: 1242 ROWLEY RD, DARLING DOWNS.
LOCAL GOVERNMENT AREA: SHIRE OF SERPENTINE-JARRAHDALE.

LANDGATE COPY OF ORIGINAL NOT TO SCALE Thu Jul 30 13:21:38 2009 JOB 32664595

SJS TRIM - IN12/8716




REGISTER NUMBER

| 2/D50969
@ 1 l)IEIBIIL}(IT(/)\I"\]FE DATE DUPLICATE ISSUED
WESTERN ) < AUSTRALIA 2 8/9/2006
L
RECORD OF CERTIFICATE OF TITLE “la0 532

UNDER THE TRANSFER OF LAND ACT 1893

The person described in the first schedule is the registered proprietor of an estate in fee simple in the land described below subject to the
reservations, conditions and depth limit contained in the original grant (if a grant issued) and to the limitations, interests, encumbrances and
notifications shown in the second schedule.

REGISTRAR OF TITLES

LAND DESCRIPTION:
LOT 2 ON DIAGRAM 50969

REGISTERED PROPRIETOR:
(FIRST SCHEDULE)

DENEVA PTY LTD OF 12 GAYTON ROAD, CITY BEACH
(T J461990 ) REGISTERED 7 OCTOBER 2005

LIMITATIONS, INTERESTS, ENCUMBRANCES AND NOTIFICATIONS:
(SECOND SCHEDULE)

1. J893003 MORTGAGE TO ST. GEORGE BANK LTD REGISTERED 29.8.2006.

Warning: A current search of the sketch of the land should be obtained where detail of position, dimensions or area of the lot is required.
* Any entries preceded by an asterisk may not appear on the current edition of the duplicate certificate of title.
Lot as described in the land description may be a lot or location.

END OF CERTIFICATE OF TITLE

STATEMENTS:
The statements set out below are not intended to be nor should they be relied on as substitutes for inspection of the land
and the relevant documents or for local government, legal, surveying or other professional advice.

SKETCH OF LAND: 1449-532 (2/D50969).

PREVIOUS TITLE: 1449-530.

PROPERTY STREET ADDRESS:  NO STREET ADDRESS INFORMATION AVAILABLE.
LOCAL GOVERNMENT AREA: SHIRE OF SERPENTINE-JARRAHDALE.

LANDGATE COPY OF ORIGINAL NOT TO SCALE Thu Jul 30 13:21:38 2009 JOB 32664595
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ADJOINING STRUCTURE PLANS
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APPENDIX 4
FLORA AND VEGETATION SURVEY
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

STATEMENT OF LIMITATIONS

Scope of Services

This environmental site assessment report (“the report”) has been prepared in accordance
with the scope of services set out in the contract, or as otherwise agreed, between the
Client and ENV.Australia Pty Ltd (ENV) (“scope of services”). In some circumstances the
scope of services may have been limited by a range of factors such as time, budget,
access and/or site disturbance constraints.

Reliance on Data

In preparing the report, ENV has relied upon data, surveys, analyses, designs, plans and
other information provided by the Client and other individuals and organisations, most of
which are referred to in the report (“the data”). Except as otherwise stated in the report,
ENV has not verified the accuracy or completeness of the data. To the extent that the
statements, opinions, facts, information, conclusions and/or recommendations in the
report (“conclusions”) are based in whole or part on the data, those conclusions are
contingent upon the accuracy and completeness of the data. ENV will not be liable in
relation to incorrect conclusions should any data, information or condition be incorrect or
have been concealed, withheld, misrepresented or otherwise not fully disclosed to ENV.

Environmental Conclusions

In accordance with the scope of services, ENV has relied upon the data and has
conducted environmental field monitoring and/or testing in the preparation of the report.
The nature and extent of monitoring and/or testing conducted is described in the report.

Within the limitations imposed by the scope of services, the monitoring, testing, sampling
and preparation of this report have been undertaken and performed in a professional
manner, in accordance with generally accepted practices and using a degree of skill and
care ordinarily exercised by reputable environmental consultants under similar
circumstances. No other warranty, expressed or implied, is made.
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Report for Benefit of Client

The report has been prepared for the benefit of the Client and no other party. ENV
assumes no responsibility and will not be liable to any other person or organisation for or
in relation to any matter dealt with or conclusions expressed in the report, or for any loss
or damage suffered by any other person or organisation arising from matters dealt with or
conclusions expressed in the report (including without limitation matters arising from any
negligent act or omission of ENV or for any loss or damage suffered by any other party
relying upon the matters dealt with or conclusions expressed in the report). Other parties
should not rely upon the report or the accuracy or completeness of any conclusions and
should make their own enquiries and obtain independent advice in relation to such
matters.

Other Limitations

ENV will not be liable to update or revise the report to take into account any events or
emergent circumstances or facts occurring or becoming apparent after the date of the
report.

The scope of services did not include any assessment of the title to or ownership of the
properties, buildings and structures referred to in the report nor the application or
interpretation of laws in the jurisdiction in which those properties, buildings and structures
are located.
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

EXECUTIVE SUMMARY

ENV. Australia Pty Ltd (ENV) was commissioned by SPM Project Marketing to undertake
a flora and vegetation assessment for Lots 1 and 2 Hilbert Road, Brookdale. The work
focussed on determining vegetation communities present, locating Declared Rare and
Priority Flora and Threatened Ecological Communities, as well as conducting a condition
assessment of the existing flora.

A total of 15 families, 29 genera and 34 taxa were recorded in the survey area, of which
29 were introduced species. No plant taxa gazetted as Declared Rare pursuant to
subsection (2) of section 23F of the Wildlife Conservation Act (1950) or Priority Flora
species were located during the field survey. No Endangered or Vulnerable species,
pursuant to s178 of the Environmental Protection and Biodiversity Conservation Act
(1999) were located during the survey.

Native vegetation at the site had been totally cleared and only minimal regrowth of five
native species was present on the site. The site was dominated by pasture species and
other weeds. The condition of vegetation at the site was Completely Degraded.
Consequently, there were no Threatened Ecological Communities found at the site.

ENV did not find any obvious impediments to development of the site.
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

1.1

1.2

INTRODUCTION

ENV. Australia Pty Ltd (ENV) was commissioned by SPM Project Marketing to
undertake a flora and vegetation assessment for Lots 1 & 2 Hilbert Rd,
Brookdale. The site is predominantly cleared and used for grazing horses.

Lots 1 & 2 cover an approximate area of 11 ha and have been totally cleared. It is
our understanding that an assessment of vegetation is required, to examine the
potential constraints that vegetation on the site may pose for a redevelopment
application for the site. This document presents the results of this assessment.

This report comprises a spring Declared Rare and Priority Flora survey as well as
a general flora and vegetation survey.

LOCATION

Lots 1 & 2 Hilbert Rd are approximately 27 km south-east of Perth in the suburb
of Brookdale, within the City of Armadale. The site is bound by Rowley Road on
the south and west sides, by the Rowley Road road-reserve to the north and by
Hilbert Road on the east side.

The site is located in the southwest province of Western Australia in the Darling
Botanical District. This region typically consists of forest country with related
woodlands and is divided into four subregions or botanic subdistricts.

Lots 1 & 2 are located within the Swan Coastal Plain Subregion in the Drummond
Botanical Subdistrict, which consists mainly of the following vegetation
communities:

¢ Banksia Low Woodland on leached sands and Melaleuca Swamps in poorly
drained areas.

o Woodland of Tuart (Eucalyptus gomphocephala); and

e Jarrah (Eucalyptus marginata) and Marri (Corymbia calophylla) on the less
leached soils (Beard, 1990).

The climate of this region is Warm Mediterranean, with winter precipitation of
600-1000 mm and 5-6 dry months per year.

DECLARED RARE AND PRIORITY FLORA

Flora species acquire Declared Rare or Priority conservation status where
populations are geographically restricted or threatened by local processes. The
Department of Environment and Conservation (previously CALM) enforces
regulations under the Wildlife Conservation Act (1950) to conserve Declared
Rare Flora and protect significant populations.
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

1.3

Rare Flora species are gazetted under Subsection 2 of Section 23F of the
Wildlife Conservation Act (1950) and therefore it is an offence to “take” or
damage rare flora without Ministerial approval. Section 23F of the Wildlife
Conservation Act (1950-1980) defines “to take” as to: ‘gather, pick, cut, pull up,
destroy, dig up, remove or injure the flora or to cause or permit the same to be
done by any means’.

Priority Flora are under consideration for declaration as ‘rare flora’, but are in
urgent need of further survey (Priority One to Three) or require monitoring every
5-10 years (Priority Four) (see Appendix A for definitions).

Flora is also classified according to their conservation status at a federal level,
under the Environmental Protection and Biodiversity Conservation Act, 1999
(EPBC Act). The EPBC Act is administered by the Department of Environment
and Heritage. These categories of classification are summarised in Appendix A.

THREATENED ECOLOGICAL COMMUNITIES

A vegetation community is considered a Threatened Ecological Community
(TEC) if it is found to fit into one of the following categories:

e Presumed Totally Destroyed;

e Critically Endangered;

e Endangered; or

e Vulnerable

The definitions of these categories are described in Appendix B.

Coordination of threatened species and ecological community conservation is
carried out by Department of Environment and Conservation’s Nature
Conservation Division, primarily through the Western Australian Threatened
Species and Communities Unit (WATSCU). TECs are not protected by State
Government legislation, however, several Western Australian TECs are listed
and formally protected under the Commonwealth Environment Protection and
Biodiversity Conservation Act, 1999 (refer to section 1.4 for further detail about
listing of TECs).
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

1.4 LISTING OF THREATENED FLORA AND VEGETATION

The Wildlife Conservation Act provides for taxa of plants and animals to be listed
as ‘threatened’. CALM Policy Statements Nos 9 Conservation of threatened flora
in the wild and 33 Conservation of endangered and specially protected fauna in
the wild cover this area.

Threatened flora and vegetation lists are reviewed and changes recommended
by Department of Environment and Conservation’s Threatened Species Scientific
Committee. Ministerial approval is necessary before changes are given legal
status in a notice in the Government Gazette.

There is currently no equivalent legislation or formal policy for the protection of
threatened ecological communities, however, an informal, non-statutory process,
including advice from a scientific advisory committee, the establishment of the
threatened ecological communities database, and steps for assigning ecological
communities to categories of threat, is now in place.

The Department has been identifying and informally listing threatened ecological
communities (TECs) for ten years. As of May 2003, 106 ecological communities
had been entered into the Department's TEC Database. Of these, 21 have been
endorsed by the Minister for the Environment as Critically Endangered, 17 as
Endangered, 28 as Vulnerable and three as presumed totally destroyed. The
remainder are either awaiting endorsement as threatened or are allocated to one
of five priority lists. Sixteen TECs are now listed under the Commonwealth's
EPBC Act.

Any person may nominate an ecological community for listing under the EPBC
Act, 1999. Nominations are forwarded to the Threatened Species Scientific
Committee. Once the Committee has conducted an assessment of the
conservation status of the ecological community, its advice and subsequent
recommendations are forwarded to the Minister for the Environment and Heritage
who makes the final decision. The recommendations endorsed by the Minister in
making a listing decision are provided via the EPBC Act lists.

Page 3 @
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

2 SCOPE OF WORKS

The work focussed on determining vegetation communities present, locating
Declared Rare and Periority flora and Threatened Ecological Communities, as well
as conducting a condition assessment of the existing flora. Specifically, this
comprised:

A data base search for Rare and Endangered species and Threatened
Ecological Communities (TECs) that may occur in the area, by reference to
Department of Environment and Conservation (previously CALM) and
Department of Environment and Heritage databases;

A flora and vegetation field survey, including the establishment of 10x10m
quadrats, to determine the presence of any DRF/ TECs;

A search for rare and endangered flora contained within the defined area;
Identification of any Threatened Ecological Communities (TECs);

The review of data collected against criteria established in state and federal
processes for species conservation;

The production of an aerial photograph with vegetation mapping overlaid; and

A final report that describes the results from the above, the potential
constraints that may be posed by the vegetation given the available
information and recommendations for further work.
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

3 METHODS

The methodology for the work involved the following key steps:
PHASE 1

On the 15™ August 2006 a database search request was submitted to the
Department of Environment and Conservation to obtain a list of Declared Rare
and Priority Flora species and Threatened Ecological Communities (TECs) that
occur within the surrounding area of the subject site. The search was within co-
ordinates from 397695E 6434193N to 408695E 6445872N (GDA94) (CALM,
2006 Department's Threatened (Declared Rare) Flora database).

PHASE 2

On the 31%' October and 2™ November 2006 an ENV botanist visited the site and
conducted a vegetation survey by traversing the property on foot. Data was
collected from a 10 x 10 m quadrat, a photo was taken, the vegetation community
was described and a condition statement made.

PHASE 3

Where field identification of plant taxa was not possible, specimens were
collected in a systematic manner so that they could be later identified at the West
Australian Herbarium by comparison with the reference collection and use of
identification keys.
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

4 RESULTS

The following results are accurate at the time of report preparation. Flora
composition changes over time with flora species having specific growing
periods, especially annuals and ephemerals (some plants lasting for a markedly
brief time, some only a day or two). For this reason the outcome of future
botanical surveys undertaken on the properties have the potential to change.

41 DATABASE SEARCH

A database search of the area resulted in 7 Declared Rare and 30 Priority Flora
species being identified as potentially occurring in the area. The species are:

Table 1: Showing Declared Rare/Priority Flora Species Occurring Within the Site

Area
Conservation Code: | Conservation
Family Taxa FEDERAL Code: STATE
Amaranthaceae Ptilotus sericostachyus subsp. roseus Not Listed 1
Johnsonia pubescens subsp.
Anthericaceae cygnorum Not Listed 2
Anthericaceae Thysanotus glaucus Not Listed 4
Eryngium pinnatifidum subsp.
Apiaceae palustre ms Not Listed 3
Asteraceae Rhodanthe pyrethrum Not Listed 3
Asteraceae Trichocline sp.Treeton Not Listed 2
Byblidaceae Byblis gigantea Not Listed 2
Centrolepidaceae Centrolepis caespitosa Not Listed 4
Cyperaceae Lepidosperma rostratum Endangered R
Cyperaceae Schoenus pennisetis Not Listed 1
Dilleniaceae Hibbertia montana Not Listed 4
Drosera occidentalis subsp.
Droseraceae occidentalis Not Listed 4
Goodeniaceae Anthotium junciforme Not Listed 4
Menyanthaceae Villarsia submersa Not Listed 4
Mimosaceae Acacia horridula Not Listed 3
Mimosaceae Acacia oncinophylla subsp. patulifolia Not Listed 2
Myrtaceae Calytrix simplex subsp. simplex Not Listed 1

06.149 RP001 Final.doc
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

Myrtaceae Eucalyptus balanites Endangered R
Myrtaceae Verticordia lindleyi subsp. lindleyi Not Listed 4
Myrtaceae Verticordia plumosa var. pleiobotrya Endangered R
Orchidaceae Caladenia huegelii Endangered R
Orchidaceae Caladenia longicauda subsp. clivicola Not Listed 4
Orchidaceae Diuris purdiei Endangered R
Orchidaceae Drakaea elastica Endangered R
Orchidaceae Drakaea micrantha Vulnerable R
Orchidaceae Thelymitra magnifica Not Listed 3
Papilionaceae Aotus cordifolia Not Listed 3
Papilionaceae Gastrolobium alternifolium Not Listed 3
Papilionaceae Jacksonia sericea Not Listed 4
Dryandra kippistiana var.
Proteaceae paenepeccata Not Listed 3
Proteaceae Grevillea thelemanniana Not Listed 4
Proteaceae Hakea tuberculata Not Listed 3
Proteaceae Petrophile filifolia subsp. laxa Not Listed 2
Proteaceae Synaphea odocoileops Not Listed 1
Restionaceae Apodasmia ceramophila Not Listed 2
Stackhousiaceae Tripterococcus paniculatus Not Listed 1
Stylidiaceae Stylidium longitubum Not Listed 3

The CALM database search showed that there are five TECs within a five
kilometre radius of the survey site (The information supplied by the Department
of Conservation and Land Management is only an indication of the TECs that
may be present). The five TECs are:

e SCP3a: Corymbia calophylla - Kingia australis woodlands on heavy
soils, Swan Coastal Plain is listed as Critically Endangered by the WA
Threatened Species and Communities Unit — endorsed by the Minister for the
Environment, and listed as Endangered under the Environmental Protection

and Biodiversity Conservation (EPBC) Act (1999).

e SCP3c: Corymbia calophylla - Xanthorrhoea preissii woodlands and
shrublands, Swan Coastal Plain is listed as Critically Endangered by the

06.149 RP001 Final.doc
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

4.2

4.2.1

4.2.2

WA Threatened Species and Communities Unit — endorsed by the Minister
for the Environment, and listed as Endangered under the EPBC Act (1999).

o SCP20b: Banksia attenuata and/or Eucalyptus marginata woodlands of
the eastern side of the Swan Coastal Plain is listed as Endangered by the
WA Threatened Species and Communities Unit — endorsed by the Minister
for the Environment, however, is not listed under the EPBC Act (1999).

e SCPO08: Herb rich shrublands in clay pans is listed as Vulnerable by the
WA Threatened Species and Communities Unit — endorsed by the Minister
for the Environment, however, is not listed under the EPBC Act (1999).

e SCP10a: Shrublands on dry clay flats is listed as Endangered by the WA
Threatened Species and Communities Unit — endorsed by the Minister for the
Environment, however, is not listed under the EPBC Act (1999).

See Appendix B for the definitions of Threatened Ecological Community
conservation categories.

FIELD SURVEY

Flora
A total of 15 families, 29 genera and 34 taxa were recorded in the survey area, of
which 29 were introduced species (see Appendix C).

The dominant plant families recorded from the survey were as follows:

. Poaceae

° Boraginaceae

. Asteraceae, and
. Papilionaceae.

To successfully record all species from an area surveys should be undertaken
several times throughout the year. The majority of species occur through spring,
however there are some species that occur at different times of year, for
example, RESTIONACEAE and CYPERACEAE families flower in autumn.

Rare and Priority Flora

No plant taxa gazetted as Declared Rare pursuant to subsection (2) of section
23F of the Wildlife Conservation Act (1950) or Priority Flora species (Atkins,
2006) were located during the field survey.

No Endangered or Vulnerable species, pursuant to s178 of the Environmental
Protection and Biodiversity Conservation Act, 1999 were located during the
survey.
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4.2.3

4.2.4

4.2.5

Vegetation

The native vegetation at the site had been totally cleared and replaced by
pasture species and weeds. Only five native species remained at the site (Refer
to Appendix D for site photos).

Vegetation Condition

The condition of vegetation throughout the site was Totally Degraded, with few
native species remaining and the site dominated by very aggressive weeds.

The condition scale commonly used in the Perth metropolitan area and Bush
Forever, Keighery B. J. 1994, was used for this assessment due to it providing a
standardised scaling system that is widely known by government agencies. The
definition of the condition scales are in Appendix E.

Introduced Species

The Environmental Weed Strategy for Western Australia contains criteria for the
assessment and ranking of weeds in terms of their environmental impact on
biodiversity. These criteria are as follows:

. Invasiveness — ability to invade bushland in good to excellent condition or
ability to invade waterways. (Score as yes or no).

. Distribution — wide current or potential distribution including consideration
of known history of wide spread distribution elsewhere in the world. (Score
as yes or no).

° Environmental Impacts — ability to change the structure, composition and
function of ecosystems. In particular an ability to form a monoculture in a
vegetation community. (Score as yes or no).

The rating of each weed is determined by the following scoring system:

. High - a weed species would have to score yes for all three criteria. Rating
a weed species as high would indicate prioritising this weed for control
and/or research i.e. prioritising funding to it.

. Moderate -a weed species would have to score yes for two of the above
criteria. Rating a weed species as moderate would indicate that control or
research effort should be directed to it if funds are available, however it
should be monitored (possibly a reasonably high level of monitoring).

. Mild — a weed species scoring one of the criteria. A mild rating would
indicate monitoring of the week and control where appropriate.

o Low — a weed species would score none of the criteria. A low ranking
would mean that this species would require a low level of monitoring.
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The table below contains the dominate weed species identified during the field
survey with their ratings and criteria according to the Environmental Weed
Strategy.

Table 2: Dominant Weed Species ldentified

Taxon Common Name Criteria

Rating Invasiveness | Distribution Impacts
*Lolium rigidum Annual rye grass Moderate Yes Yes No
*Arctotheca calendula | Cape weed Moderate Yes Yes No
*Lotus subbiflorus Hairy birdsfoot trefoil Low No No No
*Echium plantagineum | Patterson’s curse TBA

Plants may be “declared” by the Agriculture Protection Board under the
Agriculture and Related Resources Protection Act, 1979. Declared Plants are
gazetted under 5 categories (P1 — P5), which define the action required. The
category may apply to the whole state, districts, individual properties or even
paddocks. If a plant is declared, all landholders are obliged to control that plant
on their properties. (Department of Agriculture, 2004).

There were three Declared Plant species found within the study area. These
were:

e *Echium plantagineum (declared P1 for the whole of the state),

e *Gomphocarpus fruticosus (not declared within the Perth metropolitan area,
and

e *Moraea miniata (declared P1 for the whole of the state).

Category P1 prohibits movement. The movement of plants or their seeds is
prohibited within the State. This prohibits the movement of contaminated
machinery and produce including livestock and fodder.
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5 DISCUSSION

The subject site does not support any Declared Rare Flora taxa pursuant to
subsection (2) of section 23F of the Wildlife Conservation Act (1950) or Priority
Flora species (Department of Environment and Conservation 2006). The survey
was conducted during spring to maximise the opportunity for the full suite of
potential species (ephemerals/ annuals) to emerge. Therefore this site is unlikely
to support any flora taxa of significance as the survey was conducted at the
appropriate time of year.

Lots 1 & 2 Hilbert Road comprise a relatively small area of cleared land in Totally
Degraded condition with almost no native species remaining.
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SPM PROJECT MARKETING — Flora and vegetation survey Lots 1 & 2 Hilbert Road Brookdale

6 CONCLUSIONS AND RECOMMENDATIONS

It is concluded that:

. Lots 1 & 2 Hilbert Road contain 34 flora taxa, of which 5 are native;

. No DRF or Priority Flora taxa appear to occur at the site. This survey was
conducted at the appropriate time of year therefore this statement can be
made with a high level of reliability;

. No Threatened Ecological Communities occur at the site, which has been
totally cleared; and

. The condition of vegetation across the site is Totally Degraded, with little
native vegetation remaining, and the presence of weedy pasture species;

ENV considers that the proposed development application can be submitted,
given the results of the above.

Birriga drain passes through Lot 2. This is a Main Drain so it is recommended
that the Water Corporation be contacted regarding any planning constraints
surrounding this drain.
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APPENDIX A

DEFINITIONS OF
DECLARED RARE AND
PRIORITY FLORA SPECIES
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APPENDIX A
Definition of Rare and Priority Flora Species
(Department of Conservation and Land Management, 2003)

Conservation Category
Code
R Declared Rare Flora- Extant Taxa

“Taxa which have been adequately searched for and are deemed to
be in the wild either rare, in danger of extinction, or otherwise in need
of special protection and have been gazetted as such”

X Declared Rare Flora — Presumed Extinct Taxa

Taxa which have not been collected, or otherwise verified, over the
past 50 years despite thorough searching, or of which all known wild
populations have been destroyed more recently, and have been
gazetted as such.

P1 Priority One- Poorly Known Taxa

“Taxa which are known from one or a few (generally <5) populations
which are under threat, either due to small population size, or being
on lands under immediate threat, e.g. road verges, urban areas,
farmland, active mineral leases, etc., or the plants are under threat,
e.g. from disease, grazing by feral animals, etc. May include taxa with
threatened populations on protected lands. Such taxa are under
consideration for declaration as ‘rare flora’, but urgently need further
survey.”

P2 Priority Two- Poorly Known Taxa

“Taxa which are known from one or a few (generally <5) populations,
at least some of which are not believed to be under immediate threat
(i.e. not currently endangered). Such taxa are under consideration for
declaration as ‘rare flora’, but urgently need further survey.”

P3 Priority three- Poorly Known Taxa

“Taxa which are known from several populations, and the taxa are
not believed to be under immediate threat (i.e. not currently
endangered), or known populations being large, and either
widespread or protected. Such taxa are under consideration for
declaration as ‘rare flora’ but need further survey.”

P4 Priority Four- Rare Taxa

“Taxa which are considered to have been adequately surveyed and
which, whilst being rare (in Australia), are not currently threatened by
any identifiable factors. These taxa require monitoring every 5-10
years.”
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APPENDIX A

Categories of Threatened Flora Species

(Environmental Protection and Biodiversity Conservation Act, 1999)

Category Code | Category
Ex Extinct
Taxa which at a particular time if, at the time, there is no reasonable
doubt that the last member of the species has died.
ExW Extinct in the wild
Taxa which is known only to survive in cultivation, in captivity or as a
naturalised population well outside its past range; or it has not been
recorded in its known and/or expected habitat, at appropriate
seasons, anywhere in its past range, despite exhaustive surveys
over a time frame appropriate to its life cycle and form.
CE Critically Endangered
Taxa which at a particular time, it is facing an extremely high risk of
extinction in the wild in the immediate future, as determined in
accordance with the prescribed criteria.
E Endangered
Taxa which is not critically endangered and it is facing a very high
risk of extinction in the wild in the medium-term future, as determined
in accordance with the prescribed criteria.
\' Vulnerable
Taxa which is not critically endangered or endangered and is facing
a high risk of extinction in the wild in the medium-term future, as
determined in accordance with the prescribed criteria.
CD Conservation Dependent

Taxa which at a particular time if, at that time, the species is the
focus of a specific conservation program, the cessation of which
would result in the species becoming vulnerable, endangered or
critically endangered within a period of 5 years.
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APPENDIX B

DEFINITIONS OF THREATENED
ECOLOGICAL COMMUNITIES
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APPENDIX B
Definitions of Threatened Ecological Communities

Presumed Totally Destroyed (PD)

An ecological community will be listed as presumed totally destroyed if there are no recent
records of the community being extant and either of the following applies (A or B);

A) Records within the last 50 years have not been confirmed despite thorough
searches or known or likely habitats or

B) All occurrences recorded within the last 50 years have since been destroyed.

Critically Endangered (CR)

An ecological community will be listed as Critically Endangered when it has been
adequately surveyed and is found to be facing an extremely high risk of total destruction in
the immediate future. This will be determined on the basis of the best available
information, by it meeting any one or more of the following criteria (A, B or C):

A) The estimated geographic range, and/or total area occupied, and/or number of
discrete occurrences since European settlement have been reduced by at least
90% and either or both of the following apply (i or ii)

i) geographic range, and/or total area occupied and/or number of discrete
occurrences are continuing to decline such that total destruction of the
community is imminent (within approximately 5 years)

i) modification throughout its range is continuing such that in the immediate
future (within approximately 5 years) the community is unlikely to be capable
of being substantially rehabilitated.

B) Current distribution is limited, and one or more of the following apply (i, ii or iii):

i) geographic range and/or number of discrete occurrences, and/or area
occupied is highly restricted and the community is currently subject to known
threatening processes which are likely to result in total destruction
throughout its range in the immediate future (within approximately 5 years)

i)  there are very few occurrences, each of which is small and/or isolated and
extremely vulnerable to known threatening processes

i) there may be many occurrences but total area is very small and each
occurrence is small and/or isolated and extremely vulnerable to known
threatening processes
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C)

The ecological community exists only as highly modified occurrences which may
be capable of being rehabilitated if such work begins in the immediate future
(within approximately 5 years)

Endangered (EN)

An ecological community will be listed as Endangered when it has been adequately
surveyed and is not Critically Endangered but is facing a very high risk of total destruction
in the near future. This will be determined on the basis of the best available information,
by it meeting any one or more of the following criteria (A, B or C):

A)

B)

06.149 RP001 Final.doc

The estimated geographic range, and/or total area occupied, and/or number of
discrete occurrences since European settlement have been reduced by at least
70% and either or both of the following apply (i or ii)

i)

geographic range, and/or total area occupied and/or number of discrete
occurrences are continuing to decline such that total destruction of the
community is likely in the short term (within approximately 10 years)

modification throughout its range is continuing such that in the short term
future (within approximately 10 years) the community is unlikely to be
capable of being substantially restored or rehabilitated.

Current distribution is limited, and one or more of the following apply (i, ii or iii):

i)

i)

geographic range and/or number of discrete occurrences, and/or area
occupied is highly restricted and the community is currently subject to known
threatening processes which are likely to result in total destruction
throughout its range in the short term future (within approximately 10 years)

there are very few occurrences, each of which is small and/or isolated and
extremely vulnerable to known threatening processes

there may be many occurrences but total area is very small and each
occurrence is small and/or isolated and extremely vulnerable to known
threatening processes

The ecological community exists only as highly modified occurrences which may
be capable of being rehabilitated if such work begins in the short term future
(within approximately 10 years).

o
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Vulnerable (VU)

An ecological community will be listed as Vulnerable when it has been adequately
surveyed and is not Critically Endangered or Endangered but is facing a high risk of total
destruction in the medium to long term future. This will be determined on the basis of the
best available information, by it meeting any one or more of the following criteria (A, B or
C):

A) The ecological community exists largely as modified occurrences which are likely
to be capable of being substantially restored or rehabilitated.

B) The ecological community can be modified or destroyed and would be vulnerable
to threatening processes, is restricted in area and/or range and/or is only found at
a few locations.

C) The ecological community may still be widespread but is believed likely to move
into a category of higher threat in the medium to long term future because of existing or
impending threatening processes.
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APPENDIX C
SPECIES LIST
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FLORA SPECIES LIST

*: denotes introduced species

FAMILY TAXA

Asclepidaceae * Gomphocarpus fruticosus
Asteraceae * Arctotheca calendula
Asteraceae * Cotula coronopifolia
Asteraceae * Hypochaeris radicata
Asteraceae * Sonchus oleraceus
Boraginaceae * Echium plantagineum
Caryophyllaceae * Spergula arvensis
Cyperaceae Baumea articulata
Cyperaceae Lepidosperma longitudinale
Geraniaceae * Erodium cicutarium
Haemodoraceae Haemodorum simplex
Iridaceae * Moraea miniata

Iridaceae * Romulea rosea
Juncaceae Juncus kraussii
Juncaceae * Juncus sp.

Lobeliaceae * Monopsis debilis
Lythraceae * Lythrum hyssopifolia
Myrtaceae Eucalyptus rudis
Myrtaceae * Eucalyptus spp. (planted)
Papillionaceae * Lotus subbiflorus
Poaceae * Avena barbata

Poaceae * Avena sativa

Poaceae * Briza maxima

Poaceae * Briza minor

Poaceae * Cynodon dactylon
Poaceae * Ehrharta calycina
Poaceae * Ehrharta longiflora
Poaceae * Hordeum leporinum
Poaceae * Lolium rigidum

Poaceae * Pennisetum clandestinum
Poaceae * Polypogon monspeliensis
Poaceae * Stenotaphrum secundatum
Poaceae * Vulpia myuros
Polygonaceae * Rumex sp.
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APPENDIX D
SITE PHOTOS
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Photo 1. Site of Quadrat 1
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APPENDIX E

BUSH FOREVER CONDITION
SCALES
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APPENDIX C

Vegetation Condition Scales commonly used in Perth Metropolitan Region

Bush Forever)

Condition scale used in BUSH FOREVER
VOL 2, from Keighery BJ (1994)

Condition scale used to derive Keighery BJ
(1994) and Connell (1995) after Trudgen (1991)

Condition scale used in PEP MAPPING
after Connell (1995)

Pristine (1)
Pristine or nearly so, no obvious signs of
disturbance

Excellent (E)
Pristine or nearly so, no obvious signs of damage
caused by the activities of European man.

No equivalent unit.

Excellent (2)

Vegetation structure intact, disturbance affecting
individual species and weeds are non-aggressive
species.

Very Good (VG)

Some relatively slight signs of damage caused by
the activities of European man.

For example, some signs of damage to tree
trunks caused by repeated fires and the
presence of some relatively non-aggressive
weeds such as Ursinia anthemoides or Briza
species, or occasional vehicle tracks.

Very Good (VG)

Evidence of localised low level damage to otherwise
healthy bush. Seedling recruitment and generally
healthy population size (age/stage) structure
apparent. Weed and grazing damage is confined
(<20% of area). Some modification to vegetation
structure due to changes in fire regimes may be
apparent. Evidence of logging or firewood collection
may be found. High likelihood that vegetation
structure and species richness can be maintained.

Very Good (3)

Vegetation structure altered, obvious signs of
disturbance.

For example, disturbance to vegetation structure
caused by repeated fires, the presence of some
more aggressive weeds, dieback, logging and
grazing.

Good (G)

More obvious signs of damage caused by the
activities of European man, including some
obvious impact on the vegetation structure such
as caused by low levels of grazing or by selective
logging. Weeds as above, possibly plus some
more aggressive ones.

Good (g)

Evidence of localised high level damage to otherwise
low level damaged bush.

Recruitment is localised and the populations of some
species may be senescent. Weed and grazing
damage is apparent in 20-50% of the area.
Modification to vegetation structure due to changes
in fire regimes may be apparent. Localised gall and
parasitic plant damage may be apparent. Evidence
of logging or firewood collection. Moderate likelihood
that vegetation structure and species richness can
be maintained.

Good (4)

Vegetation structure significantly altered by very
obvious signs of multiple disturbance. Retains
basic vegetation structure or ability to regenerate
it.

For example, disturbance to vegetation structure
caused by very frequent fires, the presence of
some very aggressive weeds at high density,
partial clearing, dieback and grazing.

Poor (P)

Still retains basic vegetation structure or ability to
regenerate to it after very obvious impacts of
activities of European man such as grazing or
partial clearing (chaining) or very frequent fires.
Weeds as above, probably plus some more
aggressive ones such as Ehrharto species.

Poor (p)

Widespread high level damage. Recruitment is
disrupted and most woody species appear
senescent. Weed and grazing damage may be
apparent throughout >50% of the area. Modification
to vegetation structure due to changes in fire regimes
may be apparent. Locally some vertical strata are
absent. Gall and mistletoe damage apparent.
Evidence of logging or firewood collection. Low
likelihood that vegetation structure and species
richness can be maintained or re-established.

Degraded (5)

Basic vegetation structure severely impacted by
disturbance. Scope for regeneration but not to a
state approaching good condition without
intensive management.

For example, disturbance to vegetation structure
caused by very frequent fires, the presence of
very aggressive weeds, partial clearing, dieback
and grazing.

Very Poor (VP)

Severely impacted by grazing, fire, clearing or a
combination of these activities. Scope for some
regeneration but not to a state approaching good
condition without intensive management. Usually
with a number of weed species including
aggressive species.

Very Poor (p)

Widespread high level damage. Recruitment is
disrupted and most species appear senescent.
Weed and grazing damage apparent throughout the
area. Modification to vegetation structure due to
changes in fire regimes apparent. Widespread loss
of vertical strata. Gall and mistletoe damage
apparent. Evidence of logging or firewood collection.
Little to no likelihood that vegetation structure and
species richness can be re-established.

Completely Degraded (6)

The structure of the vegetation is no longer intact
and the area is completely or almost completely
without native species. These areas are often
described as ‘parkland cleared’ with the flora
comprising weed or crop species with isolated
native trees or shrubs.

Completely Degraded (D)

Area that are completely or almost completely
without native species in the structure of their
vegetation, i.e. areas that are cleared or
‘parkland cleared’ with their flora comprising
weed or crop species with isolated native trees or
shrubs.

Not used — does not apply to bushland.
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APPENDIX F
QUADRAT DATA SHEET
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QUADRAT 1

GPS Datum: AUS84 Date: 2/11/2006 Litter cover: 2%
Easting: 403069 mE Litter type:

Northing: 6438925 mN Outcrop: nil leaves 2%

Topography: flat Rocks: n/a Bare ground: <1%

Soil Type: clay loam Aspect: n/a Age since fire: unknown

Soil colour: brown

Disturbance: High

Vegetation Description: Pasture (totally cleared)

SPECIES PRESENT HEIGHT (cm) % COVER
*Echium plantagineum 55 43
*Lotus subbiflorus 20 50
*Lolium rigidum 30 5
*Vulpia myuros 20 1
*Romulea rosea 10 <1
*Hypochaeris radicata 25 <1
*Briza minor 25 <1
*Arctotheca calendula 20 <1
*Monopsis debilis 6 <1

06.149 QUADRAT 1.doc
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DISCLAIMER

This document is published in accordance with and subject to an agreement between JDA Consultant
Hydrologists (“JDA”) and the client for whom it has been prepared (“Client”), and is restricted to those
issues that have been raised by the Client in its engagement of JDA. It has been prepared using the skill
and care ordinarily exercised by Consultant Hydrologists in the preparation of such documents.

Any person or organisation that relies on or uses the document for purposes or reasons other than those
agreed by JDA and the Client without first obtaining a prior written consent of JDA, does so entirely at
their own risk and JDA denies all liability in tort, contract or otherwise for any loss, damage or injury of
any kind whatsoever (whether in negligence or otherwise) that may be suffered as a consequence of
relying on this document for any purpose other than that agreed with the Client.

QUALITY ASSURANCE

JDA provides quality assurance through all aspects of the company operation and is 5
endorsed to AS/NZS ISO 9001:2000 Quality Assurance Accreditation, with third [kl
party certification to Bureau Veritas Quality International.
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1. INTRODUCTION

1.1 Background

This document presents a Local Water Management Strategy (LWMS) in support of residential
development for approximately 12 ha of land located at Rowley Rd, Darling Downs, in the Shire of
Serpentine Jarrahdale. The Study Area is bordered on 3 sides by the southern boundary of the Armadale
Redevelopment Authority’s Wungong Urban Water Master Plan Area (Figure 1).

This document has been prepared to support the Local Structure Plan prepared by Greg Rowe and
Associates for the abovementioned property in accordance with State Planning Policy 2.9. This document
presents a recommended approach for total water cycle management within the proposed development
area (herein referred to as the Study Area) consistent with sustainability principles.

The LWMS has been developed by JDA Consultant Hydrologists on behalf of the SPM Project Marketing.
The compilation of this document has included a range of expertise and guidelines from leading
authorities including the Department of Water (DoW), Water Corporation (WC), Armadale Redevelopment
Authority (ARA), and Shire of Serpentine Jarrahdale (SSJ) to assist in achieving the implementation of
best practice in sustainable urban development and urban water management within the Study Area.

The LWMS has been prepared consistent with the Armadale Redevelopment Authority’s Wungong Urban
Water Master Plan Area District Water Management Strategy (JDA, et al, 2009), the overarching district
drainage strategy for the area which immediately borders the Study Area on three sides, and consistent
with LWMS requirements as detailed in Better Urban Water Management (WAPC,2008).

A copy of an LWMS Checklist has been included as Appendix A to assist the Shire and DoW in review of
this document. Note that this document has been previously submitted to government agencies as part of
the local structure planning process, and comments previously received by government agencies have
been considered in this revised version of the LWMS.

1.2 Previous Studies

1.2.1 Planning Policy 2.9 and Liveable Neighbourhoods

The LWMS has been developed in accordance with regional and local principles and objectives of
Integrated Urban Water Management (IUWM).

The Western Australian Planning Commission (2004) defines IUWM (also known as total water cycle
management) as promoting

‘management of 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'.

J42641 2 March 2012 1
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IUWM should also promote water conservation measures, reuse and recycling of water and best practice
in stormwater management (Western Australian Planning Commission 2004). These objectives are
consistent with Liveable Neighbourhoods (Western Australian Planning Commission 2007).

1.2.2 Stormwater Management Manual for WA

The Stormwater Management Manual for Western Australia was first published by the Waters and Rivers
Commission in 1998 to define and describe in practical terms Best Management Practices (BMP’s) to
reduce pollutant and nutrient inputs to stormwater drainage systems as well as guidelines for the
incorporation of water sensitive urban design principles. A major review of the Stormwater Management
Manual was undertaken by the DoW, with additional input by other State and Local Government
Authorities and sectors of the urban development industry. This revised version of the Stormwater
Management Manual was officially launched in 2007, though some chapters were published in 2004.

DoW'’s current position on Urban Stormwater Management in Western Australia is outlined in Chapter 2:
Understanding the Context of the Stormwater Management Manual for Western Australia (DoW, 2007),
which details the management objectives, principles, and a stormwater delivery approach for WA.
Principal objectives for managing urban water in WA are stated as:

e Water Quality: To maintain or improve the surface and groundwater quality within development areas
relative to pre-development conditions.

¢ Water Quantity: To maintain the total water cycle balance within development areas relative to the
pre-development conditions.

o Water Conservation: To maximise the reuse of stormwater.

 Ecosystem Health: To retain natural drainage systems and protect ecosystem health.

e Economic Viability: To implement stormwater systems that are economically viable in the long term.
e Public Health: To minimise the public risk, including risk of injury or loss of life to the community.

* Protection of Property: To protect the built environment from flooding and waterlogging.

e Social Values: To ensure that social aesthetic and cultural values are recognised and maintained
when managing stormwater.

e Development: To ensure the delivery of best practice stormwater management through planning and
development of high quality developed areas in accordance with sustainability and precautionary
principles.

The then Department of Environment (now DEC/DoW) and Swan River Trust released the Decision
Process for Stormwater Management in WA in 2005 to provide a decision framework for the planning and
design of stormwater management systems and assist in meeting the objectives specified above. The
decision process was updated by DoW in 2009. A copy of the Decision Process is contained as Appendix
B with key elements summarised in Table 1.

1.2.3 Better Urban Water Management

This LWMS has been developed to be consistent with the framework and process detailed in the recently
released guideline document Better Urban Water Management (WAPC, 2008). This LWMS has been
prepared to an appropriate level of detail to support the Local Structure Plan for the Study Area and
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ensure sufficient space has been set aside in the proposed development for urban water management
and that site constraints and opportunities are well understood and considered in the planning process.

An Urban Water Management Plan (UWMP) will be required to support the subdivision application in due
course.

1.2.4 Peel Harvey WSUD Local Planning Policy 2006

The Peel Harvey WSUD Local Planning Policy (Peel Development Commission 2006) was developed
through the Federal Governments Coastal Catchments Initiative and endorsed by the Environmental
Protection Authority (EPA). It aims to assist local government to help integrate catchment management
objectives with land and resource planning in urban landscapes.

The policy identifies broad policy objectives against which strategic and statutory proposals can be
assessed. WSUD principles, in order of priority, are outlined below:

e Provide protection to life and property from flooding that would occur in a 100 year Average
Recurrence Interval (ARI) flood event

* Manage rainfall events to minimise runoff as high in the catchment as possible. Use multiple low cost
‘in-system’ management measures to reduce runoff volumes and peak flows (for example, maximise
infiltration from leaky pipes and stormwater pits installed above pollutant retentive material)

¢ Retain and restore existing elements of the natural drainage system, including waterway, wetland and
groundwater features and processes, and integrate these elements into the urban landscape,
possibly through a multiple use corridor

e Minimise pollutant inputs through implementation of appropriate non-structural source controls (such
as town planning controls, strategic planning controls, pollution prevention procedures, education and
participation programs and regulatory controls) and structural controls (that manage the quantity and
quality of stormwater runoff and prevent or treat stormwater pollution)

* Maximise water use efficiency, reduce potable water demand, and maximise the re-use of water
harvested from impermeable surfaces

Water quantity management principles and objectives are provided based on post-development
discharges being maintained relative to predevelopment levels. Criteria are provided for both ecological
protection (1 in 1 year events), and flood protection (1 in 100 year events). Water quality management
principles and objectives are based on maintaining or improving water quality relative to existing
conditions.

Specific water quality guidelines are provided in the document including limitations on developments
where average input rates of nutrients exceed 15 kg/phosphorus/ha per annum or 150 kg/nitrogen/ha per
annum.

In addition, stormwater management is stated as having to provide (as compared to a development that
does not actively manage stormwater quality):

e Atleast 80% reduction of total suspended solids
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e At least 60% reduction of total phosphorus
e Atleast 45% reduction of total nitrogen
e Atleast 70% reduction of gross pollutants

The policy is consistent with the Decision Process for Stormwater Management in WA (DoW, 2009) and
is consistent with the objectives of the Environmental Protection Policy (Peel Inlet — Harvey Estuary)
1992. The policy is stated as holding no legal standing and envisages each local government in the Peel
Harvey catchment will customise the model policy to suite its own specific requirements. At the time of
preparing this LWMS, it is understood no customisation of this policy has been undertaken by the Shire of
Serpentine Jarrahdale.

1.2.5 Wungong Urban Water District Water Management Strategy

While the Armadale Redevelopment Authority’s Wungong Urban Water Master Plan, does not include the
Study Area, it borders it on the north, west and eastern sides and the two areas are linked by the
common drainage infrastructure of Birrega Main Drain (BMD).

A District Water Management Strategy (JDA et al, 2009) was prepared to support the Master Plan and
the document provided a recommended approach for total water cycle management of the area
consistent with sustainability principles. This document has been approved by DoW.

Key elements of the DWMS related to this LWMS include :

e The DWMS recommended and documented a realignment of BMD, with the focus on improving its
hydraulic performance and linking it to areas of significant vegetation downstream of the LWMS area
(with the latter focus due to the riparian zone of the BMD being severely degraded). This LWMS
supports the realignment of the drain. In 2008, JDA undertook a detailed investigation of on behalf of
SPM Project Marketing, which included hydraulic modelling of the current BMD and proposed
realignment. This is discussed further in Section 1.2.6 and in relation to the proposed structure plan of
the Study Area in Sections 3 and 4.2.1.

e Predevelopment monitoring data undertaken over an 18 month period, including two winters for a
surface water site in the Study Area is available in the Wungong Urban Water Master Plan DWMS
(JDA, et al 2009). Similarly extensive groundwater data in the area was also collected. This data, as
well as a further four months of additional data collected by JDA in winter 2008 has been used to
provide the baseline predevelopment monitoring data for the Study Area.

1.2.6 Assessment of Birrega Main Drain Realignment

JDA (2008) assesses the impact of a realignment of Birrega Main Drain (BMD) within the Study Area.

The report investigated the realignment of the BMD within the Study Area that is required to
accommodate the future downstream realignment of BMD detailed in the approved Wungong Urban
Water Masterplan (WUWMP). It is understood realignment of BMD was proposed in the WUWMP area to
assist in achieving planning outcomes and in particular environmental objectives through linking the BMD
to areas of significant vegetation protection, while also improving the existing hydraulic performance of
the drain.
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The scope of works undertaken by JDA’s report included calculation of the 100 year average recurrence
interval (ARI) flow of the BMD, a field investigation to inspect the condition and current alignment of the
BMD, and the development of a HECRAS backwater model to assess the effect of drain realignment on
hydraulic performance.

A copy of JDA (2008) is included as Appendix C.

The report was submitted to both Water Corporation and the Department of Water for assessment in
advance of this LWMS to assess agency support for the relocation. A copy of the Department of Water
response to the report indicating their support for the realignment is contained in Appendix D.

The Water Corporation also indicated that they are “in principle not opposed to the possibility of realigning
Birrega Drain, but it must be part of a broader accepted solution” (Steve Hillier pers comm). These
comments were provided in the context of the need for an overarching Drainage Water Management Plan
(DWMP) for the wider area to be prepared by DoW, and resolution of governance issues related to level
of service requirements as the drain changes from rural to urban.

Recent discussions with government agencies in March 2010 (including DoW, Shire of Serpentine
Jarrahdale, Water Corporation, ARA, and Department of Planning) as part of the local structure planning
process for the Study Area have indicated DoW are unlikely to undertake the preparation of a DWMP for
the wider Birrega Main Drain catchment in the foreseeable future.

To this end, planning for the realignment of the Birrega Main Drain both within the Study Area and within
the downstream Wungong Urban Water Precincts J and K are being undertaken based on conservative
modelling and a sensitivity analysis. This will ensure sufficient space is assigned within the local structure
planning process to accommodate drainage planning and the realignment.

This is considered a pragmatic approach to drainage planning for the Study Area in the ongoing absence
of a DWMP for Birrega Main Drain, and consistent with the requirements of the WUWMP.

It should be noted that the inter agency governance issues of DoW and WC are considered outside the
scope of this LWMS and are being handled as a separate process to this LWMS approval.

This is further discussed in Section 5.

1.3 Principles and Objectives

Summaries of key principles and objectives applicable to the LWMS for the Study Area based on the
previous studies discussed in Section 1.2 are provided in Table 1.
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TABLE 1: LWMS KEY PRINCIPLES AND OBJECTIVES

Key WSUD Guiding Principles

e Facilitate implementation of sustainable best practice in urban water management
 Encourage environmentally responsible development
« Provide integration with planning processes and clarity for agencies involved with implementation
« Facilitate adaptive management responses to the monitored outcomes of development

e To minimise public risk, including risk of injury or loss of life
e To maintain the total water cycle

Surface Water
Flows

Protect from flooding and waterlogging

Implement economically viable stormwater
systems

Post development annual discharge
volume and peak flow rates to remain at
predevelopment levels

Minimise change in peak winter levels due
to urbanisation to protect groundwater
dependent wetlands

Ensure that stormwater management
recognises and maintains social,
aesthetic, and cultural values

Category Principles Design Objectives
Water Supply « Consider all potential water sources in « Minimise the use of potable water where
and water supply planning drinking water quality is not essential,
Conservation | , |ntegration of water and land use planning particularly ex-house use.
« Sustainable and equitable use of all water | ® Residential consumption target for potable
sources having consideration of the needs water <60 kL/person/year
of all users, including community, industry | « Promote use of rainwater tanks for non
and environment potable supply (R20 lots)

» Maximise the reuse of stormwater * Apply waterwise landscaping measures to
open space areas to reduce irrigation
demand

Groundwater « Retain natural drainage systems and « Use ephemeral storage areas with
Levels and protect and/or improve ecosystem health bioretention characteristics to attenuate and

infiltrate stormwater prior to discharge into
Birrega Main Drain

For ecological protection, 1 in 1 year ARI
volume and peak flow rates maintained at
pre-development conditions

Where there are identified impacts on
significant ecosystems, maintain or restore
desirable environmental flows and/or
hydrological cycles consistent with DoW'’s
requirements

For flood management, manage up to the 1
in 100 year ARI event within the
development area to predevelopment peak
flows

Groundwater « Maintain or improve groundwater and « On site retention of 1 year 1hour rainfall
and Surface surface water quality event and use of bioretention systems to
Water Quality | , Reduce the average annual load of achieve water quality treatment objectives
stormwater pollutants discharged by e Use non-structural measures to reduce
development compared to if it used a applied nutrient loads.
traditional piped conveyance system.
« Where waterways/open drains intersect
the water table, minimise the discharge of
pollutants from groundwater
J42641 2 March 2012
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2. PRE DEVELOPMENT ENVIRONMENT

2.1 Location and Topography

The Study Area is located in Darling Downs approximately 30km south east of the Perth Central Business
District in the Shire of Serpentine Jarrahdale. The Study Area is bound to the south by Rowley Road and
is approximately 12ha in size (Figure 1). It lies immediately south of the local government authority
boundary between the City of Armadale and the Shire of Serpentine Jarrahdale.

Study Area topography is shown in Figure 2 based on Landgate 1m contours. The Study Area slopes
gently from east to west, with the natural surface varying from 27 mAHD in the east to 26 mAHD in the
west.

2.2 Climate

Perth has a Mediterranean climate with warm dry summers and cool wet winters.

The closest long term Bureau of Meteorology rainfall station is Armadale Rainfall Station, located
approximately 6 km to the north-east of the Study Area. Armadale station has rainfall data from 1901 to
the present. Annual rainfall data is shown in Figure 3.

Rainfall records indicate that the recent 1975-2008 average rainfall of 814 mm is approximately 54 mm
less than the long term 1908-2008 annual average of 868 mm. This decrease in annual average rainfall
from the mid 1970s onwards is consistent with a shift in rainfall observed over the rest of Western
Australia’s south-west from this time.

Rainfall in 2006 was lowest recorded in the period 1975 to 2008 (516.4 mm), and also the second lowest
on record.

2.3 Geology and Soils

Figure 4 (based on the Environmental Geology Series for the Perth Metropolitan Region) shows the
majority of the Study Area to have sandy clay soils. These are described as white-grey to brown clay and
sand which is fine to coarse grained and subangular to rounded.

Part of the eastern area is covered with sand of eolian origin described as fine to medium-grained white
to pale grey at surface and yellow at depth. This is underlain by the sandy clay to clayey sand of the
Guilford Formation (Jordan 1986).

A geotechnical investigation of the proposed development was undertaken by Douglas Partners (2008) to
assess the suitability of the land for the proposed development provide and provide an assessment of the
permeability of the shallow soils.

The investigation found the site conditions to generally comprise topsoil (to 0.2m), medium dense to very
dense sand overlying stiff to very stiff sandy clay and medium dense clayey sand.
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Douglas Partners (2008) report insitu permeability ranging from 0.1-0.3 m/d based on two insitu
permeability tests being performed at 0.6m depth below natural surface using the constant head method
in accordance with Australian Standard AS/NZS 1547/2000. Soils at the test locations were identified as
sandy clay and clayey sand.

While Douglas Partners (2008) states on-site stormwater disposal using soakwells and sumps is not
considered feasible within the Study Area, imported fill is likely to provide the opportunity for some lot
scale infiltration opportunities and this is reflected in the runoff rates adopted for the conceptual design of
the stormwater system detailed in Section 4.2.

Lithological logs from JDA groundwater monitoring bore installation are contained in Appendix E, and
were found to be consistent with broader scale environmental geology mapping and Douglas Partners
(2008) investigation.

2.4 Surface Water Hydrology

2.4.1 Existing Surface Drainage

Existing surface drainage for the Study Area is shown in Figure 5.

The Water Corporation’s Birrega Main Drain (BMD) flows beneath Rowley Road in a northerly direction
and changes course midway through the Study Area, flowing west under Hopkinson Rd and continuing
west to Tonkin Highway.

BMD is located within the Mundijong Rural Drainage District and is a rural drain maintained by the Water
Corporation. It joins the Serpentine River and ultimately discharges to the Peel-Harvey Estuary. Review
of existing historical maps and available aerial photographs indicate the drain in its current alignment
would have been constructed after 1925 and prior to 1953.

The BMD is an unfenced steep sided excavated trapezoidal drain, without any riparian vegetation and
has no designated drainage easement in the Study Area. Photo’s of the existing condition of the BMD
within the Study Area are contained in Appendix C.

In terms of level of service, for rural drains the Water Corporation generally apply a three day inundation
rule for adjacent rural land. In this respect BMD is currently not maintained for any specific flood
frequency, such as a 10 or 100 year average recurrence interval (ARI) event which would be the case for
an urban drain. There is therefore no existing 100 year ARI floodplain mapping of the BMD.

Discussions with both the Water Corporation and Department of Water (DoW) have indicated no
overarching drainage planning currently exists or is planned to be undertaken for BMD in the near future.

Key culvert sizes and inverts for the BMD in the vicinity of the Study Area are shown in Figure 5
based on a drain survey conducted by Whelans Survey and Mapping in April 2007. Further details of
the survey are contained in Appendix C.

Culvert capacities in the vicinity of the Study Area are considered unlikely to have capacity to convey
major flow events and overtopping of the roads in this area is likely.
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2.4.2 Peak Flow Estimates

The catchment area for BMD is shown in Figure 6, and is approximately 350 ha to the upstream
boundary of the Study Area. The catchment boundary was based on existing available topographic
data and the location and flow direction of known drains.

In addition to its local catchment, Birrega Main Drain also receives flow from Wungong River. The
Wungong Urban Water Master Plan District Water Management Strategy (JDA et al 2009) describes
that the Wungong River is partially diverted into BMD due to the backwater effect of an existing weir
on Wungong River immediately downstream of the Wungong River / BMD confluence.

JDA (2008) estimated a 100 year ARI flow for BMD of 8 m*/s (JDA,2008) on the basis of applying a
range of different standard hydrological techniques including rating the catchment against other
known gauged catchments in the area, use of the Rational Method (Institution of Engineers Australia,
2001), and Water Corporation advice. JDA (2008) calculations are included in Appendix C.

The 8 m*s 100 year estimate equates to a rated flow of approximately 11 I/s/ha. This shows good
consistency with JDA, CSIRO & GHD (2006), in which the Water Corporation provided general
design advice of a 100 year rated flow for BMD in the order of 12 I/s/ha.

JDA (2008) estimated the existing capacity of the BMD at the Study Area to be approximately 2 m’/s,
which is estimated to represent a 2 year ARI flow capacity for the existing drain. Based on informal
discussions with the Water Corporation it is understood applying a three day inundation rule in
design typically results in a drain capacity (without overtopping) of 2-3 year ARI. The current BMD
capacity based on estimated design flows is consistent with the expected design capacity based on
the 3 day inundation rule, providing confidence in design flow estimates.

2.4.3 Surface Water Quality

The Wungong Urban Water DWMS (JDA et al 2009) provides water quality data for Birrega Main Drain at
the Study Area. Monitoring was performed by DoW between May 2004 to November 2004. Table 2
presents the data for physical water parameters, basic and major ions, nutrients and metals. Further
predevelopment surface water quality was completed in winter 2008 over a period of 4 months. Results
are shown in Table 3. Summarising the results :

e Samples taken in 2004 show a range in pH of 6.99 to 8.46, with the highest readings in pH measured
in September. In 2008 the pH readings varied from 5.97 to 6.52.

e Electrical conductivity (EC) readings across all surface water samples from the Study Area varied
from 0.32 to 0.63 mS/cm. Using the general relationship between EC and Total Dissolved Solids
(TDS) for streams in the South-West of Western Australia graphed in Mayer et al.(2005), this equates
to a range of TDS between 180 to 350 mg/L.

e With respect to Total Phosphorus (TP), samples taken over the 2004 monitoring period were all less
than 0.1 mg/L, the target concentration of the Water Quality Improvement Plan for the Rivers and
Estuary of the Peel-Harvey System — Phosphorus Management (Environmental Protection Authority,
2008). TP concentrations only exceeded the 0.1 mg/L target in September 2008.

e Total Nitrogen (TN) N concentrations in both BMD monitoring programs do not exceed the ANZECC
2000 guideline of 1.2 mg/L for Lowland rivers in the south-west of WA.
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e The ANZECC (2000) guideline concentration of aluminium for 95% protection of aquatic species in
freshwater is 0.055 mg/L when the pH exceeds 6.5. The range of aluminium concentrations for
surface water sampled on the Study Area ranged from 0.3 to 0.4 mg/L, exceeding these guidelines.
Reasons for these high concentrations are not known however Aluminium can be released, along
with iron, manganese and other heavy metals, following the disturbance of Acid Sulphate Soils. It is
possible a disturbance of this soil upstream of the Study Area may have contributed to Aluminium
concentrations in the BMD. In addition, Water Corporation scheme water which is discharged to
Wungong River at the South West Highway (and ultimately diverted to Birrega Drain) may also
contribute to the high concentrations.

e The levels of manganese and ammonia had concentrations below their respective ANZECC (2000)
guidelines of 1.9 mg/L and 0.90 mg/L, respectively, for protection of 95% of aquatic life (ANZECC
2000).

¢ Dissolved oxygen (DO) concentrations measured by the DoW in the 2004 monitoring program were
within the ANZECC(2000) guidelines for streams in the southwest of Australia, which are a lower limit
of 80% DO and an upper limit of 120% DO (ANZECC 2000).

2.5 Groundwater Hydrology

2.5.1 Superficial and Leederville Aquifers

The superficial aquifer below the Study Area is the Guilford Formation, and is estimated to have a
saturated thickness of approximately 25 m (Davidson 1995).

The Leederville Formation underlies the superficial formation. The Leederville Formation present beneath
the study area is the Pinjar Member (Davidson 1995).

2.5.2 Average Annual Maximum Groundwater Level

To refine regional groundwater mapping contained in the Wungong Urban Water District Water
Management Plan (JDA et al, 2009), JDA installed 6 groundwater monitoring bores (RH1 to RH6) in the
Study Area on 9 September, 2008. All bores consist of 50mm PVC with end caps and slotted into the
water table. Lithological logs are contained in Appendix E.

JDA (2009) is included as Appendix F, and details the calculation of the average annual maximum
groundwater level for the Study Area as a reference point for groundwater assessment. These
calculations are based on water levels recorded on 22 October, 2008 when the water tale was at its
seasonal maximum.

The general direction of groundwater flow is from east to west, toward the Hopkinson Rd. The estimated
average annual maximum groundwater level is shown in Figure 7, ranging between approximately 27.2
mAHD in the south-east of the Study Area and 25.8 mAHD in the north-west.

Depth to groundwater mapping is shown in Figure 6. The average annual maximum groundwater level is
estimated to be at natural surface or within 0.3m of natural surface at the eastern boundary of the Study
Area, ranging to 0.3-1.0 m below natural surface along the western boundary.
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TABLE 2: SURFACE WATER QUALITY DATA (JDA, ET AL 2009)

-
Parameter g % E °§3 g % g éé é g é é
o~ ~ - ~N ~N e
EC(msfcm) | 0316 | 0353 | 0378 | 0373 | 0448 | 0302 0399 | 7 [0316 [ 0448 [ 0380 | 0378
salinity (ppt) | 015 | 017 | 019 | 018 | 021 | 0419 | 0419 7 015 | 021 | 018 | 019
Tss(mgi) | 38 | 11 14 | 15 | 74| 7 | 13 7 7 | 38 | 151 | 13
pH 738 | 699 | 723 | 802 | 820 | 846 | 782 7 699 | 846 | 774 | 782
Temp(°C) | 1056 | 1658 | 1339 | 148 | 169 | 196 | 251 7 | 1056 | 251 [ 1670 | 1658
CaCO3 (mgl) | - 2 . . g [RE-" M 2 93 || B3| oss ] 2
S04 (mglL) < 18 - : T e 2 17 | 18 | w5 | -
Nox-N (mgiL) | 0011 | 016 | 026 | 021 | 016 | 013 | 003 7 |oo11| 026 | 014 | 016
NO2N(mgi) | - |<0005| - ; - | <001| - 2 | <001 | <001 | <001 | <001
NH3/ NHaN | 05 | 0022 | 0014 | 002 | 0.01 | 001 | 004 7 001 | 004 | 002 | 002
(mg/L)
TN (mgiL) 03 | 047 | 05 |05 | 042 | 031 | 045 7 03 | 056 | 043 | 045
PO,P (mgit) | 0005 | 0005 | 0007 | 002 | 001 | 001 | 002 7 |oo005| 002 |o0o011| 001
TP(mgl) | 005 | 002 | 005 | 003 | 004 | 002 | 006 7 002 | 006 | 004 | 004
Na (mg/L) - 52 = , o IV | R 2 a3 | e r || s || s
K (mglL) - 18 : . sy ey | = 2 16 | 18 | 17 | -
Ca (mglL) ; 7 . j % 17l L 2 saiiliiee | ceer) e
Mg (mgiL) : 79 - : 7 2 79 | 81 | s :
Al (mglL) C 03 . ’ A (71 ) 2 03 | 04 |03 | -
Fe (mg/L) s | e y ; - e | < 2 01 | 025 | 018 | -
Mn (mgiL) - | =a05 | - - - | <005 - 2 |<005|<005|<005| -
$i02 (mglL) : 7 . - I 2
F (mglL) 4 02 - 4 7T 2 2 Il e
DO (%) 916 | 804 | 932 | 992 | 118 | 112 | 115 7 ] o S (R
342641 2 March 2012 1

SJS TRIM - IN12/8716



| S

JDA Lots 1 and 2 Rowley Road, Darling Downs: LWMS

TABLE 3: WINTER 2008 SURFACE WATER QUALITY DATA

Date EC pH TN Nox_N NH.N TKN TP FRP TSS
(mS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
9/09/2008 0.61 6.32 1 027 <0.01 0.76 0.17 <0.003 1"
22/10/2008 0.49 6.52 05 0.11 0.046 0.39 <0.01 <0.005 6.5
1/12/2008 0.63 597 0.21 0.049 0.075 0.16 <0.01 <0.005 18

2.5.3 Groundwater Quality

The Wungong Urban Water DWMS (JDA et al 2009) provides district scale water quality data for the
period June 2004 to December 2004 for the area around the Study Area. ARA monitoring bore BRM11 is
located only approximately 0.5km south of the Study Area and its data is presented in Table 4.

Additional monthly predevelopment monitoring of groundwater water quality was undertaken by JDA
within the Study Area for the six monitoring bores RH1-RH6 for three months in winter 2008. Results of
this monitoring are presented in Table 5. Summarising the results :

e Over the Study Area the pH ranged from 4.20 to 6.78. The pH of 4.20 was for bore RH6, which had
pH readings below 5 for every sampling occasion. The low pH values for groundwater on the Study
Area could be due to the application of agricultural and urban fertilisers.

e EC for all groundwater bore samples ranged from 0.57 to 11.84 mS/cm. Using the same EC-TDS
relationship as in Section 2.4.3, the approximate range in TDS is 320 to 6630 mg/L.

e The median concentration of total nitrogen measured in samples from bores RH1 to RH6 (3.2 mg/L)
was higher than the median concentration measured in samples from bore BR11 in 2004 (0.50 mg/L).
All TN concentrations in groundwater samples from bores RH1 to RH6 had elevated TN levels, the
maximum TN level was 11 mg/L in bore RH5 in September 2008. The elevated TN levels are likely
due to the leaching of fertilisers and reflect historical land use.

e The median concentration of ammonia for was 0.11 mg/L for BRM11 samples and 0.70 mg/L for RH1
to RH6 samples. These ammonia concentrations were higher than levels measured in surface water.

e Median phosphate (PO4-P) for was less than 0.012 mg/L and the maximum PO4-P was 0.014 mg/L
for all 2008 samples. These concentrations were lower than PO4-P concentration measured in
BRM11 samples, which had a maximum concentration of 0.19 and a median concentration of 0.01
mg/L. Total phosphorus data for bores RH1 to RH6 gives a median value of less than 0.025 mg/L, a
maximum value of 0.110 mg/L and a minimum value of less than 0.01 mg/L.
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TABLE 4: GROUNDWATER QUALITY DATA (JDA, ET AL 2009)

Parameter 8/9/04 | 7/10/04 | 11/11/04 | 9/12/04 | Samples | Min | Max | Mean | Med
EC (ms/cm) 295 | 276 6.11 599 4 276 | 611 | 445 | 447
pH 653 | 6.50 6.14 6.29 4 614 | 653 | 637 | 640
Temp (°C) 5 18.1 186 235 3 181 | 235 | 201 | 186
€03 (mg/L) <1 <1 <1 <1 4 <1 <1 <1 <1
HCO3 (mg/L) 49 130 98 82 4 49 130 90 90
CaCO03 (mglL) 40 100 80 68 4 40 100 72 74
Cl (mg/L) 950 790 2000 | 2000 4 790 | 2000 | 1435 | 1475
CaCO3 (mg/L) 370 320 1100 1100 4 320 | 1100 | 723 | 735
NO3 (mglL) <01 | <01 <0.1 0.1 4 <0.1 0.1 <01 | <01
NO3_N(mglL) | <005 | <005 | <005 | <0.05 4 <005 | <005 | <0.05 | <005
NO2_N(mglL) | <005 | <005 | <005 | <0.05 4 <005 | <005 | <005 | <0.05
NH4_N (mgiL) 009 | <005 [ 013 0.14 4 005 | 014 | 010 | 011
TKN (mg/L) 077 | 055 04 035 4 035 | 077 | 052 | 048
Total N (mg/L) 08 06 04 04 4 040 | 080 | 055 | 050
PO4-P (mgll) | <0.01 | <0.01 019 | <0.01 4 <001 | 019 | 006 | 001
TP (mg/L) 005 | 002 0.02 0.07 4 002 | 007 | 004 | 004
Na (mg/L) 420 400 820 930 4 400 | 930 | 643 | 620
K (mgiL) 22 38 33 26 4 220 | 380 | 298 | 295
Ca (mglL) 61 48 180 170 4 480 | 1800 | 1148 | 1155
Mg (mg/L} 53 49 44 170 4 44 | 1700 | 691 | 510
Al (mg/L) <0.005 | <0.005 | <0.005 | <0.005 4 <0.005 | <0.005 | <0.005 | <0.005
Fe (mg/L) <001 | <0.01 0.01 <0.01 4 <001 | 001 | 001 | 001
Mn (mg/L) 0006 | 0004 | <0.001 | 0.001 4 <0.001 | 0.006 | <0.003 | <0.003
Si (mg/L) 43 56 99 30 4 43 | 300 | 125 | 78
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TABLE 5: WINTER 2008 GROUNDWATER QUALITY DATA

Monitoring Bores

RH1 RH2 RH3 RH4 RH5 RH6

Param | opo908 | o098 | omowos | owo908 | 90908 | omews | Min | Max | Mean | Med
22/10/08 | 22/10/08 | 22/10/08 | 22/10/08 | 22/10/08 | 22/10/08
112008 | 1/12/08 | 1742008 | 112008 | 112/08 | 1/12/08
092 1044 062 6.64 11.08 1184

: mgﬁm) 057 8.08 066 121 837 6.94 057 | 1184 | 542 67
087 313 ns 6.86 725 6.7
6.1 484 6.71 6.36 513 472

pH 564 456 65 678 504 455 420 | 678 | 546 | 528
528 451 65 548 42
16 31 33 79 78 35

'(“'f":ﬁ_’)‘ 0.019 087 0.062 86 52 23 0019 | 86 | 3173 | 27
0.021 31 13 21
3 34 43 9 1 34

J:;"“_') 18 27 22 89 6 24 13 1 | a23 32
13 34 24 24
<001 <0.01 0.1 <001 <001 <0.01

(;';l";"'_’) 003 0.02 0.11 <0.01 0.01 <001 | <001 | 0110 | <0.042 | <0.025
0.04 0.01 <0.01 0.02
0.009 <0.003 <0003 | <0003 | <0003 | <0003

(';?JIS <0.005 <0.005 <0.005 <0005 | <0005 | <0005 | <0009 | 0014 | <0012 | <0012
<0.005 <0005 | <0005 | 0014
14 038 1 11 29 <0.05

(;';,':_) 18 19 21 025 073 016 | <016 | 290 | <112 | <11
13 028 12 033

- I 05 07 04 04 <0.01

N 0.052 018 0.013 013 035 0.1 <0013 | 0700 | 029 | <018

(mg/L) 0.086 0.14 0.68 0.18
2100 3100 2100 910 3100 1200

(J‘:f;_) 940 660 200 48 180 77 48 | 3100 | 1051 | 785
1100 320 310 470

2.6 Wetlands

There are no Resource Enhancement or Conservation Category wetlands within the Study Area.

According to “Geomorphic Wetlands of the Swan Coastal Plain” (DEC, 2009), the Study Area is located
on wetland classified as multiple use palusplain (Figure 2). The multiple use classification indicates the
land can be developed for urban use.

Palusplain is classified as a “seasonally waterlogged flat wetland” (Hill et al. 1996).
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2.7 Acid Sulphate Soils

Regional Acid Sulphate Soil (ASS) mapping is shown in Figure 8.

According to mapping published by the Western Australian Planning Commission (WAPC), the Study
area is classified as having a medium to high risk of having Acid Sulphate Soils (ASS) or Potential Acid
Sulphate Soils (PASS) occurring greater than three metres from the soil surface and nil risk of ASS or
PASS occurring less than 3 m from surface (WAPC 2003).

ASS management during construction is discussed in Section 4.6.2.

2.8 Existing Land Use

Existing land use for the Study Area is shown in Figure 2, showing it cleared and rural.

As previously stated in Section 2.4.1, the BMD within the Study Area is an unfenced steep sided
excavated trapezoidal drain, without any riparian vegetation, and has no easement.

Review of existing historical maps and available aerial photographs indicate the drain in its current
alignment would have been constructed after 1925 and prior to 1953.

2.9 Water Resources

The Study Area is in the Jarrahdale Groundwater Sub-Area. Recent discussions with the Department of
Water had indicated the Jarrahdale sub-area superficial aquifer is currently 73% allocated and the
remaining available allocation is 430 000 kL/yr.
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3. PROPOSED DEVELOPMENT

The proposed Local Structure Plan for the Study Area (dated 10January 2012) is shown in Figure 9. The
Study Area is currently zoned as urban under the Metropolitan Region Scheme (DPI 2007).

The structure plan shows that land use in the proposed development will consist of:

o A mix of residential lots zoned R20, R30, R40.

e Public Open Space (POS)

¢ Roads

Key elements of the Local Structure Plan relating to urban water management include:

e Relocation and rehabilitation of the existing degraded Birrega Main Drain as a living stream within a
multiple use POS corridor.

e Sections of POS areas to be used for stormwater quality treatment, detention and retention.

e Higher density urban residential zonings to reduce landscape nutrient input at a residential scale.
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4. LOCAL WATER MANAGEMENT STRATEGY

The following chapter details the proposed Local Water Management Strategy for the Study Area. It
includes discussions regarding water use and conservation, and details key elements of groundwater,
surface water and water quality management with respect to demonstrated best management practice in
water sensitive urban design.

Issues related to implementation are discussed in Chapter 5.

4.1 Water Use & Sustainability Initiatives

4.1.1 Water Sources
It is proposed to use groundwater from the Superficial Aquifer to irrigate Public Open Space (POS) areas.
Based on an irrigation requirement of 7500 kl/ha/yr and POS area of approximately 1.1ha (inclusive of the

Birrega Main Drain corridor) the POS irrigation demand is likely to be in the order of 8250 kl/yr. This
volume is minor in comparison to available groundwater allocation in this area (Section 2.9).

Licences to drill production bores or to abstract groundwater for this purpose will be submitted to the
Department of Water for consideration in due course.

Scheme water is proposed to be used for domestic household supply. A development scale water reuse
scheme is not planned for the Study Area.

4.1.2 Water Conservation

Development of the Study Area will lead to an increased demand for water for new residents as well as
irrigation of public open spaces. Water conservation measures will be implemented to reduce scheme
water consumption within the development will be consistent with Water Corporation’s “Waterwise” land
development criteria, and include:

e Use of higher density residential zoning (R20-R40) and smaller lots to reduce garden (ex house) use
of water.

* Promotion of use of waterwise practices including water efficient fixtures and fitting
(taps, showerheads, toilets and appliances, rainwater tanks for R20 lots, waterwise landscaping)

e Use of drought tolerant native plants in POS areas
e Use of groundwater bores for irrigation of POS and common areas
e Maximising on site retention of stormwater

Specific measures to achieve water conservation and will be detailed in the UWMP and incorporated
within the development of detailed landscape plans. These plans will be integrated with those of the
adjacent WUWMP area.
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4.1.3 Non Potable Water Supply & Water Balance

A water balance at the LWMS stage is generally requested to support the identification of excess water
generated by the development for potential use as a non potable water supply scheme.

Use of local groundwater or alternative non potable water supply schemes for household use is not
currently considered viable for the Study Area.

Available local groundwater for large scale supply is limited and alternative non potable supply options
such as stormwater or wastewater reuse are unlikely to be viable at present, largely due to regulatory
constraints, within the current development timeframe. While ARA are investigating the feasibility of non
potable options for the adjacent WUW Masterplan Area, the timing for completion of these studies are
well outside the development timeframe of the Study Area.

Given the allocation of existing groundwater resources, the water source planning strategy for the Study
Area is for use of scheme water for domestic use (both in and ex house) and use of groundwater bores
for irrigation of POS areas. Rainwater tanks will be promoted on R20 Lots to assist in reducing excess
stormwater generation and minimise scheme water importation.

Sizing of rainwater tanks for R20 lots and further details of POS supplies will be provided at UWMP stage,
commensurate with requirements of building design. Consistent with UWMP guidelines a quantitative
water balance at lot scale will be conducted at UWMP stage to demonstrate overall compliance with
water use targets (Table 1).

4.2 Surface Water Management

4.2.1 Review of Emerson Stewart (2010)

Emerson Stewart (2010) details an analysis of the proposed realignment of the Birrega Main Drain within
the Wungong Urban Water Precinct K structure plan area located immediately downstream of the Study
Area. JDA understands the report has been accepted by government agencies with Birrega Main Drain
to be realigned immediately downstream of the Study Area within a 60m living stream corridor, consistent
with the Wungong Urban Water Precinct K structure planning shown in Figure 3. It should be noted that
the 60m corridor provided within the WUW Masterplan was largely established for planning outcomes and
environmental purposes rather than flood conveyance, and a significantly lesser width is required for flood
conveyance requirements.

A recommendation of Emerson Stewart (2010) was that approximately 13,500 m® of flood storage is
currently provided within the Study Area to attenuate flows downstream of Hopkinson Rd and that this
storage must be kept post development and that the existing culvert capacity and Hopkinson Rd inverts
must similarly be maintained.

This recommendation is provided in the context of the potential removal of floodplain storage within the
Study Area resulting in increased flood levels upstream and/or increased culvert capacity resulting in
increased flows to the downstream environment.

This estimate of floodplain storage in Emerson Stewart (2010) was based on an estimated 100 year ARI
flow rate of approximately 6 m>/s and 100 year flood level of 26.4 mAHD within the Study Area based on
anecdotal evidence of observed flood levels during the July 1987 flood event. A flood level upstream of
Rowley Rd of 27.3 mAHD was provided in Emerson Stewart (2010).
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Note that analysis in this LWMS report has conservatively been based on adopting a 8 m*/s flow rate
rather than the 6 m’/s adopted in Emerson Stewart (2010).

Emerson Stewart (2010) mapping is shown in Appendix G in relation to JDA analysis of this same data.
Summarising the results of the JDA analysis :

a) JDA do not believe it to have been physically possible for flood levels upstream of the Study Area
to reach 27.3mAHD. Figure G1 shows this would have resulted in a waterfall over an extended
section of Rowley Rd at depth 0.3 m or above and in excess of 1.0 m in some sections.

b) Given Water Corporation evidence that Hopkinson Rd remained dry during the 1987 flood event
(Emerson Stewart, 2010), flood levels within the Study Area could not have exceeded a
maximum of 26.2 mAHD. This is clearly shown in Figure G2 in relation to road levels and based
on detailed analysis of LIDAR data. This significantly reduces the estimates of floodplain storage
provided within the Study Area from 13,100 m> at 26.4 mAHD (Emerson Stewart estimate was
13,500 m” at this elevation) to 4,900 m® at 26.2 mAHD. Tabulated floodplain storage volumes at
various elevations are shown in Table 6.

On this basis JDA consider the floodplain storage provided in Emerson Stewart (2010) to be
conservative, and while this may have been appropriate for analysis purposes for consideration of
Precinct K, is not considered analysed to sufficient detail for application for the Study Area.

JDA consider that based on the analysis conducted for the LWMS, based on a 100 year flow rate of 6
m/s as per the Emerson Stewart (2010) report a floodplain storage of 4,900 m> at 26.2 mAHD is
required. A conservative assumption would be the adoption of a 26.3 mAHD (8500 m?) which would
consider uncertainties in flow and Hopkinson Rd effectively acting as a spillway above this level.

It should be noted that the above estimates are inclusive of direct runoff from the Study Area itself hence
the regional flood storage component would be less. JDA estimate that for the 6-7 July 1987 event, based
on a conservative 35% runoff from the local catchment and a total of 108 mm of rainfall, local runoff from
the Study Area itself would have been in the order of 4000 m>.

A conservative regional flood storage flood estimate of 4500 m? for the Study Area is therefore proposed
for design considering local Study Area runoff and a 26.3 mAHD Hopkinson Rd spillway level.

For design purposes, consistent with Water Corporation requirements it is recommended the existing
road elevations of Hopkinson and Rowley Rd be maintained and culvert capacities into and out of the
Study Area similarly be kept.

Discussions with Officers at the City of Armadale and Shire of Serpentine-Jarrahdale suggest that there
are currently no plans for upgrades to Hopkinson Rd (Doug Martin, City of Armadale, Craig Wansbrough,
Shire of Serpentine-Jarrahdale).

At present four culverts discharge from the Study Area across Hopkinson Rd including a 1.2 x 0.5m box
culvert and three circular culverts (900 mm, 375mm, and 400 mm dia). These may be consolidated to a
single culvert of equivalent capacity at UWMP stage. This will be negotiated with Water Corporation in
due course.
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Opportunities for alternative hydraulic structures which would result in no overtopping of Hopkinson Rd
yet maintain existing design flows to downstream areas will also be considered at UWMP stage. This may
ultimately result in a reduced 100 year flood level at this location.

TABLE 6: EXISTING STUDY AREA FLOODPLAIN STORAGE

Elevation (mAHD) Regional folt.::z;llao::&l;i;ds(t:‘gﬁge within
26.0 1200
26.1 2600
26.2 4900
26.3 8500
264 13100

4.2.2 Regional Flood Management

The proposed realignment of the BMD presented in this report is consistent with the WUW Master Plan
and its DWMS and effectively represents the first stage of its proposed realignment from the Study Area
to Tonkin Highway.

JDA (2008) attached as Appendix C, details investigations of the hydraulic implications of staged
construction of the realignment of BMD and found both filling of the Study Area for development and a
staged realignment of the drain could occur without adversely affecting flood levels either upstream or
downstream of the Study Area. The investigations found future realignment of the BMD downstream of
the Study Area would provide opportunities for an overall improved hydraulic performance of the BMD
system.

JDA understand urban development of the WUW Master Plan Precinct K immediately west of the Study
Area is currently being progressed by Peet and Co and preparation of a LWMS for this area is nearing
completion. The local structure plan for Precinct K accommodates a realignment of the BMD consistent
with that proposed in the DWMS (JDA, et al 2008).

Flood levels for BMD for the 100 year ARI storm event are detailed in Appendix C.

The re-aligned drain will be approximately dimensioned as shown in Figure 13 with a similar invert to the
existing drain and 1:6 side slopes. A setback buffer of 30m will be provided to allow for the construction of
the shallow drain and sloping banks, which will provide sufficient floodplain storage to match existing
regional floodplain storage requirements (as defined in Section 4.2.1).

A 30m setback is consistent with the BMD realignment set back buffer within Precinct K on the northern
side of the drain. Any future development on the southern side of the southern side of Rowley Rd would
similarly be required to provided sufficient floodplain storage if filling of the area is proposed.

Minimum habitable floor level for areas adjacent to BMD will be set 0.5 m above the 100 Year ARI flood
level, consistent with DoW flood protection requirements.
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4.2.3 Local Flood Management

Local stormwater management is proposed to be undertaken consistent with water sensitive design
practices and meet key objectives and criteria as detailed in Table 1.

The local stormwater management system will consist of a series of pipes and subsoil drainage, living
streams and bioretention areas, and ephemeral water storage areas to attenuate and infiltrate peak
surface water flows, and provide water quality treatment for the proposed development prior to discharge
from the Study Area.

The stormwater drainage system will be designed using a major/minor approach. The minor drainage
system is defined as the system of underground pipes, kerbs, gutters etc. designed to carry runoff
generated by low frequency ARI storms, typically less than 5 year ARI. The major drainage system is
defined as the arrangement of roads, drainage reserves, attenuation/infiltration areas and open space
planned to provide safe passage of stormwater runoff from extreme events which exceeds the capacity of
the minor system.

Stormwater runoff generated by the impervious areas of the road reserve will be collected in gully or side
entry pits and then flow to a local piped drainage system. Attenuation of flow will then be achieved
through provision of detention storage areas in POS areas.

Consistent with principles and objectives discussed in Section 1.3, stormwater will be required to maintain
1 in 1 year ARI event post development discharge volumes and peak flow rates at predevelopment
conditions. This will be achieved via bioretention areas located within road reserves (where possible) and
POS areas. Opportunities to maximise infiltration opportunities within the confines of the site constraints
will be considered and detailed at UWMP stage.

Detention/retention areas will generally be designed to attenuate runoff for storm events up to 100 year
AR, with basin outflow designed to not exceed predevelopment (existing) levels. The minimum building
floor levels will comply with DoW and Shire of Serpentine Jarrahdale requirements for a 0.5m clearance
above the estimated 100 year ARI flood level.

All stormwater detention areas are proposed to be ephemeral and no open water body lakes are
proposed. This approach is consistent with the DoWs current policy on the use of constructed lakes for
stormwater management.

4.2.4 Conceptual Stormwater System Design

XP-Storm modelling was performed for the Study Area to determine flood storage requirements for local
flood management post development and provide a framework for the stormwater management system.
Modelling was based on the proposed land use plan shown in Figure 9.

Stormwater detention areas were designed to contain runoff from 1, 5 and 100 year ARI storm event, with
basin discharges for both ARIs designed not to exceed estimated pre-development (existing) levels
based on DoW requirements. Design flows are detailed in Table 7. Basin outlets for this modelling were
set at a Controlled Groundwater Level (CGL) defined as 300 mm above the AAMGL (previously
calculated in Section 2.5.2) based on Shire of Serpentine Jarrahdale advice. No lowering of groundwater
below the CGL is proposed.

Conceptual detention locations were determined based on topographic contours, depth to groundwater
mapping, and POS areas specified in the Local Structure Plan. Detention area flood rises were designed
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to be typically in the order of 1m, with consideration of the flat topography of the Study Area and minimise
fill requirements over the site. Side slopes of 1 in 6 (v: h) have been assumed above the CGL for
modelling purposes. Internal catchment boundaries were generally determined on the basis of existing
topographic catchment divides, with consideration of future land use and POS locations.

With respect to BMD a linear POS corridor of 30m has been allowed for to provide integration with
landscaped areas of the downstream Wungong Urban Water Masterplan Area. Side slopes of 1:6 have
been used for modelling of the realigned BMD, with the inverts of the drain maintained at existing levels.

The total provided floodplain storage within the BMD within this 30m corridor is estimated as
approximately 5000 m®> (based on ~25 mlinear metre of BMD) which is in excess of estimated
predevelopment regional floodplain storage (Section 4.2.1).

The design storms modelled by XP-STORM were calculated internally by the model with reference to the
methodology in Australian Rainfall & Runoff (AR&R) (Institution of Engineers, Australia 2000). The rainfall
temporal pattern was assumed to be spatially uniform across the catchment. Storm durations modelled
ranged from 10 minutes to 72 hours with critical durations for the basins ranging from 1 day to 3 days.

The following runoff coefficients for various land uses were used for modelling based on discussions with
the Shire of Serpentine Jarrahdale :

e Residential Lots (size >350 m2) 15% (soakwells)

e Residential Lots (size <350 m2) 75% (direct connection)

e Group Housing 15% (on-site detention/retention required)
e POS 10%

e Swales/Drainage Area 100%

e |[nternal Subdivision Road & Road Reserve 90% (internal subdivision)

e External Major Road & Road Reserves 75% (future swales/on-site retention required)

The proposed local flood management system for the Study Area is shown in Figure 10 and Table 7
detailing areas required in POS for flood management purposes. Figures 11 and 12 show XP-STORM
hydrographs for flood storage areas and key water levels for design purposes at UWMP stage. Figures
13 and 14 show key cross sections and long sections.

Referring to Figure 10 and Table 7:

e For Catchment A basin the AAMGL is 26.3 mAHD. The basin invert and pipe outlet invert are both at
26.6 mAHD;

e For Catchment B basin the AAMGL is 26.1 mAHD. The basin invert and pipe outlet to BMD invert are
both at 26.4 mAHD.

The total area required for detention storage for the 100 year ARI event is approximately 2% of the total
Study Area (excluding BMD requirements).

Storm volumes for the 1 hour 1 year ARI event (calculated as 50% times equivalent impervious area
times 16 mm) are also provided in Table 7 to provide a guide for storage requirements for water quality
treatment of this event within each catchment. These volumes and areas will be refined at UWMP scale
and are considered likely to be ultimately smaller than those shown in Table 7. Opportunities for
distributed bioretention pockets within local road reserves will be identified at UWMP stage with more
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detailed design. Note that storage shapes shown in Figure 10 are indicative only for determination of area
requirements and representation of storage areas required in relation to POS areas allocated in the
structure plan.

The final detention area configuration (side slopes etc) and locations will be documented in the UWMP
and will be dependent on final earthworks, drainage, and road design levels for the development. Minor
changes (refinements) in catchment areas shown in this report are therefore considered likely to occur as
detailed design proceeds. Stormwater modelling and runoff coefficients used in this LWMS will require
further refinement during the UWMP stage as areas of subsoil drainage and lot connections are more
accurately defined.

The detailed basin design which will occur at UWMP stage will include the design of such features as
different base invert levels within basins to accommodate various ARI storm events and ensure useable
POS areas for areas which are set aside as major flood storage areas (as opposed to frequently
inundated areas).

Opportunities for local infiltration and further distributed detention storage which may arise during detailed
design for the development may also result in smaller bottom of catchment storages being required.

Discussion regarding the system compliance with DoW requirements is contained in Section 4.7.
Landscaping design for POS areas will be undertaken in conjunction with detailed design and preparation
of the Urban Water Management Plan and submitted for agency approval in due course. Typical concepts
will be based around small ephemeral vegetated wetland areas for frequently occurring events with larger
events flooding grassed POS areas. Swales will be established as bioretention systems.

4.3 Groundwater Management

The implementation of a controlled groundwater level (CGL) within a development area is dependent on a
range of local site conditions including the soil type and its relationship to groundwater levels (regional
and/or perched), the presence of ASS, the existence of pollutants or nutrients within groundwater, and the
need to protect wetlands and receiving environments.

This LWMS proposes establishing a CGL at the AAMGL level established in Section 2.5.2. Minimum
separation between building floor levels for development and groundwater will be achieved by filling of
house pads and/or installation of subsoil drainage within road reserves to limit groundwater to the CGL.
Subsoil drainage will be required over the whole of the Study Area and will be installed at the CGL. A
cross section schematic of showing the impact of subsoil drainage installed at the CGL is shown in Figure
15.

Subsoil drains will be connected to stormwater drains at stormwater inlet manhole pits (either side entry
pits or grated pits). As such stormwater pipes will discharge both stormwater and subsoil drainage to the
bioretention areas of the swales.

Subsoil drainage will be treated prior to discharge to the receiving environment. Treatment will occur
within bioretention areas with the design of the bioretention area specified in the UWMP consistent with
local government requirements and WA Stormwater Management Manual (DoW, 2007) and FAWB
(2008) guidelines.

This will be achieved by installing subsoil drainage beneath the bioretention areas below AAMGL to allow
vertical movement of subsoil drainage through the filter medium.
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This LWMS establishes criteria and the general approach for setting finished lot levels. Finished lot levels
and fill requirements are a detailed design issue and will addressed during preparation of the UWMP and
submitted for Council approval at this stage.

Minimum clearance of floor levels will be maintained at 1.2m above the CGL. As discussed in Section 2.3,
Douglas Partners (2008) states on-site stormwater disposal using soakwells and sumps is not considered
feasible within the Study Area. Notwithstanding this finding, JDA consider imported fill is likely to provide
the opportunity for some lot scale infiltration. Likely areas of soakwell and lot connections area shown in
Figure 10. For lots in excess of 350 m? in size, where lot connections are proposed, opportunities for on
site detention and retention will be examined at UWMP stage.

On lots >350 m?, a commitment is made by the Developer to detaining the 1yr ARI 1hr duration storm in
either soakwells or rainwater tanks. At UWMP stage, this commitment will be included in a detailed area
plan (DAP) and as such mandated by the Council through the Building Approvals process.

Details submitted for Council and DoW consideration at this time will include calculations detailing fill
levels relative to mounding between subsoil drains for various ARI storm events to demonstrate
compliance of the design to required standards. Plans showing proposed finished lots levels relative to
design constraints will be provided in the UWMP to enable compliance with design criteria to be
assessed.

J42641 2 March 2012 24

SJS TRIM - IN12/8716



L

JDA

Lots 1 and 2 Rowley Road, Darling Downs: LWMS

TABLE 7: XP-STORM MODELLING RESULTS

Post-Development Catchment A B
Catchment Area (ha) 7.73 4.56
Pre Development
100 Year Flow Estimate (m¥s) 0.08 0.05
based on 11 I/s/ha (Section 2.4.2)

5 Year Flow Estimate (m®/s)

based on calibrated XP-Storm Model 0.05 0.03
(estimate of 6.5 l/s/ha)

Catchment Data

POS (ha) 0.24 0.29
Residential - Connected (ha) 0.72 1.38
Residential — Not Connected (ha) 4.0 1.32
Road & Road Reserve (ha) 277 1.56
Catchment Slope 0.005 0.005
Equivalent Impervious Area (ha) 3.53 2.58

Storage Data

Type Ephemeral Basin Ephemeral Basin
Base Area (ha) 0.06 0.05
Side Slopes (v:h) 1:6 16
Storage Outlet Level (mAHD) 26.6 26.4
Nominal Pipe Outlet Dia (mm) % 220 150
1 Year ARI

1 Year 1 Hour Storm Volume (m3) 280 205
5 Year ARI”

Top Water Level Area (ha) 0.10 0.08
Flood Storage (m®); 475 320
Flood Rise (m)2 0.60 0.60
Peak Outflow (m*/s) 0.05 0.05
Critical Duration (hrs) 48 48
100 Year ARI *

Top Water Level Area (ha) 0.13 0.11
Flood Storage (m®); 940 700
Flood Rise (m)2 1.00 0.90
Peak Outflow (m%/s) 0.05 0.05
Critical Duration (hrs) 3 24

1.  Flood storage above basin base.

2. Food rise refers to Top Water Level minus basin base.

3. Pipe diameters shown should be considered nominal only for modelling purposes. Actual size to be determined in UWMP
stage based on commercially available sizes. Orifice plates or equivalent may be necessary to limit flows to allowable
discharges

4. Post development tailwater condition of 26.3 mAHD assumed at Hopkinson Rd (based on existing road level) and conservative
100 year flow of 8 m*s in Birrega Main Drain.

5. Tailwater condition of 25.6 mAHD assumed at Hopkinson Rd and 5 year flow of 3 m*/s in Birrega Main Drain

6. Hopkinson Rd hydraulic capacity to be maintained post development. Equivalent culvert size and structure to existing capacity
be determined at UWMP stage (refer Section 4.2.1).
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4.4 Wetland Management

As previously discussed in Section 2.6, there are no CCW'’s or EPP lakes located within the Study Area.
No specific strategy for protection of wetlands is therefore required for this development.

4.5 Water Quality Management

With respect to water quality management the LWMS proposes the use of a treatment train approach
including source control techniques. The proposed water quality management approach for the Study
Area includes:

o Non Structural Controls
Planning practices (POS locations and configuration)
Construction practices (construction management, soil amendment, use of native plantings)
Maintenance practices (street sweeping, stormwater system, POS areas, fertiliser management)
Educational and participatory practices (capacity building programs, community education)

e Structural Controls
Detention and treatment of frequent events in bioretention systems in POS and road reserves
Rehabilitation of existing trapezoidal open drain into a living stream within POS corridor
Creation of ephemeral retention/detention areas within POS areas
GPT's at outlets

e Monitoring
Establishment of pre and post development monitoring network
Annual reporting, including ongoing assessment of BMP’s performance and suitability to provide
ongoing guidance and review for future WSUD planning within the Study Area.

With respect to criteria for water quality, PDC(2006) criteria are to be adopted in addition to a more
general principle of improving water quality in comparison to existing water quality.

To achieve its water quality objectives, the LWMS focuses on implementing current known best
management practice as detailed in the DoW’s Stormwater Management Manual for Western Australia
(2007) and the Decision Process for Stormwater Management in Western Australia. (DoW, 2009), with an
emphasis on nutrient input source control, and maintaining and treating 1 in 1 year ARI post development
discharge volumes and peak flow rates at pre development levels.

Establishment of bioretention systems for the development area will be detailed in the UWMP for water
quality treatment purposes consistent with DoW’s current approach to stormwater management.

4.5.1 Post Development Nutrient Input

NIiDSS is a tool developed by JDA Consultant Hydrologists to assist in landuse management planning,
and allow quantitative estimation of nutrient input rates and the potential reduction in nutrient input
(including costings) for various combinations of water sensitive urban design (WSUD) water quality
management measures. NiDSS focuses on the adoption of an integrated catchment approach to water
quality management, including measures to minimise nutrient inputs at source, and provides a logical
framework for the evaluation of the effectiveness of various best management practices for nutrient input
management.
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It calculates the total expected nutrient input for a particular development proposal based on aggregating
individual nutrient inputs from different land uses (lots, POS, road reserves, conservation areas) prior to
implementation of stormwater management measures. The impact of individual source and in-transit
controls on nutrient input can then be determined by either turning on/off individual controls or varying the
effectiveness of these measures. The results present information on :

e estimates of total phosphorus (TP) and total nitrogen (TN) application to an area;

e estimates of reductions due to source control measures (education, street sweeping);
e estimates of reductions due to in-transit controls (Gross Pollutant Traps, WPCP’s); and
e estimates of the cost of removal (in PV terms) for a selected WSUD program.

NiDSS was applied to the Study Area to model existing land use and the proposed Structure Plan land
use. Nutrient application rates were adopted from the Southern River Urban Water Management Strategy
(JDA, 2002), which based application rates on a nutrient input survey conducted by JDA of medium
density residential areas, and on previous work of Gerritse et al. (1991,1992) at CSIRO on rural
residential lots.

Results of NiDSS modelling are presented in Appendix H. Summarising modelling results:

e Pre-development (existing) rural land use is estimated to have nutrient input loadings of greater
than 20 kg/hal/yr for TP and 60 kg/hal/yr of TN. These estimates are based on assuming typical
rural land use nutrient application rates for pasture, and do not reflect higher application rates for
more nutrient intensive land use practices which may have historically occurred within the Study
Area.

e With the proposed urban land use and assuming no WSUD, the Study Area is estimated to have
nutrient input loadings of 12 kg/ha/yr for TP and 68 kg/ha/yr of TN.

*  With implementation of a typical WSUD nutrient input reduction program including:
1. Gross Pollutant Traps,
2. Street Sweeping,
3. Education Campaigns (targeting fertiliser application rates),
4. Focus on Native Plantings for Residential and POS Areas (and use of P free fertilisers),
it is estimated nutrient input loadings can be lowered to below current application levels under
existing land use. An example program is shown in Appendix H. This indicates a reduction in
application rates to 9 kg/hal/yr for TP and 52 kg/ha/yr of TN, which are less than to PDC(2006)
requirements.

4.5.2 Assessment of Proposed Structural BMPs to Design Criteria

Table 8 details a summary from DoWs Stormwater Management Manual for Western Australia (2007) of
expected pollutant removal efficiencies for vegetated swales and detention/retention systems in relation
to the PDC (2006) water quality design criteria previously discussed in Section 1.2.4.

Expected nutrient input reduction via non structural measures calculated in Section 4.5.1 are also
reported in Table 8.

J42641 2 March 2012 27

SJS TRIM - IN12/8716



| S

JDA Lots 1 and 2 Rowley Road, Darling Downs: LWMS

While DoW (2007) does not provide expected pollutant removal efficiencies for all BMPs, application of a
treatment train approach using a combination of non structural and structural measures detailed in
Section 4.5 will therefore clearly achieve the design objectives for water quality.

Specific details on the location, scale of application, and responsibilities for individual BMPs will be
addressed during development of the Urban Water Management Plan (UWMP).

TABLE 8 : BMP WATER QUALITY PERFORMANCE IN RELATION TO DESIGN CRITERIA

Parameter Design Criteria via Non Structural Structural Controls
PDC(2006) Controls Nutrient Output Reduction *
(required removal as (refer Section 4.5.1)
compared to a development Nutrient Input Vegetated Detention/
with no WSUD) Reduction Swales Retention
Measures
Total Suspended Solids 80% - 60-80% 65-99%
Total Phosphorus 60% 30% 30-50% 40-80%
Total Nitrogen 45% 24% 25-40% 50-70%
Gross Pollutants 70% - - >90%

1. Typical Performance Efficiencies via DoW (2007)

4.6 Construction Management

4.6.1 Dewatering

Dewatering of the superficial aquifer will be required for some elements of development construction. As
the volume of dewatering will be small compared to aquifer storage and this is infiltrated back into the
superficial aquifer, the impact upon the aquifer will be minimal.

Drawdown will occur at the dewatering site, and mounding where the water is infiltrated. It should be
noted that there will be zero net loss of groundwater, as all water abstracted will be infiltrated (except for
minor losses to evaporation).

Prior to the commencement of any dewatering, construction contractors will be required to apply for and
obtain from DoW a ‘Licence to Take Water. All dewatering will be carried out in accordance with the
conditions of this licence.

Where possible, construction will be timed to minimise impacts on groundwater and any dewatering
requirements.

4.6.2 Acid Sulphate Soils
As previously discussed in Section 2.7, there is a possibility for ASS to be present on the Study Area.
All assessment and management of ASS will be conducted in accordance with the Acid Sulfate Soil

Guideline Series Identification and Investigation of Acid Sulfate Soils (DoE, 2004a), including a
Preliminary Site Assessment (PSA) involving a targeted soil and groundwater sampling and analysis
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program, .detailed site assessment (if required), and ultimately and an ASS Management Plan if ASS is
to be impacted.

During construction, appropriate handling methods will need to be employed by the construction
contractor to manage any potential acid sulphate soils. Handling should be in accordance with the Acid
Sulfate Soils Guidelines Series Treatment and Management of Disturbed Acid Sulphate Soils (DoE,
2003). These guidelines specify holding times and specific methods for treatment of such soils.

To confirm the status of soils, the site engineer or scientist will regularly inspect the excavations and spail,
and ensure such soils where encountered are appropriately tested and managed before reuse or disposal
off-site.

4.7 Water Management Strategy Summary

Table 9 provides an overall summary of key elements of the proposed water management strategy for the
Study Area, with an assessment of the strategy in relation to DoW (2007) principle objectives for
stormwater management in Western Australia (Section 1.2.4).
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TABLE 9: SUMMARY OF PROPOSED LOCAL WATER MANAGEMENT STRATEGY

Principle

Key LWMS Elements

Water Quantity

To maintain the total water cycle balance
within development areas relative to the
pre-development conditions.

Maintain flow paths for existing catchments

Maintain 1 in 1 year ARI event post development discharge volume and
peak flow rates relative to predevelopment conditions

Maintain 5 and 100 year ARI peak flows from the Study Area to at or below
current discharge levels.

conditions.

«  Stormwater detention area outlets set at defined CGL (AAMGL+300mm).
«  Maximise infiltration opportunities.
Water Quality « Change in land use and WSUD to reduce nutrient input in the Study Area.
To maintain or improve the surface and . Mai:tg(i)n 1 ir} 1 yeiirt 'ARIt eve(r;(t1 poslt devek:pme(r;tti discharge volume and
S peak flow rates relative to predevelopment conditions
groundwatgr N WIGHG SouciopmetLc  Relocation and rehabilitation of Birrega Main Drain as a living stream
areas relative to pre-development e  Use of treatment train approach to stormwater management

Application of source controls — including street sweeping, education to
reduce nutrient application, native plantings, passive POS areas, lot
soakwells.

Application of structural controls — retention/detention areas, gross pollutant
trapping devices, living stream.

Post development monitoring program and performance review process

Water Conservation
To maximise the reuse of stormwater

Implement water efficiency and demand management measures in and ex-
house.

Use of native plantings in POS areas and passive POS areas to minimise
irrigation

Ecosystem Health
To retain natural drainage systems and
protect ecosystem health

Relocation and rehabilitation of Birrega Main Drain as a living stream
Relocation of Birrega to enable habitat and vegetation linkage downstream
of the Study Area

Gross pollutant trapping devices to be installed on outlets

Economic Viability
To implement stormwater systems that
are economically viable in the long term

Use of proven structural WSUD technology
Use of source control techniques to minimise cost of nutrient management
(Appendix J)

Public Health
To minimise the public risk, including risk
of injury or loss of life to the community

Design in accordance with relevant design standards, best management
practices, council regulations and government agency requirements.

Protection of Property
To protect the built environment from
flooding and waterlogging

Provision of 100 year ARI flood protection for Study Area

Protection of downstream areas by restricting stormwater discharge to
existing levels for storm events up to 100 year ARI.

Subsoil drainage to be implemented to control seasonal groundwater rise to
the defined CGL.

Social Values

To ensure that social aesthetic and
cultural values are recognised and
maintained when managing stormwater

Relocation and rehabilitation of Birrega Main Drain
Integration of drainage and POS functions

Development

To ensure the delivery of best practice
stormwater management through
planning and development of high quality
developed areas in accordance with
sustainability and precautionary
principles.

Urban water management in accordance with Better Urban Water
Management (WAPC, 2008)

Development of the LWMS in accordance with government agency
guidelines and best management practice recommendations.

Use outcomes of continuing pre development and post development
monitoring programs to help guide future water management.
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S. IMPLEMENTATION

5.1 Roles and Responsibilities

Table 10 details the roles and responsibilities to undertake the implementation plan. Further detail is
provided regarding each deliverable in the section outlined in Table 10 below.

Governance issues related to the change in level of service requirements of the BMD from a rural drain to
urban with development of the Study Area, are not unique to this project and represent a wider strategic
and staging issue currently being considered by various government agencies where urban development
is occurring in previously rural drainage districts.

These strategic inter agency drainage governance issues of DoW, WC and local authority are considered
outside the scope of this LWMS. Governance of the BMD post development will be resolved by the
relevant government agencies prior to the development of the UWMP.

Notwithstanding the above, the Shire of Serpentine Jarrahdale have indicated (Craig Wansborough, pers
comm.), that they would be prepared to accept the responsibility for maintaining the realigned drain within
the Study Area post development. Any written Deed of Agreement between the Water Corporation and
Shire will be undertaken as a separate process which would be undertaken parallel to the UWMP phase
of the project.

TABLE 10: IMPLEMENTATION RESPONSIBILITIES

IMPLEMENTATION RESPONSIBILITY
LWMS Section Action Shire of
Developer Serpentine
Jarrahdale
59 Preparation of an Urban Water Management Plan v
to support subdivision application
5.2 Realignment of Birrega Main Drain (BMD) v
5.2 Landscaping of POS and BMD v
52 Community Education Campaign v
53 Construction of Stormwater System v
53 Stormwater System Operation and Maintenance v (until handover) | v (after handover)
54 Monitoring program — 2 years post development v
J42641 2 March 2012 31

SJS TRIM - IN12/8716



| S

JDA Lots 1 and 2 Rowley Road, Darling Downs: LWMS

5.2 Subdivision Application Process

A UWMP for the Study Area will be submitted by the developer to the Department of Water and the Shire
of Serpentine Jarrahdale to support subdivision application. The UWMP will address:

1. Agreed/approved measures to achieve water conservation and efficiencies of use including
sources of water for non-potable uses and detailed designs, controls, management and operation
of any proposed system (including provision of POS and BMD realignment and rehabilitation
landscape plans ) ;

2. Management of groundwater levels, including maintenance of ecosystem health and any
proposed dewatering, (including the location of any proposed subsoil drainage) ;

3. Detailed stormwater management design including the size, location and design of public open
space areas, integrating major and minor flood management capability, landscape plans as
related to stormwater function, specific details of local geotechnical investigations and their
impact on stormwater design ;

4. Specific structural and non-structural BMPs and treatment trains to be implemented including
their function, location, maintenance requirements, expected performance and agreed ongoing
management arrangements (including details of community education programs);

5. Measures to achieve protection of waterways, remnant vegetation and ecological linkages;

6. Adequacy of buffers proposed in the Local Structure Plan having consideration of any controlled
groundwater level (CGL) proposed;

7. Management of subdivisional works (to ensure no impact on regional conservation areas,
maintenance of any installed BMPs and management of any dewatering and soil/sediment,
including dust);

8. Management of disease vector and nuisance insects such as mosquitoes and midges;

9. Implementation plan including monitoring program, roles, responsibilities, funding and
maintenance arrangements. Contingency plans should also be indicated where necessary.

As previously discussed in Sections 2.4 and 2.5, the Wungong Urban Water DWMS (JDA et al 2009)
provided over 18 months of district scale monitoring data, which had been supplemented with additional
monitoring data for winter 2008 to inform the development of this LWMS. The requirement for any
additional monitoring data from the Study Area to inform the detailed design process will be made at
UWMP stage in consultation with DoW.

5.3 Stormwater System Operation & Maintenance

Construction of the stormwater system will be the responsibility of the developer.

Operation and maintenance of the drainage system will be the responsibility of the Shire of Serpentine
Jarrahdale. The surface drainage system will require regular maintenance to ensure its efficient
operation. It is considered the following operating and maintenance practices will be implemented
periodically :
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e removal of debris to prevent blockages;

e street sweeping to reduce particulate build up on road surfaces and gutters;

e cleaning of sediment build up and litter layer on the bottom of detentions storage areas;

e application of slow release/zero phosphorus fertilisers for maintenance of POS areas and any swales;

e undertake education campaigns regarding source control practices to minimise pollutant runoff into
stormwater drainage system; and

e checks on subsoil drainage function.

A summary of the proposed maintenance schedule is presented in Table 11 below.

TABLE 11: MAINTENANCE SCHEDULE FOR DRAINAGE INFRASTRUCTURE

Maintenance Interval

Item
Quarterly Biannually | As required

Street Drainage

Street sweeping to reduce particulate build up v
Eduction of sediment and rubbish in manholes v
Removal of debris to prevent blockages v

Swale (bio-retention)

Inspect for erosion + sediment accumulation v

Assess health of vegetation. Remove dead plants v
and replace where necessary.

Removal of sediment and leaf litter layer build up. v

5.4 Monitoring Program

The monitoring program has been designed consistent with Joint Australian/ New Zealand Standards
(2000a,b,c) to allow quantitative assessment of hydrological impacts of proposed development within the
Study Area. In particular, the program addresses the monitoring of surface water discharge from the
development and groundwater quality.

The post development monitoring program is designed to operate over a 2 year period. The program will
be periodically reviewed to ensure suitability and practicality. The program may need to be modified as
data are collected to increase or decrease the monitoring effort in a particular area or to alter the scope of
the programme itself. Any modification to the program would require the agreement of all parties (DoW,
SSJ, and developer).

All water quality sample testing will be conducted by a NATA approved laboratory.

A summary of the proposed monitoring program and reporting schedule is shown in Table 12, with the
frequency of water quality target review and the contingency action plan detailed in Table 13. The 2 year
monitoring program is to be undertaken by the developer.

Surface and groundwater monitoring are described below and summarised in Table 12. Ongoing tracking
of environmental performance will be undertaken as monitoring data becomes available through a series
of consolidated data spreadsheets.
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5.4.1 Surface Water

Surface water monitoring includes water quality only.

Discharge at 2 locations (Birrega Main Drain plus one stormwater attenuation area outlet) will be
monitored over the first 2 years of development. As the BMD is proposed to be realigned to extend
around the Study Area, this location will be on the realigned section of the drain bordering the Study Area.
Monthly samples will be taken for laboratory analysis during the winter months when the drain is flowing.

Monitoring of the following parameters is proposed :

e pH,EC,TSS

e Nutrients - TP, TN (with components including FRP, TKN, Nitrate/Nitrite)

5.4.2 Groundwater

Quarterly monitoring of water levels and groundwater quality is proposed. Monitoring at 2 groundwater
sites (RH2 and RH3) is proposed using existing bore locations shown in Figure 10. Note these sites may
require reinstatement/realignment following construction to suite subdivision design. Any of the bores
disturbed during development will be replaced as near as possible to existing bore sites, and re surveyed
to Australian Height Datum (AHD).

The depth to water table will be measured by electrical depth probe or an alternative suitable device (eg
continuous data logger). Water samples are to be taken after purging the bores to ensure a fresh sample
is obtained.

Water quality parameters to be measured are as described above for surface water monitoring.

TABLE 12: POST DEVELOPMENT MONITORING AND REPORTING

Monitorin Frequency, Timing & Reportin
*orng | parameter Location Method bl . ', ,' = s
Type Responsibility
L Electrical An i
2 monitorin nual reports to be provided by
Groundwater | \water Level bores 9 depth Quarterly for 2 years by the developer as part of post
Level (m AHD) providing spatial Iprobe, developer development monitoring for the
coverage ogger, Study Area will provided for a
or similar period of 2 years. Reports will
2 monitoring Quarterly for 2 years be submitted to DoW within 3
Groundwater pHN[Egg;? S bores Pl:;:%ed (typically Jan, Apr, Jul & months of completion of the
Quali providing spatial T reporting period.
| Phosphorus Cove?age samples Oct) by developer porting p
6 samples annually for 2 Suitability of existing monitoring
2 locations years by developer and reporting frequencies to be
Surface |, £c 7SS | (BMDand Collected |  Sampling to capture first assessed annually with any
Water Nitrogen stormwater grab ) ) modifications requiring
) - flush (if possible), agreement by all parties
Quality Phosphorus | attenuation area | samples
outflow) then 4 further samples from (DoW,SSJ, & Developer)
June to Oct -
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5.4.3 Annual Reporting

Reporting is proposed to be annually, co-ordinated by the developer and submitted to the Shire of
Serpentine Jarrahdale and DoW for review. The report will compare the monitoring results with target
design criteria and performance objectives and determine what, if any, further actions may be necessary,
and provide ongoing assessment of the suitability of existing monitoring and reporting frequencies.

Assessment of performance compliance against water quality criteria will require careful consideration to
account for inter seasonal and inter annual variability, and as both surface and groundwater quality will be
a function of historical land use practices not only within the development area, but over the entire
upstream catchment.

The proposed process for contingency action in the assessment of performance compliance is shown in
Table 13. Monitoring and reporting outcomes will be used in a continual improvement capacity to review
proposed WSUD, and inform the planning and design approaches for other developments.

TABLE 13 : CONTINGENCY PLANNING

Contingency Action
1. Assess if an isolated, development area or regional
occurrence.
Criteria 2. Determine if due to the development or other
Monitoring I external factors.
Type Criteria for Assessment Assessment 3. Perform appropriate contingency action as required
Frequency (examples provided below)
4. Record and report in the annual report any breach
and action taken.
5. If necessary, inform residents of any required works
and their purpose.
Groundwater Groundwater levels not to _ 1. Review design and operation of subsoil and
Level exceed CGL in areas of Aﬂe;crzggig?lnng stormwater drainage system.
subsoil drainage. 2. Perform maintenance as required.
Nutrient concentrati_on.s in
Groundwater Sh;"tf[’w g]ores_ t,? be stlmllatrsor 1. Identify and remove any point sources.
Quality etter than intenm targe 2. Reinforce Community Education/Awareness
established by ) program
predevelopment monitoring. Annual review of 3. Review operational and maintenance (eg fertilising)
water quality cti
targets practices. ] ) )
4. Consider alterations to POS areas including
Water quality discharging from landscape regimes and soil amendment.
Surface the Study Area to be similar or 5. Consider modifications to the stormwater system.
Water Quali better than interim targets 6. Consider initiation of community based projects.
ater Quality established based on existing
surface water quality
J42641 2 March 2012 35

SJS TRIM - IN12/8716



| S

JDA Lots 1 and 2 Rowley Road, Darling Downs: LWMS

6. REFERENCES

Armadale Redevelopment Authority (2007), Wungong Urban Water Draft Urban Water Management
Policy.

Australian and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (2000a) Australian and New Zealand Guidelines for
Fresh and Marine Water Quality, National Water Quality Management Strategy, October 2000

Australian and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (2000b) Australian Guidelines for Water Quality
Monitoring and Reporting, National Water Quality Management Strategy, October 2000

Australian and New Zealand Environment and Conservation Council and Agriculture and Resource
Management Council of Australia and New Zealand (2000c) Australian Guidelines for Urban Stormwater
Management, National Water Quality Management Strategy, 2000

Davidson, W.A. (1995) Hydrogeology and Groundwater Resources of the Perth region, Western
Australia, WA

Department of Environment and Conservation (2006), Geomorphic Wetlands of the Swan Coastal Plain.

Department for Planning And Infrastructure (2007) Metropolitan Region Scheme - Zones and Reserves,
dataset last updated 19 December 2008.

Department of Water (2007), Stormwater Management Manual for Western Australia, August 2007.
Department of Water (2009), Decision Process for Stormwater Management in WA

Douglas Partners (2008) Report on Geotechnical Investigation Proposed Residential Subdivisions Lots 1
& 2 Rowley Rd Darling Downs, April 2008

Emerson Stewart (2010), Birrega Main Drain — Sensitivity Analysis Report, May 2010

Environmental Protection Authority (2008), Water Quality Improvement Plan for the Rivers and Estuary of
the Peel-Harvey System — Phosphorus Management

Facility for Advancing Water Biofiltration (2008) Advancing the design of Stormwater Biofiltration.
Government of Western Australia (2007) State Water Plan 2007.

Hill, A.L., Semeniuk, C.A., Semeniuk, V. and Del Marco, A. (1996) ‘Wetland Mapping, Classification and
Evaluation’, Wetlands of the Swan Coastal Plain, vol. 2A, Waters and Rivers Commission and
Department of Environmental Protection.

Institution of Engineers Australia (2006), Australian Runoff Quality
Institution of Engineers, Australia (2000), Australian Rainfall & Runoff

JDA Consultant Hydrologists, GHD and CSIRO (2009), Wungong Urban Water Master Plan - District
Water Management Strategy, report to Armadale Redevelopment Authority

JDA Consultant Hydrologists (2008) Lots 1 & 2 Rowley Road Darling Downs Assessment of Birrega Main
Drain Realignment , report to SPM Project Marketing, July 2008

JDA Consultant Hydrologists (2009) Lots 1 & 2 Rowley Rd Darling Downs AAMGL Investigation, report to
SPM Project Marketing, February 2009

J42641 2 March 2012 36

SJS TRIM - IN12/8716



| S

JDA Lots 1 and 2 Rowley Road, Darling Downs: LWMS

Jordan J.E. (1986) Armadale Part Sheets 2033 | and 2133 |V, Perth Metropolitan Region, Environmental
Geology Series, GSWA.

Luke, G.L., Burke, K.L. & O'Brien, T.M. (1988). Evaporation Data for Western Australia — Technical
Report 65. Perth: W.A. Department of Agriculture, Division of Resource Management.

Martens S, Davies J, O’'Donnell M, Zuvela P (2004), Monitoring for Total Water Cycle Management: The
WESROC Experience, Institute of Public Works Engineering WA State Conference Proceedings, March
2004.

Mayer, X.M., Ruprecht, J.K. and Bari, M.A. (2005) Stream Salinity Status and Trends in South-West
Western Australia, Department of Environment, Salinity and Land Use Impacts Series, Report No. SLUI
38.

Peel Development Commission 2006, Peel Harvey WSUD Local Planning Policy

Shire of Serpentine Jarrahdale (2003) Shire of Serpentine Jarrahdale Engineering Standards for
Subdivisional Development

Swan River Trust 1999, Swan-Canning Cleanup Program — Action Plan; an Action Plan to Cleanup the
Swan-Canning Rivers and Estuary, May 1999.

Water and Rivers Commission (1998), A Manual for Managing Urban Stormwater Quality in Western
Australia, August 1998.

Water and Rivers Commission (2003) Urban Stormwater Management in WA — Interim Position
Statement, Principles and Objectives, February 2003.

Western Australian Planning Commission (2003) WAPC Planning Bulletin 64, Acid Sulphate Soils,
November 2003.

Whelans and Halpern Glick Maunsell (1993) Water Sensitive Urban (Residential) Design Guidelines for
the Perth Metropolitan Region.

Western Australian Planning Commission. (2008), Better Urban Water Management, October 2008

J42641 2 March 2012 37

SJS TRIM - IN12/8716



FIGURES

SJS TRIM - IN12/8716



Jr£LO/UKINI NIdd vl v

€102 'aL7 "ALd S3LVIO0SSY ¥ SAIAVA NIF LHOIHAJOD ©

ue|d }x8juon a|g:| ainbi4 : <Q—.

SINMT :sumoq Builteq ‘py Aeimoy g pue | sjoT 000°02:1:01e08 | | «‘
sInoUBLIB |

¥9¢yr 'ON qor

[E— E— B
sBEUWORiGT Z Gl I S0 0

382Jn0S eleg
nonjasay Buobunpa =y
12 : =R

\ e S =N\
S / 2= \
A, /

N

3jepyeliep-auijuadiasg jo aliys

w Pa®,
- X ay A3IMOY
“ny, P 2 oAl ol
b, \
QVY - 4 //, Q, A%
= XN (2 N
- o \M\\ \
. Yy \,
{ \,
1 > f /
| X » 7 /
b N ; \ e sjepisalloq
n y 7 .
//. &./ %
:oim/u@nw*ﬂoo;m,caEcuSco . ANW/ { «%,va.
& % | N sjepewy jo A
E/ ; A A B
.n. \,
& i Q;
,.u/ I 5 WVY
L QV\Q
\ ) Y
AR § //_
, (!)/( ;\!\r\_L \
Arepunog fowny uswwaroo 1o [ )\ K™ visibisoall
WSWUAIED JBARY WBLANOS . 4 M .
BaJy SWMN = 4 i ﬂu
s ¢ T\
EQ. \ il Y
<L _.|D| m_mumct,wb,v
(3 pualg) eary s |~ ! = L
eany fpnis (504
puafbian S

s|jeusos jo Aun




Buiddely jejuswiuoaiAug:Z ainbBi4
ST :sumoq Buiieq ‘py Asimoy g pue | sjoT
sIAoUBLID |

as aduiniy
6002 Spueapa 2iydiowoas

easy Apmg
(aHvw) Aydeibodog

puaba

|

o
1

2102 'dL1 'ALd S3LVIO0SSY B SAIAVA WIF LHOIHAJOD ©

it
e
! M
A iNaaead,]

M

S

e £
0S
IO

0 N

= (




eje( |jejuiey ABojoioa)a\ Jo neaing :¢ ainbi4
SIWM :sumoq Buiieq ‘py Asimoy g pue | sjoT
SIAOUBLID |

2102 'dL1 Ald S3LVIOOSSY B SIIAVA WIF LHOIIAJOD @

varl
000°001:1:8[B0S
¥9¢yr 'ON qor

[ E——— je= - =]
SISO & € 4 i 0

3eT] siepisatos

@ - o

a1314153Im

L10DSWI3N | ITVAVINEY .

ealy Apnis
saus Wog Q)

puabar

(8002) Abojoioalsy 4O NE3ING (32IN0S e

8002-GL61 besony @

800Z-806) @briony O

00

00z
| foor
| _}ooe
| _foos
-00a
o002

00

_tooa
tooa

~0'00C

lejuey Ajyyuo iy

1800¢-G/61 3 Sow.momw.. Uiy

v&. .
wszswv@%%%?&wﬁ Awoo«&zg@mﬁgﬁ
¥o0z zaal 088 508 e

00z

-00F

roog

<008

‘000

o gulead

lejuIey (enuuy

~00#H




240Z "L "ALd SALVIOOSSY B SAIAVA WIF LHOIMAOD @ [ —.
KBojoan aoeying i ainbi4 ~<ﬁ—
SINMT :sumoq Buieq ‘pyY Asimoy gz pue | sjo 000'G:}:9[e9S M
slAnouels | 924l "'ON gor
L — | = — ] SaUag sjepeuly (#861) AD0j039 |BJUSLLUUOIIAUS 321N0S Bl
I 002 sl [ [ 0

uibuo ueljos Jo sjesaulw Aaeay Jouiw
‘papunoiuns o} 1ejnbueqgns ‘papos Ajlsjesspow ‘pauielf wnipaw
01 aul} ‘yidap 1e mojjaA ‘aseuns 1e £a1b ajed o) apym ‘aNVS 8S

‘uIBLIO UBI0S JO UOHEWLIOS PIOIplINg

ay) Jo pues Aake)d 0y Aejo Apues 1aA0 85 Se NVYS 0LS

‘dieds jeau siake| Jjis pue
1onelb Ayonseld sjelapouw jo Aepd ‘pues papunol 0} Jejnbuegns
‘pauleib-asieod 0} aul ‘umolq 0} A31B-aym AV IO AANVYS SO

lis== oS [ F = =
sO Il
ABojoag soeunsg
ealy Apms -llh-

i pusba |- - ——




abeuleiq aosepng :G ainbi4
SIWM :sumoq Buiieq ‘py Asimoy g pue | sjoT
sIAoUBLID |

2102 'dL1 Ald S3LVIOOSSY B SIIAVA WIF LHOIIAJOD @ & H

000°8:1:8[e9S
¥9¢vl 'ON qor

SN 08T

ww Qo6 X | :uaan) Bunsixg

= 1 5 F
. = = w(juswufijeay)weig UEnW ot

(8002) var :saines ejeq

Ww 006 X ¢ :UsAIND Bunsixg

jaslig urig JeIseiN MNM

ww oozl X ¥ :HeAIn) Bunsix3

/

WWS/E X | :1aAIn) Bunsixg
: gy ATIMOY

SN :

\

A\

S Y A T -—
St A
N
]
w
]
]
' - e mm - - -
ww 006 X | :H8AIND Bunsix3y
|

easv Apmis g, 1
suanno 4

/

0:8NS:-aN-YO3uIg




2102 "L "Ald STLVIOOSSY ® SIIAVA NIM LHOIYAJOO © & <QH
uleiq ure eba.ig Jo easy Juawiyojed :9 ainbi4 w
SINMT :sumoq Buieq ‘py Asmoy Z pue | s1o7 {

000°G2:L:8[eds
siAouels |

¥9¢vl 'ON qor

:821n0S eleq
» a SYwoig |
A [ i [ il
5 ¥
: I8 =
N BN J 1= t Y T
TN w | i ©
i __ _ >
H - . ' &
° &u s G TEET i i -
z | ; Jm——on “ § o
(] P I 1 F../ il 1
e * P S gy — o\ =
i ’ ﬁ . ol 4 |
4, z = - w z ——————
w. LR W .N W ) W & s o JEENCaY3
! e - | — - b A
&) 'S s ¥ - VAI-I%.. @.u& =M = b o = wu =
i " 7 = A y =\ ¢ 9 I
N 3 -~ \ *\ P
wim Y - S RS NimEbrin - bl S " \-.v.ﬂ.nm.{tz,.bﬁlj
%
L ! "
g S - mw - g
= X ¥ % £
P> ) g * Eili
| S2E N ' | ) m— M 2 A — ==
e j _ w SR B =
¢ . 3 ~radEad) 2 % gl | s
{ /2 . _ ..M | = o = R 5y
Mm .\m. » ez ey > 12 © sl m b WH
1 / o o). - S | s _ M — _A W
] L, 5 = i £ i
[ [ v W— s
5..4. i » BiF"
QjeiLg . S— f
Tofis st >al =
DPPPULY - - | S
< i .M | *
ETNE] -
21458 « i )

WEPCLIEL -
TR TR T T RS

ooNm I ,. i LI . : M E S
g s :

- = g AR PULY
5 m__.,- ® 5! w & fis - J"M
& SN\, i W ¥ B g :
L., S 5 ﬂ% M 2 »-c/t..l.L E.%, [ 288 F an Y [ ' 1A
RIS ) et i
i s % L2 —s un(golnlu P e o e, N
s BN
Fmmy { X =
ealy Apnis Yuu S % E
AemybiH unjuo] o3 Juawyden uieiq uiepy ebauig .- u e NF
\ 2 = 2 2 : - «..f/;lulf.
2N
\ puafa T
I T | | P AN o




2102 'dL1 'ALd S3LVIO0SSY B SAIAVA WIF LHOIHAJOD © o H

Buiddepy 183empunols :; ainbi4 80BJINS [2INJBU MOJOq SaNjeW - suqui 310N “<ﬁ—
SINMT :sumo( Buieq ‘pY AsSiMOY g pue | sjoT 000'G:}:9[e9S m

sinoueL9 | ¥9Z¥ "ON qor

_ I I 308(0368:89«0
UK 00T ast 00k oS 1]

~GHYW 09T °

e |

QHYW 1T 22 TTOWWY .
e — 1 . - L

[ I
\ |

0 <l
01-90 N
90-€0[ | ealy Apnisa T 7
o | €0-0 (QHYW) TIONVYY ——

aoeuns je buipuod [l (QHYW) 1OWVY [euoibey — —
(suquy) 1ejempunols) o3 yide@ Saiog Islempunolo var %
puaba

/ L

P
/
/

111




2102 'dL1 'ALd S3LVIO0SSY B SAIAVA WIF LHOIHAJOD ©

Buiddep sjios ajeyding pioy :g ainbi4
SINMT :sumoq Buieq ‘py Aeimoy Z pue | sio
sIAoUBLID |

000°G:}:8[e3S
¥9¢vl 'ON qor

(8002) ssUSsS S|IOS SIEINS PRY :82IN0S eleg

SSVJO)SUUMOUY ON [ |

32eUNS |I0S WO We< SSY JO YSiY a1eIspojy 0} YbiH ANV 92eUNs JI0s 0} We> SSY Jo sty YbiH o) sjesspoly [T
32epNS |I0S Woly We> SSV 40 sty aesspoi o) yoiH [l

s|iog @21ey|ns pRY

eaiy Apms i = B

puaban




9L/8/CINI - NIFL SIS

(Z1L0Z/LI01) ueld 21n3onng [0 16 3unbiy
SINMT :sumoQ Buipeq ‘py Aamoy Z 9 L 107
SIAOURLIS |

2102 'AL7 "Ald S3LVIOOSSY ® S3IAVA WIF LHOIYALOD ©

ANOUDHAUD

rchanway

rdac T ww

frants ol

Y9Cyr ON qor
ot NI SRR (LRI
ace G
FAcice: e wuseoisad ]
I DT Bl T O e s
UELY UL P 0 SOTED DU S IAmADey SN rwugarm (]

e |

A TR - -

ADILVHLS INIWIOVNVIN ¥IIVM TVOOT
JIAQYEY IHL HLIM FONVQECITY
NI SZS0dHNd SOYNIVHT ONY 30VdS
N3dS TM8Nd O A3ANSSIN IE DL € S0

ROAD

Qvoy AZTMOY

ONINDOW, OV Oy

avod  1Y¥387H

HOPKINSON

1¥0d3Y
NV THALONYLS TWOO
3HL 40 B'S ISNVIO HUIM
FONVCHLOOY NI S3LIS
ONISNOH d3dNOdS L |
¥Od g3TIA0NE 38 OL
SNVd V3NV a37Iv.i3a

[ ASTMOY |

WADYUDIY NOISIAIZENS 4O
NOILIGNOD ¥ SV U3SNVNI4 38 OL CYON
ATIMOY 40 NSIS3T NOLLIISHIUNI
ANSWSAON TINd 40 NOILYOQT

SNOILDISHILNI
L00 15437/ N 1337

LuEOdIY NYId IENLONYLS WO0TIHL SC B S
ISTVIO HLIM SONVOEODDV NI 32VdS N340 OIMend
SNILLABY S1OT BC= QIuINTI NY1d VINY aS1Iv.i3a

HLHON IHL WOXS
d350dOHd QvOd AT WVOY
O1 INIOd SS3T0V II0S




9L/8/CINI - WIHL SIS

wia)sAs juswabeuepy 191ep ueqin pasodoid ;0L ainbig

ST :sumoq Buiieq ‘py Asmoy ‘23 | sjo7
siAoueLS]

C10Z Al ‘ALd S3IVIDOOSSY B SIIAVA WIr IHO™MALOD @

sio}aiy
T

3l g

1 000°€’} 3le2S
00k

03 0 yozpr ‘oN gop

e

"

f ]
|
|
!

| H -

o

| ﬂ 1

o |

A1

o

5 i

ol |

1

[

sod [ | X

siiemyeos [///
rviesk ool [

5
IV ieskg |

\.‘lll‘lllll‘

(800Z ‘var) |

"MOJINO INOYLIM SUINJOA JUBAS []0] Sluasaldal :;oc._« awNjoA se abeys JIMN 18 8anpal Aew SWNjOA 1y} JAL SIUL

S/.Wg ‘Mol J1edhk 0oL | \
QHYWY 9z py Asjmoy

W O 9pis m\u._wg 0oL ﬁ ,\, | ueid 19ise|y
,, b Bm_mww:vw mwww_vﬁ f Jojep ueqin BuoBunp ypm

\1 "

1uBjsisu0d urelq ebag

,  paubifesy MNM
aHYWE 9z 1eako0)
QHVWe ¥Z oAl ANE

WO “WPIMPOOL Y 188K 00L

A
7

.......

l

@d-SNIMNdOH

wend v Moo [

weagznoy L AL [ |/ 500
ealy uoljenuajy pooj4 08¢ Sly
wBwye) D owwwc
eary Apnis ¥ = I 1vIAL VA
(aHVYW) 19NVY [eUOIBeY — — — %m
(QHVW) 19NYY ——

S00
0v6
€10

0912
14V JAo0L

o | -
AH-AFINOY e = Aot - —— =
= = \ | 1
A(s/;w1) moinQ ead ) X
“(;w) awnjop G00 600 (s/sw) monQ Nead |\
‘(ey) ea1y joraT 18)ep dog. 502 0ze 002 “(;w) swnjop |
(aHvw) joAaT Jajem doi 800 11’0 (eu) eary |oAeT] 181 dof
069C 0c/c  (QHvw) [eAe] Jejep doL
VAL VA v aA00L
(aHvw) peau| aseq
{(ey) ea1y aseg 9 (aHvw) peAu| aseq
GO0 ‘(ey) ealry aseg
V juswydje
g uswyde)n




2102 "dl1 "Ald S3LVIOOSSY ® S3IIAVA NIM LHOIYAJOD © & <Q—.
JUSAT WLIO}S JedA G S}Nsay Buljjapoy wi03s-dX : L} 2inbi4 ~
SINMT :sumoq Buieq ‘pY Asimoy z pue | S0 |
SIAOUBLIS | N y9zyr 'ONqor [
YT 2 ey e Les = 114. ~ ._3
QHYW 0597 = weansdn © ebsuig ul ML iuY JBak G o R ‘ ey
S/e WUy~ JUSWYIED Weal Q: LU MO u$> n@OON (Q_av QI(E @ mN h@uﬂguﬂvg _m< ._Ng m
Jellp~ ) i 1sdn wols Moy Y Jeah g et i fap
P + sn) ¢ Uol Z ung |
= v’ oz
592
‘992 ¢
=
[3°]
L'9c
g9z
[s69°9zZ xeN] 14z L JAg [ssg'9z xe] Jugy JAS [e28°9Z o] J4tZ 1A [895'9Z XxeW] JUZ L JAS [198°9Z xeW] Jug 1A
I i3 e e— [ =1 ] el = | —
d Yy2ie) - 2PON
awny 566} uer
PeM + eny ¢ Uol 2 ung
! 9'sz
~ -1'9Z
89z
m.mw,m
042
41742
[gL0° 22 xeN] UzL 1A 08122 xe] 1ugt JAg L2122 xeN] 14pz 1Ag [est 2z xew] Uz 1Ag [91 1722 xen] 1yg JAg i3

V yaie) - 2poN




JUSAT WLIO)S 1B A 00) S}NSdY BuljlopoN Wwi0}s-dX :Z| 84nbi4
SINMT :sumoq Buieq ‘py Asmoy Z pue | s1o7
sinouels |

2102 'dL1 Ald S3LVIOOSSY B SIIAVA WIF LHOIIAJOD @

¥9¢vl 'ON qor

QHvYW 5§97 = weansdn @ ebauig ul ML 1Y Jeah 004
S/ W~ JUBWYNED weansdn woly moy [Hy Jesk 0ol 2

PSMW\ ¢ enL g

T

(8002 ‘war) aHvW 0'9Z Jsiemydeq 4y Jesk 0oL
QHYW 08" ¥C “WsAuU| Ulelg

UoN € uns L

ot

(922 L2 xeN] 2ygy 14001

(021" 22 xeW] 1yz . 24001
=Rre

mEre—

le¥z Lz xe] JypZ 15004
e

g U2e) - *pON

S
i

9'9¢

abeis

0'Lc

TAVRA

[s6z 2z xew] Jye X001

logz Lz xe] 1yz| 44001
—

——

oeol uoe

-9'9Z

[egs £z xen] Jugy 001

[661 Lz xeW) 1uz L HA00 L
i —

=rere—

[825°2z xeW] 1urz Lool

e

V o1 - 3poN

8'9c

0L

abeig

(A

vic

942
[oo9 Lz xeW] 1ug JAQ0L

[oss LT xew] Jyz1 ool
i ——4

——




uot 1102 "dl1 "Ald S3LVIOOSSY ® S3IIAVA NIM LHOIYAJOD ©

1}oag va —.
$s0.19 uleiq utepy ebaing pue ealy uoienua)y poold pasodold ¢} ainbi4 m
SINMT :sumoQ Builieq Py Aeimoy Z 8 | S107 oreog opoN | |
SINOUBLIS | Y92 "ON qor

SRR I (e e SRS IIL IO e r RIS LIS

RO S

wego

QHYW G'GZ [2A3] Jajem do) [y Jeal

(py uosuINdoH 1B pauelUIEw [9A3] Aemids BUILUNSSE) W O WIPIA 'JHYW £'0Z 19Aa7 Jaiez do) (1dY Jesh 0oL 'QHYW £'9Z

12A27 Py Aamoy bunsg

1013036 55017 Uledq Ulepy esailig

2UO0Z uoljualalolq

" yieauaq suieiq [10sgns S

@ |1aA3| Jsiempunolb wnwixew sbessae enuuy

ulelp [10sgns
1313WeIp WWQST

uogeaban § suU0Z uonUalaIog Jul JAL

TN AN

B \.&V\.ﬁ.\-\. \
™ LN G e e - ———————— -

|
[BAS] JS1em dol Y Jesk 00k

U0I1036 5501 Ealy UOIIeNUa13y PoOo|] [Ba1GA]




9L/8/CINI - NIHL SIS

uonoag buom utesq utepy ebaung :p| ainbiy
SINMT :sumoq Buieq ‘py Asimoy Z 3 | S107
SInOUBLID |

2102 "QL7 "ALd S3LVIOOSSY ? S3IAVA WIF LHOINAJOD @

= w: (3 [
$0L'L: :3eds
¥9Z¥" 'ON qor

GESUECED
- e o

V7777777720777 5,

Pepe—

i
E

DA~ NOSN MO

b e e

g 5 = = = ¥ josve
= 2 & - = - sa
= R 5% FE RS W[E o
3 =1 Ik e =is 2ie 2 wony
= 25 2 ES EE F1FS e O
2 dl& aie ] Bl ik il i !

moc ar e LY 0 303 moL
« 4 = - Al =3 ‘
e R e W — < . —
et g 5 z o £ =
_— 3 3 £ 2 g %
g e .llw (e} o W ﬂ
= 2 g i
p— 3 ﬁ = n
! 2
z
g
2

H g

> a

3

3

@

i
TH=AZIAD
Al A A \\\\\\ n“&\ AL o
) AL O A .
A Aung Lone | mvxyll)kk!\\\\< / \ o \\\\\‘:\N\ b




oijewayos abeujelq [losqng :G| ainbi4

SINMT :sumoq Builieq ‘pY Asmoy z % | 107

sinoueLB |

1102 'AL1 'Ald S3LVIOOSSY 8 SIIAVA WIF LHOIYAJOD © —0

¥9¢yl 'ON qor

uexq posqns
sadid J21eMWwi0ls

SHEL BEM

T
} M

07y uonUa13p 4yt JAT 104
|I3MYE0S 40 Yue] 131eMuleY

S T o e

e

B3 BupNg PRSI S I W W )

5}id }e uoisuUU0)

sadig J91eMWI01S

lind pues)
2007 DRENESUN

feat Buping peysiug




APPENDIX A

Local Water Management Strategy
Checklist for Developers
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APPENDIX B

WA Stormwater Management Objectives,
Principles and Delivery Approach (DoW 2007)

& Decision Process for Stormwater Management in
WA (DoE & SRT, 2005)
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Western Australian Stormwater Management Objectives

Water Quality
To maintain or improve the surface and groundwater quality within the development areas
relative to pre development conditions.

Water Quantity
To maintain the total water cycle balance within development areas relative to the pre
development conditions.

Water Conservation
To maximise the reuse of stormwater.

Ecosystem Health
To retain natural drainage systems and protect ecosystem health.

Economic Viability
To implement stormwater management systems that are economically viable in the long term.

Public Health
To minimise the public risk, including risk of injury or loss of life, to the community.

Protection of Property
To protect the built environment from flooding and waterlogging.

Social Values
To ensure that social, aesthetic and cultural values are recognised and maintained when
managing stormwater.

Development

To ensure the delivery of best practice stormwater management through planning and
development of high quality developed areas in accordance with sustainability and precautionary
principles.

Western Australian Stormwater Management Principles

« Incorporate water resource issues as early as possible in the land use planning process.
o Address water resource issues at the catchment and sub-catchment level.

o Ensure stormwater management is part of total water cycle and natural resource
management.

o Define stormwater quality management objectives in relation to the sustainability of the
receiving environment.

o Determine stormwater management objectives through adequate and appropriate community
consultation and involvement.

o Ensure stormwater management planning is precautionary, recognises inter-generational
equity, conservation of biodiversity and ecological integrity.

o Recognise stormwater as a valuable resource and ensure its protection, conservation and
reuse.

o Recognise the need for site specific solutions and implement appropriate non-structural and
structural solutions.
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Stormwater Delivery Approach for WA

Protect water quality
Stormwater remains clean and retains its high value

Implement best management practice on-site.

Implement non-structural controls, including education and awareness programs.
Install structural controls at source or near source.

Use in-system management measures.

Undertake regular and timely maintenance of infrastructure and streetscapes.

Protect infrastructure from flooding and inundation
Stormwater runoff from infrequent high intensity rainfall events is safely stored and conveyed

Safe passage of excess runoff from large rainfall events towards watercourses and wetlands.
Store and detain excess runoff from large rainfall events in parks and multiple use corridors.
Safely convey excessive groundwater to the nearest watercourse.

Minimise runoff
Slow the migration of rainwater from the catchment and reduce peak flows

Retain and infiltrate rainfall within property boundaries.

Use rainfall on-site or as high in the catchment as possible.

Maximise the amount of permeable surfaces in the catchment.

Use non-kerbed roads and carparks.

Plant trees with large canopies over sealed surfaces such as roads and carparks.

Maximise local infiltration
Fewer water quality and flooding problems

Minimise impervious areas.

Use vegetated swales.

Use soakwells and minimise use of piped drainage systems.
Create vegetated buffer and filter strips.

Recharge the groundwater table for local bore water use.

Make the most of nature’s drainage
Cost effective, safe and attractive alternatives to pipes and drains

Retain natural channels and incorporate into public open space.

Retain and restore riparian vegetation to improve water quality through bio-filtration.

Create riffles and pools to improve water quality and provide refuge for local flora and fauna.
Protect valuable natural ecosystems.

Minimise the use of artificial drainage systems.

Minimise changes to the natural water balance
Avoid summer algal blooms and midge problems and protect our groundwater resources

Retain seasonal wetlands and vegetation.

Maintain the natural water balance of wetlands.

No direct drainage to Conservation Category Wetlands or their buffers, or to other conservation value wetlands or
their buffers, where appropriate.

Recharge groundwater by stormwater infiltration.

Integrate stormwater treatment into the landscape
Add value while minimising development costs

Public open space systems incorporating natural drainage systems.
Water sensitive urban design approach to road layout, lot layout and streetscape.
Maximise environmental, cultural and recreational opportunities.

Convert drains into natural streams
Lower flow velocities, benefit from natural flood water storage and improve waterway ecology

Create stable streams, with a channel size suitable for 1 in 1 year ARI rainfall events, equivalent to a bankfull flow.
Accommodate large and infrequent storm events within the floodplain.
Create habitat diversity to support a healthy, ecologically functioning waterway.

Note: Selection of appropriate methods should be determined by site conditions.
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Decision Process for Stormwater Management in WA
(Department of Environment and Swan River Trust, 2005)

Preamble

The Decision Process for Stormwater Management in WA provides a decision framework for the
planning and design of stormwater management systems. The methodology outlined in the decision
process will result in minimising potential changes in the volume of surface water flows and peak flows
which, if not managed, would lead to adverse impacts on water regime, water quality, habitat diversity
and biodiversity in receiving water bodies' resulting from land development (i.e. residential, rural-
residential, commercial and industrial). The process also addresses the management of flood events for
the protection of properties. The decision process sits within the objectives, principles and delivery
approach outlined in the Stormwater Management Manual for Western Australia (DoE, 2004). This
includes: minimising risk to public health and amenity: implementing systems that are economically
viable in the long term; and ensuring that social, aesthetic and cultural values are maintained.

A significant stormwater management measure is to minimise the ‘effective imperviousness’ of a
development area. Effective imperviousness is defined as the combined effect of the proportion of
constructed impervious surfaces in the catchment, and the ‘connectivity’ of these impervious surfaces to
receiving water bodies. The purpose of minimising effective imperviousness is to reduce the
transportation of pollutants to receiving water bodies and to retain the post development hydrology as
close as possible to the pre-development hydrology. This is achieved by ‘disconnecting” constructed
impervious areas from receiving water bodies and by reducing the amount of constructed impervious
areas.

To retain the pre-development hydrology of a site, the order of management priorities is: the magnitude of
peak flows; the volume of catchment run-off; and the seasonality of catchment run-off.

Rainfall, for the majority of events occurring each year, should be retained” or detained® on-site (i.e. as
high in the catchment and as close to the source as possible, subject to adequate site conditions). Runoff
from constructed impervious areas (e.g. roofs and paved areas) should be retained or detained through the
use of soakwells, pervious paving, vegetated swales or gardens. For detention systems, the peak | year
Average Recurrence Interval (ARI") discharge from constructed impervious areas should be attenuated to
the pre-development discharge rate. Events larger than 1 year ARI can overflow ‘off-site’.

For larger rainfall events (i.e. greater than 1 year ARI events), runoff from constructed impervious areas
should be retained or detained to the required design storm event in landscaped retention or detention
areas in public open space or linear multiple use corridors. Any overflow of runoff towards waterways
and wetlands should be by overland flow paths across vegetated surfaces. Further detention may be
required to ensure that the pre-development hydrologic regime of the receiving water bodies is largely
unaltered, particularly in relation to peak flow rates and, where practical, discharge volume.

! Water bodies are defined as waterways, wetlands, coastal marine areas and groundwater aquifers.

? Retention is defined as the process of preventing rainfall runoff from being discharged into receiving water bodies
by holding it in a storage area. The water may then infiltrate into groundwater, evaporate or be removed by
evapotranspiration of vegetation. Retention systems are designed to prevent off-site discharges of surface water
runoff, up to the design ARI event.

? Detention is defined as the process of reducing the rate of off-site stormwater discharge by temporarily holding
rainfall runoff (up to the design ARI event) and then releasing it slowly, to reduce the impact on downstream water
bodies and to attenuate urban runoff peaks for flood protection of downstream areas.

* ARI is defined as the average, or expected, value of the periods between exceedances of a given rainfall total

accumulated over a given duration. For further information, refer to Australian Rainfall & Runoff (IEA, 2001) and
the Bureau of Meteorology website via <www.bom.gov.awhydro/has/ari_aep.shtmlI>.
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Urban pollutants, whether in particulate or soluble forms, are conveyed by stormwater almost every time
a storm event occurs. Studies in urban areas have shown that there is no general trend of increased
concentrations of contaminants such as nutrients and metals with increasing storm sizes. Figure 1 shows
that most hydraulic structures can be expected to treat over 99% of the expected annual runoff volume
when designed for a 1 year ARI peak discharge. Unlike flood mitigation measures, stormwater quality
treatment devices do not need to be designed for rainfall events of high ARI to achieve high hydrologic
effectiveness (i.e. the percentage of mean annual runoff volume subjected to treatment) and therefore a
high level of beneficial environmental outcomes.
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Figure 1. Treatment efficiency of stormwater hydraulic structures for Perth, Western Australia (adapted
from Wong, 1999)

Stormwater management systems should be based on adequate field investigations and the conditions of
the site. Prior to design, developers should consult with the Department of Environment, local
government authority and other relevant stakeholders. For further information, refer to the Decision
Process for Stormwater Management in WA flow chart.
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Protection, United States of America. Retrieved 18 January 2005 from

<www.stormwatercenter.net/Slideshows/impacts%20for%20smrc/sld00 1.htm>.

Cottingham, P. 2004, ‘World Experience Focuses on Streams Suffering Urban Syndrome’, WaterShed,
October 2004, pp. 4-5. Available via <enterprise.canberra.edu.au>.

SJS TRIM - IN12/8716



Cottingham, P., Walsh, C., Rooney, G. and Fletcher, T. 2004, Urbanization Impacts on Stream Ecology —
From Syndrome to Cure? Available via <freshwater.canberra.edu.au> (see Publications / Technical
Reports).

Department of Environment 2004, Stormwater Management Manual for Western Australia, Department
of Environment, Western Australia.

Ladson, T., Walsh, C., Fletcher, T. and Cornish, S. 2003, ‘Beyond the 10% Rule: Improving streams by
retro-fitting in suburbs to decrease the connections between impervious surfaces and waterways’,
Catchword — Newsletter of the Cooperative Research Centre for Catchment Hydrology, No. 123,
December 2003, pp 9-10. Available via <www.catchment.crc.org.au/products/catchword>.

Ladson, T., Walsh, C. and Fletcher, T. 2004, ‘Is reducing runoff frequency the key to restoring urban
streams?’, Catchword — Newsletter of the Cooperative Research Centre for Catchment Hydrology, No.
129, July 2004, pp 9-10. Available via <catchment.crc.org.au/products/catchword>.

Parsons Brinckerhoff and Ecological Engineering 2004, Review of Best Management Practices for
Improvement of Urban Water Quality on the Swan Coastal Plain.

Pyper, W. 2004, ‘Stormwater Drainage is Reducing Stream Biodiversity’, ECOS, Vol. 120, p. 35.
Available via <www.publish.csiro.au/ecos>.

United States Environmental Protection Agency 2004, Protecting Water Resources with Smart Growth,
USEPA. Available via <www.epa.gov/smartgrowth>.

Walsh, C. J. 2004, Protection of In-Stream Biota From Urban Impacts: Minimise catchment
imperviousness or improve drainage design?, Cooperative Research Centre for Freshwater Ecology,

Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia. Available via
<www.publish.csiro.au/paper/MF03206.htm> (select ‘full text’ or ‘pdf’).

Wong, T. H. F., Wootton, R. M., Argue, J. and Pezzaniti, D. 1999, ‘Bringing Order to the Pollution
Control Industry — Issues in Assessing the Performance of Gross Pollutant Traps’, Proceedings of the

International Congress on Local Government Engineering and Public Works, Sydney, 22-26 August
1999.

SJS TRIM - IN12/8716



Decision Process for Stormwater Management in WA (DoE and SRT, 2005)

1. Stormwater management systems shall be designed in accordance with the objectives, principles and delivery approach outlined in the Stormwater Management Manual for Western
Australia (DoE, 2004). This includes: minimising risk to public health and amenity; protecting the built environment from flooding and waterlogging; implementing systems that are
economically viable in the long term; and ensuring that social, aesthetic and cultural values are maintained.

2. Prior to design, developers shall consult with the Department of Environment (DoE), local government authorities and other relevant stakeholders. Maintenance requirements should be
considered at this stage.

3. Adequate field investigations shall be undertaken to determine the appropriate hydrologic regime for the site and potential site constraints, such as contaminated sites, acid sulfate soils or
highly elevated nutrient levels in groundwater. Baseline and/or ongoing monitoring of groundwater and surface water quality and quantity may be required.

4. Stormwater management systems may be subject to additional design and performance criteria if they have the potential to impact on sensitive receiving environments. Sensitive receiving
environments include (but are not limited to) conservation areas or reserves, wetlands and waterways with conservation values, Waterways Management Areas, the Swan River Trust
Management Area, Environmental Protection Policy areas, and some areas of native vegetation. Sensitive native vegetation includes (but is not limited to) Declared Rare Flora, Priority
Species, Threatened Ecological Communities, Threatened Fauna Habitat and vegetation identified in Bush Forever (WAPC, 2000), including vegetation located east of the Southern River
Vegetation Complex on the Swan Coastal Plain.

\, J/
Water quantity management l
(1. Is the proposal completely or partly within a known contaminated site (i.e. a contaminated site listed on the contaminated sites register, or identified through adequate field investigations) )

or high acid sulfate soil risk area?

2. Does the soil or groundwater contain highly elevated nutrient levels? A definition for highly elevated nutrient levels has not been provided, as nutrient breakthrough is highly variable and
is dependent on the soil type (e.g. organic, clay and iron oxyhydroxide content) and local wetting and drying cycles.

Avoid mobilisation or disturbance of the in-situ contaminants

] ] If yes to question 1 - seek further advice from the DoE.
Yes (to either question) . . . L . . .
If yes to question 2 - consult with the DoE about best management practices to minimise nutrient leaching through the soil

profile (i.e. structural and non-structural controls suitable to the site conditions).

No (most situations)

' N
1. Maintain the pre-development hydrologic regime and meet the ecological water requirements of the receiving environment.

2. Hydraulic requirements shall be determined by ecosystem requirements and the hydrologic form of the local and downstream environment. Physical survey measurements and a biological
survey should be undertaken.

3. Hydrologic and hydraulic analyses, modelling and design shall incorporate the recommendations and methodology of Australian Rainfall and Runoff,
A Guide to Flood Estimation (IEA, 2001).

4. The effective imperviousness of a development shall be minimised. The process for achieving this is outlined below:

Less than and up to 1 year ARI events

Greater than 1 year and up to 100 year ARI events

Generally, rainfall from 1 year average recurrence interval (ARI) events should be
retained or detained on-site (i.e. as high in the catchment and as close to the source as
possible), unless it can be clearly demonstrated that achievement of this objective is

Mitigate runoff from constructed impervious areas for greater than 1 year ARI
events, in landscaped retention or detention areas in public open space or linear
multiple use corridors. Any overflow of runoff towards waterways and wetlands

shall be by overland flow paths across vegetated surfaces.

Design for 10 year to 100 year ARI
events

impractical due to site conditions.

Generally, for detention systems, preserve the pre-development 1 year ARI peak
discharge rate. Use best management practices (structural and non-structural) to treat
water quality.

Design for greater than 1 year
and less than 10 year ARI
events

Minor system conveyance Major system conveyance

(i.e. swales and pipes). (i.e. via overland flow).
\. J

Water quality management l
p

1. On-site field investigations are required to determine the appropriate water quality management measures for the site, including consideration of potential pathways of nutrients towards
receiving water bodies. Receiving water bodies are defined as waterways, wetlands, coastal marine areas and groundwater aquifers.

2. The components of the water quality treatment train must be designed so that their combined effect meets the water quality management objectives as specified in the relevant regional
water quality management targets (e.g. local government stormwater management plans, the Regional Natural Resource Management Strategy, Swan-Canning Cleanup Program Action
Plan (SRT, 1999) and the Environmental Protection (Peel Inlet-Harvey Estuary) Policy 1992 (EPA, 1992)). The requirements for demonstration of compliance shall depend upon the scale

of the proposed land development. Demonstration of compliance may be achieved by the use of appropriate assessment methods, to the satisfaction of DoE.
\. J

Protect waterways and wetlands l
p

1. Retain and restore waterways and wetlands. For waterways, the approach should be consistent with the River Restoration Manual (WRC, 1999-2003), Draft Waterways WA - A Policy for h
Statewide Management of Waterways in Western Australia (WRC, 2000), Foreshore Policy 1 - Identifying the Foreshore Area (WRC, 2002) and, in the Swan and Canning Catchments, the
Environmental Protection (Swan and Canning Rivers) Policy 1998 (EPA, 1998). For wetlands, the approach should be consistent with the Environmental Protection of Wetlands Position
Statement No. 4 (EPA, 2004) and the Wetlands Conservation Policy for WA (Government of WA, 1997). On the Swan Coastal Plain, the approach to managing wetlands should also be
consistent with the Environmental Protection (Swan Coastal Plain Lakes) Policy, 1992 (EPA, 1992) and the Position Statement: Wetlands (WRC, 2001).

2. There shall be no new constructed stormwater infrastructure within Conservation category wetlands and their buffers, or other conservation value wetlands and their buffers, or within a
waterway foreshore area (e.g. no pipes or constructed channels within these wetlands and their buffers, or within waterway foreshore areas), unless authorised by the DoE or the
Environmental Protection Authority. For Resource Enhancement and Multiple Use category wetlands, stormwater management shall be consistent with the objectives outlined in the
Position Statement:Wetlands (WRC, 2001).

3. The creation of artificial lakes or permanent open water bodies generally will not be supported when they involve the artificial exposure of groundwater (e.g. through excavation, or lined

lakes that require groundwater to maintain water levels in summer) or the modification of a wetland type (e.g. converting a dampland into a lake). Where water conservation (e.g. summer
water supply) and environmental and health concerns (e.g. hydrology, water quality, mosquitoes, midges, algal blooms, acid sulfate soils and iron monosulfide minerals) can be adequately
demonstrated to be addressed through design and maintenance, consideration may be given to the creation of artificial lakes/ponds. Seasonal wet infiltration areas or approved constructed
waterways (i.e. ephemeral 'Living Streams') are preferred options.

\ J
Management of groundwater levels l
' A

1. Any proposals to control the seasonal or long-term maximum groundwater levels through a Controlled Groundwater Level (CGL) approach shall demonstrate through adequate field
investigations, to the satisfaction of the Department of Environment, that local and regional environmental impacts are adequately managed.

2. The CGL may be defined as the controlled (i.e. modified) groundwater level (measured in metres Australian Height Datum) at which the DoE will permit drainage inverts to be set. The
CGL must be based on local and regional environmental water requirements, determined in accordance with the Environmental Water Provisions Policy for Western Australia (WRC,
2000) and the Urban Development and Determination of Ecological Water Requirements of Groundwater Dependent Ecosystems (DoE, in preparation).

3. Where appropriate, field investigations must be undertaken to identify acid sulfate soils (ASS). Any reduction in groundwater level should not expose ASS to the air, as this may cause
groundwater contamination. Refer to the ASS Guideline Series, including Identification and Investigation of Acid Sulfate Soils (DoE, 2004). If field investigations identify ASS, seek
further advice from DoE.
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APPENDIX C

Birrega Main Drain Realignment Report (JDA, 2008)

SJS TRIM - IN12/8716



SPM Project Marketing

Lots 1 & 2 Rowley Road
Darling Downs

Assessment of Birrega Main Drain Realignment

July 2008

&
=
]
=
=
2
§ 3
8
3

S
>

SJS TRIM - IN12/8716



=

JDA Lots 1 & 2 Rowley Road, Darling Downs Assessment of Birrega Main Drain Realignment

CONTENTS

1. INTRODUCTION
1.1 BACKGROUND
1.2 PLANNING CONTEXT

2. FIELD INVESTIGATION
2.1 SITEVISIT
2.2 BMD & CULVERT SURVEY

3. ESTIMATION OF DESIGN FLOWS

4. ASSESSMENT OF BMD REALIGNMENT
4.1 HECRAS MODEL & PARAMETERS
4.2 MODELLED SCENARIOS
4.3 MODELLING RESULTS

5. CONCLUSIONS/RECOMMENDATIONS
6. REFERENCES

LIST OF TABLES
1. Modelling Scenarios

2. Estimated 100 Year ARI Flood Levels

LIST OF FIGURES

1. Location Plan

Adjacent Precinct K Structure Plan

Cross-Section Location

Py e (G NS

Catchment Plan
6. Flow Analysis

7. Long Section of Birrega Main Drain

APPENDICES

A: Site Photographs

B. Rational Method Calculations

C: HEC-RAS Cross Section Modelling Results

Proposed Staging of Birrega Main Drain Realignment

— —

o oo A OWw ow W

w0

11

J3661h 23 July 2008

SJS TRIM - IN12/8716



B

JDA Lots 1 & 2 Rowley Road, Darling Downs Assessment of Birrega Main Drain Realignment

1. INTRODUCTION

1.1 Background

Lots 1 & 2 Rowley Road (herein referredto as the Study Area) are located in Darling Downs
approximately 30km southeast ofth e Perth Central Business District in the Shire of Serpentine
Jarrahdale. The Study Area is b ound to the so uth by Rowley Road and is approximately 11ha in size
(Figure 1).

The Birrega Main Drain (BMD) flows beneath Rowley Road in a northerly direction and changes course
midway through the Stu dy Area, flo wing west under Hopkinson Rd and continuing west to Tonkin
Highway. Figure 1 shows the Study Area and BMDs existing route.

The BMD is an unfenced steep sided excavated trapezoidal drain, without any riparian vegetation and
has no designated drainage easement in the Study Area.

SPM Marketing app ointed JDA Con sultant Hydrologists to conduct an inve stigation of t he potential
realignment of the BMD to accommodate proposed residential development within the Study Area. The
scope of works undertaken included calculating the 100 year average recurrence interval (ARI) flow of the
BMD, a field investigation to in spect the condition and current alignment of the drain, and develop a
HECRAS backwater model to assess the effect of realigning the drain on its hydraulic performance.

This report summarises the outcomes of this investigation.

1.2 Planning Context

BMD is located within the Mundijong Rural Drainage District and is a rural drain maintained by the Water
Corporation. It joins the S erpentine River and ultimately discharges to the Peel-Harvey Estuary. Review
of existing historical maps and available aerial photographs indicate the drain in its curren t alignment
would have been constructed after 1925 and prior to 1953.

In terms of level of service, for rural drains the Water Corporation generally apply a three day inundation
rule for adja cent rural land. Inthis respect BMD is currently not m aintained for any specific flood
frequency, such as a 10 or 100 year average recurrence interval (ARI) event which would be the case for
an urban drain. There is therefore no existing 100 year ARI floodplain mapping of the BMD.

Discussions with both the Water Corporation and Department of Wate r (DoW) have indicated no
overarching drainage planning currently exists or is planned to be undertaken for BMD in the foreseeable
future.

The Armadale Redevel opment Authority (ARA) has recently completed preparation of the Wungong
Urban Water (WUW) Master Plan for the redevelopment of the Brookdale area. The Study Area is bound
on its north and west borders by the WUW Master Plan area. As part of the Master Plan, a District Water
Management Strategy (DWMS) was prepared, proposing BMD be realigned downstream of Hopkinson
Road. The realignm ent was proposed to assi st in achi eving planning outcomes and in particula r
environmental objectives through linking the BMD to areas of significant vegetation protection, while also
improving the existing hydraulic performance of the BMD.
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The alignment of BMD in t he Master Plan is shown in Figure 2. Both Water Corporation and DoW were
representatives on the steering committee overseeing the development of the DWMS.

The proposed realignment of the BMD presented in this report is consistent with the WUW Master Plan
and the DWMS and effectively represents the first stage of its proposed realignment from the Study Area
to Tonkin Highway (Figure 2).

Currently, urban development of the adjacent Precinct K is being under taken by Peet and Co. The Local

Structure Plan in presented in Figure 3. The alignment of the BMD is consistent with that proposed in the
DWMS and is within a 50m buffer.

While no current arterial drainage planning existing or is p roposed by either Water Corporation or the
Department of Water (DoW), discussions with DoW have indicated the re alignment of BMD wo uld be
considered subject to sufficient te chnical analysis being undertaken to d emonstrate realignment would
not adversely affect flood levels or flood risk for adjacent properties.

This analysis is presented in this report.
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2. FIELD INVESTIGATION

2.1 Site Visit

On 8 September 2006, JDA conducted a site visit during which channel conditions were noted in BMD.

General drain conditions were also observed as an indication of the Manning’s n roughness coefficient to
be used for hydraulic modelling and design flood level estimation purposes.

Within the Study Area, the main channel is characterised by short grasses and an excavated meandering
channel. The floodplain of BMD largely consists of grazing pasture for stock.

There is no significant riparian vegetation present. Downstream of the Study Area the channel has similar
conditions.

Photographs taken during this field visit are presented in Appendix A.

2.2 BMD & Culvert Survey

In April 2007, Whelans Survey and Mapping surveyed 10 cross-sections (XS1 to XS10) of BMD from
immediately downstream of Tonkin Highway (XS1) to upstream of Rowley Road (XS10), over a total
distance of approximately 1400m.

Locations of surveyed cross sections are shown in Figure 4.

All culverts and road heights within this area were also surveyed.
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3. ESTIMATION OF DESIGN FLOWS

No 100 year ARI design flow estimates for BMD were available from Water Corporation or DoW.

The catchment area for BMD is shown in Figure 5. This and is approximately 350 ha to the upstream
boundary of the Study Area. The cat chment boundary was based on existing a vailable topographic
data and the location and flow direction of known drains.

In addition to its local catchment, Birrega Main Drain also receives flow from Wungong River.

The Wungong Urban Water Master Plan District Water Management Strategy (JDA, CSIRO & GHD,
2006) describes that the Wungong River is partially diverted into BMD due to the backwater effect of
an existing weir on Wungong River immediately downstream ofthe Wungong River / BMD

confluence.

Previous studies have indicated that up to 30% of flow is diverted into BMD from Wun gong River
(JDA, CSIRO & GHD, 20 06). The catchment area for Wungong River at S outh West Highway is
1360 ha (JDA, CSIRO & GHD, 2006 ). Therefore for estimation of design flows, the total contributing
catchment to the Study Area (including the partial catchment from Wungong River) can be
approximated as 750 ha. JDA (2005) reported an estimated 100 year flow at the Birrega Main drain
offtake of 17.2 m’/s. The 100 year contribution to Birrega Main Drain can there be estimated as
approximately 5.2 m?/s.

Based on rating flows for other known rivers and drains in the area against contributing catchment
area (Figure 6), the estimated 100 year ARI flow for BMD is 8 m */s. Confidence in this 1 00 year
estimate for use in design is provided via the following checks :

e Use of the Rational Method (Institution of Engineers Australia, 2001) provides 2, 10 and 50 year
ARI flood estimates for BMD’s 350 ha catchment of 0.9, 1.5 and 2.5m /s respectively.
Extrapolation of the se results, provides a 100 year flow estimate of 2.8 m %/s. Addition of the
potential diversion flow from Wungong River, provides a total combined estimated flows for
BMD to the Study Area of 8 m?/s. This is consistent with the rating curve estimate shown in
Figure 6. Rational Method calculations are detailed in Appendix B.

e The 8 m¥s 100 year estimate equates to a rated flow of approximately 11 I/s/ha. This shows
good consistency with JDA, CSIRO & GHD (2006), in which the Water Corporation provided
general design advice of a 100 year rated flow for BMD in the order of 12 I/s/ha.

e Based on the hydraulic model as detailed in Section 4, the capacity of the BMD at the Study
Area is estimated to be approximately 2 m>/s. This equates to approximately a 2 year ARI flow
capacity for the existing drain. Based on informal discussions with the Water Corporation it is
understood applying a three day i nundation rule in design typically results in a drain capacity
(without overtopping) of 2-3 year ARI. The current BMD capacity based on estimated design
flows is consistent with the expected design capacity based on the 3 day inundation rule, given
additional confidence in design flow estimates.

A 100 year ARI design flow of 8 m?/s has therefore been adopted for analysis in this study.
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4. ASSESSMENT OF BMD REALIGNMENT

4.1 HECRAS Model & Parameters

A HECRAS backwater model of the BMD extending approximately 1400m from the upstream boundary of
the Study Area to the cul verts under Tonkin Highway was developed based on surveyed cross-sections
provided by Whelans Survey and Mapping.

Based on field observations a Manning’s n roughness coefficient of 0.03 was used in this study (Appendix
A). This is consistent with Water Authority floodplain mapping in similar studies for adjacent catchments
such as Wungong Brook Floodplain Mapping (WAWA, 1989).

A backwater condition was set for XS1 (Figure 4) at 25.2 mAHD, representative of bankfull flow. This
assumption has negligible effect on modelled flood levels at Study Area.

4.2 Modelled Scenarios

Five scenarios were modelled as part of this study and are detailed in Table 1 below. The various
scenarios aim to represent likely stages of the upgrading of the BMD toward the proposed realignment
shown in the WUW Masterplan, and to assess the impact not only of the drain realignment, but the impact
of the development (and filling) of Lots 1 and 2 Rowley Rd on existing flood levels.

For all modelled scenarios, cross sections XS1 and XS10 remain unchanged and as exi sting, including
Tonkin Highway and its existing culverts. Sections XS2 to XS9 were modified to represent changes to the
location and cross section of the drain a result of realignment.
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TABLE 1: HECRAS MODELLING SCENARIOS

Scenario Description

1. Existing BMD * Existing alignment and capacity of BMD
o Existing floodplain levels

o Existing culverts maintained

2. Realignment of BMD ¢ Proposed Stage 1 re-alignment of BMD ( Figure 2)
consistent with WUW Masterplan proposed realignment
o Existing floodplain levels

e Existing culverts maintained

3. Realignment of BMD ¢ Proposed Stage 1 re-alignment of BMD ( Figure 2)
& Development of Lots 1&2 ¢ Filling of floodplain in Lots 1 & 2 for development

e Existing culverts maintained
4. Realignment of BMD ¢ Proposed Stage 1 re-alignment of BMD ( Figure 2)
& Development of Lots 1&2 and | ®  Filling of floodplain for development
adjacent Precinct K e Upgraded culverts under Hopkinson Road

& Upgraded Culverts

5. Ultimate Realignment of BMD | ¢  Ultimate re-alignment of BMD (Figure 2)

& Development of Lots 1 2 and | 4  Filling of floodplain in for development
adjacent Precinct K

e Upgraded culverts under Hopkinson Road
& Upgraded Culverts

e Upgraded culverts under Rowley Road

4.3 Modelling Results

Modelling results for the scenarios described in Table 1 are sum marised in Table 2 and shown as
cross sections in Appendix C. Figures 7 shows the long section of BMD for all scenarios modelled
with a 100 year peak flow of 8 m¥s.

Summarising the modelling results:

* Modelling of the existing drain (S cenario 1) indicates the existing culverts under Hopkinson Rd
and Rowley Rd do not have adeq uate capacity to convey the 100 year storm event, and
overtopping of both roads these roads will occur in a 100 year event.

* Downstream of Hopkinson Road the 100 year ARI flow is able to be contained within the existing
main channel of BMD (Appendix C, Figure C1). Note culverts at Tonkin Highway have adequate
capacity to convey the 100 year flow, with a freeboard of approximately 0.8m to the Highway
surface for the 100 year storm event.

e Realignment of BMD (Scenario 2, Appendix C Figure C2) does not result in any change of flood
levels either upstream of downstream of the Study Area. The realigned drain was modelled with
similar invert and 1:6 side slopes, resulting in an increased hydraulic capacity compared to the
existing drain. While some minor changes to flood levels within the Study Area were observed, in
all cases the 100 year flood level for these cross sections was contained within the realigned
channel.

J3661h 23 July 2008 6

SJS TRIM - IN12/8716



B

JDA Lots 1 & 2 Rowley Road, Darling Downs Assessment of Birrega Main Drain Realignment

e Filling ofthe Study Area (Scenario 3, Appendix C Figure C3) results in minor flood level
increases within the Study Area of up to 0.05m onl y (XS 8) com pared to Scenario 2. All flows
were maintained within the realigned channel and similarly to Scenario 2 the filling did not impact
flood levels upstream or downstream of the Study Area.

e To remove flooding of Hopkinson Rd adjacent to the Study Area (Scenario 4, Appendix C, Figure
C4) upgrading the culvert capacity under Hopkinson Rd to five 1 050mm diameter culverts was
found to be required immediately downstream of the Study Area. Similarly, upgrading of culverts
at the entry point of the BMD to the Study Area could also be undertaken to maintain 100 year
flood levels below the existing road level at this location. Filling of the floodplain both within the
Study Area and downstream Precinct K has also been modelled and has had negligible effect on
the flood levels.

e Upgrading of the culvert under Rowley Rd (Scenario 5, Appendix C, Figure C5 ) to four 900 mm
diameter culverts was found to reduce the 100 year ARI flood level by up to 0.4 m upstream of
the Study Area. In ad dition, realignment of the BMD downstream of the Study Area consistent
with the WUW Masterplan would provide further opportunities for imp roving the hyd raulic
performance of the system. Filling of the floodplain both within the Study Area and downstream
Precinct K has also been modelled and has had negligible effect on the flood levels.

In summary, the results of this modelling demonstrate realignment of the BMD and filling of land for
development within Lots 1 and 2 Rowley Rd can be undertaken without adversely affecting flood
levels either upstream or downstream of the Study Area.
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TABLE 2: ESTIMATED 100 YEAR ARI FLOOD LEVELS

100 Year Flood Levels (mAHD)
S io4
Scenario 3 cepano Scenario 5
. 3 Realignment -
Cross Scenario " Realignment Ultimate
- Scenario 2 of BMD :
Section 1 : of BMD Realignment
e Realignment Develop Lots
Existing of BMD Develop Lots 182 of BMD and
BMD 1&2 Upgrade of
Upgrade
Culverts
Culverts
XS1 25.20 25.20 25.20 25.20 25.20
XS2 25.44 2544 25.44 2544 2544
XS3 25.42 25.42 25.42 2542 2542
XS4 25.60 25.60 25.60 25.60 25.60
XS5 25.72 25.72 25.72 25.72 25.72
XS6 25.99 25.99 25.99 2597 2597
XS7 26.52 26.52 26.54 26.10 26.10
XS8 26.39 26.49 26.54 26.42 26.40
XS9 26.75 26.65 26.60 26.77 26.60
XS10 27.14 27.14 27.14 27.14 26.74
J3661h 23 July 2008
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5. CONCLUSIONS/RECOMMENDATIONS

e BMD is located within the Mundijong Rural Drainage District and is a rural d rain maintained by
the Water Corporation. Within the Study Area, it isa n unfenced steep sided excavated
trapezoidal drain, without any riparian vegetation and has no designated drainage easement.
Review of existing histo rical maps and available aerial photographs indicate the drainin its
current alignment would have been constructed after 1925 and prior to 1953.

¢ In terms of level of service , for rural drains the Water Corporation generally apply a three day
inundation rule for adjacent rural land. In this respe ct BMD is currently not mai ntained for any
specific flood frequency. The hydraulic assessment of the exis ting drain capacity (including
culverts) during this study has indicated its capacity is approximately 1 in 2 year ARL.

¢ Realignment of the BMD was proposed in the WUW Master Plan to assist in achieving planning
outcomes and in particul ar environmental objectives through linkingthe BMD to are as of
significant vegetation protection, while also improving the existing hydraulic performance of the
BMD. The proposed realignment in the Study Area is consistent with the WUW Master Plan and
represents the first stage of its realignment to Tonkin Highway.

¢ Discussions with both the Water Corporation and Department of Water (DoW) have indicated no
overarching drainage planning currently exists or is planned to be undertaken for BMD or its
proposed realignment in the foreseeable future.

¢ No 100 year ARI design flow estimates for BMD were available from Water Corporation or DoW.
Based on rating flows fo r other known rivers and drains int he area against contributing
catchment area, the estimated 100 year ARI flow for BMD is 8 m’/s.

e A HECRAS backwater model of the B MD extending approximately 1400m from the up stream
boundary of the Study Area to the culverts under Tonkin Highway was developed. Modelling of
the existing drain indicates the existing culverts under Hopkinson Road and Rowley Road do not
have adequate capacity to convey the 100 year storm event, and overtopping of both roads
occurs.

¢ Realignment of the BMD in the Study Area will not result in any change of flood levels either
upstream of downstream of the Study Area. While some minor changes to flood levels within the
Study Area were ob served, in all case s the 100 year flood level for these cross sections was
contained within the realigned channel.

e Filling of the Study Area resulted in minor flood level increases within the Study Area of up to
0.05m, however all flows were maintained within the realigned channel and the filling did not
impact flood levels upstream or downstream of the Study Area.

e To remove flooding of Hopkinson Road upgrading the culvert capacity to five 1050mm diameter
culverts was foundtob e required immediately downstream of the Study Area. Similarly,
upgrading of culverts at the entry point of the BMD to the St udy Area could also be undertaken
to maintain 100 year flood levels below the existing road level at this location.
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e The results of this modelling demonstrate r ealignment of the BMD and f illing of | and for
development within Lots 1 and 2 Rowley Road can be undertaken without adversely affecting
flood levels either upstream or downstream of the Study Area.

e Future realignment of the BMD downstre am of the Study Are con sistent with the WUW
Masterplan would provide further opportunities for improving the hydraulic performance of the
system.
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APPENDIX A

Site Photographs
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Figure A4: Birrega Main Drain within Study Area Looking Upstream
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Rational Method Calculations
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ESTIMATION OF PEAK FLOW RATES

l Consultant

Method from Australian Rainfall & Runoff - Volume 1 (1987). JD V. Bl
SOUTH WEST REGION

Select appropriate catchment: Low jarrah forest with sandy soils | v I

: User to enter

RATIONAL METHOD FOR THE SOUTH WEST 3

Catchment area

Annual average precipitation
Slope

Mainstream length

Catchment cleared

3
=
=

Catchment area km?
Mainstream length E km
Slope m/km
Catchment cleared %
Cyo= C10=3.12*10-2 *100.0043CL*(LSe)"0.24
t=[ 2726 |mins  tc=231A"
45 hours

ARI (yrs) 2 5 10 20 50

Cy/Cqo 0.80 0.90 1.00 111 122

lc values 8.25 9.90 11.00 12.60 14.90 |mm/hr (via IFD)

Q, =0.278 C1g*(C,/Cyp) | c A Q=] 0.88 1.20 1.48 1.87 245 |m%s

INDEX FLOOD METHOD FOR THE SOUTH WEST

SJS TRIM - IN12/8716

Q2=| 0738 Q2 =8.22*10-9 A0.73 P 2.22 (LSe)0.28 100.0064CL
ARI (yrs) ) 10 20 50
(Qy/Qy) 1.00 131 1.57 1.86 2.24
Q= Q,(Qy/Qy) Q=| 0.74 0.97 1.16 1.37 165 Im¥s
Page 1




APPENDIX C

HEC-RAS Cross Section
Modelling Results
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APPENDIX D

Department of Water
Correspondence on JDA(2008)
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Sasha Martens
Jim Davies & Associates Pty Ltd
PO Box 117

Subiaco WA 6094

Dear Sasha,

Lots 1 & 2 Rowley Road, Darling Downs:
Assessment of Birrega Main Drain Realignment

The Department of Water has reviewed the proposal to realign the Birrega Main Drain
within Lots 1 and 2 Rowley Road, Darling Downs. The Department supports the proposed

Your ref:
Our ref:

Enquiries:

J3361h
Urban Drainage

Planning Advice and Assessment
Simone McCallum (8364 6623}

Stage 1 re-alignment of the BMD (figure 2} subject to the foliowing conditions:

+ The culverts under Hopkinson Road are upgraded as modeled in Scenario 4 to

prevent overtopping at the culvert in the 100 year ARI flood event.

+ The realigned drain is constructed as specified in the HEC-RAS backwater model,

with a similar invert to the existing drain and 1.6 side slopes.

o Sufficient land should be set aside to allow the construction of a shallow drain with

gentiy sloping banks.

» The constructed banks should incorporate stabiitsation measures to prevent

erosion.

Yours sincerely

@t

Peter Kata

Senior Engineer, Urban Water Assessment

11 September 2008

SJS TRIM - IN12/8716




APPENDIX E

Groundwater Bore Logs
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DA Conzultant Hydrologists
Suite 1, 27 York Street
Subiaco WA 6008
n weeac LITHOLOGICAL LOG
Consultant . o
JDA Hydrologists
Client: SPM Projects Marketing Job No: 4264
Project: Lots 1 & 2 Rowley Road, Darling Downs: LWMS Hole commenced: 10 Sept 2008
Bore location: 403160 E 6439183 N Hole completed: 10 Sept 2008
Datum: MGA94/AHD Logged by: SS
Bore Name: RH1 Total Depth: 3.28 m
Drill type: Hand Auger R.L. TOC: 26.549 mAHD
Hole diameter: 75mm Natural Surface: 25.807 mAHD
15243 SOIL CHARACTERISTICS
= Slot /
H |z Seren | et COLOUR PARTICLE | rpopypy | ORGANIC | yiorsTure | conpaEnTs
Z[ 5 | & E| Depth SIZE CONTENT | °
gl B 135 ¢
HA ]
) 05m ]
Fi —
':) -
g -
& - Sandy Clay Moist
10m |
Lsm ]
Ava i
Brown Fine
20m ]
%mm 7 Clayey Sand Saturated Orange Mottle
50m |
ism ]
4om ]
45m ]
50m |
NOTES ON BORELOG
(COLOURS: Solid colours are BLACK. WHITE, BEIGE
Dark - Brown., Red, Orange. Yellow, Grey. Blue Tones - solid colour, blemish or mottle STATIC WATERLEVEL
Medium: Brown, Red. Orange, Yellow, Grey, Blue
Light - Brown. Red. Orange. Yellow, Grey. Blue ¥, S PR S SR
[PARTICLE SIZE :Particles are either FINE, MEDIUM or COARSE
WLbelowTOC ...................
TEXTURE:  Sand, Loamy Sand Clayey Sand
Clay, Sandy Clay Stickup above NS: _........... f
ORGANIC CONTENT: VOLUME: High Medium, Low
SIZE: Fine, Medium Coarse W oo ccceasmneiny m below NS
|MOISTURE: Soil Moisture can be either. DRY, SLIGHTLY MOIST. MOIST or SATURATED

SJS TRIM - IN12/8716



JTDA =5

JDA Consultant Hydralogists
Suite 1, 27 York Street
Subiaco WA 6008

Tel: 93082436

Fax: 9381 9279

LITHOLOGICAL LOG

Client: SPM Projects Marketing
Project: Lots 1 & 2 Rowley Road, Darling Downs: LWMS
Bore location: 403163 E 6438987 N

Job No: J4264

Hole commenced: 10 Sept 2008
Hole completed: 10 Sept 2008

Datum: MGA94/AHD Logged by: SS
Bore Name: RH2 Total Depth: 2.0 m
Drill type: Hand Auger R.L. TOC: 27.319 mAHD
Hole diameter: 75mm Natural Surface: 26.147 mAHD
1523 SOIL CHARACTERISTICS
£ S?::‘; Dt PARTICLE ORGANIC
3 E | E 5| peptn | e COLOUR 7 TEXTURE | conpent | MOISTURE | COMMENTS
gl 2[5 ¢
HA ]
2 ] Brown Sandy Clay
g 0.5m
Fi —
=) - Low
U -
>
- =
L e Low
|V | Grey |—Clav |
1.5m _—
Reid Fine Sandy Clay | Slightly Moist Hard Layer
gm” b L RATOND Medium [ ClaveySand —
d End of Hole
25m |
30m |
ism ]
40m ]
45m ]
50m ]
NOTES ON BORELOG
(COLOURS: Solid colours are BLACK. WHITE, BEIGE
Dark - Brown., Red, Orange. Yellow, Grey. Blue Tones - solid colour, blemish or mottle STATIC WATERLEVEL
[Medium : Brown, Red. Orange. Yellow, Grey. Blue
Light - Brown. Red. Orange., Yellow, Grey. Blue [ S e DS RES, P
[PARTICLE SIZE :Particles are either FINE, MEDIUM or COARSE
WLbelowTOC ...................
TEXTURE:  Sand, Loamy Sand Clayey Sand
Clay, Sandy Clay Stickup above NS: ............ f
ORGANIC CONTENT: VOLUME: High Medum Low
SIZE: Fine. Medmum, Coarse W cocieiesiunscy m below NS
|MOISTURE: Soil Moisture can be either. DRY, SLIGHTLY MOIST. MOIST or SATURATED
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JDA

JDA Consultant Hydrologists
Suite 1, 27 York Street
Subiaco WA 6008

Tel: 93082436

Fax: 9381 9279

Consultant
Hydrologists

LITHOLOGICAL LOG

Client: SPM Projects Marketing
Project: Lots 1 & 2 Rowley Road, Darling Downs: LWMS
Bore location: 403670 E 6439192 N

Job No: J4264

Hole commenced: 10 Sept 2008
Hole completed: 10 Sept 2008

Datum: MGA94/AHD Logged by: SS
Bore Name: RH3 Total Depth: 1.34 m
Drill type: Hand Auger R.L. TOC: 27.333 mAHD
Hole diamet 75mm Natural Surface: 26.85 mAHD
123 SOIL CHARACTERISTICS
= Slot /
2 £ 5] || ede COLOUR PARTICLE | rporype | ORCANIC | yjorsTure | cospEnTs
Z| g [ & 5| Depth SIZE CONTENT | °
gl 2[5 ¢
HA Fine Clayey Sand
Moist
A 0.5
g | Brown Low
o Medium Sand
g Saturated
o
Hard Layer
End of Hole
15m |
2.0m
25m
3.0m |
35m _ |
40m |
4.5m _
5.0m
NOTES ON BORELOG
(COLOURS: Solid colours are BLACK. WHITE, BEIGE
Dark - Brown., Red, Orange. Yellow, Grey. Blue Tones - solid colour, blemish or mottle STATIC WATER LEVEL
[Medium : Brown, Red. Orange. Yellow, Grey. Blue
Light - Brown. Red. Orange., Yellow, Grey. Blue D oo g )
[PARTICLE SIZE :Particles are either FINE, MEDIUM or COARSE
WL below TOC
TEXTURE:  Sand, Loamy Sand Clayey Sand
Clay, Sandy Clay Stickup above NS: ............ f
ORGANIC CONTENT: VOLUME: High Medium, Low
SIZE: Fine. Medmuum, Coarse W cocieiesimn sy m below NS
|MOISTURE: Soil Moisture can be either: DRY, SLIGHTLY MOIST. MOIST or SATURATED
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JTDA =5

JDA Consultant Hydralogists
Suite 1, 27 York Street
Subiaco WA 6008

Tel: 9388 2436
Fax: 9381 9279

LITHOLOGICAL LOG

Datum: MGA94/

Client: SPM Projects Marketing
Project: Lots 1 & 2 Rowley Road, Darling Downs: LWMS
Bore location: 403685 E 6438989 N

AHD

Job No: J4264

Hole commenced: 10 Sept 2008
Hole completed: 10 Sept 2008
Logged by: SS

Bore Name: RH4

Total Depth: 1.82 m

Drill type: Hand Auger R.L. TOC: 27.175 mAHD
Hole diameter: 75mm Natural Surface: 27.208 mAHD
1323 SOIL CHARACTERISTICS
= Slot /
3 i |z e COLOUR PARTICLE | popype | ORGANIC | yiorstore [ coammnts
Z[ 5 | &| E| Depth SIZE CONTENT
gl 2[5 ¢
PIA -
- Shightly Moist
) 05m ] Sand
i —
=) -
9] -
>
- -
fl Lo Nil Saturated
10m | =
: Clayey Sand
i End of Hole
2.0m
25m |
30m |
ism ]
40m ]
45m ]
50m ]
NOTES ON BORELOG
(COLOURS: Solid colours are BLACK. WHITE, BEIGE
Dark - Brown., Red, Orange. Yellow, Grey. Blue Tones - solid colour, blemish or mottle STATIC WATERLEVEL
[Medium : Brown, Red. Orange. Yellow, Grey. Blue
Light - Brown. Red. Orange., Yellow, Grey. Blue [ S e DS RES, P
[PARTICLE SIZE :Particles are either FINE, MEDIUM or COARSE
WLbelowTOC ...................
TEXTURE:  Sand, Loamy Sand Clayey Sand
Clay, Sandy Clay Stickup above NS: ............ f
(ORGANIC CONTENT: VOLUME: High Medum Low
SIZE: Fine. Medmum, Coarse W cocieiesiunscy m below NS
|MOISTURE: Soil Moisture can be either. DRY, SLIGHTLY MOIST. MOIST or SATURATED
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JTDA =5

JDA Consultant Hydrologists
Suite 1, 27 York Street
Subiaco WA 6008

Tel: 93082436

Fax: 9381 9279

LITHOLOGICAL LOG

Client: SPM Projects Marketing Job No: J4264
Project: Lots 1 & 2 Rowley Road, Darling Downs: LWMS Hole commenced: 10 Sept 2008
Bore location: 403494 E 6439067 N Hole completed: 10 Sept 2008
Datum: MGA94/AHD Logged by: SS
Bore Name: RH5 Total Depth: 1.89 m
Drill type: Hand Auger R.L. TOC: 26.313 mAHD
Hole diameter: 75mm Natural Surface: 26.34 mAHD
1523 SOIL CHARACTERISTICS
= Slot /
3 |z Seren | ot COLOUR PARTICLE | peypp | ORGANIC  yiorstore [ coamnts
Z[ 5 | & E| Depth SIZE CONTENT
gl 2 [5] ¢
HA i Sand Dry
L - Brown Medium Clayey Sand 7 Moist
) 0.5m
Fi —
g
U -
>
[ =
i _— Grey Fine Low Medmum Yellow/Red Mottle
Clay
1ism _— A
i & Saturated
Grey Fi
—— ne
b 0m 'End of Hole
25m |
30m |
ism ]
40m ]
45m ]
50m ]
NOTES ON BORELOG
(COLOURS: Solid colours are BLACK. WHITE, BEIGE
Dark - Brown., Red, Orange. Yellow, Grey. Blue Tones - solid colour, blemish or mottle STATIC WATERLEVEL
[Medium : Brown, Red. Orange. Yellow, Grey. Blue
Light - Brown. Red. Orange., Yellow, Grey. Blue |9 N e DS RE. PRLS
[PARTICLE SIZE :Particles are either FINE, MEDIUM or COARSE
WLbelowTOC ...................
TEXTURE:  Sand, Loamy Sand Clayey Sand
Clay, Sandy Clay Stickup above NS: ............ f
ORGANIC CONTENT: VOLUME: High Medum Low
SIZE: Fine. Medmum, Coarse W cocieiesiunscy m below NS
|MOISTURE: Soil Moisture can be either: DRY, SLIGHTLY MOIST. MOIST or SATURATED
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JDA Consultant Hydrologists
Suite 1, 27 York Street
Subiaco WA 6008
n wmeac LITHOLOGICAL LOG
Consultant . o
JDA Hydrologists
Client: SPM Projects Marketing Job No: J4264
Project: Lots 1 & 2 Rowley Road, Darling Downs: LWMS Hole commenced: 10 Sept 2008
Bore location: 403361 E 6439149 N Hole completed: 10 Sept 2008
Datum: MGA94/AHD Logged by: SS
Bore Name: RH6 Total Depth: 2.27 m
Drill type: Hand Auger R.L. TOC: 25.998 mAHD
Hole diameter: 75mm Natural Surface: 25.928 mAHD
1523 SOIL CHARACTERISTICS
= Slot /
3 i |z e COLOUR PARTICLE | popypp | ORGANIC | yiorstorE [ coammnts
Z[ 5 | & E| Depth SIZE CONTENT
gl 2 [5] ¢
HA ]
) o5m ]
Fi —
g 1
U -
>
[ -
10m |
T Brown Medium Clay Low Slightly Moist
Lsm ]
vl i
=1 a
25m ]
50m |
ism ]
40m ]
45m ]
50m ]
NOTES ON BORELOG
(COLOURS: Solid colours are BLACK. WHITE, BEIGE
Dark - Brown., Red, Orange. Yellow, Grey. Blue Tones - solid colour, blemish or mottle STATIC WATERLEVEL
[Medium : Brown, Red. Orange. Yellow, Grey. Blue
Light - Brown. Red. Orange., Yellow, Grey. Blue Ly OSSR - PR3
[PARTICLE SIZE :Particles are either FINE, MEDIUM or COARSE
WLbelowTOC ...................
TEXTURE:  Sand, Loamy Sand Clayey Sand
Clay, Sandy Clay Stickup above NS: ............ f
ORGANIC CONTENT: VOLUME: High Medum Low
SIZE: Fine. Medmum, Coarse W cocieiesimascy m below NS
|MOISTURE: Soil Moisture can be either: DRY, SLIGHTLY MOIST. MOIST or SATURATED
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Groundwater Investigation Report (JDA, 2009)
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Jim Davies & Associates Pty Ltd
ABN 24 067 295 569

Suite 1, 27 York Street, Subiaco

PO Box 117, Subiaco WA 6008

Ph: (08) 9388 2436

Fx: (08) 9381 9279
info@jdahydro.com.au
www.jdahydro.com.au

Consultant TTydrologists

S
>

To: SPM Projects Marketing Date : 12 Feb 2009
Aftention : Anthony Mylonas Our Ref:  J4264e
Email : Anthony@spmprojects.com.au Pages: 7
cc:

LOTS 1 AND 2 ROWLEY ROAD, DARLING DOWNS
AAMGL INVESTIGATION
Anthony,

Please find below JDA's report detailing the field investigation and analysis to calculate the
predevelopment average annual maximum groundwater Level (AAMGL) for Lots 1 and 2 Rowley
Road, Darling Downs (herein referred to as the Study Area).

Site Details

The study area is approximately 11.5 ha in size and is located 27 km south-east of the Perth Central
Business District, in the Shire of Serpentine Jarrahdale. It is currently cleared and used for semi-
rural/residential purposes.

The Study Area is classified as a palusplain multiple use wetland by the Department of Environment
and Conservation in the “Geomorphic Wetlands of the Swan Coastal Plain” dataset (DEC 2006).

The Birrega Main Drain (BMD) flows beneath Rowley Road in a northerly direction and changes
course midway through the Study Area flowing west under Hopskinson road and confinues west to
Tonkin Highway.

The Study Area is characterised by brown medium sand at the northern and eastern boundary. In
the south and west of the site brown medium sand is underlain by layers of grey fine clay, beneath
which there are layers of fine to medium orange clay or red sandy clay.

Field Investigation

On 9 September 2008, JDA installed 6 groundwater monitoring bores (RH1 to RHé) across the Study
Area with the use of a 75 mm hand auger. The bores were augered to depths between 1.3 and 3.3
m and consisted of 50 mm PCV with end caps and 0.5m of slotted pipe.

Natural surface and top of casing levels for the bores were surveyed by Whelans Survey and
Mapping to Australian Height Datum (mAHD). Table 1 provides a summary of the survey data.

Groundwater levels for the bores were measured on 22 October 2008 when groundwater levels
were near their seasonal maximum. The groundwater levels are shown in Table 1.

Groundwater levels were also measured in the two Department of Water (DoW) bores 7120 and
T115 on the same date. The water level in the DoW bore T115 was used in the calculation of the
AAMGL, however, the water level of the bore T120 was not used as it was found to be affected by
localised pumping.

The location of the JDA bores and DoW bore T115 are shown in Figure 1.

150 5001

BUREAU VERITAS |

Certification
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Table 1. Monitoring Site Locations and Measured Groundwater Levels

JDA Bores: Lots 1 and 2 Rowley Road
RH1 403161 | 6439183 | 25.81 26.55 2.12 24.43
RH2 403164 | 6438988 | 26.15 27.32 2.42 24.90
RH3 403670 | 6439192 | 26.85 27.33 1.10 26.23
RH4 403686 | 6438990 | 27.21 27.18 0.85 26.33
RH5 403495 | 6439067 | 26.34 26.31 0.92 25.39
RH6 403362 | 6439149 | 26.00 25.93 1.02 24.91
DoW Bores: Long-term Monitoring Bore
T115 | 402761 | 6442759 | 24319 | 2491 | 226 | 2265

DoW Historical Data

The DoW bore T115, which is located 3.6 km north of the study site along Armadale Road, has
groundwater level data available for the years 1975 to 2008. This groundwater level data is shown in
Figure 2.

The AAMGL of bore T115 was calculated using this historical data. The water level measured on 22
October 2008 was 22.65 mAHD which was 1.17 m below its AAMGL.

Table 2. Nearby DoW Historical Bore Data and Calculated AAMGL

T115 1975-2008 | 23.82 22.65 1.17
Difference to AAMGL (m) 1.17
AAMGL Calculation

Based on the historical water levels in the DoW bore, the comection to convert water levels
measured in JDA bores RH1 to RHé6 to AAMGL was calculated as + 1.17m (Table 2 above).

The calculated AAMGL and depth to AAMGL at each bore location is shown in Table 3.
Table 3. Calculated AAMGL and Calculated Depth to AAMGL

RH1 25.81 25.60 0.21
RH2 26.15 26.07 0.08
RH3 26.85 26.85 0.00
RH4 27.21 27.21 0.00
RH5 26.34 26.34 0.00
RH6 26.00 26.00 0.00

The estimated AAMGLs for bores RH3 to RHé6 were all above the ground surface. These AAMGLs
were corrected fo natural surface elevation.

The AAMGL ranges from approximately 27.20 mAHD on the south-east side of the site and fclls fo
25.50 mAHD on the north-western end of the site. The groundwater flow is fronms =
AAMGL contours for the site are shown in Figure 3.

142642 12 February 2009 2
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The depth to AAMGL over the study site is shown in Figure 4. These confours were generated using
JDA bore AAMGLs, DOLA contours and surveyed cross-sections of BMD. The eastern half of the
Study Area and a large portion of the western half of the Study Area have a depth to AAMGL of
less than 0.3 m. This implies that during the winter months, the maijority of study site is waterlogged.

Comparison with Regional AAMGL Mapping.

Lots 1 and 2 Rowley Road Darling Downs is bordered to the North, West and East by the Study Area
of the Armadale Redevelopment Authority's Wungong Urban Water Master Plan District Water
Management Strategy (Wungong DWMS, JDA et al. 2006). AAMGL contfours for the Wungong
DWMS are shown on Figure 3 along with the AAMGL contours for Lots 1 and 2 Rowley Road. These
regional contfours show the groundwater flow on the study site flowing from east to west, with the
AAMGL changing from approximately 27 m AHD on the eastern edge of the study site to 258 m
AHD on the western edge of the study site. The AAMGL for the Wungong DWMS is approximately
0.2 m less the Study Area contours on the eastern edge and approximately 0.3 m more than the
Study Area AAMGL on the western edge.

In summary, the calculated contours in this investigation generally align with the Wungong DWMS
contours, with localised contours differing around the BMD due the drawdown effect created by
the drain.

References

Department of Environment and Conservation (2006) Geomorphic Wetlands of the Swan Coastal
Plain.

JDA Consultant Hydrologists, GHD and CSIRO (2006) Wungong Urban Water Master Plan: District
Water Management Sirategy, prepared on behalf of the Armadale Redevelopment Authority.

Should you have any queries regarding this report please contact Sasha Martens or Lauren Miles of
this office.

Yours sincerely,

JDA CONSULTANT HYDROLOGISTS

RISCLAIMER

This document is published in accordance with and subject to an agreement between JDA Consultant Hydrologists (“JDA™) and the client for
whom it has been prepared (“Client”), and is restricted to those issues that have been raised by the Client in its engagement of JDA. It has
been prepared using the skill and care ordinarily exercised by Consultant Hydrologists in the preparation of such documents.

Any person or organisation that relies on or uses the document for purposes or reasons other than those agreed by JDA and the Client without
first obtaining a prior written consent of JDA, does so entirely at their own risk and JDA denies all liability in tort, contract or otherwise for any
loss, damage or injury of any kind whatsoever (whether in negligence or otherwise] that may be suffered as a consequence of relying on this
document for any purpose other than that agreed with the Client,
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Lots 1 and 2 Rowley Road, Darling Downs: AAMGL Investigation
Figure 1: Monitoring Bore Locations
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APPENDIX G

Floodplain Mapping Analysis
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APPENDIX H

Nutrient Input Modelling Results
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L
N I DS S ‘q Lot 1 and 2 Rowley Rd I@ Total Phosphorus
JDA Total Nutrient Input - No WSUD (kg/yr) 248

Nutrient Input Decision Support System Reduction due to WSUD (kglyr) 0 Io Total Nitrogen

Version 2.0 March 2005 Per Overall Reduction 0.0%

JDA Consuitant Hydrologists Pecentage Development Reduction 0.0%

Report Date | 22-Jun-09 Cost of Selected Program ($/ka/yr) $0

Catchment Name Lot 1 and 2 Rowiley Rd

Option Description Pre-Development Scenario

Catchment Area 12.4| ha

Land Use Breakdown

Residential : ~R15 0.0%| lower density residential areas (excludes road reserve area)

Residential : ~R35 0.0%| higher density residential areas (excludes road reserve area)

Road Reserves : Minor 0.0%| maintainance of verge by landowners

Road Reserves - Major 0.0%| maintainance of verge by local authority

POS : Active 0.0%] grassed areas

POS : Passive / Basins 0.0%| native vegetation

Rural : Pasture 100.0%| general pasture

Rural : Residential ~R2.5/R5 0.0%] low density Total 0.0%

Rural : Poultry 0.0%| specific high nutient input land use Total Area 100.0%

Commercial/industrial 0.0%| town centre etc

Nutrient Input Without WSUD

Residential  Garden 0.00| kg/net halyr 0.00] kg/gross halyr 0| kgiyr 0.0%
Lawn 0.00 0.00 0 0.0%
Pet Waste 0.00 0.00, 0 0.0%
Car Wash 0.00 0.00 0 0.0%
Sub Total 0.00] 0 0.0%

POS Garden/Lawn 2 60| ka/ha POSHyr 0.00] ka/gross halyr 0| katyr 0.0%
Pet Waste 0.00 0.00) 0 0.0%
Sub Total 0.00) 0 0.0%

Road Major Roads 1.04| kg/ha RRAyr 0.00] kg/gross hafyr 0| kalyr 0.0%

Reserve Minor Roads 20.00 0.00] 0 0.0%
Sub Total 0.00 0 0.0%

Rural Pasture 20.00| kg/ha Rurallyr 20.00] kg/gross hafyr 2438| kalyr 100.0%
Pouitry Farms 75.00] 0.00 0 0.0%
Residential (R2.5/R5) 4.00 0.00 0 0.0%
Sub Total 20.00| 248 100.0%

w7000 oross hatr [ za8] o

Residential Areas (R15-R35) : Nutrient Removal via Source Control

[ Native Gardens (Lots - Garden)
] community Education : Fertiliser

[ native Gardens (Lots - Lawn)
[ cCommunity Education : Pet Waste

[CInative Gardens (Pos) [ street Sweeping
DCmunmlyEduGﬁon:&rWaﬂl

Education Effectiveness
% Area of R 1] R | R Capital Operating Cost
Influence  kg/gross halyr kglyr %o Cost $ Cost $iyr $ikaglyr
Native Gardens (Lots - Garden) 0% 0.00 1) 0.0% $0| $0 $0.0
Native Gardens (Lots - Lawn) 0% 0.00 0 0.0% $0 $0 $0.0
Native Gardens (POS) 0% 0.00 0| 0.0% $0 30 $0.0
Community Education ' Fertiliser 0% 0.00 0| 0.0% 30 $0 $0.0
Community Education : Pet Waste 0% 0.00] 0| 0.0% $0 $0 $0.0)
Community Education : Car Wash 0% 0.00 0 0.0% $0 30 $0.0
Street Sweeping 0% 0.00 0 0.0% $0 $0 $0.0
Totals 0.00 0 0.0% $0 $0 $0.0
Residential Areas (R15-R35) : Nutrient Removal via In-Transit Control
[] Gross Poliutant Trap [ water Polistion Control Pond
% Area of Removal Removal Removal Capital Operafing Cost
Influence  kg/gross halyr kalyr % Cost $ Cost $iyr $/kalyr
Gross Pollutant Traps 0% 0.00 0| 0.0% $0 $0 $0.0
Water Pollution Control Ponds 0% 0.00| 0 0.0% $0 $0 $0.0
Total 0.00 0 0.0% $0 $0 $0.0,
Net Nutrient Input
kg/gross halyr kalyr %
Nutrient Input : Residential Area without WSUD 0.00| o] 0.0%|
Nutrient Input : Rural Area | 20.00| 248] 100.0%| Capital Operating Cost
Cost § Cost Siyr $/kalyr
Removal via Source Control 0.00] 1] 0.0% $0 $0 $0.0
Removal via In-Transit Control 0.00] 0 0.0% $0 $0 $0.0
Total Removal 0.00 0| 0.0% $0 30 $0.0
Net Nutrient Input [ 20.00] 248] 100.0%]
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L
N I D ‘q Lot 1 and 2 Rowley Rd Io Total Phosphorus
JDA Total Nutrient Input - No WSUD (ka/yr) 744)
Nutrient Input Decision Support System Reduction due to WSUD (kglyr) 0 I@ Total Nitrogen
Version 2.0 March 2005 Per Overall Reduction 0.0%
JDA Consuitant Hydrologists Pecentage Development Reduction 0.0%
Report Date | 22-Jun-09 Cost of Selected Program ($/ka/yr) $0
Catchment Name Lot 1 and 2 Rowiley Rd
SRR
Option Description Pre-Development Scenario
Catchment Area 12.4| ha
Land Use Breakdown
Residential : ~R15 0.0%| lower density residential areas (excludes road reserve area)
Residential : ~R35 0.0%| higher density residential areas (excludes road reserve area)
Road Reserves : Minor 0.0%| maintainance of verge by landowners
Road Reserves - Major 0.0%| maintainance of verge by local authority
POS : Active 0.0%] grassed areas
POS : Passive / Basins 0.0%| native vegetation
Rural : Pasture 100.0%| general pasture
Rural : Residential ~R2.5/R5 0.0%] low density Total 0.0%
Rural : Poultry 0.0%| specific high nutient input land use Total Area 100.0%
Commercial/industrial 0.0%| town centre etc
Nutrient Input Without WSUD
Residential  Garden 0.00] kg/net halyr 0.00] kg/gross halyr 0] kgiyr 0.0%
Lawn 0.00 0.00 0 0.0%
Pet Waste 0.00 0.00, 0 0.0%
Car Wash 0.00 0.00 0 0.0%
Sub Total 0.00] 0 0.0%
POS Garden/Lawn 73.40| ka/ha POSHr 0.00] ka/gross halyr 0| katyr 0.0%
Pet Waste 0.00 0.00) 0 0.0%
Sub Total 0.00) 0 0.0%
Road Major Roads 29.36| kg/ha RRAyr 0.00] kag/gross halyr 0| kaglyr 0.0%
Reserve Minor Roads 132.00 0.00] 0 0.0%
Sub Total 0.00 0 0.0%
Rural Pasture 60.00| kg/ha Ruraliyr 60.00] kg/gross hafyr 744| kalyr 100.0%
Pouitry Farms 175.00 0.00 0 0.0%
Residential (R2.5/R5) 15.20 0.00 0 0.0%
Sub Total 60.00 744 100.0%
Total 60.00] ka/gross haiyr kalyr 100.0%
Residential Areas (R15-R35) : Nutrient Removal via Source Control
me(mg-m) DNaﬁveGardels(de-lawn) DNaﬁveGardavs(POS) Dstyeetsweqing

DCmununi:yEducaﬁon:Fe'ﬁisa

[ community Education : Pet Waste

DConununty Education : Car Wash

Education Effectiveness
% Area of R 1] R | R Capital Operating Cost
Influence  kg/gross halyr kglyr %o Cost $ Cost $iyr $ikaglyr
Native Gardens (Lots - Garden) 0% 0.00 1) 0.0% $0| $0 $0.0
Native Gardens (Lots - Lawn) 0% 0.00 0 0.0% $0 $0 $0.0
Native Gardens (POS) 0% 0.00 0| 0.0% $0 30 $0.0
Community Education ' Fertiliser 0% 0.00 0| 0.0% 30 $0 $0.0
Community Education : Pet Waste 0% 0.00] 0| 0.0% $0 $0 $0.0)
Community Education : Car Wash 0% 0.00 0 0.0% $0 30 $0.0
Street Sweeping 0% 0.00 0 0.0% $0 $0 $0.0
Totals 0.00 0 0.0% $0 $0 $0.0
Residential Areas (R15-R35) : Nutrient Removal via In-Transit Control
[] Gross Poliutant Trap [ water Polistion Control Pond
% Area of R | R R Capital Operafing Cost
Influence  kg/gross halyr kalyr % Cost $ Cost $iyr $/kalyr
Gross Pollutant Traps 0% 0.00 0| 0.0% $0 $0 $0.0
Water Pollution Control Ponds 0% 0.00| 0 0.0% $0 $0 $0.0
Total 0.00 0 0.0% $0 $0 $0.0,
Net Nutrient Input
kg/gross halyr kalyr %
Nutrient Input : Residential Area without WSUD 0.00| o] 0.0%|
Nutrient Input : Rural Area | 60.00| 744] 100.0%| Capital Operating Cost
Cost § Cost $/yr $kalyr
Removal via Source Control 0.00] o] 0.0% $0 $0 $0.0
Removal via In-Transit Control 0.00| 0 0.0% $0 $0 $0.0|
Total Removal 0.00] 0] 0.0% $0 S0 $0.0
Net Nutrient Input | 60.00] 744] 100.0%|
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e
N I DS S ‘q Lot 1 and 2 Rowley Rd I@ Tokal Phosphorus |
JDA Total Nutrient Input - No WSUD (kg/yr) 151
Nutrient Input Decision Support System Reduction due to WSUD (kglyr) 46| Io Total Nitrogen I
Version 2.0 March 2005 Per Overall Reduction 30.6%
JDA Consuitant Hydrologists Pecentage Development Reduction 30.6%
Report Date | 22-Jun-09 Cost of Selected Program ($/ka/yr) $81
Catchment Name Lot 1 and 2 Rowley Rd
Option Description Post-Development Scenario - With WSUD
Catchment Area 12.4| ha
Land Use Breakdown
Residential : ~R15 0.0%| lower density residential areas (excludes road reserve area)
Residential : ~R35 60.0%| higher density residential areas (excludes road reserve area)
Road Reserves : Minor 20.0% of verge by landowners
Road Reserves - Major 0.0%| maintainance of verge by local authority
POS : Active 20.0%| grassed areas
POS : Passive / Basins 0.0%| native vegetation
Rural : Pasture 0.0%| general pasture
Rural : Residential ~R2.5/R5 0.0%] low density Total Residential 60.0%
Rural : Poultry 0.0%| specific high nutient input land use Total Area 100.0%
Commercial/industrial 0.0%| town centre etc
Nutrient Input Without WSUD
Residential  Garden 8.10| kg/net halyr 4.86] ka/gross hafyr 60| kalyr 39.8%
Lawn 3.50 2.10 26 172%
Pet Waste 0.00 0.00, 0 0.0%
Car Wash 0.13 0.08] 1 0.7%
Sub Total 7.04] 87 577%
POS Garden/Lawn 2 60| ka/ha POSHr 0.52] ka/gross halyr 6| kalyr 43%
Pet Waste 3.23 0.65 8 5.3%
Sub Total 1.17| 14 9.5%
Road Major Roads 1.04| kg/ha RRAyr 0.00] kg/gross hafyr 0] kglyr 0.0%
Reserve Minor Roads 20.00 4.00] 50 32.8%
Sub Total 4.00 50 32.8%
Rural Pasture 20.00| kg/a Rurallyr 0.00] kg/gross hafyr 0| kalyr 0.0%
Pouitry Farms 75.00] 0.00 0 0.0%
Residential (R2.5/R5) 4.00 0.00 0 0.0%
Sub Total 0.00 0 0.0%
L - [ 1 [

Residential Areas (R15-R35) : Nutrient Removal via Source Control

[Z] Native Gardens (Lots - Garden)

Education Effectiveness

[Z] native Gardens (Lots - Lawn)
[“] community Education : Pet Waste

[“] Native Gardens (POS)
Cummunly Education : Car Wash

[ street sweeping

% Area of R 1] R R Capital Operating Cost

Influence  kg/gross halyr kglyr % Cost $ Cost $/yr $ikaglyr
Native Gardens (Lots - Garden) 30% 146 18 11.9% $0| $0 $0.0
Native Gardens (Lots - Lawn) 0% 0.00 0 0.0% $0 $0 $0.0
Native Gardens (POS) 30% 0.16) 2| 1.3% $0 $0 $0.0
Community Education ' Fertiliser 100% 1.58 20 13.0% 30 $130 $6.6
Community Education : Pet Waste 100% 0.13 2 1.1% $0 $171 $107.0
Community Education : Car Wash 100% 0.02 0 0.1% $0 $130 $655.6
Street Sweeping 100% 0.25 3] 2.1% $0 $1,023 $323.9
Totals 3.59 45| 29.5% $0 $1,455 $32.6]
Residential Areas (R15-R35) : Nutrient Removal via In-Transit Control

Gross Pollutant Trap [ water Poliution Control Pond

% Area of R | R R Capital Operafing Cost

Influence  kg/gross halyr kalyr % Cost $ Cost $iyr $/kglyr
Gross Pollutant Traps 100%| 0.14 2| 1.2% $23,312 $893 $1,309.7
Water Pollution Control Ponds 0% 0.00 0| 0.0% $0 $0 $0.0
Total 0.14 2 1.2% $23,312] $893 $1,309.7
Net Nutrient Input

kglgross halyr kglyr %
Nutrient Input : Residential Area without WSUD [ 12.21] 151] 100.0%]
Nutrient Input : Rural Area | 0.00] o] 0.0%)| Capital Operating Cost
Cost $ Cost $iyr $/kglyr

Removal via Source Control 3.59] 45| 29.5% $0 $1,455 $32.6]
Removal via In-Transit Control 0.14 2‘| 1.2% $23,312] $893 $1,309.7
Total Removal 3.74 45 30.6% $23,312 $2,347' $80.9)
Net Nutrient Input | 8.47| 105 69.4%]|
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e
N I DS S ‘q Lot 1 and 2 Rowley Rd Io Tokal Phosphorus |
JDA Total Nutrient Input - No WSUD (kg/yr) 845

Nutrient Input Decision Support System Reduction due to WSUD (kglyr) 204 I@ Total Nitrogen I

Version 2.0 March 2005 Per Overall Reduction 24.2%

JDA Consuitant Hydrologists Pecentage Development Reduction 24.2%

Report Date | 22-Jun-09 Cost of Selected Program ($/ka/yr) $18|

Catchment Name Lot 1 and 2 Rowley Rd

Option Description Post-Development Scenario - With WSUD

Catchment Area 12.4| ha

Land Use Breakdown

Residential : ~R15 0.0%| lower density residential areas (excludes road reserve area)

Residential : ~R35 60.0%| higher density residential areas (excludes road reserve area)

Road Reserves : Minor 20.0% of verge by landowners

Road Reserves - Major 0.0%| maintainance of verge by local authority

POS : Active 20.0%| grassed areas

POS : Passive / Basins 0.0%| native vegetation

Rural : Pasture 0.0%| general pasture

Rural : Residential ~R2.5/R5 0.0%] low density Total Residential 60.0%

Rural : Poultry 0.0%| specific high nutient input land use Total Area 100.0%

Commercial/industrial 0.0%| town centre etc

Nutrient Input Without WSUD

Residential  Garden 17.70| kg/net halyr 10.62| kg/gross halyr 132| kalyr 15.6%
Lawn 23.10] 13.86] 172 20.3%
Pet Waste 0.00 0.00, 0 0.0%
Car Wash 0.04 0.02] 0 0.0%
Sub Total 24.50, 304 35.9%

POS Garden/Lawn 73.40| kama POSHyr 14.68] ka/gross halyr 182| kalyr 215%
Pet Waste 12.90 2.58] 32 3.8%
Sub Total 17.26 214 25.3%

Road Major Roads 29.36| kg/ha RRAyr 0.00] kg/gross halyr 0| kglyr 0.0%

Reserve Minor Roads 132.00| 26.40| 327 38.7%
Sub Total 26.40 327 38.7%

Rural Pasture 60.00| kg/ha Ruraliyr 0.00] kg/gross hafyr 0| kalyr 0.0%
Pouitry Farms 175.00 0.00 0 0.0%
Residential (R2.5/R5) 15.20 0.00 0 0.0%
Sub Total 0.00 0 0.0%

e —

Residential Areas (R15-R35) : Nutrient Removal via Source Control

[Z] Native Gardens (Lots - Garden)

Education Effectiveness

[ native Gardens (Lots - Lawn)
[¥] community Education : Pet Waste

Native Gardens (POS)

[] street Sweeping
CummmtyEdumﬁon:CarWaﬂl

% Area of R i R | R Capital Operating Cost
Influence  kg/gross halyr kglyr % Cost $ Cost $/yr $ikalyr
Native Gardens (Lots - Garden) 30% 3.19 40 4.7% $0| $0 $0.0
Native Gardens (Lots - Lawn) 0% 0.00 0 0.0% $0 $0 $0.0
Native Gardens (POS) 30% 4.40 55) 6.5% $0 $0 $0.0
Community Education ' Fertiliser 100% 7.09 88 10.4% 30 $130 $1.5]
Community Education : Pet Waste 100% 0.52 6] 0.8% $0 $171 $26.8)
Community Education ; Car Wash 100% 0.00 0 0.0% $0 $130 $2,403.8
Street Sweeping 100% 0.58 7| 0.9% $0 $1,023 $141.6
Totals 15.78| 196} 23.2% $0 $1,455 57.4'
Residential Areas (R15-R35) : Nutrient Removal via In-Transit Control
Gross Pollutant Trap [ water Polliution Control Pond
% Area of R | R R Capital Operafing Cost
Influence  kg/gross halyr kalyr % Cost $ Cost $iyr $/kaglyr
Gross Pollutant Traps 100%! 0.68 8 1.0% $23,312 $893 $271 .SI
Water Pollution Control Ponds 0% 0.00 0) 0.0% $0| $0 SO.UI
Total 0.68 il | 1.0% $23,312 $893 SZ71.6|
Net Nutrient Input
kg/gross halyr kglyr %
Nutrient Input : Residential Area without WSUD 68.16] 845] 100.0%]
Nutrient Input : Rural Area | 0.00] o] 0.0%)| Capital Operating Cost
Cost $ Cost $iyr $/kalyr
Removal via Source Control 15.78 196] 23.2% $0 $1,455 57.4|
Removal via In-Transit Control 0.68 8| 1.0% $23,312] $893 $271 A6|
Total Removal 16.46 204 24.2% $23,312 $2,347' $18.3]
Net Nutrient Input | 51.70| 641 75.8%|
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NiDSS Core Data & Cost Calculations

Nuien input Decision Support Sysem

Version 2.0 March 2005 J DA
Analysis Type (1.2) [ —— | [ 0% Jwoftota areaas ~R15

Ave lotsinet ha | o] | 0% % of total residential Area as ~R35

Discount Rate

Community Education Information

"Who Cares About the Envronment 2" (NSW EPA, 2000) Survey

17% stated envionment one of two most important issues for govt to address

Of these 27% stated water as most important environmental issue
17% stated education most important issue to protect environment

|impact assumed to reduce fertiliser applications to minimum rates

Fertiliser Application Information/Assumptions

assumed 40% road reserve,

Pet Waste
Data Source [Pets per iot and disposal via JDA Survey (2001)
TP & TN application via Geritse at al (1991)
Cost Estimate via JDOA. Distribution cost and U is for brochure, bag cost is for POS's
Application Rates
Survey Results Cost Calculation
N TP TN or TP| Pets Per Lot Tolal Residential Area ha
) (kg/yr) R15 R35 Total Number of Lots
Cats 0.80 0.20 24 16
Smi Dogs 2.75 0.70 275 12 16 Ares to Apply ha
Med Dogs 550 140 5.50 16 08| Number of Lots to Apply =
Lge Dogs 525 2.0 8.25 013 0.00 Number of Dogs
Disposing in POS
Waste Disposal POS bags per year
| R zoning Cost Data Cost of bags per year 80|
R15| R35] _specified] Cost of madout per yaar 0
Lot 35% 0% 0% Distribution $1.00|per house Total PV Cost 0
POS 6% 12%) 0% Frequency years Removal | 0.0] kglyear
Bins 52% 88% 0% Bag Costs $2.50|per 100 bags Cost per kg | $0
Car Wash
Data Source cy based on JDA Survey (2001)
Rates & g
Car wash Cost Calculation
™ P TN or TP| R zoning|
rash kg/wash specied i Number of Lots =
0.00009 0.00033 0.00008] 2 | 45 0.00 Cost of madout 30| peryear
Total PV Cost 30
Cost Data Di $1.00|per house Removal 0.0] kg/year
F | 2|years Cost per kg $0)
Lot Fertiliser
Data Source Mean Fertiliser jons via JDA survi 001)
% garden and lawns estimated via Aerial photography JDA{2001) for vanous suburbs with similar zonings
[Minimum Fertiser ications via recommended applicabon data
Application Rates
Fertiliser mean application TN or TP| Fertiliser min application Fertiliser
kg TN/sqmiyr kg TPisgmiyr T kg TPisgmiyr kg TN/sqmiyr
Garden 0.059 0.027 0.05200 Garden 0010 0.003 0.048
Lawn 0.033 0.005 0.03300 Lawn 0.009 0.001 0.024
Garden and Lawn Areas Cost Calculation
R zoning| Cost Data
R15 R35 ecified Number of Lots -
% garden 11 .03 0.00) Distribution | 51.00|perhouse Cost of mailout 30| per year
% lawn .28 .07 0.00 Frequency years Total PV Cost $0
Removal 0.0] kgiy=ar
Costper kp 50
POS Fertiliser
Data Source I rates based on City of Armadale apph to active POS areas in years 1896-2000 |
L 1
Application Rates

phicati

Py ion
g TP/ha POSHA
2.8]
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NiDSS Core Data & Cost Calculations

Nuremt input Decision Support System
Version 2.0 March 2005 JDA

Rural Land Use Fertiliser

Data Source Estimates via Gerritse et al (1892) for pasture |
I |

Data Source Estimates via Germitse (et al) 1992 |
[Based on 14000 hens on 42 ha |

Application Rates
Fertiliser mean 3 tion ™ orT;l
kg TN/ha farmiyr | kg TP/ha famiyr ified |
Poultry 175 75| 175.00]
Street Sweeping
Data Source

Cost based on Davies & Pierce (1808), $55/km

Cost Calculation
Estimated Removal Rate
(assumes no WSUD upstream) reduction Cost $0|%/gross halyr
due to CostData Area to Apply 0.0] ha
Potential {kg/gross halyr) TN or TP| upstream Total PV Cost 30
TN | TP fied | WSUD! Cost ! S/km Removal 0.0} kglyear
0.75 | 0.35 075 0%) F 6|times per year 4 30

Note : Street sweeping applied to developed areas only - not existing rural land use areas not to be developed

In-Transit Controls - Stormwater Nutrient Load

Data Source Nutrients in Perth Urban Swurface Drail Catchments Characterised licable Attributes, Tan (1081

Data Used to Calculate in il for by In-Transit Contrals
Removal quantifies are for no WSUD and are reduced in calcs based on upstream measures used

Estimated Stormwater Nutrient Load
({assumes no WSUD upstream)

TN or TP
Typical Phosphorus Stormwater Load (Perth Urban Areas) [ 0.40] xg/gross haiyr specified
Typical Nitrogen Stormwater Load (Perth Urban Areas) | 2.53] kg/gross halyr 2.53)
Gross Pollutant Trap
Data Source roximate retention value via JDA(2001) - GeoTrap Laboratory Test Re
[Based on GeoTrap. Humesceptor. Downstream Defender, CDS
Cost of GPT's via CRC r 08/3 (Alison, Chiew and McMahon) April 1988
Estimated Removal Rate Cost Data Cost Calculation
| Percentage Removal TN or TP Capital Cost $1.880] per ha Area o Apply 0.0|hs
TN | TP Maintenance per halyear Total PV Cost $0
GPT 35% 1 0% 35% Removal 0.0| kglyear
Cost perkg $0
Note : GPT's applied to developed areas only - not existing rural land use areas not to be developed
Water Pollution Control Pond
Data Source TP removal efficiency and cost via Henley Brook Drive WPCP Conce) ign (JDA.1807) |
TN efficiency via M: ing Urban Stormwater Treatment Techniques (NSW EPA 10887) |
Estimated Removal Rate Cost Data Cost Calculation
Percentage Removal TN or TP Capital Cost $1.800.000 Costper kg 5884 | per kg
TN i TP Maintenance $25,000] per year Removal 0.0| kgiyear
WPCP 35% | 50% 35% Removal 34| kg TP/year Capital Cost $0
Operating 30
Note : WPCF's applied to developed areas only - not existing rural land use areas not to be developed Total PV Cost 30
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Suite 1, 27 York St, Subiaco WA 6008
PO Box 117, Subiaco WA 6904
Ph: +61 8 9388 2436
Fx: +61 8 9381 9279

www.jdahydro.com.au

info@jdahydro.com.au

BUREAU VERITAS
Certification
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APPENDIX 6
PROPOSED LOCAL STRUCTURE PLAN
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Shire of Serpentine Jarrahdale
Lots 1 & 2 Rowley Road, Darling Downs

TABLE 5. PRE-LODGEMENT CONSULTATION

TOWN PLANNING

AGENCY DATE OF METHOD OF SUMMARY OF OUTCOME
CONSULTATION CONSULTATION
Shire of July — August 2015 | Email/ Telephone Preparation of new SP required
Serpentine incorporating modifications
Jarrahdale under WAPC Structure Plans

guidelines format (i.e. Part | &I
sections).

Proposed modifications to
approved structure plan
supported in-principle.

Department of
Planning

July 2015

Email/telephone
discussion

WAPC Planning Bulletin 112/
2015 Medium-Density Single
House Development Standards
— Structure Plan Areas may be
incorporated into the existing
approved local structure plan
as an amendment to the
structure plan.

Water
Corporation

Circa 03/2015

Email/telephone
discussion

Project engineer and officers at
Water Corporation resolved
that south-west public open
space area to be increased to
accommodate local and district
drainage.

August 2015 Rev 2.0
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HYDROLOGY

12 August 2016 Your Ref:
Our Ref: H15064Av2

Department of Water

107 Breakwater Pde
Mandurah Ocean Marina
Mandurah, WA 6210

ATTENTION: Brett Dunn

Dear Brett,
RE: LOTS 1 & 2 ROWLEY RD, LOCAL WATER MANAGEMENT STRATEGY ADDENDUM

This addendum has been prepared by Hyd2o on behalf of Terranovis to update design
information previously provided in the Lot 1 & 2 Rowley Rd, Local Water Management
Strategy (JDA, 2010).

Since the LWMS was prepared and approved the Department of Water (DoW) has
published the Birrega and Oaklands flood modelling and drainage study: Supporting the
Birrega and Oaklands Drainage and Water Management Plan (DoW, 2015) that includes
modelling of the Birrega drain within the site.

This addendum seeks to use the predevelopment data provided by the DoW from this
study to inform the post-development design of the site and assist with the development
of subsequent Urban Water Management Plans.

1. Site Background

The site is 12 ha in size and located on Rowley Rd, Darling Downs in the Shire of
Serpentine- Jarrahdale. The following summarises the physical characteristics of the site:

e Topography of the site is generally flat between 26 mAHD and 27 mAHD with soils
being a mix of sandy clay soils.

o JDA (2010) reported that the average annual maximum groundwater table is
generally within 0.3m-1m of existing ground surface.

e The Birega Main Drain (BMD) fraverses the south western portion of the site
entering through a culvert under Rowley Rd and exiting under Hopkinson Rd.
There are a number of other smaller culverts under Hopkinson Rd that convey
flood flows from the site downstream.

Suite 6b 103 Rokeby Rd Subiaco WA 6008 | PO Box 1055 Subiaco WA 6904
p +61 8 9382 8683 | f +61 8 6380 1910 | www.hyd2o.com.au



hYdZO LOTS 1 & 2 ROWLEY RD, LOCAL WATER MANAGEMENT STRATEGY ADDENDUM

2. DoW Pre Development Regional Scale Modelling

As part of the Birrega and Oaklands flood modelling and drainage study: Supporting the
Birrega and Oaklands, DoW established a regional 2D flood model of the area including
Birrega Main Drain. This model was established based on a 30m cellular grid. Some local
refinement of this model was then undertaken by DoW in February 2015 which included
the stamping in of actual road elevations at the site and also including in the model the
main culverts under Hopkinson Rd and Rowley Rd.

Key DoW modelling results for the site for the critical 24 hour 100 year average recurrence
inferval (ARl) event are shown in Figure 1 and Table 1. According to DoW'’s modelling,
Hopkinson Rd (RL 26.30 mAHD) is overtopped during the 100 year ARl event. Peak flows
through the main culverts are estimated as 1.28 m3/s (Y00 mm dia) and 0.70 m3/s (550
mm x 1200 mm box), with 1.13 m3/s overtopping the road. The DoW estimated a total
peak outflow from the site of 3.12 m3/s. A total peak outflow hydrograph is provided in
Figure 2.

A peak water level of 26.35 mAHD at Hopkinson Rd is reached which equates to a total
flood storage provided by the site of 11,100 m3.

The time of concentration from the site is 6.65 hrs.

All peak flow modelling inputs were provided to Calibre on 18 September, 2015 by the
DoW (Paola Duarte, pers comm). The DoW provided the following advice regarding
management of flood events:

“The regional storage can be used fo manage the local water that comes off the
development ONLY if it is shown that the fime of concentration of the catchment and
the fime of concentration of the local development do not meet and cause an increase
in flood height at the outlet of the development. When this happens, additional storage
will need to be provided” (Paola Duarte, pers comm).

Table 1: Summary of DoW Regional Modelling Results for Lots 1&2 Rowley Rd

Parameter DoW Regional
Model Result

Hopkinson Rd Culvert Peak Outflow (m?3/s)

) 1.28
(900 mm diameter)
Hopkinson Rd Culvert Peak Outflow (m?3/s) 070
(550mm x 1200mm box culvert) ’
Hopkinson Rd Road Overtopping (m3/s) 1.13
Flood Level at Hopkinson Rd (mAHD) 26.35
Modelled Flood Storage on Site (m?3) 11,100

H15064Av2 | 12 August, 2016 2



hYdZO LOTS 1 & 2 ROWLEY RD, LOCAL WATER MANAGEMENT STRATEGY ADDENDUM

3. Cadlibre Post Development Flood Modelling

A local scale flood model was compiled by Calibre Consulting in XP-Storm to integrate
the regional scale flood modelling (by DoW) with the local scale flood modelling being
undertaken to facilitate the current subdivision. The proposed development is shown in
Figure 3.

This modelling was undertaken to determine if the proposed local flood storage areas
and the regional flood storage area could be combined due to the different fimes of
concenfration of the catchment without impacting on the total peak outflow from the
site at Hopkinson Rd.

The model was calibrated to the DoW pre development results by Hyd2o in 2014 with
Calibre making revisions of the calibrated model to reflect the proposed post
development design (Figure 3). The post-development case included a total storage
volume of 11,285 m3 within the site with following breakdown of storage areas from
Calibre (2015);

e The Birrega Drain storage basin with a volume capacity of 7,630 m3
e Lot soakwells total volume 490 m3
e Road Reserve Storage: 110 m3
e Pit & Pipe Volume: 100 m3
e Local flood storage within POS: 2955 m?3
The following key assumptions were included in the model:

e Updated regional inflow hydrographs were provided by DoW (September 2015)
for the crifical duration 24hr storm event.

e A post development local inflow hydrograph was generated from the proposed
subdivision design including local subdivision flood storage (Calibre, 2015). Total
flood storage of 3,655 m3was estimated as a part of the proposed development
(Calibre, 2015).

e A tailwater condition downstream of Hopkinson Rd of approximately 25.98 mAHD
was adopted. This level was based on previous DoW model output data and
used as an effective calibration parameter in the model.

4. Cadlibre Modelling Results

The Calibre model estimated the total post development outflow to be 3.03 m3/s and the
DoW modelled total post development outflow was estimated as 3.12 md/s. A
comparison of peak flow hydrographs is shown in Figure 2.

Calibre estimated the time of concentration for the subdivision to be 36.1 minutes and
the DoW estimated the fime of concentration as 6.65 hrs for the Birrega Main Drain
(Calibre, 2015). The subdivision in turn has a much shorter time of concentration and can
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access the regional storage prior tfo it being required to manage the regional flood
event.

Calibre post-development modelling of the site was undertaken using the DRAINS model
and was presented fo the DoW in the Lot 1 Hilbert Rd and Lot 2 Hopkinson Rd, Darling
Downs Urban Water Management Plan (TME, 2014). The outflow hydrograph from the
subdivision estimated a peak flow of 0.20 m3/s considerably lower than the
predevelopment modelling undertaken by the DoW estimated a peak flow of 0.35 m3/s.
A comparison of hydrographs is shown in Figure 4. Calibre have therefore effectively
provided an ‘over compensation of flow” post development from the site within the local
storages.

5. Guidelines for Future Urban Water Management Plans

The modelling results indicate that a post-development storage volume of 11,285 m?3 to
provide both regional flood storage and local flood storage within the site, will not
impact on the post development outflow (Calibre, 2015) of the site.

Subsequent Urban Water Management Plans should provide adequate local storage
design detail fo ensure that a total storage of 11,285 m3 can be achieved.

With respect to monitoring requirements for the development, these are addressed in
detail in the JDA (2010) LWMS and TME (2014) UWMP. Monitoring requirement for futures
stages will be appropriately detailed in subsequent UWMP's.

6. References

Calibre (2015), Lots 1 & 2 Rowley Rd Birrega Main Drains Investigation Storage Volume
Capacity Requirements

Department of Water (2015) Birrega and Oaklands flood modelling and drainage study:
Supporting the Birrega and Oaklands Drainage and Water Management Plan (DoW,
2015)

JDA(2010), Lot 1 & 2 Rowley Rd, Local Water Management Strategy.

TME (2014), Lot 2 Hopkinson Rd, Darling Downs Urban Water Management Plan.
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Should you have any queries regarding this report, please do not hesitate to contact
Sasha Martens or Suzanne Smart of this office.

Yours sincerely,

Suzanne Smart

Senior Environmental Hydrologist

This document is published in accordance with and subject to an agreement between Hyd2o and the Client for whom it has been
prepared, and is restricted to those issues that have been raised by the Client in its engagement of Hyd2o. It has been prepared using
the skill and care ordinarily exercised by hydrologists in the preparation of such documents.

Hyd2o recognise site conditions change and contain varying degrees of non-uniformity that cannot be fully defined by field
investigation. Measurements and values obtained from sampling and testing in this document are indicative within a limited
fimeframe, and unless otherwise specified, should not be accepted as conditions on site beyond that timeframe.

Any person or organisation that relies on or uses the document for purposes or reasons other than those agreed by Hyd2o and the
Client does so entirely at their own risk. Hyd2o denies all liability in tort, contract or otherwise for any loss, damage or injury of any kind
whatsoever (whether in negligence or otherwise) that may be suffered as a consequence of relying on this document for any purpose
other than that agreed with the Client.
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Shire of Serpentine Jarrahdale : whelans

Lots 1 & 2 Rowley Road, Darling Downs M
TOWN PLANNING

APPENDIX 4
BAL CONTOUR PLAN & ASSESSMENT

August 2015 Rev 2.0 20



AS 3959 Bushfire Attack Level (BAL)
Contour Plan Report

Site Details

Project Name Rowley Road Development BAL Contour Plan

Address: (Lots 1 & 2 on Dia 50969) Rowley Road

Suburb: Darling Downs State: | WA
Local Government Area: Shire of Serpentine-Jarrahdale

Description of Building Works: Subdivision Development

WAPC subdivisi licati
Stage of WAPC Planning subdivision application (s)

Report Details

Report / Job Number: TERO11 Report Version: FINAL

Assessment Date: 8/4/16 Report Date: 8/8/2016
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SECTION 1 - Vegetation Classification

All vegetation within 100m of the site / proposed development was classified in accordance with Clause 2.2.3 of
AS 3959-2009. Each distinguishable vegetation plot with the potential to determine the Bushfire Attack Level is
identified below.

Plot | 1 Classification or Exclusion Clause Low fuel or non-vegetated area Clause 2.2.3.2 (f)

Exclusion clause 2.2.3.2 (f)

Low threat vegetation, bare soil associated with bare

Follow | areas of adjacent subdivision developments to the
your heart

north and west of the subject site.

Photo ID: Photo 1 view of bare areas associated with the development to the west of the subject site. View from
north east to south west.

Plot | 2 Classification or Exclusion Clause Low fuel or non-vegetated area Clause 2.2.3.2 (e)

Exclusion clause 2.2.3.2 (e)

Low threat vegetation associated with buildings,
dwellings, footpaths and roads

Photo ID: Photo2 view along Rowley Road from the west to east.

Plot | 3 Classification or Exclusion Clause Low fuel or non-vegetated area Clause 2.2.3.2 (f)

Exclusion clause 2.2.3.2 (f)

Low threat vegetation associated with APZ areas
adjacent to buildings and dwellings

Grasses mowed and maintained <50mm in height.

Photo ID: Photo3 View of low fuel to the south of Rowley Road and dwellings (background) with maintained APZ
areas. View from north to south.
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Plot | 3 cont Classification or Exclusion Clause

Low fuel or non-vegetated area Clause 2.2.3.2 (f)

Exclusion clause 2.2.3.2 (f)

Low threat vegetation associated with APZ areas
adjacent to buildings and dwellings

Grasses mowed and maintained <50mm in height.

Photo ID: Photo 4 view of low fuel areas grasses <50mm

in height. View from north to south from Rowley Road.

Plot | 3 cont Classification or Exclusion Clause

Low fuel or non-vegetated area Clause 2.2.3.2 (f)

Exclusion clause 2.2.3.2 (f)

Low threat vegetation associated with APZ areas
adjacent to buildings and dwellings

Grasses mowed and maintained <50mm in height.

Photo ID: Photo 5 view of low fuel areas of a dwelling along Hilbert Road tot eh east of the subject site. View from
west to east.

Plot | 4 Classification or Exclusion Clause

Woodland Type B

Eucalypts 6-12m

Not multilayered, grassy understorey, possibly grazed
10-30% vegetative cover.

Located south of the subject site
21m from subject site (along Rowley Road Road)

Effective Slopes 0.4 degrees (flat land) to upslope of
site.

Photo ID: Photo 6 view of Woodland Type B to the south of the Subject site, view from north west to south east.
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Plot

Classification or Exclusion Clause

Grassland Type G

e

Paddock grasses 50-200mm in height
Not grazed in road verges, grazed in paddocks
Fuel loading 2 T/ha

Located adjacent to subject site to the south and
west in road verges and paddocks adjacent

Effective Slope 0 to 0.4 ° (degrees)
Located east of Rowley Road 21m from subject site

<10% trees

Photo ID: Photo 7 view of Grassland Type G to the south of the subject site in Rowley Road reserve.

Plot | 6

Classification or Exclusion Clause

Low fuel or non-vegetated area Clause 2.2.3.2 (f)

Low fuel or non vegetated areas Clause 2.2.3.2 (f)

Planted windbreaks

Photo ID: Photo 8 view of Planted windbreak in property to the east of the subject site. Photo view from west to
east from Hilbert Road.

Plot | 7

Classification or Exclusion Clause

Grassland Type G

Paddock grasses 300-400mm in height
Possibly grazed, unmanaged grasses

Fuel loading 2 T/ha

Located adjacent to subject site to the south

Effective Slope 0.4 degrees (flat land) to upslope of
site.

<10% trees

Located 20m south of subject site.

Photo ID: Photo 9 view of Grassland Type G to the south of the subject site. View from Rowley Road from the north
west to the south east.

5

BIO

€

DIVERSE
SOLUTIONS




Plot | 8 Classification or Exclusion Clause

Grassland Type G

Paddock grasses 300-400mm in height
Grazed, unmanaged grasses

Fuel loading 2 T/ha

Located adjacent to subject site to the east

Effective Slope 0 degrees (flat land) to upslope of
site.

<10% trees

Located 20m South of Subject site.

Photo ID: Photo 10 view of Grassland Type G to the south

of the subject site. View from Rowley Road from the

north to the south.

Plot | 9 Classification or Exclusion Clause

Grassland Type G

Paddock grasses 300-400mm in height

Grazed, unmanaged grasses

Fuel loading 2 T/ha

Located adjacent to subject site to the south east
Effective Slope 0 degrees (flat land)

<10% trees.

Located 22.4m from eastern boundary wall.

Photo ID: Photo 11 view of Grassland Type G to the east of the site, view from west to east from Hilbert Road

Plot | 10 Classification or Exclusion Clause

Grassland Type G

Paddock grasses 300-400mm in height

Grazed, unmanaged grasses

Fuel loading 2 T/ha

Located adjacent to subject site to the north east
Effective Slope 0 degrees (flat land)

<10% trees.

Located 41m from north east corner of subject site

Photo ID: Photo 12 view of Grassland type G to the north east of the subject site. View from Hilbert street from the
west to east

SoLu
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Plot 11

Classification or Exclusion Clause

Woodland Type B

Photo ID: Photo 13 view of Woodland Type B to the north of R

Eucalypts 6-12m

Not multilayered, grassy understorey, possibly
grazed 10-30% vegetative cover.

Located north (north east) of the subject site

21m from subject site (along future Rowley Road
Reserve)

Effective Slope -upslope of site.
Located 26m north of subject site.

Assumption in BAL Contour this will be removed
as per approved WAPC application over the area.

Future Low Fuel 2.2.3.2 (e) and (f)

owley Road Reserve. View from Hilbert Street from

the east to the west.

Plot 12

Classification or Exclusion Clause

Shrubland Type C

Grasses and sedges to 1m
Dead vegetation and unmanaged
15T/ha available fuels

Located 30m from the subject site to the north
west.

Effective slope - upslope

Photo ID: Photo 14 view of Shrubland Type C to the north west of the site. View from the southeast to the

northwest.

Plot 13

Classification or Exclusion Clause

Scrub Type D

Spearwood, Woolly bush and Acacia Scrub
3.0-4.0m in height

Would be excludable as <0.25ha in size but
connected to Plot 12 (shrubland)

25T/ha available fuels

Located upslope of the subject site to the north
west 89m.

Effective slope - upslope

Photo ID: Photo 15 view of Scrub Type D to the north west of the site. View from the southeast to the northwest.
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Plot | 14

Classification or Exclusion Clause

Grassland Type G

Paddock grasses 300-400mm in height
Possibly grazed, unmanaged grasses
Fuel loading 2 T/ha

Located adjacent to subject site to the west in
paddocks and the road reserve

Effective Slope Flat land - O degrees
No trees

17-24m from subject site

Photo ID: Photo 16 view of Grassland Type G to the west of the subject site. View from the north east to the south
west in private property.

Plot | 15

Classification or Exclusion Clause

Low fuel or non vegetated areas

Low fuel Exclusion 2.2.3.2 (f)

All internal areas, bare ground or managed grasses to
<100mm

Photo ID: Photo 17 view of built up bare areas in the subject site in preparation for development. View from the
north west to the south east.
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SECTION 3: Potential Bushfire Impacts

The potential bushfire impact to the site / proposed development from each of the identified
vegetation plots are identified below. Refer to BAL Contour Plan Page 11.

Plot Vegetation Classification Effective Slope Sep?r::)tlon BAL jlelaliEste
1 Low Fuel or non vegetated area N/A N/A Low N/A
2.2.3.2(f)
2 Low Fuel or non vegetated area N/A N/A Low N/A
2.2.3.2 (e)
3 Low Fuel or non vegetated area N/A N/A Low N/A
2.2.3.2(f)
4 Woodland Type B Upslope and 21 BAL 29-12.5 can Rec reserve
Flat Land apply
5 Grassland Type G Flat Land 21m BAL 12.5 can Rec reserve
apply
6 Low Fuel or non vegetated area N/A N/A Low N/A
2.2.3.2(f)
7 Grassland Type G Upslope and 20m BAL 12.5 can 119-123 &
Flat Land apply 109-110
8 Grassland Type G Upslope and 20m BAL 12.5 can 110-119
Flat Land apply
9 Grassland Type G Upslope and 22m BAL 12.5 can 118, 94-99 &
Flat Land apply 173-174
10 Grassland Type G Upslope and 41m BAL 12.5 can 172
Flat Land apply
11 Future Low Fuel or non N/A N/A Low N/A
vegetated area 2.2.3.2 (f) & (E)
12 Shrubland Type C Upslope and 30m BAL 12.5 can 143-151, 160-
Flat Land apply 165
13 Scrub Type D Upslope 89m BAL 12.5 can 143
apply
14 Grassland Type G Upslope and 17-24m BAL 12.5 can 1144-155, 1-5
Flat Land apply
15 Low Fuel or non vegetated area N/A N/A Low N/A
2.2.3.2(f)

COMMENTS ON BAL CALCULATIONS:

e Distances from vegetation were made based on surface fuels to ledge of lot (subject site)

boundary;

o Effective slopes were measured in the field using a Nikon Forestry Pro and represented on

the respective plots;

e Method 1 (AS3959-2009) Simplified procedure was used for vegetation classification and

BAL Assessment process;

e Vegetation was classified within 100m of the lot boundaries;

e The perimeter of the vegetation was measured using field GPS and notations on field GIS

maps;

e The BAL Contour Plan was prepared by an Experienced Level 2 Bushfire Planning

Practitioner (pending Accreditation by FPA); and
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The BAL Contour Map has been prepared in accordance with Department of Planning
(WAPC) Fact Sheet — BAL Contour Maps (Version 2, January 2016).

ASSUMPTIONS

Internal areas of the subdivision will be maintained in a low fuel state (as per APZ standards
and AS3959-02009 Clause 2.2.3.2 (f)) by the developer until individual lot construction
occurs.

Rowley Road to the north is proposed to be developed within 12 months and construction
will involve the resulting road reserve to be in a low fuel state consistent with AS3959-2009
Clause 2.2.3.2 (f).

The land north of the future Rowley road is under an approved WAPC subdivision
application and urban development is progressing, this area is designated as future low fuel
area as per AS3959-2009 Clause 2.2.3.2 (e) and (f)

The land north west of the subject site is under an approved WAPC subdivision application
(WAPC # 152985) and urban development is progressing, this area is designated as future
low fuel area as per AS3959-2009 Clause 2.2.3.2 (e) and (f)

The land south west of the subject site is under an approved WAPC subdivision application
(WAPC b# 145583) and urban development is progressing, this area is designated as future
low fuel area as per AS3959-2009 Clause 2.2.3.2 (e) and (f)
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SECTION 4: DISCLAIMER

The recommendations and measures contained in this assessment report are based on the requirements of the
Australian Standards 3959-2009 — Building in Bushfire prone Areas, WAPC State Planning Policy 3.7 (WAPC,
2015), WAPC Guidelines for Planning in Bushfire Prone Areas (WAPC, 2015), and CSIRO’s research into Bushfire
behaviour. These are considered the minimum standards required to balance the protection of the proposed
dwelling and occupants with the aesthetic and environmental conditions required by local, state and federal
government authorities. They DO NOT guarantee that a building will not be destroyed or damaged by a
bushfire. All surveys and forecasts, projections and recommendations made in this assessment report and
associated with this proposed dwelling are made in good faith on the basis of the information available to the
fire protection consultant at the time of assessment. The achievement of the level of implementation of fire
precautions will depend amongst other things on actions of the landowner or occupiers of the land, over which
the fire protection consultant has no control. Not withstanding anything contained within, the fire consultant/s
or local government authority will not, except as the law may require, be liable for any loss or other
consequences (whether or not due to negligence of the fire consultant/s and the local government authority,
their servants or agents) arising out of the services rendered by the fire consultant/s or local government
authority.

AS3959-2009 disclaimer: It should be borne in mind that the measures contained within this
Standard (AS3959-2009) cannot guarantee that a building will survive a bushfire event on every
occasion. This is substantially due to the unpredictable nature and behaviour of fire and extreme
weather condition.

(AS3959, 2009)

Building to AS39590-2009 is a standard primarily concerned with improving the ability of buildings in
designated bushfire prone areas to better withstand attack from bushfire thus giving a measure of
protection to the building occupants (until the fire front passes) as well as to the building itself.

SECTION 7: Certification

| hereby certify that | have undertaken the assessment of the above site and determined the
Bushfire Attack Level stated above in accordance with the requirements of AS 3959-2009
(Incorporating Amendment Nos 1, 2 and 3).

e

SIGNED, ASSESSOR: oo DATE: | 8/8/2016

Kathryn Kinnear, Bio Diverse Solutions
Accredited Level 1 BAL Assessor (Accreditation No: BPAD30794)
“Experienced” Level 2 and 3 Bushfire Practitioner pending accreditation.

for o

o)

BIO
' DIVERSE
SOLUTIONS

Plannina Desian
rLanning & uvesiy

Accredited"Practltioriér
Level 1
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Appendix 2: — Additional Information / Advisory Notes / Justifications Related to Assessment

Vegetation types analysed to A3959-2009 with the following justifications:

Vegetation Woodland Type B
e Not multi-layered vegetation structure;
e Surface fuels and could reach 15-25T/ha surface fuels;
e <30% vegetative structure/cover; and
e Eucalypt Trees 8-15m

Shrubland Type C

e  Shrubsto 1m;
15T/ha available fuel loading;
Dominated by grasses and sedges; and
No to few trees

Scrub Type D:
e Acacia, Spearwood, Melaleuca scrubs 2-3m;
e Dense single layer of fuels;
e No to few trees >4m; and
e Some understorey grasses, mainly midstorey and scrub species to 2.5-3m.

Grassland Type G
e Unmanaged grasslands — not regularly slashed or grazed;
e Average heights of grasses 50-250mm
e Dominated by grass species; and
e <10% tree/scrub species present.

Low Fuel and non-vegetated areas (AS3959-2009 2.2.3.2):

Clause (e) — Non-vegetated areas, including waterways, roads, footpaths, buildings and rocky
outcrops.

e Footpaths;

e Buildings;

e Bare ground;

e Carparks; and

e Roads

Clause (f) — Low threat vegetation including managed grassland in minimal fuel condition,
maintained lawns, golf courses, maintained public reserves and parklands, vineyards, orchards,
cultivated ornamental gardens, commercial nurseries, nature strips and wind breaks.
e Low fuel areas associated with managed grasslands, ornamental gardens in APZ areas of
established buildings/dwellings.
e Managed grasses <100mm in height, evidence of regular mowing.

BAL Assessment undertaken by an Experienced Level 2 Bushfire Practitioner. Method 1 AS3959-
2009 applied for BAL Assessment.
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OBRM BUSHFIRE PRONE MAPPING 8/12/15 & 20/5/2016
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Checklist for proposal compliance and justification to SPP3.7 (2015)

& Guidelines for Planning in Bushfire Prone Areas (2015) )

BDS Project Name BAL Contour Plan Rowely Road (Lots 1 & 2 on Dia 50969)
BDS Job Number TERO11
Date 15/7/2016 WAPCH# N/A
Client name Terranovis Condition # N/A
Bushfire Prone Area Yes (see attached) Mapping Yes see attached
Planning_] proposal Subdivision application Lots created 175
1. Bushfire Protection Criteria Acceptable Solutions as defined by Guidelines for Planning for
Bushfire Prone Areas (WAPC 2015).
Element Compliant | Justification
to
Acceptable
Solution—
Yes/No
Element 1 — Location Yes Site has areas which are classified as low and moderate bushfire
hazards. Low and moderate hazards are located to the north west,
west, south, east and north east (Shrubland Type C, Grassland
Type G, Woodland Type B). Proposed buildings can be in BAL 12.5
zones.
Plan of subdivision is deemed to meet Acceptable Solutions
for Element 1.
Element 2 - Siting and Yes A2.1: 20m APZ can be achieved within the proposed lots and within
design of the parent lot or by use of low fuel areas such as roads.
deveRRmISt A2.2 Setbacks and building to BAL/AS3959-2009 can be achieved
on all lots. No higher BAL allocation than BAL 12.5 to apply to
proposed lots.
Plan of subdivision is deemed to meet Acceptable Solutions
for Element 2.
Element 3 - Vehicular Yes A3.1: Three access routes to the north, west and south (Rowley
access Road, Hopkinson Road and Rowley Road (South).
A3.2 Public roads to meet minimum grades
A3.3 Cul-de-sacs proposed and meet minimum requirements
A3.4 Battle axes not proposed
A3.5 Private Driveways will meet minimum requirements
A3.6 No EAW proposed, use the internal road network
A3.7 No FSA proposed, use the internal road network
A3.8 Firebreaks compliant by current owner
Deemed to meet Acceptable Solutions for Element 3.
Element 4 — Water Yes Connected to reticulated water, hydrants to WCWA standards.
Deemed to meet Acceptable Solutions for Element 4.
Bushfire Hazard Yes See Vegetation Classes Plan
Assessment required
BAL Contour
required Yes See attached BAL Contour Map.
BMP required No Not deemed required
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2. Policy measures SPP3.7

Policy Measure Applicable — Justification
Yes/No
gi:ateg;ic ngherpla::ii:; No Not a higher order strategic plan
documents in bushfire
prone areas
6.2 - Strategic planning Yes a) Subdivision proposal within a designated bushfire prone
proposals, subdivision area, BAL and AS3959-2009 to apply to lots. Dwellings
and development to be built to AS3959-2009 applying Acceptable
applications: Solutions, BAL 12.5 applied in newly created lots.
Internal POS Low fuel areas.
. a) Results of the BHL in accordance with the detailed
6.3 - Information to Yes : S
. methodology in Guidelines and prepared by an
accompany strategic dited titioner
planning proposals: accrearted prac :
b) BAL contour plan provided (see attached) BAL 12.5 can
apply to lots.
c) Brief assessment to Bushfire Protection Criteria
(Elements) in the Guidelines indicated can meet the
elements by applying Acceptable Solutions.
6.4 - Information to Yes a) BAL Contour map showing indicative BAL Contours
accompany subdivision across the subject site in accordance with the guidelines.
application b) BAL Contour Map prepared by an accredited Level 1 Bal
Assessor and Experienced Level 2 Bushfire Practitioner.
c) Brief assessment to Bushfire Protection Criteria
(Elements) as per the Guidelines indicated can meet the
elements by applying Acceptable Solutions
6.5 Information to No Not applicable — not a Development Application
accompany Development
applications
6.6 Vulnerable or high- No No vulnerable or high risk uses proposed.
risk land uses
6.7 Strategic Planning No Not applicable
proposals, subdivision or
development
applications in areas
where an extreme BHL
and/or BAL-40 or BAL —
FZ applies
6.8 Advice of No Not deemed required
State/relevant authorities
for emergency services
sought
6.9 Advice of No Not deemed required.
State/relevant
agencies/authorities for
environmental protection
to be sought
6.10 Bushfire conditions Yes Yes, recommend notification on any new titles that building to
may be imposed AS3959-2009 to apply to any new buildings.
6.11 Precautionary No Not applied
principle
17
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3. Recommendations based on above checklist

1. Assessment to SPP3.7 Indicates that the subdivision has Moderate and Low BHLs to the north west,
west, south, east and north east (Shrubland Type C, Grassland Type G, Woodland Type B) external to
the site. Internal areas low fuel and maintained by the developer

2. BAL 12. can be achieved in the proposed lots.

3. Brief assessment to Guidelines indicated can meet the Elements by applying Acceptable Solutions can
be achieved in the subsequent stages.

4. Detailed BMP not deemed required.

5. BAL Contour Plan based on assumptions that Rowley Road reserve will be built within the next 12

months.

6. Notification on title for newly created lot as condition of subdivision, building to AS3959-2009 to apply to
any new dwellings.

7. Bushfire prone area mapping is correct as per the Map of Bush Fire Prone Areas identifying land falling
within, or partially within, a bush fire prone area of Western Australia as designated by the Fire and
Emergency Services (FES) Commissioner dated 8/12/2015 and 21/5/2016. Updates of this mapping will
occur at the discretion of the FES Commissioner and the BAL Contour Mapping is considered valid for a
period of 12 months from the date of production.

Prepared by:

Kathryn Kinnear, Bio Diverse Solutions

Accredited Level 1 BAL Assessor (Accreditation No: BPAD30794)
Experienced Level 2/3 BAL Assessor (Pending Accreditation)

X BPAD
Accredited Practitioner

Level 1
Disclaimer

The recommendations and measures contained in this assessment report are based on the
requirements of the Australian Standards 3959 — 2009 Building in Bushfire prone Areas, Guidelines
for Planning for Bushfire Prone Areas (WAPC, 2015), WA State Planning Policy 3.7 (WAPC, 2015)
and CSIRO’s research into Bushfire behaviour. These are considered the minimum standards
required to balance the protection of the proposed dwelling and occupants with the aesthetic and
environmental conditions required by local, state and federal government authorities. They DO NOT
guarantee that a building will not be destroyed or damaged by a bushfire. All surveys and forecasts,
projections and recommendations made in this assessment report and associated with this proposed
dwelling are made in good faith on the basis of the information available to the fire protection
consultant at the time of assessment. The achievement of the level of implementation of fire
precautions will depend amongst other things on actions of the landowner or occupiers of the land,
over which the fire protection consultant has no control. Notwithstanding anything contained within,
the fire consultant/s or local government authority will not, except as the law may require, be liable for
any loss or other consequences (whether or not due to negligence of the fire consultant/s and the
local government authority, their servants or agents) arising out of the services rendered by the fire
consultant/s or local government authority.

References

Western Australian Planning Commission (WAPC) (2015) Guidelines for Planning in Bushfire Prone Areas.
Western Australian Planning Commission and Department of Planning WA, Government of Western Australia.

Western Australian Planning Commission (WAPC) State Planning Policy 3.2 Planning in Bushfire Prone Areas.
Department of Planning WA and Western Australian Planning Commission.

State Land Information Portal (SLIP) (2015 & 2016) map of Bushfire Prone Areas. Office of Bushfire Risk
management (OBRM) data retrieved from:

https://maps.slip.wa.gov.au/landgate/bushfireprone/
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61 York Street
Subiaco WA 6008
P.O.Box 42 Subiaco WA 6904

Phone: +61 (08) 9382 4199
Fax: +61 (08) 9382 4177

Email: admin@transcore.net.au

transport planning e traffic engineering ¢ transport modelling

TRANSCORE PTY LTD ACN 094 951318 ABN 19 094 951 318

Technical Note: No. 6 Date: 7/09/2016
Project No: t16.173

Project: Lots 1 & 2 Rowley Rd, Darling Downs

Subject: Deletion of Hopkinson Road Access Street Intersection

1. INTRODUCTION

Transcore Pty Ltd has been commissioned by Darling Downs Estate Pty Ltd to
provide traffic engineering services in relation to clearance of subdivision approval
conditions for the subdivision at Lots 1 & 2 Rowley Road, Darling Downs (referred
to as the Darling Downs Estate or the subject site in this technical note) and to
review the future road and intersection requirements on the adjacent road
network.

Technical Note No 5 evaluated the ultimate and interim intersection requirements
for the proposed access street intersection into the subject site on the eastern side
of Hopkinson Road.

Technical Note No 6 considers the alternative option of not constructing the
Hopkinson Rd access street intersection at all and evaluates the effects this would
have elsewhere within the Darling Downs Estate.

2. APPROVED SUBDIVISION

The approved subdivision for the Darling Downs Estate (Application 145280) and
the planned stages of subdivision development are illustrated in Figure 1.
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3. ALTERNATIVE CONCEPT PLAN

The alternative option under consideration in this Technical Note would not
provide vehicular access direct from the subject site to Hopkinson Rd. Instead that
road reserve would be used for visitor parking and pedestrian / cyclist access, as

shown in Figure 2.
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4. FUTURE TRAFFIC FLOWS

Transcore’s Armadale strategic traffic model (Scenario 1002) draft results were
provided to the City of Armadale on 9 August 2016.

That traffic model indicates a 2031 traffic distribution from Darling Downs Estate
as follows:

56% to/from the west (Rowley Rd North);

29% to/from the east (Rowley Rd South);

13% to/from the north (Hopkinson Rd); and

2% to/from the south (Hopkinson Rd).

The Darling Downs Estate is represented as one zone in that strategic traffic model
so a more detailed subarea traffic model has been developed to model the Darling
Downs Estate in sufficient detail to evaluate the effect of localised options such as
the deletion of the planned access street intersection on Hopkinson Road.

The subarea model is based on the traffic generation rate of 8 vpd per dwelling
that has previously been agreed with MRA and the City of Armadale for the
Wungong Urban Water Master Plan ( WUWMP) area. Therefore the 177 residential
lots shown on the subdivision plan at Figure 1 would generate total daily traffic
flows of approximately 1400vpd. The subarea traffic model assigns this traffic onto
the local road network based on the traffic distribution listed above.

For comparison, the modelled daily traffic flows within and adjacent to the subject
site are shown in Figure 3 with a left in / left out (LILO) intersection at the access
street on Hopkinson Rd and Figure 4 with no access street intersection on
Hopkinson Rd.

The total daily traffic flows (nominally year 2031 with full development of the
WUWMP area) are based on the Armadale traffic model flows with manual
adjustment to reflect the localised traffic flow variations associated with these
options for Darling Downs Estate.
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Comparison of Figures 3 and 4 indicates that the only change resulting from
deletion of the access street intersection on Hopkinson Road would be
reassignment of 230vpd slightly further to the south via Hopkinson Rd - Rowley
Rd (South) - Andalusian Ave.

This change in traffic flows does not significantly alter the total traffic flows on these
sections of road.

All of the internal access streets within the Darling Downs Estate will carry traffic
flows less than 1000vpd in both options. Therefore the minimum road standard for
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these access streets in the WAPC Liveable Neighbourhoods policy would be
Access Street D (6m road carriageway in a 14.2m road reserve) in both options.

It should be noted that the alternative route available (via Rowley Rd (North) then
turn right into Appaloosa Ave) would be slightly longer for the affected traffic flow
but may still be chosen by some drivers. However the number of vehicles that
might use this alternative are low (probably less than half of the affected 230vpd)
and would not alter the overall conclusions of this analysis.

7. CONCLUSIONS

In conclusion, therefore, the option of not connecting the western access street to
Hopkinson Rd would not have a significant impact on traffic flows within the
Darling Downs Estate or on the adjacent road network and would not alter the
required road standards within or adjacent to the Darling Downs Estate.

t16172-rw-tn06.docx 5
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Shire of Serpentine Jarrahdale Lots 1& 2 Rowley Road, Structure Plan
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element.

Addendum 1

Structure Plan Amendment No. 2
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Shire of Serpentine Jarrahdale Lots 1& 2 Rowley Road, Structure Plan
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element.

Certification of Approved Structure Plan

Amendment No. 2
This Structure Plan is prepared under the provisions of the
Shire of Serpentine Jarrahdale Town Planning Scheme No. 2
and in accordance with the

Planning and Development (Local Planning Schemes) Regulations 2015

IT IS CERTIFIED THAT THIS STRUCTURE PLAN
WAS APPROVED BY RESOLUTION OF
THE WESTERN AUSTRALIAN PLANNING COMMISSION ON:

Signed for and on behalf of the Western Australian Planning Commission

An officer of the Commission duly authorised by the Commission pursuant to section 16 of the Planning and
Development Act 2005 for that purpose, in the presence of:

Witness

Date

Date of Expiry of this Structure Plan
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Shire of Serpentine Jarrahdale Lots 1& 2 Rowley Road, Structure Plan
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element.

Amendment No. 2

Pre-lodgement Consultations
Amendment No. 2 proposes to re-code an 4,454m2 area of the structure plan from R40 to R20.

Under WAPC 151809 the 4,454m2 portion in the north-east area of the structure plan was proposed to be
subdivided into 14 lots, providing a potential yield of 15 dwellings (including grouped dwellings on proposed
Lot 172). Figure 1 shows the proposed lots under WAPC 151809. Figure 2 shows a potential R20 subdivision
for six lots over the 4,454m2 area, yielding six single dwellings.
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Shire of Serpentine Jarrahdale Lots 1& 2 Rowley Road, Structure Plan

Table 1 below is a summary of pre-lodgement discussions with the Department of Planning, Lands and
Heritage, Shire of Serpentine Jarrahdale and other agencies based on the re-coding planning outcome in
Figure 2.

Table 1. Summary of pre-lodgement consultations for Amendment No. 2

Agency Date of Method of Summary of Outcome
Consultation Consultation
Shire of February 2020  Emails Bushfire Management
Serpentine An updated Bushfire Management Plan will need to be provided
Jarrahdale demonstrating the north-east area can be developed. When the

original Bushfire Management Plan was approved, Rowley Road
North was a managed road but this is no longer the case and
therefore an updated BMP will be required.

Structure Plan Density

Shire confirmed the need for a structure plan amendment to
formalise the reduction in density. The proposed single dwelling
subdivision layout produced by the Proponent could result in
future unplanned, ad hoc subdivision in undesirable battle-axe
configurations if the R40 density coding under the structure plan
were to remain.

Department March 2020 Meeting DPLH officers confirmed the re-coding from R40 to R20 could

of Planning, be supported in-principle. The formatting for the structure plan

Lands & amendment documentation should be as simple as possible,

Heritage potentially following the format adopted by Metro South - Peel for
Anketell North Structure Plan for consistency.

Water February 2020  Email/ Water Corporation in-principle support and confirmation of

Corporation Telephone feasibility to service the proposed development from Choctaw

Place and the decommissioning of existing sewer infrastructure
extending through the subject area.

Changes to Residential Development Yield
As a result of the re-coding from R40 to R20 a revised dwelling estimate is provided as follows:

Current Approved Structure Plan Dwelling Yield

WAPC 151809, 152638, 153900 & 462-15 subdivision & survey strata applications 179 dwellings

Amendment No. 2 Structure Plan Dwelling Yield

Under future staged subdivision 170 dwellings

Table 2 provides development statistics which can be used to measure the performance of the structure
plan (and above subdivision dwelling yield) against the key target outcomes of Directions 2031 and Liveable
Neighbourhoods.

Table 2 Estimated Development Yield for Structure Plan

Site Outcomes Target Density

Total SP Landholdings Area 14474 hectares -

Area set aside for roads, drainage & POS 318 hectares -

Balance area for residential development 825 hectares -

Estimate ultimate number of dwellings 170 dwellings -

Estimated number dwellings per site hectare' 20 dwellings/ha Liveable Neighbourhoods
12 - 20 dwellings per site hectare for
standard lot layouts
20 - 30 dwellings per site hectare for
lots within proximity to activity centres

SP target density per gross urban hectare? 15 dwellings/site ha Directions 2031

15 dwellings per gross urban hectare

1 Liveable Neighbourhoods definition of site hectare is the area available for residential development excluding roads, non-residential uses,
public open space and drainage areas.
2 Directions 2031 definition of gross urban hectare is the gross area available for urban development
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element.

The structure plan delivers approximately 20 dwellings per site hectare, which is consistent with Liveable
Neighbourhoods density expectations for the site’s locational context.

Similarly, the structure plan delivers approximately 15 dwellings per gross urban hectare, which is consistent
with the target density of 15 dwellings per gross urban hectare under Directions 2031. Approximately 476
persons (based on average 2.8 persons per dwelling) are expected to live within the structure plan area.

Public Open Space

There is no change to the approved structure plan public open space area of 1.363 hectares (12.5%).

Bushfire Management

The re-coding from R40 to R20 will have no impact on the approved structure plan bushfire management
plan. To address State Planning Policy 3.7 ‘Planning in Bushfire Prone Areas’ a Bushfire Attack Level (BAL)
assessment has been prepared to inform a potential R20 subdivision.

The BAL assessment shows that certain northern portions of R20 lots will be impacted by bushfire hazard
vegetation in Rowley Road (North) road reservation, resulting in BAL ratings exceeding BAL-29. However, the
R20 lots are large enough (i.e. lot depth 46m) to allow for a dwelling to be constructed within the southern
half where the BAL level is less than BAL-29.

Accordingly the constraints of bushfire can be adequately addressed. In addition, at some future point the
vegetation in Rowley Road (North) road reserve will be cleared when the road is constructed.

Refer to Appendix 1— Bushfire Management Plan
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Shire of Serpentine Jarrahdale Lots 1& 2 Rowley Road, Structure Plan
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element.

Appendix 1

Bushfire Management Plan
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Shire of Serpentine Jarrahdale Lots 1& 2 Rowley Road, Structure Plan
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SMITH BUSHFIRE
CONSULTANTS Pty Ltd

BUSHFIRE MANAGEMENT PLAN

Lot 9003 Rowley Road, Darling Downs
Shire of Serpentine Jarrahdale

L BPA
Bushfire
Planning & Design
Accredited Practitioner
Level 2

Prepared by Ralph Smith

BPAD 27541

smith.consulting@bigpond.com

0458 292 280

Site visited 3 August 2020; Report completed 19 August 2020
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Site address: | Lot 900 Rowley Road, Darling Downs

Site visit:  Yes No D

Date of site visit (if applicable): Day 3 o ' Month 'Augﬁét

Report author: Ralph Smlth

WA BPAD accreditation level (please cwcle)

Year 2020

Not accredited [:l Level 1 BAL assessor D Level 2 practitioner Level 3 practitioner D

If accredited please provide the following.

BPAD accreditation number: 27541 _ ' Accreditation expiry: Month Augusrtr

Bushfire management plan version number: 1
Bushfire management plan date: Day |19 ' - Month ‘August

Client/business name: Temanovis Pty Ltd

Has the BAL been calculated by a method other than method 1 as outlined in AS3959
(tick no if AS3959 method 1 has been used to calculate the BAL)?

Year 2021

Year 2020

Have any of the bushfire protection criteria elements been addressed through the use of a

performance principle (tick no if only acceptable solutions have been used to address all of the
bushfire protection criteria elements)?

Is the proposal any of the following (see 3 )2

Unavoidable development (in BAL-40 or BAL-FZ)

Strategic planning proposal (including rezoning applications)

Minor development (in BAL-40 or BAL-FZ)

High risk land-use

Vulnerable land-use

SIS N

None of the above L__l

Note: Only if one (or more) of the above answers in the tables is yes should the decnsuon maker (e.g. local government

or the WAPC) refer the proposal to DFES for comment.

Why has it been given one of the above listed classifications (E.g. Considered vulnerable land-use as the

development is for accommodation of the elderly, etc.)2

There will be students and other groups utilising the facilities across the year.

The information provided within this bushfire management plan to the best of my knowledge is true and comect:

Signature of report author '4' m Date

19 August 2020
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Full Content Detail

Document control

Repprt Purpose Author/_re\{|ewer apd Date Submitted
Version accreditation details
1 Support for the LSP amendment Ralph Smith 19 August 2020
DISCLAIMER

This Bushfire Management Plan has been prepared in good faith. It is derived from sources believed to be reliable and
accurate at the time of publication. Nevertheless, this plan is distributed on the terms and understanding that the author
is not responsible for results of any actions taken based on information in this publication or for any error or omission

from this publication.

Smith Bushfire Consultants Pty Ltd has exercised due and customary care in the preparation of this Bushfire
Management Plan and has not, unless specifically stated, independently verified information provided by others.

Any recommendations, opinions or findings stated in this report are based on circumstances and facts as they existed
at the time Smith Bushfire Consultants Pty Ltd performed the work. Any changes in such circumstances and facts upon
which this document is based may adversely affect any recommendations, opinions or findings contained in this plan.

© SMITH BUSHFIRE CONSULTANTS Pty Ltd - August 2020
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Section 1: Proposal Details

The proposal is to amend the Local Structure Plan (LSP). The Shire of Serpentine Jarrahdale has
advised the proponent that the proposal does not address the Acceptable Solutions 3.1 and 3.3 of the
Guidelines for Planning in Bushfire Prone Areas. The Guidelines were not applicable at the time of the
approved LSP. The LSP is still approved and the Guidelines state that they are not retrospective
(section 2.2).

Specifically, the following requires consideration as it pertains to the proposed LSP amendment 2
application:

e Choctaw Place was approved as a long cul-de-sac under the original Lots 1 & 2 Rowley Road
Structure Plan 2012. This approval predates the SPP 3.7 and Guidelines. There was effectively no
bushfire planning framework at the time for this location when it was approved.

e Choctaw Place was subsequently constructed under WAPC subdivision approval in 2013.

A secondary access route cannot be provided to Rowley Road (North) or Hilbert Road from

Choctaw Place, as the road planning for Rowley Road upgrade and Hilbert Road does not provide

for a new secondary access route connection.

e The bushfire issue of a secondary emergency access should not apply in this instance as:

- the development has only a portion formally declared as bushfire prone.

- Itis highly unlikely Choctaw Place would be cut off from bushfire as it is surrounded by
residential development with low fuel loading/hazard, being grassland that is managed to ‘low
threat vegetation’.

- Choctaw Place connects with internal subdivision roads, which will ultimately provide alternative
routes onto Rowley Road (South) and Hopkinson Road.

- The proposed subdivision is part of pioneering staging of urban development in the area. Urban
staging must permit temporary interim limited access options, due to the nature of the staging of
development. This is seen when considering where other surrounding urban developments are
also being staged —which do not have secondary access in compliance with the current bushfire
framework.

e The current bushfire framework should not be retrospectively imposed on the lots which are
accessed via Choctaw Place.

If an emergency access way is required it is proposed that the access will be a continuation of Choctow
Place through to the old Rowley Road. The old Rowley Road, which is bitumen, will require clearing of the
native revegetation on the shoulders and overhanging the road.

There are concerns that the proposed roundabout near to the old Rowley Road and Hilbert Road will cause
some traffic safety issues if the second access is required.

This BMP is applicable to only the seven individual lots and not the remainder of Lot 9004.
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b |

i? 1249 | 1251)| 1253812551 42574 1259
~

Figure 2. Screen shot of map of bushfire prone areas for the subject site.

It is noted that not all of the site is formally declared as bushfire prone. The declaration of the areas as
bushfire prone is required to trigger AS 3959 through the Building Code of Australia (BCA).
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\ Section 2: Environmental Considerations

| Subsection 2.1: Native Vegetation — modification and clearing

There will not be a need to clear significant areas of overstorey native vegetation on the site as a
component of this development. The site is effectively cleared of native species. There are areas of
native species regeneration associated with the old Rowley Road that will be required to be cleared if
the second alternative access option is required.

Subsection 2.2: Re-vegetation/Landscape Plans

There are no revegetation plans associated with the development. It is expected that when the lots
are created, dwellings and gardens will be constructed.

Section 3: Bushfire Assessment Results

If the vegetation is removed adjacent to the old Rowley Road the BAL rating for the lots will be BAL—
LOW.

Subsection 3.1: Assessment Inputs

The assessment inputs are shown in the forthcoming pages and are supported by a vegetation
assessment, photographic evidence and text to support the vegetation assessment and a BAL Contour

Map.

Page | 8
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Site Assessment

The assessment of the proposed amendment was undertaken on 3 August 2020 for the purpose of

determining the Bushfire Attack Level in accordance with AS 3959 (Method 1).

Figure 3. Vegetation Classification Map.

Legend
Vegetation [—_i Excluded
'_—. 2 ] w - -
L _| Subject Land L] Low threat Vegetation Classification Map
L'__] Vegetation Assessment Area E_‘i Scrub
@~ Photo Point - Grassland Open Woodland
0 50 100 150 m Location details: Lot 9003 Rowley Road,
[ Darling Downs
Assessment date: 3 August 2020

Prepared by: Ralph Smith
Accreditation level: 2

Accreditation number: 27541
Accreditation expiry date: August 2021
Date aerial photo: May 2020
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\ Subsection 3.1: Assessment Inputs

Vegetation Classification

All vegetation within 150 metres of the proposed development as indicated on the site assessment plan was
classified in accordance with the Western Australian Government criteria and Clause 2.2.3 of AS 3959 was
applied. Each distinguishable vegetation plot with the potential to determine the Bushfire Attack Level is
identified below. AS 3959 only requires consideration of 100 metres between vegetation and the building and
50 metres for grassland.

Plot 1
Exclusion — Low threat vegetation and non-vegetated areas
Clause 2.2.3.2 (e) and (f)

3 2! 07 8.0 hrs) Dir=SW Lat=-3 97, n=115.9 198¢ 8/202 8 0 hrs Lat=-3 0 55 18
Photo ID Photo 1 Looking at the cleared SIte ready for Photo ID: Photo 2 Looking north at the road reserve and
the subdivision. infrastructure and the subdivision site.

Photo ID hoto 3Look|ng east at the subd|V|S|on site hoto 4 Looking at he managedlow threat
and associated infrastructure near the subdivision site. vegetation south-west of the subdivision site.

10
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Photo ID Photo 5 Loklng at the |nfrastructureand houses
south of the subdivision site.

PhotoID Photo 7 Loklngat the horse paddocks and
associated infrastructure east of the subdivision site.

Photo ID: Photo 9 Looklng at the grazmg paddock W|th horses
east of the subdivision site.

Photo ID Photo 6 Looklng at the managed grass on the
vacant lots that are south of the subdivision site.

Photo ID Phot08 Looklng at the dwelllng, sheds cultivated
garden and grazed grass.

Photo ID: Photo 10Look|ng at the suburbn |nfrastructure
dwellings and reticulated and cultivated gardens.

Page | 11
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Photo ID: Photo 11 Looklng at the retlculated and cultlvated
garden in the road reserve and dwellings.

Plot 2
Class D — Scrub (AS 3959 classification D-13)

western boundary of the subdivision site.

Photo ID: Photo 15 Looklng at the regrowth scrub and
grass surface vegetation which will be removed.

298

Photo ID: Photo 13Look|ng at the regrowth scrubon the .

Photo ID: Photo 12 Looklngat the suburban |nfrastrucure

20 1:19:06 PM (+8.0 hrs S -32 § Lon=115.97747 Alt=78m
Photo ID: Photo 14 Looklng at the regrowth scrub vegetatlon
and the old Rowley Road bitumen strip of road.

Photo ID Photo 16 Looklng at the regrowth andfence
separating the development to the north and the vegetation.
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) W Lat=-32.17957 Lon=115.97806 Al
Photo ID: Photo 17 Looking at the regrowth scrub and
grass surface vegetation immediately north of the
subdivision site on the old Rowley Road.

Plot 3
Class G — Grassland under an open canopy (AS 3959 classification G-06)

2020 1 /1 ri.

Poo ID: Photo 18 Lookin at the grass under an open
overstorey cover and road reserve. .

Notes to Accompany Vegetation Classification

1. Plot1
Exclusion — Low threat vegetation and non-vegetated areas
Clause 2.2.3.2 (e) and (f)

This plot comprises the houses, sheds, gardens and infrastructure surrounding the subdivision site. The site
is within an established suburb with all of the normal amenities such as roads, mains reticulated water, and
other infrastructure. The land to the north is an established suburb with most available lots having a dwelling
located on them. The lots not yet sold south of the subdivision site are all maintained in a low threat vegetation
state as required under the Firebreak Order.

The photographs were taken during winter when there is no requirement under the Firebreak Order to
maintain the grass to a reduced height. The tall grass will provide an impression of the grass being a
potentially elevated bushfire threat.

Page | 13
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Plot 2
Class D — Scrub (AS 3959 classification D-13)

This plot comprises the regrowth scrub vegetation associated with the old Rowley Road narrow bitumen road
immediately to the north of the subdivision site. The old Rowley Road narrow bitumen road remains, but the
vegetation has been permitted to regrow. This vegetation will be removed when the Rowley Road re-
alignment occurs. This vegetation was classified as ‘low threat vegetation’ when the Bushfire Management

Plan was developed by Bio Diverse Solutions (8/8/2016) and the subdivision site is still not entirely classified
as Bushfire Prone by the State Government.

Within Plot 2, which is currently classified as scrub, the proposal is to modify the scrub to ‘low threat
vegetation’ as identified in AS 3959 section 2.2.3.2 (f). To achieve that ‘low threat vegetation’ classification
it is necessary to remove the regrowth overstorey trees and manage the grassland surface vegetation.

Plot 3

Class G — Grassland under an open canopy (AS 3959 classification G-06)

This plot comprises the narrow strip of grassland under a sparse overstorey cover. This grassland is between
nine and 11 metres wide. As the grassland strip is within 20 metres of the site it influences the BAL
assessment and cannot be excluded under AS 3959 Section 2.2.3.2 (d).

The grassland adjacent to Hilbert Road within Plot 3 will be mown/slashed and maintained during the bushfire

season at less than 100 mm in height. It will therefore comply with AS 3959 section 2.2.3.2 (f) and be
classified as an Exclusion — Low threat vegetation and non-vegetated areas.

Page | 14
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o — — — — =

BAL Contour Map

Legend
Location details: Lot 9003 Rowley Road, Darling
BAL Contours | | BAL-LOW Downs
| | BAL-125 Vegetation Assessment Area | Assessment date: 3 August 2020
7 BAL Contour As A Prepared by: Ralph Smith

[ BAL-19 - ontour Assessment Area | Accreditation level: 2
]_l BAL-29 ,_'__| Subject Land Accreditation number: 27541
D BAL-40 ! Vegetation/plot boundary Accreditation expiry date: August 2021
- BAL-FZ T Date aerial photo: May 2020

Figure 4. BAL Contour Map.
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Slope

Figure 5. Two-metre contour map.

The slope is not a consideration with the BAL assessment with this development as the land is effectively
flat.

16
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Subsection 3.2: Assessment outputs

Potential Bushfire Impacts

The potential bushfire impacts to the proposed subdivision from each of the identified vegetation plots are
identified below.

Plot Vegetation Classification Effective Slope Separation BAL rating
distance (m)
1 Exclusion — Low threat Not applicable Not applicable LOW
vegetation and non-vegetated
areas
Clause 2.2.3.2 (e) & ()
2 Class D — Scrub (AS 3959 Flat 0 BAL-LOW

classification D-13) — modified to
‘low threat vegetation’

3 Class G — Grassland under an Flat 0 BAL-LOW
open canopy (AS 3959
classification G-06) — modified to
‘low threat vegetation’

Determination of Bushfire Attack Level (BAL)

The determined Bushfire Attack Level (highest BAL) for the proposed subdivision has been determined in
accordance with Clause 2.2.6 of AS 3959 using the above analysis. The analysis has not considered
individual lot boundaries nor the specific location of the dwellings as these are not known.

The portion of the subdivision site where the lot is not declared as bushfire prone will not be influenced by
the AS 3959 requirements.

The determined Bushfire Attack Level (BAL) is BAL-LOW.

Section 4: ldentification of bushfire hazard issues

The most significant bushfire hazard is the extensive grassland associated with the land neighbouring the
site. This grassland is well managed and pose a very low threat.

The regeneration scrub on the old Rowley Road will need to be removed to provide the EAW second
access option if required by the decision maker.

Page | 17
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LEGEND

Subject land
=1

Hazard vegetation |

150m assessment zone I

Sealed roads

REQUIREMENTS

1. The site is serviced by
reticulated scheme water
supply.

2. Future EAW may provide
alternative access options
and may be in this
location.

3. This is the principle hazard
vegetation, being
grassland and is a very
low threat as it is grazed
by horses.

4. This is scrub that will be

1 removed.

5. The area not declared as
bushfire prone does not
require the dwellings to be
built to AS 3959
standards.

Location details: Lot 9003 Rowley
Rd, Darling Downs

Assessment date: 3/8/2020
Prepared by: Ralph Smith
Accreditation level: 2
Accreditation number: 27541
Accreditation expiry date: August
2021

Date aerial photo: May 2020
Version No: 1

Figure 6. Spatial representation of bushfire management strategies.
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Section 6: General considerations for bushfire management

The following are the general considerations for bushfire management:
e The majority of the site and the neighbouring locations are a low to moderate hazard level.

The regeneration within the old Rowley Road will be removed.
If the EAW is required it will link to the old Rowley Road and then through to Hilbert Road.

Section 7: Responsibilities for Implementation and Management of the Bushfire Measures

DEVELOPER/LANDOWNER - PRIOR TO OCCUPANCY

No.

Implementation Action

1

Install the driveway(s) to the standards stated in the Guidelines.

Install the required water supply that meets State’s specifications.

A notification, pursuant to Section 165 of the Planning and Development Act 2005 is to be placed
on the certificate(s) of title of the proposed lot(s) within the formally declared Bushfire Prone
Areas, advising of the existence of a hazard or other factor. Notice of this notification is to be
included on the diagram or plan of survey (deposited plan). The notification is to state as follows:

"This land is within a bushfire prone area as designated by an Order made by the Fire and
Emergency Services Commissioner and may be subject to a Bushfire Management Plan.
Additional planning and building requirements may apply to development on this land".

Clear the vegetation in Rowley Road (north) and install the EAW to provide the second access
option if still required by the decision makers.

LANDOWNER/OCCUPIER — ONGOING MANAGEMENT

No.

Management Action

Comply with the relevant local government annual firebreak notice issued under s33 of the
Bush Fires Act 1954.
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Appendix 1
Location of the EAW if it is required by the decision makers.

py uosupjdoy
by oallH

X
<)
‘=
Z. B
=)
173
24
S B
ok
a

Py 1IN

nearm;
Ak mn!:cleqr’chcqgﬁ

uosupjdoH

3 e A5 £
ige may be subject to copyright | 20 m 11| Terms ol

Page | 21

307



Bushfire Management Plan — Lot 9003 Rowley Road, Darling Downs — Support LSP amendment

Appendix 2

Map showing the hydrant locations.
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