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Executive Summary

The Alkimos Central Precinct Plan (ACPP) area (referred to herein as the ‘site’) is located
approximately 40 km north of Perth Central Business District, within the suburb of Alkimos. The site
is approximately 203 hectares (ha) in size and is located between Marmion Avenue (to the west) and
the future Mitchell Freeway (to the east), within the City of Wanneroo (CoW). DevelopmentWA (the
‘proponent’) intend to develop the site for a mixture of residential, retail and commercial uses. The
development will also incorporate the Alkimos railway station as part of the State Governments
Metronet project, being constructed by the Public Transport Authority (PTA).

Alkimos Central is currently zoned as a ‘Central City Area’ under the Metropolitan Region Scheme
(MRS) and ‘Centre’ and ‘Special Control Area’ under CoW District Planning Scheme (DPS) 2.

This local water management strategy (LWMS) has been developed in accordance with the
requirements of Better Urban Water Management (WAPC 2008), and other guidelines and policies
relevant to the site, to support precint planning of Alkimos Central.

The first step in applying integrated water cycle management in urban catchments is to establish
agreed environmental values for receiving waters and their ecosystems. Characteristics of both the
existing and past environment within the site have been investigated. In summary, the
environmental investigations conducted to date indicate that:

e The site has previously been known to be used illegally by recreational vehicles, with parts of the
site historically used for grazing.

e Mean maximum temperatures on site range from 18°C to 33°C and mean minimum
temperatures range from 6.4°C to 17°C.

e The site receives 620 mm of annual rainfall on average, with the majority of rainfall received in
June and July.

e Thessite is highly undulating and ranges from 29 m to 59 m Australian height datum (AHD) in
elevation. A dunal ridge circles the majority of the site at a height of 30 to 55 m AHD.

e The site predominantly consists of limestone, sand, and calcareous sand.

e Permeability testing of the adjacent Alkimos South SP (an area with a soil profile consistent with
the site), indicated an average infiltration rate of 25 m/day. These high infiltration rates are
presumed to be consistent for the site.

e Acid sulfate soils (ASS) risk mapping classifies the entire site as having no known risk of
encountering ASS within 3 m of the surface.

e Vegetation within the site varies with a large area of cleared vegetation within the arc of the
dunal ridge, and very good condition Melaleuca species along the ridge itself.

e The Geomorphic Wetlands on the Swan Coastal Plain dataset indicates that there are no
wetlands within the site.

e Surface water is largely retained within the site due to the high permeability of the underlying
sands.

e Surface water quality monitoring has not been possible due to there being no defined surface
water bodies within the site.

e Thesite is located within a public drinking water source area (PDWSA) and has well head
protection zones (WHPZ) present on site.
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e Groundwater elevation varies between approximately <1.0 and 5 m AHD beneath the site, which
equates to 27.5 m to 55 m below ground level.
e Groundwater nutrient concentrations are relatively stable across the site.

The ACPP is designed to be a focal point for the local and wider community integrating residential
and commercial areas to provide a multi-functional, mixed use centre. The area is proposed to
incorporate commercial and business areas, higher density housing and a school. The ACPP
incorporates areas of Public and Regional Open Space (POS/ ROS) to retain significant drainage,
vegetation and easements for infrastructure.

The overall objective for integrated water cycle management for the development is to minimise
pollution and maintain an appropriate water balance. The ACPP seeks to deliver best practice
outcomes using a water sensitive urban design (WSUD) approach, including detailed management
approaches for:

e Potable water consumption

e Flood mitigation

e Stormwater quality management
e  Groundwater management.

The overall approach to water conservation is to reduce the amount of scheme water required
within the development at both a lot and estate scale. Within the lot, potable water consumption
will be reduced by promoting water efficient fixtures and appliances (WEFA) and water wise
gardening (WWG) principles within lot gardens. On an estate scale, groundwater will be utilised for
irrigation of landscaped areas within POS which will also utilise WWG principles.

The stormwater management strategy for the site aims to maintain the existing hydrology by
retaining flows up to the 1% average exceedance probability (AEP) on site. Retention will be provided
through the use of soakwells on lot, tree pits and bio-pockets in road verges and shopping centre
areas, median and verge swales within road reserve, and bio-retention areas (BRAs) and flood
storage areas (FSAs) within POS.

Stormwater quality will be addressed using a treatment train approach. The small event runoff (first
15 mm of rainfall) will be retained as close to source as possible. Lots will retain the small event in
soakwells with remaining runoff conveyed to downstream POS areas, along with runoff from road
reserves, where it will be treated in BRAs (through interaction with vegetation and infiltration
through underlying soils).

Depth to groundwater across the site is significant. Therefore, groundwater level management is
somewhat passive, and the focus of groundwater management is on water quality. Groundwater
guality will be managed by controlling nutrient inputs within surface runoff, and will aim to ensure
that groundwater leaving the site is maintained in comparison to pre-development conditions.
Measures to address groundwater quality are consistent with those proposed for stormwater
quality.
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The design criteria and the manner in which they are proposed to be achieved are presented in Table
E1l. This table provides a readily auditable summary of the required outcomes which can be used in
the future detailed design stage to demonstrate that the agreed objectives for water management at
the site have actually been achieved.

This LWMS demonstrates that by following the recommendations detailed in the report the site is
capable of being developed for residential and commercial purposes.
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1 Introduction

1.1 Background

The Alkimos Central Precinct Plan (ACPP) area (referred to herein as the ‘site’) is located
approximately 40 km north of Perth Central Business District, within the suburb of Alkimos. The site
is approximately 203 hectares (ha) in size and is located between Marmion Avenue (to the west) and
he future Mitchell Freeway (to the east), within the City of Wanneroo (CoW). DevelopmentWA (the
‘proponent’) intend to develop the site for a mixture of residential and commercial uses.

The site is shown in Figure 1.

1.2 Town planning context

Alkimos Central is currently zoned as a ‘Central City Area’ under the Metropolitan Region Scheme
(MRS) (WAPC 2017) and ‘Centre’ and ‘Special Control Area’ under CoW District Planning Scheme No.
2 (DPS 2) (CoW 2020a).

1.3 Purpose

It is important that stormwater runoff is managed in a manner which avoids flooding and protects
the environment. This approach should be clearly documented early in the planning process and
should provide a framework for actions and measures to achieve the desired outcomes at
subdivision and development stages.

This local water management strategy (LWMS) details the water management approach to support
the ACPP amendment as required in accordance with Better Urban Water Management (WAPC
2008), and expectations of the Department of Water and Environmental Management (DWER) and
the CoW. The LWMS also aids in achieving the goals and objectives outlined in the State’s Water
Wise Perth - Two Year Action Plan (Government of WA 2019).

14 Policy framework

There are a number of local and State Government policies of relevance to the development. These
policies include:

o A State Water Strategy for Western Australia (Government of WA 2003)

e State Planning Policy 2.9 Water Resources (WAPC 2006)

e State Water Plan (Government of WA 2007b)

e Guidance Statement No. 33: Environmental Guidance for Planning and Development (EPA
2008)

e Liveable Neighbourhoods Edition 4 (Update 2) (WAPC 2009a)

e Planning Bulletin No. 64: Acid Sulfate Soils (WAPC 2009b)

e Gnangara Sustainability Strategy (Government of WA 2009)
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e North West Corridor Water Supply Strategy (DoW 2014)
o  Water Wise Perth-Two Year action plan (Government of WA 2019).

In addition to the above policies, there are a number of published guidelines and standards available
that provide direction regarding the water management characteristics that developments should
aim to achieve. These are key inputs that relate either directly or indirectly to the development and
include:

e Australian Rainfall and Runoff (Ball J et al. 2019)

e Australian Runoff Quality (Engineers Australia 2006)

e  Better Urban Water Management (WAPC 2008)

e Developing a Local Water Management Strategy (Dow 2008a)

e  Decision Process for Stormwater Management in Western Australia (DWER 2017)
e National Water Quality Management Strategy (NWQMS) (ANZECC and ARMCANZ 2000a)
e Stormwater Management Manual for Western Australia (DoW 2007)

e District Planning Scheme No. 2 (Cow 2020a)

e Local Planning Policy (LPP) 4.3: Public Open Spaces (Cow 2016)

e CoW LPP 4.4: Urban Water Management (Cow 2020b)

e Development Design Specification WD5: Stormwater drainage design (Cow 2019).

1.5 Previous studies

151  Alkimos Eglinton District Structure Plan

The Alkimos-Eglinton District Structure Plan (DSP) was prepared by the CoW in 2007 (CoW 2007). A
district water management strategy (DWMS) was not prepared as part of the DSP, however a
Sustainability Strategy including an Integrated Water Cycle Management Strategy (IWCMS) was
produced by GHD and appended to the DSP (GHD Australia 2006).

15.2  Alkimos Eglinton District Water Management Strategy

A Draft District Water Management Strategy (DWMS) was prepared for Alkimos-Eglinton (GHD
Australia 2011b), but was never approved by the CoW and the DWER. Objectives for the District
(outlined in the State Water Plan (Government of WA 2007a)) that were intended to be addressed in
the DWMS included water conservation, groundwater management and stormwater management.

1.5.3  Alkimos City Centre SP Local Water Management Strategy

The Alkimos City Centre Structure Plan LWMS (Emerge Associates 2017) was prepared to support the
Alkimos City Centre Structure Plan (now known as the ACPP), and was reviewed and approved by
DWER and the CoW. The LWMS outlined objectives for water conservation, stormwater
quantity/quality and groundwater management. The objectives are summarised in the following
sections.
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1.5.3.1 Water conservation
The proposed objectives for water conservation include:

e Consumption target of 100 kL/person/year with no more than 40 — 60 kL/person/year of scheme
water.
e Maintain an average irrigation rate of 6,750 kL/ha/year in POS areas.

1.5.3.2 Stormwater management
The objectives proposed for stormwater quantity management included:

e All runoff up to the 100 year average recurrence interval (ARI) event is to be retained on site.

e Finished floor levels must have a minimum of 500 mm clearance above the 100 year ARI flood
levels in surface storage areas.

e  Ensure minor roads remain passable in a 5 year ARl event.

e Retain and treat the first 15 mm of rainfall as close to source as possible.

e  Reduce nutrient loads by applying appropriate non-structural measures.

e Size surface treatment areas to be (at least) 2% of the connected impervious area.

1.5.3.3 Groundwater management
The objectives proposed for groundwater management included:

e Maintain groundwater quality leaving the site.
e Use water sensitive design approaches to recharge the superficial aquifer.

1.6 LWMS objectives

This LWMS has been developed to support the amended ACPP (previously Alkimos City Centre) in
consideration of the objectives and principles detailed in Better Urban Water Management (WAPC
2008), current Decision process for Stormwater Management (DWER 2017), and CoW expectations.
It is intended to support the development within the site and is based on the following major
objectives:

e Maintain the existing hydrological regime.

e Provide a broad level stormwater management framework to support future urban
development.

e Incorporate appropriate best management practices (BMPs) into the drainage systems that
address the environmental and stormwater management issues identified.

e  Ensure that sufficient land area is set aside in the precinct plan to manage urban runoff.

e  Minimise development construction costs, which will result in reduced land costs for future
home owners.

e  Minimise transport of nutrients/pollutants to groundwater or downstream environments.

e Minimise ongoing operation and maintenance costs for the land owners and CoW.

e Develop a water conservation strategy for the site that will accommodate existing groundwater
allocation constraints for the area.
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e  Gain support from the DWER and CoW for the proposed method to manage stormwater within
the site and potential impacts on downstream areas.

Detailed objectives for water management within the site are further discussed in Section 4.
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2  Proposed Development

The ACPP is designed to be a focal point for the local and wider community integrating residential
and commercial areas to provide a multi-functional centre. The site includes a total of 203 ha and
proposed land uses including urban retail and business, mixed use commercial, high density
residential, suburban residential, and schools.

The development will incorporate, within the north-western portion of the site, the Alkimos railway
station which is being delivered as part of the State Governments Metronet project by the Public
Transport Authority (PTA). The railway station will have a footprint of approximately 5.3 ha (including
associated infrastructure, car parks and railway corridor).

The ACPP incorporates land uses including:

e Residential (from R20 to RAC-0)

e Retail/entertainment

e  Recreational

e Health, education and aged care facilities

e Service commercial (large format retail/service industrial)
e  Public Purpose (Alkimos railway station).

Stormwater from the development is proposed to be managed within the site via soakwells, tree
pits, raingardens, swales, bioretention areas (BRAs) and flood storage areas (FSAs); discussed further
in Section 6.

The ACPP is included in Appendix A. Civil and landscape concept designs are provided in Appendix B
and Appendix C, respectively. The concept civils designs for the Alkimos railway station are provided
in Appendix D.
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3 Existing environment

3.1 Sources of information

The following sources of information were used to provide a broad regional environmental context
to the site:

e Weather and Climate Statistics (BoM 2020)

e LIDAR elevation dataset, Swan Coastal Plain (DoW 2008b)

e Geological survey of Western Australia (Gozzard 1986)

e Acid sulfate soils (ASS) risk mapping (DWER 2020c)

e  Geomorphic wetlands of the Swan Coastal Plain database (DBCA 2020)

e  Perth groundwater map (DWER 2020b)

e \Water register (DWER 2020e)

e Landgate Aerial Photography (WALIA 2020)

e National Water Quality Management Strategy (ANZECC and ARMCANZ 2000b).

In addition to the above information, site-specific investigations have been conducted. These have
aimed at providing more detail to the existing regional information. These site-specific investigations
include:

e Alkimos Eglinton Flora, Vegetation and Fauna baseline information (ATA Environmental 2005b)
e  Alkimos Eglinton Groundwater Monitoring Report (GHD Australia 2011a)

e  Geotechnical Desktop Study: Karst formations (Douglas Partners 2012)

e Environmental Assessment and Justification Report (Emerge Associates 2013)

e Threatened Ecological Community Assessment (TEC) (Emerge Associates 2019b)

e Environmental Assessment and Management Strategy (EAMS) (Emerge Associates 2019a).

The above studies have been reviewed to determine infiltration potential within the site and existing
groundwater levels. This is important, as both can have implications for the stormwater management
measures and the extent of earthworks that may be required to facilitate subdivision.

3.2 Existing and historical land use

A review of the Landgate Aerial Photography (WALIA 2020) shows predominately vacant land that
was historically used for grazing, however extensive land clearing is visible from 1995 onwards. The
site has also more recently been known to be used illegally by recreational vehicles. From 2010
onwards, surrounding development and the construction of a Waste Water Treatment Plant (WWTP)
west of the site is visible.
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3.3 Climate

The site experiences a dry Mediterranean climate of hot dry summers and cool wet winters. Long
term climatic averages indicate that mean maximum temperatures range from 18°C to 33°C and
mean minimum temperatures range from 6.4°C to 17°C (BoM 2020). The site is located in an area of
moderate rainfall, receiving 620 mm annually on average with the majority of rainfall received in
June and July (BoM 2020). The region experiences rainfall for 76 days annually (on average).

34 Geotechnical conditions

341 Topography

The site has highly undulating topography due to the parabolic dunal system on which it lies. The
site ranges in height from 29 m to 59 m Australian height datum (AHD), with a dunal ridge that runs
along the southern and northern boundaries of the site and cuts through the western portion of the
site, as shown in Figure 2. The ridge line ranges in height between 30 and 55 m AHD and has steep
side slopes. The current ACPP proposes to incorporate the existing topography into the
development by retaining a significant portion of the dunal ridge.

Topographic contours across the site are shown in Figure 2.

3.4.2  Geology and Soils

Environmental geology for the site has been mapped by the Geological Survey of Western Australia
(Gozzard 1986). The site consists of limestone, sand and calcareous sand with the geological units
listed in Table 1 and shown in Figure 3.

Table 1: Environmental Geology

Geological Unit Equivalent on Description
Geological Maps

LS1 - Limestone Tamala limestone Light yellowish brown, fine to coarse-grained, sub-angular to well
rounded, quartz, trace of feldspar, shell debris, variable lithified,
surface kankar, of eolian origin

LS4 — Limestone Safety Bay Sand Pale yellowish brown weakly cemented, friable, medium-grained, sub-
rounded, quartz and shell debris, of eolian origin

S3 — Calcareous sand Safety Bay Sand As S2, occurs as relatively thick covering over LS1
S7 - Sand Sand derived from Pale and olive yellow, medium to coarse-grained, sub-angular quartz
Tamala limestone with a trace of feldspar, moderately sorted, of residual origin

The phosphorous retention index (PRI) of the underlying sands are understood to be high (>10)
(DWER 2020g).

A geotechnical desktop study was carried out for the site (Douglas Partners 2012) which identified
the risk of karst formations being located within the site.
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The ground conditions underlying the development site contain a geological unit which has ‘common
solution cavities and fissures’ but is not known to have large karst features such as caves. The risk of
large karst structures forming within the site and impacting on the proposed development is
considered very low (Douglas Partners 2012). The geotechnical report is provided in Appendix E.

A detailed site specific geotechnical study will be carried out prior to subdivision and will be detailed
in future urban water management plans (UWMP).

3421 Infiltration rates

The soil types on the site are highly permeable with sands being the dominant influence at the
surface. Although no direct soil infiltration testing has been carried out on site, infiltration testing
was carried out on Lot 9501 Marmion Avenue (on plan 400279) (formally known as Alkimos Central,
currently known as Alkimos Vista), which is located directly north of the site and has a soil profile
consistent with the site. Infiltration testing was carried out by Douglas Partners (2017) at 4 locations.
Permeability was derived using Hazen’s formula based on particle size distribution for the two
highest soil permeability values, resulting in 3.2 and 4.0 x 10 m/s or an average infiltration rate of
31 m/day (Douglas Partners 2017). Permeability testing was then carried out post construction of
this site by Emerge Associates in 2019. Results showed an average infiltration rate of 22.3 m/day for
the constructed bioretention area (BRA), 24.3 m/day for the constructed flood storage area (FSA),
and a range of 20.6 to 75.1 m/day for another proposed POS.

An infiltration rate of 6 m/day has been assumed within the hydraulic modelling (discussed in Section
6).

3.4.3 Acid sulfate soil

There is no known risk of ASS occurring within 3 m of the natural surface (DWER 2020c).

35 Flora

A Flora, Vegetation and Fauna Survey of the site was undertaken by ATA Environmental which
mapped the types and current condition of vegetation identified onsite (ATA Environmental 2005a).
Site visits by Emerge in 2011 and October 2012 confirmed and updated the spatial extent of these
vegetation associations. A more recent Threatened Ecological Community Assessment (TEC) was then
undertaken by Emerge Associates (Emerge Associates 2019a).

The findings of these three assessments were then compiled in the Environmental Assessment and
Management Strategy (EAMS) which in summary, concluded that:

e Over 14 vegetation associations were identified over the site consisting of two broad groups,
Melaleuca spp heath on dune systems and Acacia shrublands in lower lying areas and limestone.

e Vegetation condition is variable over the site and the majority of the site is “Completely
Degraded” or “Degraded” with remnant patches of “Very Good” and “Good” condition
vegetation in the southern portion of the site.
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e The parabolic dune formation ranges from “Degraded” to “Very Good” across its extent within
the site.

e The majority of the site is mapped as an environmentally sensitive areas (ESA).

e Detailed mapping for the floristic community type (FCT) 26a TEC ascertained the location and
extent of the TEC. Subsequently, two patches of TEC were identified totalling 0.83 ha and in
‘excellent’ condition.

e TEC 26ais listed as endangered in Western Australia.

Vegetation condition mapping is shown in Figure 4 and biodiversity linkages, ESAs and TECs are
shown in Figure 5.

3.6 Fauna

ATA Environmental (2005a) undertook a detailed fauna survey of the Alkimos-Eglinton area and
identified several fauna habitats over the site. The habitats were classified based on the habitat type
and condition. The majority of the site is degraded (69%) and provides minimal fauna habitat. The
parabolic dune is classified as low open heath in good condition while remnant vegetation in the
south eastern portion of the site provides a low woodland habitat (Emerge Associates 2019a). A full
list of the species which potentially may use the site are shown in Table 5 of the Environmental
Assessment and Management Strategy (Emerge Associates 2019a).

3.7 Surface water
3.7.1 Wetlands

A review of the Geomorphic Wetlands on the Swan Coastal Plain dataset (DBCA 2020) indicates that
there are no geomorphic wetlands on site.

3.7.2 Surface water quantity

The hydrological characteristics of the site are dominated by the high infiltration capacity of the soils
onsite which leads to little to no surface runoff except following extreme rainfall events.

The existing drainage network is minimal and informal, being the runoff from the existing pavement
of Marmion Avenue. In the pre-development environment runoff from Marmion Avenue sheets into
the low points of the road reserve and potentially within adjacent low-lying areas of the site during
an extreme event. This would be a very infrequent occurrence.

3.7.3 Surface water quality

There is no information regarding surface water quality available within the site due to surface water
runoff only occurring during extreme rainfall events.
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3.7.4 Public drinking water source areas

The site is located within a Priority 3 public drinking water source area (PDWSA) and contains well
head protection zones (WHPZ) (DWER 2020f), as shown in Figure 6 and as such is subject to
restricted land uses (DoW 2016).

Priority 3 classification areas are defined to ‘manage the risk of pollution’ to the water source from
catchment activities. Protection of P3 areas is achieved through guided or regulated environmental
risk management for land use activities. Land uses considered to have significant pollution potential
are opposed or constrained (DoW 2016).

WHPZ are used to protect underground sources of drinking water, and are circular with a radius of
300 m in P3 areas, and are also subject to special protection measures (DoW 2016).

All of the land uses proposed under the ACPP are classified as ‘Acceptable’ within these areas (DowW
2016).

3.8 Groundwater

381 Groundwater resources

The Water Register (DWER 2020b) indicates that groundwater beneath the site is a multi-layered
system comprised of the following:

e  Perth — Superficial Swan unconfined aquifer
e Perth — Leederville confined aquifer
e Perth —Yarragadee confined aquifer.

3.8.2 Groundwater levels

Groundwater data from the Perth Groundwater Atlas (DWER 2020b) show that groundwater levels
across the district range from between 5 m AHD in the east to <1 m AHD in the west before leading
down to sea level at the coast. Depth to groundwater across the site ranges from 27.5 m to 55 m
below ground level (BGL).

Groundwater monitoring has been carried out across the Alkimos-Eglinton DSP area (which
incorporates the site) with six rounds of monitoring between July 2010 and November 2011 including
groundwater levels.

Within the groundwater monitoring report (GHD Australia 2011a) (provided in Appendix F) the ACPP
is referred to as Area 3 — Regional Centre. Six working monitoring bores are located within, or
adjacent to, this area (including two existing observation bores owned by DWER) that provide
representative groundwater conditions for the site.

Average groundwater levels across the site range from 41.0 m below top of casing (BTOC) in the
south west to 28.9 m BTOC in the south east.
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Depth to groundwater is largely representative of the topography, with groundwater elevation
reducing with proximity to the coast. Groundwater elevation varies between approximately 1.0 and
1.5 m AHD (GHD Australia 2011a).

Maximum groundwater levels and sampling locations are shown in Figure 2.
3.8.3 Groundwater quality

Water quality monitoring carried out across the site included sampling of physio-chemical
parameters in situ and laboratory analysis of nutrients, metals and salt concentrations.

The measured groundwater quality across the site is summarised in Table 2 and details the
parameters significant to, and managed within, this LWMS (i.e. physio-chemical parameters and
nutrient concentrations). DWER bore WIN5755 is not included as water quality data was not
available.

Table 2: Alkimos Central groundwater quality

EC
(mS/cm)
ALREG1 7.28 816.67 496.00 0.52 0.04 2.00
(0.18) (65.06) (21.63) (0.05) (0.02) (0.44)
ALREGH 7.59 527.50 319.00 0.21 0.08 0.09
(0.25) (22.17) (7.75) (0.05) (0.02) (0.07)
ALREGS 7.36 667.50 410.50 123 0.03 4.98
(0.20) (26.30) (13.89) (0.10) (0.01) (0.17)
7.48 842.50 496.00 0.33 0.07 0.07
WIN4925 (0.09) (26.30) (10.95) (0.13) (0.02) (0.03)
7.27 700.00 397.33 2.33 0.04 9.93
WIN5740 (0.09) (17.32) (42.44) (0.58) (0.03) (2.66)

Values given are average and (standard deviation)

The full dataset (GHD Australia 2011a) shows that since July 2010 concentrations of nutrients
remained relatively stable across the ACPP area (provided in Appendix F).
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3.9

Summary of existing environment

In summary, the environmental investigations conducted to date indicate that:

The site has previously been known to be used illegally by recreational vehicles, with parts of the
site historically used for grazing.

Mean maximum temperatures on site range from 18°C to 33°C and mean minimum
temperatures range from 6.4°C to 17°C.

The site receives 620 mm of average annual rainfall with the majority of rainfall received in June
and July.

The site is highly undulating and ranges from 29 m AHD to 59 m AHD in elevation, with a dunal
ridge that circles the majority of the site at a height of 30 to 55 m AHD.

The site predominantly consists of limestone, sand, and calcareous sand.

Permeability testing of the adjacent Alkimos South (an area with a soil profile consistent with the
site), resulted in an average infiltration rate of 25 m/day. These high infiltration rates are also
presumed for the site.

Acid Sulfate Soils (ASS) risk mapping classifies the entire site as having no known risk of
encountering ASS within 3 m of the surface.

Vegetation within the site varies with a large area of cleared vegetation within the arc of the
dunal ridge, and very good condition Melaleuca species along the ridge itself.

The Geomorphic Wetlands on the Swan Coastal Plain dataset indicates that there are no
wetlands within the site.

Surface water is largely retained within the site due to the high permeability of the underlying
sands.

Surface water quality monitoring has not been possible due to there being no defined surface
water bodies within the site.

The site is located within a public drinking water source area (PDWSA) and has well head
protection zones (WHPZ) present on site.

Groundwater elevation varies between approximately <1.0 and 5 m AHD beneath the site.
Groundwater nutrient concentrations since 2010 remained relatively stable across the site.
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4 Design Criteria and Objectives

This section outlines the objectives and design criteria that this LWMS and future management plans
must achieve. The water management strategy includes water conservation, groundwater
management and stormwater management.

4.1 Integrated water cycle management

The State Water Strategy (Government of WA 2003) and Better Urban Water Management (WAPC
2008) endorses the promotion of integrated water cycle management and application of water
sensitive urban design (WSUD) principles to provide improvements in the management of
stormwater, and to increase the efficient use of other existing water supplies.

The key principles of integrated water cycle management include:

e Considering all water sources, including wastewater, stormwater and groundwater.
e Integrating water and land use planning.

e Allocating and using water sustainably and equitably.

e Integrating water use with natural water processes.

e Adopting a whole catchment integration of natural resource use and management.

Integrated water cycle management addresses not only physical and environmental aspects of water
resource use and planning, but also integrates other social and economic concerns. Water
management design objectives should therefore seek to deliver better outcomes in terms of:

e  Potable water consumption
e Stormwater quality management
e Groundwater management.

The first step in applying integrated water cycle management in urban catchments is to establish
agreed environmental values for receiving environments. The existing environmental context of the
site has been discussed in Section 3 of this document. Guidance regarding environmental values and
criteria is provided by a number of National and State policies and guidelines and site-specific studies
undertaken in and around the site. These were detailed in Section 1.4 and Section 1.5 respectively.

4.2 Water conservation

The water conservation design criteria proposed are consistent with the guidelines presented in
Better Urban Water Management (WAPC 2008). This LWMS proposes the following water
conservation criteria:

Criteria WC1  Use fit for purpose water sources.

Criteria WC2 Consumption target for water of 100 kL/person/year, including not more than
40-60 kL/person/year scheme water.
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Criteria WC3  POS areas will be limited to an average water use of 6,750 kL/ha/year.

The manner in which this objective will be achieved is further detailed in Section 5.

4.3 Stormwater management

The principle behind stormwater management at the site is to mimic the pre-development
hydrological conditions, as described in Section 3. This principle and the guidance documents
discussed in Section 1.4 and have guided the stormwater management criteria.

Criteria SW1  All runoff up to the 1% annual exceedance probability (AEP) event is to be
retained on site.

CriteriaSW2  Finished floor levels must have a minimum of 500 mm clearance above the 1%
AEP flood level in surface storage areas.

Criteria SW3  Ensure minor roads remain passable in a 20% AEP event.
Criteria SW4  Retain and treat the first 15 mm of rainfall as close to source as possible.
Criteria SW5  Reduce nutrient loads by applying appropriate non-structural measures.

Criteria SW6  Size surface treatment areas to be (at least) 2% of the connected impervious
area.

Criteria SW7  Design infiltration areas to avoid creating mosquito habitat.

The manner in which these objectives will be achieved is further detailed in Section 6.

44 Groundwater management

The principle behind the groundwater management strategy is to maintain the existing groundwater
hydrology. The groundwater management criteria for the site include:

CriteriaGW1 Maintain groundwater quality leaving the site.
Criteria GW2 Use WSUD approaches to recharge the superficial aquifer.

The manner in which the groundwater management objectives will be achieved is further detailed in
Section 7.
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5  Water Conservation Strategy

5.1 Fit for purpose water use

Conservation of water through fit-for-purpose use and best management practices is encouraged so
that scheme water is not wasted. Fit-for-purpose describes the use of water that is of a quality
suitable for the required use of the water. Fit-for-purpose principles have been utilised in the water
conservation strategy for the site and will achieve Criteria WC1.

511  Scheme water supply

The site is proposed to be connected to the Water Corporations Integrated Water Supply Scheme
(IWSS).

512  Groundwater supply

As discussed in Section 3.8.1, the site is located beneath a multi-layered system comprising of the
Superficial Swan, Leederville and Yarragadee aquifers.

The proponent has secured groundwater allocations from the Superficial Swan for the following:

e GWL 177368 - Irrigation of POS up to 45,055 kL
e GWL 175785 - Construction/dust suppression up to 92, 160 kL
e GWL 200551 - Establishment of POS up to 216, 580 kL.

These allocations will ensure sufficient irrigation of POS areas for the ongoing use of the community.

513 Wastewater reuse

Within the Alkimos Eglinton draft DWMS (GHD Australia 2011b) provision of a non-drinking water
(NDW) supply through a dual reticulation (third pipe) network was proposed. The NDW supply was
proposed for irrigation uses in the initial stages of development with the intention of expanding its
use to non-potable in-house water uses in the future. The proponent is currently in ongoing
discussions with Water Corporation in regards to progressing with alternative sources within the site,
however this is yet to be confirmed and progressed.

5.14  Rainwater harvesting

Collection of runoff from roof surfaces can be undertaken, with this water stored within rainwater
tanks (RWT) for later use. This water is of high quality, however in urban environments this water is
considered non-potable. Stored rainwater may be used for some irrigation requirements however
this will need to be supplemented with scheme water during the lower rainfall months. During the
higher rainfall months, the majority of the stored rainwater can be used to supplement internal
building non-potable uses. The water efficiency strategy recommends that rainwater is used in
washing machines, toilets and hot water systems.
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RWTs will not be mandated for the development however will be promoted to lot owners at point of
sale.

The use of RWTs will assist in achieving Criteria WC1 and WC2.

52 Water conservation measures

The development will utilise water wise garden (WWG) principles (WC 2003) for lot scale gardens
and within estate landscaping, and water efficient fixtures and appliances (WEFA) to ensure that the
development minimises the use of water. These measures are further discussed in the following
Sections.

521  Water efficient fixtures and appliances

Significant reductions in in-house water uses can be achieved with the use of WEFA. The water
conservation strategy proposes that all dwellings use WEFA. Water efficient fittings are mandated as
part of the building approvals process, while uptake of water efficient appliances can be encouraged
through education from the proponent at point of sale.

The use of WEFA will assist in achieving Criteria WC2.

522  Water wise gardens

Reductions in water use for irrigation (by employing water efficiency measures) can significantly
reduce the total water usage (WC 2003). The following water efficiency measures will be used:

e  Where required, soil shall be improved with soil conditioner certified to Australian Standard
AS4454 to a minimum depth of 150 mm where turf is to be planted and a minimum depth of 300
mm for garden beds.

e Garden beds to be mulched to 75 mm with a product certified to Australian Standard AS4454.

e Implementation of hydrozoning design practices, which will group plant species with similar/
same irrigation requirements.

e Irrigation systems will have emitters which disperse coarse droplets to minimise losses to
evaporation.

e Irrigation will not be utilised during winter months and rain sensors will be utilised.

e The adoption of xeriscaped gardens (garden beds are landscaped using ‘waterwise plants’, which
are local native species that require less water).

e  Minimising turf areas where possible.

e  Educating the community to increase awareness of water conservation.

The above measures will assist in achieving Criteria WC1.
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523  Community awareness and education programs

The proponent can provide educational material to lot purchasers on water efficiency and quality
protection measures that they can implement within lots. Specific water conservation and protection
topics that should be addressed include:

e Reducing water use behaviours
e Water efficient technologies

e Plant species

e Fertiliser and pesticide use

o WWG practices.

Example educational materials are provided in Appendix G.

53  Water Use Analysis

5.3.1 Lotscale water use analysis

A water use analysis has been undertaken to estimate the expected individual residential lot water
use by the proposed development, and demonstrate the effectiveness of the water conservation
strategy proposed for residential lot-scale measures. The water use analysis has been based on the
rates and calculation methodology presented in the Water Corporation (2011) spreadsheet
AltWaterSupply_Water_Use_Model.xls. This spreadsheet has been adapted to model the effects of
using the water conservation measures proposed.

A number of key assumptions were made to carry out the lot scale water use calculations including:

e Total lot area has been based on the ACPP (see Appendix A).

e Average residency of 2.6 people per single lot dwelling. This value has been calculated from data
provided by Australian Bureau of Statistics (ABS) for new housing developments in Perth (ABS
2014).

e Assumed up-take rates have been derived from data supplied by the ABS (2013) and include:

o 100% uptake of water efficient fittings

o 40% uptake of water efficient appliances
o 7.5% uptake of RWTs

o 55% uptake of WWG principles.

The results of the water balance indicate that, if households in the development adopt the proposed
water conservation measures (e.g. efficient fittings, rainwater harvesting, WWG principals) at typical
uptake rates derived by the ABS (2013), they will use an average of 32.5 kL/year/person. This
achieves the water target of no more than 60 kL/year/person of scheme water and satisfies Criteria
WC2.
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54 Wastewater management

The site will be connected to the Water Corporations Quinns main sewer, located to the south of the
site.

55  Water conservation criteria compliance summary

A summary of the proposed water conservation design criteria, and how these are addressed within
the ACPP, is provided in Table 3.

Table 3: Water conservation compliance summary

Criteria Criteria description Manner in which compliance will be achieved

number

WC1 Consumption target for water of 100 Provision of advice to residents regarding water
kL/person/year, including not more than 40-60 conservation measures
kL/person/year scheme water

Use of RWT within lots of suitable built form

Promotion/use of WWG

Promotion/use of water efficient appliances

Mandated use of water efficient fittings

WC2 Maintain an average irrigation rate of 6,750 Use of WWG within POS areas
kL/ha/year in POS
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6  Stormwater Management

The principle behind the stormwater management strategy for the site is to maintain the existing
hydrology by retaining and treating the small rainfall event as close to source as possible, and
retaining the major event (1% AEP) on site. All stormwater management assets will be designed and
constructed in accordance with CoW requirements, design guidelines and standards (CowW 2019).
Due to the existing environmental conditions (See Section 3.4), the site is presumed to be well suited
for structural controls utilising infiltration of stormwater. WSUD measures utilised in the stormwater
management strategy include:

e  Soakwells

e Tree pits

e Verge and median swales
e BRAs

e FSAs.

The WSUD measures that will be implemented as a part of the ACPP are described in the following
sections. Detailed hydrological modelling has been completed for the known elements of the
stormwater management plan (as detailed in the modelling assumptions report in Appendix H,
discussed further in the following sections.

6.1 Lot drainage

The ability to retain surface runoff on lot is driven by the lot density, layout and pervious area
provided, along with the underlying geology of the site.

6.1.1 Residential lots

Lot assumptions used in the detailed hydrological modelling for Alkimos Central are consistent with
the proposed precinct plan and the geological setting (discussed in Section 3.4).

e Lots > 300 m? will retain runoff up to the 1% AEP event in a combination of soakwells and
infiltration in pervious garden areas.

e Lots <300 m? will retain the first 15 mm of runoff from constructed impervious areas in
soakwells with remaining runoff flowing as overland flow off the lot onto road reserve and
ultimately to infrastructure in POS (detailed in Section 6.2).

6.1.2  Group housing and community buildings

Group housing (i.e. aged care facility), mixed use, commercial, retail and school lots will all retain
runoff up to the major (1% AEP) event within lot. This can be achieved with the use of soakwells,
subsurface storage or alternative storage methods. Drainage designs for these land uses will be
reviewed by CoW as part of the building approvals process.
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6.1.3 Marmion Avenue

Marmion Avenue runs to the west of the site, but is not contained within it. There is an existing
drainage sump located to the west of the site which retains runoff from the existing Marmion
Avenue and Romeo Road catchments, as shown in Figure 7. This catchment will be maintained in its
current form with runoff continuing to be directed to the existing sump.

These assumptions are consistent with CoW requirements.

6.1.4  Alkimos station

As discussed in Section 2, the Alkimos railway station will be located within the north-western
portion of the site. All stormwater management features within the railway station have been
progressed and designed by the PTA, with concept designs showing the indicative locations of the
railway station, car parks, and internal catchments provided in Appendix D.

The design of stormwater assets within the Alkimos railway station (including buildings and car
parks) and surrounding development catchments have used the following design assumptions:

e Runoff from the railway station itself, associated buildings and car park 2 will retain runoff up to
the minor (10% AEP) event. Runoff greater than the minor event, will overflow into the adjacent
residential road network to be managed within catchments 1 and 2 of the development. Assets
within the development have been designed to allow for runoff from these areas above the
minor and up to the major event (1% AEP).

e The railway station car park 1 will retain runoff up to the major (1% AEP) event within the car
park, with no additional runoff allowed for in development assets.

e All rail reserve areas will maintain the existing hydrological regime by fully retaining runoff up to
the 1% AEP event within the reserve. No additional runoff has been allowed for in development
assets.

Surface runoff modelling for the development (detailed in Section 6.2.6) has incorporated runoff
from the railway station based on the above assumptions, and is detailed in the modelling
assumptions report provided in Appendix H.

6.2 Development drainage

A number of WSUD measures will be utilised, with the specific number and location of smaller assets
to be confirmed at detailed design and specified in future UWMPs.

6.21 Treepits

Tree pits can be used to capture a portion of the small runoff event (i.e. first 15 mm) from road
reserves higher in catchment which could provide an additional source of irrigation to trees following
rainfall events. Concept tree pit designs are to be progressed with the City as part of detailed design,
however formal structures beneath the surface are not required with surface storage around the
tree base with curb breaks only required (C. Wansbrough [CoW] 2017, pers. comm., 22" June).
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An example of a tree pit is shown in Plate 1.

Plate 1: Indicative Tree pit design

The specific number, location and storage capacity of tree pits will be determined at detailed civil
and landscape design. Concept designs and numbers will be discussed in future UWMPs with
downstream retention basins (BRAs and FSAs) sized to allow for known storage capacity higher in the
catchment at detailed design stage.

6.2.2  Raingardens

Vegetated raingardens will be provided in verges adjacent to rear loaded lots or where double
frontage to lots is provided and other services and cross-overs allow adequate space to install them.
The design of rain gardens will be generally consistent with other similar infrastructure within Cow
(as shown in Plate 2) and developed in consultation with CoW as part of the detailed civil and
landscape design process.
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Plate 2: Indicative Rain garden design

Raingardens can be used to retain small event runoff (first 15 mm) from road reserves with
additional runoff above the small event directed to downstream POS. The swale will be vegetated
with nutrient removing plant species. Treatment of runoff will be provided through interaction with
vegetation and adsorption to sand particles through infiltration prior to reaching groundwater.

The specific location of raingardens will be confirmed at detailed design and specified in future
UWMPs.

The use of raingardens will assist in achieving Criteria SW1 and SW4.

Project number: EP19-077(08) | November 2021




Prepared for DevelopmentWA Doc No.: EP19-077(08)--005 TEM| Version: C

Local Water Management Strategy emerg g

Alkimos Central Precinct Plan

6.2.3  Verge and median swales

Vegetated verge and median swales can be used in wider road reserves to retain, treat and infiltrate
small event runoff from carriageways. Swales will have 1 in 6 side slopes and a maximum depth of
500 mm and be vegetated with nutrient removing plant species.

Plate 3: Indicative median swale design

The proposed locations for median swales are shown in Figure 7. The verge and median swales will
assist in achieving Criteria SW1 and SW4.

6.24 Bio-retention areas

Runoff from the first 15 mm of rainfall that is not captured on lot or higher in catchment, will be
captured and retained within vegetated BRAs located in POS. BRAs are assumed to have a depth of
500 mm with 1 in 6 side slopes, as required by CoW. Treatment of runoff will be provided through
interaction with vegetation and adsorption to sand particles through infiltration prior to reaching
groundwater.
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Additional high phosphorous retention index (PRI) media will not be required due to the significant
clearance to groundwater (>10 m below surface level) and the high PRI of the parent soils (as
discussed in Section 3.4.2). The proposed location and sizing of BRAs are illustrated in Figure 7.

The BRAs will be designed to dry out within 96 hours following rainfall events, therefor will not be a
mosquito breeding risk and hence will achieve Criteria SW7. BRAs will assist in achieving Criteria
SW4 and SW6.

6.25 Flood storage areas

FSAs will be utilised to retain and infiltrate runoff above the first 15 mm, up to the 1% AEP event, in
order to maintain the pre-development hydrological regime. To achieve this, the inverts of the basins
will have a significant clearance above groundwater (>10 m). There will be no offsite discharge from
the FSAs. The sizes and spatial requirements for FSAs are further discussed in Section 6.2.6 and
illustrated in Figure 7.

The design of FSAs will be such that maximum top water levels (TWL) within basins will remain at
least 500 mm below finished floor levels of adjacent lots to ensure protection from flooding during
extreme rainfall events (the preliminary earthworks strategy is provided in Appendix B) and will
achieve Criteria SW2.

The FSAs will be designed to dry out within 96 hours following rainfall events, therefor will not be a
mosquito breeding risk and hence will achieve Criteria SW7. FSAs will assist in achieving Criteria SW1
and SW4,

6.2.6  Stormwater management design

The development drainage system has been designed to achieve the objectives and criteria stated in
Section 4. Surface runoff modelling undertaken using XPStorm has been used to inform the design of
stormwater infrastructure with associated modelling assumptions provided in Appendix B.

The retention and treatment areas detailed in the following sections are indicative based on the
information currently available with additional locations for raingardens, median swales and tree pits
to be confirmed at detailed design stage and detailed in future UWMPs.

6.2.6.1 Small rainfall event

Runoff from the first 15 mm of rainfall will be retained onsite (within lots and/or road reserve) to
satisfy Criteria SW4. Runoff not retained on lots or within the road reserve will be conveyed to
downstream POS via the piped drainage network, sized to the 20% AEP event, and surface flow in
road reserves.

The location and size of the proposed retention storage required to achieve the design criteria is
presented in Figure 7, with the associated inundation areas detailed in Table 4. The location, size and
capacity of additional WSUD measures (i.e. tree pits, raingardens and swales) are subject to detailed
design and therefore not considered in the assessment at this stage.
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Table 4: Small event (first 15 mm) treatment requirements

Catchment Storage Area Small Event Treatment

Depth (m) TWL Surface Area (m2) Volume (m3)
Ct-01 BRA1 0.5 1385 585
Ct-02 BRA2 0.5 1505 640
Ct-03 FSA3* 0.2 4250 730
Ct-04 BRA4 0.5 540 205
Ct-05 BRAS 0.5 435 160
Ct-05b BRA/ FSA 5bA 0.5 270 90
Ct-06b BRA/ FSA6b” 0.5 515 195
Ct-07 BRA/ FSA77 0.5 1097 534
Ct-08 BRA8 0.5 1425 605
Ct-09 Swale** 0.1 2595 177
Ct-09b Swale*** 0.1 585 53
Ct-10 BRA10 0.5 2765 1230
Total area of treatment (m?) 17,367
Area of impervious surface (m2) 476, 935
Total % of treatment 3.6%

Note: BRAs have 1/6 side slopes *Existing storage basin **Swale with a length = 530m and width = 10m

***Swale with length = 112m and width = 10m ~Co-located basin Sump

Table 4 shows that a minimum of 2% of the impervious surface across the site is treatment, which
achieves Criteria SW6. Conveyance of the 20% AEP event via the piped network will achieve Criteria
SW3.

The inundated area within the ACPP for the small event is shown in Figure 8. Note that the number
and configuration of BRAs can be modified at detailed design stage (subject to CoW design
requirements) provided the assumed storages detailed in Table 4 are maintained across sufficient
assets.

The ACPP Landscape Masterplan (provided in Appendix C) shows how the development and
stormwater management components within the development are intended to be landscaped.
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6.2.6.2 Major rainfall event
The ACPP area will retain runoff from events up to the 1% AEP event, as required under Criteria SW1.

This is achieved by the use of at-source retention and infiltration storage within BRAs and FSAs. The
proposed locations of these are shown in Figure 7. The modelled inundated depths and top water
level areas for the FSAs are provided in Table 5.

Table 5: Stormwater storage requirements - minor (20% AEP), minor (10% AEP), and major (1% AEP) events

Catchment Storage Minor Event Storage Minor Event Storage Major Event Flood Storage

Area (20% AEP) (10% AEP) (1% AEP)

Depth TWL Volume Depth TWL Volume  Depth TWL Volume
() Surface (m3) (m) Surface (m3) (m) Surface (m3)
Area Area
Area (m?) m?)
(m?)

Ct-01 FSA1 0.06 3831 210 0.10 3892 366 1.2 5720 5640
Ct-02 FSA2 0.15 3099 459 0.35 3360 1079 1.2 4660 4490
Ct-03 FSA3* 0.46 4483 1905 0.61 4722 2580 1.2 6005 5945
Ct-04 FSA4 0.35 648 192 0.51 748 302 1.2 1270 990
Ct-05 FSA5 0.55 1289 586 0.57 1311 618 1.2 1915 1620
Ct-05b BRA/ FSA 0.72 405 168 0.81 449 204 11 615 360

5bA
Ct-06b BRA/ 0.73 892 383 0.83 968 477 1.2 1265 885

FSA6bA
Ct-07 BRA/ FSA77 1.5 1362 1682 1.8 1470 2211 33 1907 4607
Ct-08 FSA8 0.34 1833 567 0.51 2013 895 1.2 2825 2555
Ct-09 Swale** 0.17 3210 459 0.22 3482 602 0.5 5300 1855
Ct-09b Swlale*** 0.17 674 94 0.24 776 149 0.5 1120 395
Ct-10 FSA10 0.23 5126 1119 0.37 5375 1871 1.2 6935 6965
Total - 23,152 7,310 - 24,615 10,089 - 34,027 29,947

Note: FSAs have 1/6 side slopes *Existing storage basin **Swale with a length = 530m and width = 10m

***Swale with length = 112m and width = 10m ~Co-located basin Sump

The 20% AEP event stormwater inundation areas are shown in Figure 9. The 1% AEP event
stormwater inundation areas and flow paths are shown Figure 10. The above measures will help to
achieve Criteria SW1 and SW4.
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6.3 Non-structural measures

A number of non-structural measures will be implemented across the site to help reduce nutrient
loads within stormwater runoff.

These measures include:

e  Minimising fertiliser use to establish and maintain vegetation within POS and road verges.

e Use of drought tolerant turf species that require minimal water and nutrients.

e Education of residents regarding fertiliser use and nutrient absorbing vegetation species within
lots. Examples of educational materials are provided in Appendix G.

The above measures will assist in achieving Criteria SW5 and GW1.

6.4  Stormwater design criteria compliance

A summary of the proposed stormwater design criteria and how these are addressed is given within
Table 6.

Table 6: Stormwater management criteria compliance

Criteria number Criteria description Manner in which compliance will be achieved
Swi1 All runoff up to the 1% AEP event to | Residential lots <300 m? to retain small events on lot in
be retained on site soakwells and pervious areas

Residential lots >300 m? to retain major event runoff on lot
in soakwells and pervious areas

Group housing, service industrial, commercial, mixed use and
school lots to retain 1% AEP events onsite

Runoff from road reserves in small events will be retained
within vegetated BRAs in POS. Additional WSUD measures
including tree pits, raingardens and median/verge swales will
be considered at detailed design stage across the site

Runoff above small events, up to the major event, will be
retained in FSAs in POS

SW2 Finished floor levels of lots shall have | Lots adjacent to BRAs and FSAs will be set at least 500 mm
a minimum 500 mm clearance above | above the top water level (TWL) in the 1% AEP

the 1% AEP flood level in surface
storage areas

SW3 Ensure minor roads remain passable | The pipe network will be designed to convey the 20% AEP
in a 20% AEP event event which will ensure roads remain passable
Sw4 Retain and treat the first 15 mm of Residential lots to retain small events (up to first 15 mm) on

rainfall as close to source as possible | lot in soakwells

Group housing, commercial, mixed use, retail and school lots
to retain 1% AEP events onsite
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Table 6: Stormwater management criteria compliance (continued)

Criteria number Criteria description Manner in which compliance will be achieved

Runoff from road reserves in small events will be retained
within vegetated BRAs in POS. Additional WSUD measures
will be considered at detailed design stage across the site

All small event runoff will infiltrate through the underlying
soil profile with nutrients adsorbed to sand particles prior to
reaching groundwater

SW5 Reduce nutrient loads by applying Minimise use of fertilisers within POS and road verges
appropriate non-structural measures

Use of drought tolerant turf species

Maintenance of POS and drainage areas

Education of residents regarding responsible nutrient

application
SW6 Size surface treatment areas to (at BRAs and the swale are sized to at least 2% of the connected
least) 2% of the connected impervious area of the associated contributing catchment
impervious area
Sw7 Design infiltration areas to avoid Stormwater infrastructure will be designed to ensure all
creating mosquito habitat runoff is infiltrated within 96 hours
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7 Groundwater Management

The development drainage system has been designed to achieve the objectives and criteria stated in
Section 4.4.

7.1  Groundwater level management

As discussed in Section 3.8.2, depth to groundwater varies between 28.9 m and 41.0 m below the
natural surface. Groundwater level management measures are therefore not required.

7.2 Groundwater quality management

The main objective for the management of the groundwater quality is to maintain the existing
groundwater quality. This can be achieved by treating surface runoff prior to infiltration via
application of appropriate WSUD measures, thereby reducing the total nutrient load into the
groundwater that originates from the development. The retention and infiltration of surface runoff
also helps to recharge the superficial aquifer.

The nutrient load to groundwater from landscaping practices within the development itself will be
minimised by:

e The use of slow-release fertiliser.

e The use of native species and xeriscaping (which in turn reduces the need for fertilisers).

e  Minimising turf areas.

e Educating lot purchasers in relation to fertiliser use and WWG. Examples of educational material
are provided in Appendix G.

Groundwater that originates from the development is surface water runoff that has infiltrated into
the soil profile. Therefore, improving groundwater quality can also be achieved by the treatment of
surface water runoff prior to infiltrating to groundwater.

As discussed in Section 6, surface water runoff will be treated by retaining water in soakwells, tree
pits, raingardens, verge and median swales, BRAs and FSAs, and infiltrating runoff through the
underlying soil profile. Removal of nutrients will also occur through vegetative uptake from runoff
retained in vegetated structures (i.e. raingardens, swales and BRAs).

The above measures will assist in achieving Criteria GW1 and GW2.

7.3 Groundwater design criteria compliance

A summary of the proposed groundwater quantity design criteria and how these are addressed
within the ACPP area is provided in Table 7.
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Table 7: Groundwater criteria compliance summary

Criteria  Criteria description

number

GW1 Maintain groundwater quality leaving the site

Doc No.: EP19-077(08)--005 TEM| Version: C

emergd

Manner in which compliance will be achieved

Treat surface water runoff prior to infiltration to
groundwater with the use of WSUD measures including
vegetated raingardens, swales and BRAs

Minimise fertiliser use to establish and maintain POS and
road verges

Use of drought tolerant species that require minimal
water and nutrients

Education of residents regarding fertiliser use and
vegetation species within lots

GW2 Use water sensitive design approaches to recharge

the superficial aquifer

Retain and infiltrate all runoff up to the 1% AEP event on
site
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8  Subdivision and Urban Water Management Plans

The requirement to undertake preparation of more detailed water management plans to support
subdivision is generally imposed as a condition of subdivision. The development of any future
UWMP should follow the guidance provided in Urban Water Management Plans: Guidelines for
Preparing Plans and for Complying with Subdivision Conditions (DowW 2008c).

While strategies have been provided within this LWMS that address planning for water management
within the site, it is a logical progression that future subdivision designs and the supportive UWMP
will clarify details not provided within the LWMS. The main areas that will require further
clarification within future UWMPs include:

e Drainage calculations

e Implementation of water conservation strategies

e Non-structural water quality improvement measures
e Management and maintenance requirements

e Construction period management strategy

e Monitoring and evaluation program

e Infiltration assumptions.

These are further detailed in the following sections. As stated above, ongoing monitoring of
groundwater will be detailed in the UWMP, however in this LWMS is outlined broadly in Section 9.

8.1 Drainage calculations

It is acknowledged that the drainage strategies documented in this LWMS are based upon broad-
scale assumptions and regional data. These assumptions are considered adequate for development
of the proposed drainage strategy and are of an appropriate level of detail. However, verification of
proposed subdivision drainage designs within the ACPP area will be undertaken once the specific
basin designs are confirmed.

8.2 Implementation of water conservation strategies

A number of potential measures to conserve water have been presented within this LWMS. These
water conservation strategies will be incorporated into the design and the ongoing maintenance of
all POS areas. Landscape design measures that will be incorporated into the water conservation
strategy will be further detailed within the future UWMPs produced for the development. The
manner in which the developer intends to promote water conservation measures discussed in this
LWMS to future lot owners will also be discussed within the future UWMPs.

Project number: EP19-077(08) | November 2021




Prepared for DevelopmentWA Doc No.: EP19-077(08)--005 TEM| Version: C

Local Water Management Strategy emerg g

Alkimos Central Precinct Plan

8.3  Non-structural water quality improvement measures

Guidance for the development and implementation of non-structural water quality improvement
measures is provided within the Stormwater Management Manual for Western Australia (DoW
2007). Some measures will be more appropriately implemented at a local government level, such as
street sweeping, however many can be implemented relatively easily within the design and
maintenance of the subdivision and the POS areas.

It is expected that the future UWMP will provide reference to measures such as public education
(through measures such as signage that may be implemented to raise awareness).

8.4 Management and maintenance requirements

The management measures to be implemented to address surface water quality, such as the use of
vegetation within WSUD assets will require ongoing maintenance. It is therefore expected that the
future UWMP will detail management and maintenance procedures that will set out required
maintenance actions (e.g. gross pollutant removal), timing (e.g. how often it will occur), locations
(e.g. exactly where it will occur) and responsibilities (e.g. who will be responsible for carrying out the
actions). Given that approval from the CoW and DWER will be sought for the proposed measures, it
is anticipated that consultation with these agencies will be undertaken and referral to guiding
policies and documents will be made.

8.5 Construction period management strategy

It is anticipated that the construction stage will require some management of various aspects (e.g.
dust, surface runoff, noise, traffic etc.). The management measures undertaken for construction
management will be addressed either in the future UWMP or a separate Construction Management
Plan (CMP).

8.6  Monitoring and evaluation program

It will be necessary to confirm that the management measures that are implemented are able to
fulfil their intended management purpose, and are in a satisfactory condition at a point of
management hand-over to the CoW. A post-development monitoring program will be developed to
provide this confirmation, and it will include details of objectives of monitoring, relevant issues and
information, proposed methodology, monitoring frequency and reporting obligations. These
monitoring programs are discussed in Section 9 of this LWMS and will be further detailed at the
UWMP stage.
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8.7 Infiltration assumptions

The infiltration rates used within the hydrological modelling have been based on measurements
recorded within the adjacent Alkimos South development site. A detailed geotechnical study,
including measurement of site-specific infiltration rates, is required to inform further modelling for
future UWMPs. Assumed infiltration rates to be used for detailed design of all infiltration basins
(BRAs and FSAs) should be based on site specific measurements plus an allowance for clogging, to be
agreed with the CoW.
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9 Monitoring

9.1 Condition monitoring

It is proposed that the overall condition of the development will be monitored on a bi-annual basis.
This monitoring will be implemented after the completion of the civil and landscaping works and will
continue for a period of two years.

A visual assessment will be undertaken to monitor the overall condition of the development, with
the aim to ascertain that the maintenance activities are achieving the overall management objectives
for the development. The parameters that will be monitored include:

e  Gross pollutants

e Terrestrial weeds

e Irrigation

e Vegetation density

e Paths, benches, walkways and other infrastructure.

The management and maintenance objectives will be detailed within future UWMPs along with
details of the corresponding monitoring program.

9.2 Water monitoring

Given that there will be no surface water discharge from the site during small events (the first 15
mm) it will be very difficult to collect a water quality sample for treated surface runoff. Post-
development surface water monitoring is therefore not proposed.

Due to the significant depth to groundwater across the site, groundwater quality is not
representative of the management practices of the site above. Groundwater monitoring would
provide an indication of quality and management of the wider area and not the ACPP area
specifically. As such, post-development groundwater monitoring is not proposed.

9.3 Infiltration capacity

In order to provide confirmation that the design infiltration rates that have been used to size the
WSUD assets are appropriate, and to ensure runoff continues to infiltrate within the necessary
timeframe following rainfall events, the infiltration rates within swales and basins will be measured
following implementation of the initial landscaping within the basins.

Saturated infiltration rates within the swales, BRAs and FSA will be measured, inclusive of the turf
and any clogging layer which is apparent. These measurements will be undertaken three times
during the two year post-development maintenance period: once following initial landscaping, once
after a 12 month period and once prior to management handover to CoW.
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The infiltration monitoring parameters, triggers and remedial actions are summarised in Table 8.

Table 8 Infiltration capacity monitoring parameters and remedial actions
Parameter Trigger for remedial action Remedial action

Seek reconsideration of design infiltration rates

I . is > desi
If infiltration rate is > design rate for future POS areas from Cow

Inform CoW of measured infiltration rate,
Saturated soil infiltration | If infiltration rate is = design rate review following future monitoring to
rate - initial determine effects of clogging.

Remove any accumulated sediment layer,
If infiltration rate is < design rate aerate/core plug entire invert of basin and re-
measure. Inform CoW if rate is not achieved.

If infiltration rate is > initial infiltration

No further action required.
rate

Saturated soil infiltration
rate —at 12 months Remove any accumulated sediment layer,

If infiltration rate is < initial infiltration rate | aerate/core plug entire invert of basin and re-
measure. Inform CoW if rate is not achieved.

No remedial action required. Seek

If infiltration rate is > 12 month infiltration . . L .
infiltration rate is onth infiltratio reconsideration of design infiltration rates for

rate future POS areas from CoW if appropriate.
Saturated soil infiltration
rate — prior to handover Aerate/core plug/scalp surface of entire invert
to Cow of basin and re-test. Inform CoW if rate not

If infiltration rate is < 12 month infiltration

rate achieved. Utilise updated infiltration rate and

clogging rate to inform future design of
infiltration basins if necessary.

The key output from the infiltration monitoring will be measured infiltration rates. This will guide
any remedial actions required and will allow calculation of inundation times following a storm event.
This data will be included in a final monitoring report to CoW and will also be available on request.

9.4 Reporting

A post-development monitoring report will be prepared on conclusion of the two year monitoring
period, and will be provided to CoW and DWER. Interim results (spreadsheet) can be provided to
either CoW or DWER on request during the monitoring program.
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10 Implementation

10.1 Roles and responsibility

The LWMS provides a framework that the proponent can utilise to assist in establishing stormwater
management methods that have been based upon site-specific investigations, are consistent with
relevant State and Local Government policies and have been endorsed by DWER and CoW. The
responsibility for working within the framework established within the LWMS rests with
DevelopmentWA, although it is anticipated that future UWMPs will be developed in consultation
with DWER, CoW, with inputs from PTA where appropriate, and in consideration of other relevant
policies and documents.

10.2 Funding

The site includes landholdings held by DevelopmentWA. While there is no regional drainage system
for the development to connect to, DevelopmentWA will need to work with the CoW to ensure
provision of services is staged appropriately throughout the construction process.

Development of individual lots will be the responsibility of the lot owner at the lot-scale
development application stage. Development of the railway station and corridor will be borne solely
on the PTA, including the drainage infrastructure incorporated within the railway station
landholdings.

10.3 Review

It is not anticipated that this LWMS will be reviewed unless the ACPP undergoes significant change
post-lodgement of the LWMS. If the ACPP is substantially modified, the surface runoff calculations
undertaken for this LWMS may need to be reviewed and the criteria revised to ensure that all are
still appropriate.

The next stage of water management is UWMP preparation. The UWMP is largely an extension of
the LWMS, as it should provide detail to the designs proposed within this LWMS and will
demonstrate compliance with the criteria proposed in Section 4.

The next stage of development following the UWMP is single lot or multiple dwelling developments.
It is recognised that certain elements of the LWMS and the UWMP will not be implemented until this
late stage, and that there is little or no statutory control that can be applied to ensure the
implementation of any remaining measures. While the remaining measures are unlikely to be
enforced at this stage their implementation could be encouraged by the CoW through policy (or
modification of these where necessary), building licence or awareness programs (such as the Water
Corporation Waterwise program).
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Appendix A

Alkimos Central Precinct Plan

Prepared by Urbis (2021)
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Appendix B

Preliminary earthworks strategy

Prepared by Cossil and Webley (2021)
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Appendix C

Alkimos Central landscape plans

Prepared by UDLA (2021)
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Appendix D emergy

Alkimos railway station concept civil designs

Prepared by the PTA.






Bmp-OEE0IZ UDIG JUBWIID] - 7 NV 0L00-D¥O-D-VSA-AG-AJLNQV) - VZ\3NSS| Jual)) + SUOHDIS - Z\S{uawndog - JYA TIL 3U0JJaW L9SLEDL - NAV B00Z\SIQVIYV\ISL6SUDNSIBSAND  IWVNHLVA ONIMVHA QV)
O e “asodund pasisoynoun kuo Joj pasn aq Jou Ajuoc © 04
ER oN buimMpug V1d 3o NY-0L00-D40-1D-YSA-Ar0-Ad1L e o o s o st s 221 Lond om0 1Y IV
fuvduo) 1ousaixg / uoisINg Yid dWYLS DNVLAINV vid USHUR S.¥1d ouitn patdod 3 o0 {sw usumaop sl ool 05 07 0 0z 0 0 371S D140
LA N3 ddv | @) | Na | Nsa INIWONIHY 31va | A3y
NSS! Y04 03A0YdY LLOHY VIILEIA o | Wi | o 3nSSI NOISIO NI | 0z's0c | Ly
NV1d INIWHILVD IDVNIVYEd a0 o3| 0299d  TVINOZRIOH mu:m_ mo sl | Wi | o NDIS30 %Sl 404 4Inss! | 0z'Laze | v
.=< ;m z wo | W3 | wo NOIS30 %Sl 404 QINSSITY | 0z'L0ee | 1
1INID3dd 8 NOILYLS SOWIATY W [ © WnLva HLO | A | HLO NOLLY)I1ddY INIHdDT3A30 804 03nSS| | 0z's0'Lo | 28
A - ol 000 ® vao | w | v A NOLLYINdAY LNIHADTIAI0 ¥0d QINSSI | 12600 | €8
LoyIny Jodsuel) a1gng
NOISNILXI 1Y d3HINVA  epmsnitiisstimtss WO |0 omsm s —_—
NOIS3d d31Iv.13d e
NV1d
A
ar j
| \\
i
281 (5310 A8)
SYILTIHS IVIE 4NN 00188 T8 4300
9704 © LavnL
L - N
— o o - o
S E @ 2 =
—_—___ 7 S - - 7 7
= _ = - = — \N =
5 — p— R ———
m — =t
— = — —
1543HLO
19) 30018 TvY ¥IA0 1

J104ONOW 0IQVY B

NIVK Y3ON3ISSVd
390D MOYAVN

SHIOM V1d 3n1Nd

AVHL SOV IDMIA
Woo41v1d NoivLs |

s [

TIVM ONINIVLFY — ——

AYVONNOS NOILYLS 3unind
AYVONNOG NOILYLS 03S0d0dd —— —
AYVONNOS SHYOM ININVWYId ——— = = ———

[W\EBEN

“ISIMYIHLO

Apdid ¥1138vANI S

Q9

Q310N SSIINN STALIN NI SNOISNIWIO 1Y 2
“4N010) NI 03LNI¥d 38 0L ONIMVAD 'L

S31ON




BMp1040-040-10-¥SA-AfQ-A) L \EG6LLSWP\UDYDIEIW D13\ K34 13U0149UNS UGN Y IWYNHLYd ONIMYHD OVD

NOIS3Ad d3T1iv.i3d

001

3104ONOW DIOVY O

NIVW ¥30N3SSVd
VYD MOHAYN

SHAOM ¥1d 3dnLnd

VAL SSIIBV IDIHIA
WY04L¥1d NoILYLS [
wse
TIVM ONINIVLIY = e e e

AYVONNDE NOILVLS 3dnLN4

AUVINNDG NOILYLS 03S0A0HS =
AYVINNDE SHHOM LNINVIWYHIG memmm o s s

0004 3135
NV1d

aN3931

“ISIMHIHLO
03LON SSIINN SIALIA NI SNOISNIWID 11V "2
¥N0T0) NI 03LNI¥d 38 0L DNIMVHA L

S310N

CAVMNYVY V1138VONRE

EV AR | ‘N buimoJg vid e 10£0-D¥0-1D-VSA-Ar-AJL L e 1 v
- Ruodue) ouseies / uosG VL dHYLS INVLENIY Vid 30 0 SR YL oA wpor % o % o o b 371S 9140
H0L0 MU LY L S ddv [0D] Naa INIWONIHY 30va [ A3Y
SR
NV1d 3LIS 1IV¥3IA0 NSS| 404 Q3N03dY S HIO | W3 - NOILYII1ddY IN3WdD13AIA H0d E:mm ”N ] we N
H10 a3y | 0¢93d TIVINOZIHOH RODYAL 0 mucm_ mw HLO | W3 | WO QIANINY d0¥O N, SSIM B | Md¥d 4Y) - TYAOYddY ININdOTIAI0 Hod 0INSSI-3 | 1Z€0lE
g A 1 Ha | w3 | W QI0NIUY SOVDY SSIIV 3 L N¥VAHYI - TVAONddY LNIWADTIAID ¥DJ O3NSSI3d [ 12702 | v
1INID3dd 8 NOILVLS SOWIMTV 3 - WNLYO x
v @) 00011 e
NOISNILXI TI¥Y dIHINYA s T E——— e =
(EV) 00823 © (L) 000LL (W) 3TVIS

1 |
.
z
Hl =
| S
2
i 03150734 38 0L 0350d0¥d P
i \ AYYONNOS 1V LNZWNOAIAN3 S
3 |
| 3ONVHD 0L 1d3rens | JONVHI 0L 1D3rdnS |
QY0 55303¥ 40 HLON3T | JONVHD DL 13rans
, , V0¥ SS30V 40 HLONIT 0¥08 5530V 40 HLONIT -
u
o
(4340713A30 AQ)
] — avod ZdsN
M|
FIVMS I0VNIVHO 035040dd =
E , N
HOORY0) SIIANIS 30IM uS = |
= i 281 553V | 2
= L= FIHIA DINYIS TYINILOG~_| ~ ~ W =
- = = ar |~
STVL30 ¥04 € 39VXOVd 3343y vli3a >z — o
ONV NOILYI0T TIVM ONINIV L3¥ 03S0d0d M m | = _ SUILIMS 8 NI % SDD,MM umﬂmw%
<
SR ( 4090 N, SSIY ) . = N
. s ~c W00 S ST= 5! 8 g
~ b I ml=lals [/ A 2
_ & PIAYIS M Wi~ R it - [ 2
— v _ .-
z P\ &) Ty = \ 7 E
““““““““ |
2 e T —
- - —— ——
i | g _l RS ]
, gL Ly — 2
| z e 57 S
0088 VY ¥IN0
v WYY ¥IN0 INIddV)
L34SN




Appendix E

Desktop geotechnical study

Prepared by Douglass Partners 2012.






Douglas Partners Pty Ltd
Douglas Partners b
‘ ’ www.douglaspartners.com.au

. ] . 36 O'Malley Street
Geotechnics | Environment | Groundwater Osborne Park WA 6017

Phone (08) 9204 3511
Fax (08) 9204 3522

Project 76396.00
Lend Lease Communities (Alkimos) Pty Ltd 11 July 2012
Level 2, 10 Ord Street MOW:DR
WEST PERTH WA 6005

Attention:  Mr Peter Dockett

Dear Sirs

Desktop Geotechnical Study
Proposed Central Alkimos Development, Alkimos, WA

1. Introduction

This letter presents the results of a geotechnical desktop study undertaken by Douglas Partners Pty
Ltd (DP) for the proposed Central Alkimos development site, located in Alkimos, Western Australia
(WA). This report was commissioned by Lend Lease Communities (Alkimos) Pty Ltd (Lend Lease) by
way of a Professional Services Agreement dated 6 June 2012.

The purpose of this desktop study is to review available geological information in order to identify the
likelihood of karst formations being present within the site, and provide comments on potential risks for
the development associated with such landforms. As directed by Lend Lease, this report is limited to
desktop analysis of available information only. No site inspections or testing were undertaken as part
of this assessment.

A plan provided by Lend Lease indicates that the subject area comprises approximately 530 ha of
coastal land on Marmion Avenue in Alkimos (refer to Drawing 1, attached), located to the north of the
Perth Metropolitan Area It is understood that the development will include both residential and
commercial land use.

2. Background on Karst

Karst features are erosional landforms occurring within calcareous rock, and in particular include
caves, dolines and swallow holes. They form over long periods of time by the dissolution of the rock’s
carbonate minerals by groundwater movement and percolation. Major cavities are thought to
generally form at or near the water table level (which may have varied over geological time).

Karst features exist within the coastal area of south-western WA, however only a small number are
known to result in a subsidence risk to structures or personnel. Phenomena such as caves and
dolines have been mapped within a belt of karsts, which generally occurs with the geological unit
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described as Limestone (LS;) on Drawing 1. The Central Alkimos development site does not lie within
this belt, and is situated to its west.

It is understood that no fatalities have occurred from cave roof collapses in WA. Fatalities have,
however, occurred as a result of collapsed open overhangs in marine cliffs.

3. Review of Available Geological Information

The Yanchep 1:50,000 Environmental Geology Sheet (Ref1l) indicates that the Central Alkimos
development site (refer to Drawing 1) is underlain by the following soil and rock units:

e Calcareous Sand (S, and S3) — fine to medium grained, sub-rounded quartz and shell debris
forming part of the Safety Bay Sand Unit;

e Sand (S7) - medium to coarse grained, sub-angular quartz sand, derived from Tamala Limestone
Unit;

e Limestone (LS;) — fine to coarse grained, quartz and shell debris, variably lithified and with
common solution cavities and fissures, forming part of the Tamala Limestone Unit;

e Limestone (LS,;) — medium grained, quartz and shell debris, weakly cemented, friable, no karst
features noted, forming part of the Safety Bay Sand Unit.

There are no known karst features identified on the geology map sheet as lying within the boundary of
the site. The nearest known karst feature identified on the sheet is a doline (collapsed cave) located
1.25 km east of the site. The closest cave is marked 1.4 km north-east of the site. A number of caves
and dolines are known to be in the wider area and are marked on the geological sheet within the
geological unit indentified as Limestone (LS,). Extensive cave systems and other large scale karstic
phenomena are known to occur within this unit. The closest mapped occurrence of Limestone (LS,) to
the site is approximately 150 m east of the site.

The Perth Groundwater Atlas (Ref 2) indicates that the level of the regional near surface groundwater
aquifer beneath the site was between RL 0 m and RL 3 m relative to Australian Height Datum (AHD)
in May 2003. These levels correspond to depths below the existing surface level of between 0 m to
50 m across the site.

4, Comments

The results of the desktop geotechnical study indicate that the ground conditions underlying the
development site contain a geological unit which has “common solution cavities and fissures” but is
not known to have large karst features such as caves. Based on this desktop information, it is
considered that there is only a very low susceptibility for development of large karst structures within
the site and that, following detailed investigation, the likelihood of karst landforms impacting the
proposed development is rare. An extract (Appendix C) of the Practice Note Guidelines for Landslide
Risk Management (Ref 3) defining terminology is attached.

Desktop Geotechnical Study Project 76396.00
Proposed Central Alkimos Development, Alkimos, WA July 2012
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Necessarily, these comments are provided based on the analysis of desktop information only, and site
based identification of possible karst features has not been undertaken. It is therefore considered
prudent that consideration to potential karst phenomena are given during the subsequent site based
elements of ongoing geotechnical testing for the development at the site, including:

e  Walk-over inspections by experienced professionals;

e Test pit and cone penetration tests as part of geotechnical investigations; and

e Observations during the bulk earthworks phase of the construction of the development.

In the event that features indicating the presence of karst landforms are identified at the site, specific

testing will be warranted to assess the likelihood and consequence of failure, and impact (risk) on the
development.

5. References

1. Geological Survey of Western Australia (1986), Geology of Yanchep 1:50,000 Environmental

Geology Sheet.
2. Department of Environment, Perth Groundwater Atlas, Second Edition, December 2004.
3. Australian Geomechanics Society. “Practice Note Guidelines for Landslide Risk Management”,

Australian Geomechanics, Vol. 42 No. 1 (2007c).

6. Limitations

DP has prepared this desktop geotechnical study for the proposed Central Alkimos development, WA
in accordance with DP's fee proposal dated 3 May 2012 and commissioned by Lend Lease
Communities (Alkimos) Pty Ltd by way of a Professional Services Agreement dated 6 June 2012.
This report is provided for the exclusive use of Lend Lease Communities (Alkimos) Pty Ltd for this
project only and for the purposes described in the report. It should not be used for other projects or by
a third party. In preparing this report DP has necessarily relied upon information provided by the client
and/or their agents.

This report must be read in conjunction with all of the attached notes and should be kept in its entirety
without separation of individual pages or sections. DP cannot be held responsible for interpretations
or conclusions made by others unless they are supported by an expressed statement, interpretation,
outcome or conclusion given in this report.

Desktop Geotechnical Study Project 76396.00
Proposed Central Alkimos Development, Alkimos, WA July 2012
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This report, or sections from this report, should not be used as part of a specification for a project,
withoul review and agreement by DP. This is because this report has been written as advice and
opinion rather than instructions for construction.

Yours faithfully

Douglas Partners Pty Ltd Reviewed by
M\ i

Dan Reaveley Grahame Wilson
Senior Associate Senior Consultant
Attachments:

About this Report

Drawing 1 - Site Boundary and Geology
Appendix C of the Practice Note Guidelines for Landslide Risk Management

Deskiop Geotechnical Study Project 76396.00
Proposed Central Alkimos Development, Alkimos, WA July 2012



About this Report

Introduction

These notes have been provided to amplify DP's
report in regard to classification methods, field
procedures and the comments section. Not all are
necessarily relevant to all reports.

DP's reports are based on information gained from
limited subsurface excavations and sampling,
supplemented by knowledge of local geology and
experience.  For this reason, they must be
regarded as interpretive rather than factual
documents, limited to some extent by the scope of
information on which they rely.

Copyright

This report is the property of Douglas Partners Pty
Ltd. The report may only be used for the purpose
for which it was commissioned and in accordance
with the Conditions of Engagement for the
commission supplied at the time of proposal.
Unauthorised use of this report in any form
whatsoever is prohibited.

Borehole and Test Pit Logs

The borehole and test pit logs presented in this
report are an engineering and/or geological
interpretation of the subsurface conditions, and
their reliability will depend to some extent on
frequency of sampling and the method of drilling or
excavation. Ideally, continuous undisturbed
sampling or core drilling will provide the most
reliable assessment, but this is not always
practicable or possible to justify on economic
grounds. In any case the boreholes and test pits
represent only a very small sample of the total
subsurface profile.

Interpretation of the information and its application
to design and construction should therefore take
into account the spacing of boreholes or pits, the
frequency of sampling, and the possibility of other
than ‘'straight line' variations between the test
locations.

Groundwater

Where groundwater levels are measured in

boreholes there are several potential problems,

namely:

e In low permeability soils groundwater may
enter the hole very slowly or perhaps not at all
during the time the hole is left open;

e A localised, perched water table may lead to
an erroneous indication of the true water
table;

e Water table levels will vary from time to time
with seasons or recent weather changes.
They may not be the same at the time of
construction as are indicated in the report;
and

e The use of water or mud as a drilling fluid will
mask any groundwater inflow. Water has to
be blown out of the hole and drilling mud must
first be washed out of the hole if water
measurements are to be made.

More reliable measurements can be made by
installing standpipes which are read at intervals
over several days, or perhaps weeks for low
permeability soils. Piezometers, sealed in a
particular stratum, may be advisable in low
permeability soils or where there may be
interference from a perched water table.

Reports

The report has been prepared by qualified
personnel, is based on the information obtained
from field and laboratory testing, and has been
undertaken to current engineering standards of
interpretation and analysis. Where the report has
been prepared for a specific design proposal, the
information and interpretation may not be relevant
if the design proposal is changed. If this happens,
DP will be pleased to review the report and the
sufficiency of the investigation work.

Every care is taken with the report as it relates to
interpretation of subsurface conditions, discussion
of geotechnical and environmental aspects, and
recommendations or suggestions for design and
construction. However, DP cannot always
anticipate or assume responsibility for:

e Unexpected variations in ground conditions.
The potential for this will depend partly on
borehole or pit spacing and sampling
frequency;

e Changes in policy or interpretations of policy
by statutory authorities; or

e The actions of contractors responding to
commercial pressures.

If these occur, DP will be pleased to assist with

investigations or advice to resolve the matter.

July 2010



About this Report

Site Anomalies

In the event that conditions encountered on site
during construction appear to vary from those
which were expected from the information
contained in the report, DP requests that it be
immediately notified. Most problems are much
more readily resolved when conditions are
exposed rather than at some later stage, well after
the event.

Information for Contractual Purposes
Where information obtained from this report is
provided for tendering purposes, it is
recommended that all information, including the
written report and discussion, be made available.
In circumstances where the discussion or
comments section is not relevant to the contractual
situation, it may be appropriate to prepare a
specially edited document. DP would be pleased
to assist in this regard and/or to make additional
report copies available for contract purposes at a
nominal charge.

Site Inspection

The company will always be pleased to provide
engineering inspection services for geotechnical
and environmental aspects of work to which this
report is related. This could range from a site visit
to confirm that conditions exposed are as
expected, to full time engineering presence on
site.

July 2010
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Appendix F

Groundwater monitoring

Prepared by GHD 2010.






Groundwater Monitoring Wells

The details for the groundwater monitoring network being monitored for the pre-development monitoring
are provided as Table 9. These bores are also presented in Figure 6.

Table 9 Monitoring well summary

Bore ID Installed By Total Depth (m) Depth to Groundwater (m
below ground level) *

LSPA1 GHD 52 27.63

LSPA2 GHD 50 22.11

LSPA3 GHD 33 13.604

ALREG1 GHD 60 40.281

ALREG2 GHD 53 30.08

ALREG3 GHD 60 34.807

ALCEN2 GHD 43 14.302

ALCEN3 GHD 63 38.898

ALCEN4 GHD 56 28.363

EGNOR1 GHD 46 19.249

EGNOR2 GHD 56 28.99

EGNORS5 GHD 63 31.518

WIN5742 DoW 20 11.324

WIN4921 DoW 58.5

WIN5740 DoW Could not get access due to bees nest

WIN5755 DoW 76.5 40.96

WIN4925 DoW 63 28.883

WIN5744 DoW 63 27.724

WIN5746 DoW 74.5 34.507

ENV ENV 47.7 425

MBO1 PB 22 16.531

MBO7 PB 26 20.424

MB10 PB 32 26.542

* This document is in a draft and not a final issued form. The contents of this draft document including any opinions, conclusions or recommendations
contained in or which may be implied from this draft document must not in any way whatsoever be relied upon. GHD reserves the right, at any time
with or without notice, to amend, modify or retract any part or all of the draft document including any opinions, conclusions, or recommendations
contained therein. Unauthorised use of this draft document in any form whatsoever is strictly prohibited. To the maximum extent permitted by law,
GHD disclaims any responsibility for liability howsoever arising from or in connection with this draft document.

61/24877/100548 Alkimos Eglinton
District Water Management Strategy



Bore ID Installed By Total Depth (m) Depth to Groundwater (m
below ground level) *

MB12 PB 38 33.707

MB13 PB 22 16.567

MB15 PB 31 24.989

* - Depth recorded between 21 July 2010 and 26 July 2010.

DoW — Department of Water; PB — Parsons Brinkerhoff;

* This document is in a draft and not a final issued form. The contents of this draft document including any opinions, conclusions or recommendations
contained in or which may be implied from this draft document must not in any way whatsoever be relied upon. GHD reserves the right, at any time
with or without notice, to amend, modify or retract any part or all of the draft document including any opinions, conclusions, or recommendations
contained therein. Unauthorised use of this draft document in any form whatsoever is strictly prohibited. To the maximum extent permitted by law,
GHD disclaims any responsibility for liability howsoever arising from or in connection with this draft document.

61/24877/100548 Alkimos Eglinton
District Water Management Strategy
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Did you know?

Pot plants use a lot more water
than plants in the ground.They're
more exposed to the sun and
wind, only store a small amount
of water and dry out faster, so you
water them more.

Reduce your lawn cover. Most of the water used in our homes goes on the lawn.
Plant local natives.They require less water and fertiliser.

Mulch. Organic mulches reduce evaporation and restrict weed growth.

Collect rainwater. This will save scheme water.

Water deeply. Watering slower, for longer, less often encourages deep root growth.
Use greywater. Re-use your laundry and bathroom water on your garden.

Install a drip irrigation system.This will deliver water straight to the root system.
Landscape. Group plants to suit watering needs. Keep high water use plants together.
Use a pool cover.lt will reduce evaporation by up to 97%, saving water and money.
Maintain.Check taps and reticulation regularly for leaks and blockages.

Looking after all our water needs
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About half the water typically used
in our homes is used to water the garden,
generally lawns. Many of us water a large lawn and
only use part of that lawn. Some of us overwater even
those parts of the lawn we do use regularly. Think
about the areas of lawn you use regularly and whether
you can reduce the amount of watering. Similarly,
often the plant species in our gardens are exotic and
not suitable to our climate, needing more water
to survive.These can be regrouped
together and more waterwise
plants put in their place.
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Did you know?

Fertilisers are a major contributor
to surface and groundwater
contamination.They run off into
the stormwater system through
roadside drains, collect in sumps and
leach into the groundwater system.
They also wash into the rivers and
sea, creeks and swamps where they
can do major damage to reefs and
aquatic life.

Minimise lawn areas and use plants that don’t use fertiliser ~ Grow local native plants - they require
less water and fertiliser Where possible, use organic fertilisers  If you must use a chemical fertiliser,
look for one that is phosphorus free. Use a nitrogen to phosphorus to potassium (N:P:K) ratio of
10:0:6. Use a slow release fertiliser  Only apply in spring or early autumn, not in winter or summer

Fertilise only when symptoms of deficiency occur (e.g.yellowing)  Use liquid fertiliser if you have a
subsurface irrigation system Compost your garden waste Don't fertilise near waterways or road
verges Don't let grass clippings or leaves go down the drain  Wash your car
on the lawn (if you have any) not on the driveway Pick up after your dog

Use phosphorus-free detergents (always read the labels)
Looking after all our water needs
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Appendix H

Modelling assumptions report

Prepared by Emerge Associates 2021.
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Abbreviation Tables

Table Al: Abbreviations — Organisations

Organisations

AR& R Australian Rainfall and Runoff

BOM Bureau of Meteorology

Table A2: Abbreviations — General terms

General terms

AEP Annual exceedance probability
AHD Australian height datum

ARI Average recurrence interval

CL Continuing loss

GIS Geographical information systems
IFD Intensity, frequency and duration
IL Initial loss

Table A3: Abbreviations — units of measurement

Units of measurement

ha Hectare

km Kilometre

m Metre

m AHD Metres in relation to the Australian height datum
m/day Metres per day

m? Square metre

m3 Cubic metre

m3/s Cubic metre per second
mm Millimetre

mm/hr Millimetres per hour

% Percentage
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Table A4: Terminology - design rainfall

Equivalent average recurrence interval (ARI) terminology

Doc No.: EP19-077(04)--004 JB| Version: A

emergd

Average exceedance probability (AEP)
terminology utilised

1in 1year ARl event

63.2% AEP event

1in 1.5 year ARl event

50% AEP event

1in 5 year ARl event

20% AEP event

1in 10 year ARI event

10% AEP event

1in 20 ARl event

5% AEP event

1in 50 ARl event

2% AEP event

1in 100 ARI event

1% AEP event

1in 200 ARI event

1in 200 AEP event

1in 500 ARI event

1in 500 AEP event
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1  Methodology

XPSWMM hydrological and hydraulic modelling software was used to calculate the surface water
runoff volumes within the Alkimos Central structure plan area.

The hydrological component of the software uses the Laurenson non-linear runoff-routing method to
simulate runoff from design storm events. Key assumptions regarding the hydrological model
include:

e Runoffis proportional to slope, area, infiltration and percentage imperviousness of a catchment.

e  Sub-catchment areas and slopes are determined from surveyed topographical data and
earthworks plans.

e Infiltration rates and percentage imperviousness have been selected based on experience with
model preparation for similar soil conditions.

Runoff from each sub-catchment is routed through the catchment using the hydraulic component of
XPSWMM. Generally, assumptions associated with the hydraulic component of the model include:

e  Virtual links (i.e. purely for model construction, not equivalent to flow path onsite) between
nodes within a sub-catchment are given the length of 10 m and slope of 0.05 to minimise the lag
time of conveying the water from a sub-catchment node to a ‘storage’ node, a ‘dummy
intermediate’ node or a conduit/link.

e Links between sub-catchment storages act as conveyance channels (e.g. sheet flow within roads
in a 1% average exceedance probability (AEP) event). These links are given lengths and slopes
that are representative of the site conditions and actual pathway lengths between catchments.

e All channels are designed with a width of 5 m, roughness of 0.014 (Manning’s n) and are
trapezoidal in shape. This allows for easy conveyance and represents concrete pipes and road
surfaces within the model.

e  Where relevant soakwells, verge swales, bio-retention areas (BRAs), and flood storage areas
(FSAs) are modelled as nodal-reservoirs with infiltration depth-rating curves to account for
differential infiltration rates with changing depth

11 Rainfall

The ensemble temporal patterns obtained from the Australian Rainfall and Runoff (AR&R) Data Hub
(AR&R 2019) were used for the analysis.

Up to eight durations ranging between 1 hour and 72 hours were tested, with the peak flood
elevation being assessed as the determining result.

Following the process suggested by AR&R (Ball J et al. 2019), the highest mean duration was selected
as the critical duration for every catchment. AR&R also recommends that when it is not practical to
run the entire ensemble array, the ensemble that produces the result closest to the mean (for the
critical duration) should be adopted. The results of the analysis are summarised in Table 1.

Project number: EP17-077(04)|July 2021
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Table 1 Critical Duration ensembles

Doc No.: EP19-077(04)--004 JB| Version: A

emergd

Catchment 20% AEP 10% AEP ‘ 1% AEP

Ct-01 3 hours ensemble 1 3 hours ensemble 8 2 hours ensemble 8
Ct-02 2 hours ensemble 4 3 hours ensemble 10 1.5 hours ensemble 3
Ct-03 1.5 hours ensemble 4 2 hours ensemble 7 2 hours ensemble 3
Ct-04 3 hours ensemble 9 3 hours ensemble 7 4.5 hours ensemble 7
Ct-05 3 hours ensemble 5 3 hours ensemble 7 2 hours ensemble 1
Ct-06a 3 hours ensemble 5 3 hours ensemble 4 2 hours ensemble 3
Ct-06b 3 hours ensemble 7 3 hours ensemble 4 3 hours ensemble 2
Ct-07 3 hours ensemble 6 3 hours ensemble 4 2 hours ensemble 7
Ct-08 6 hours ensemble 7 6 hours ensemble 7 6 hours ensemble 10
Ct-09 3 hours ensemble 1 3 hours ensemble 4 6 hours ensemble 10
Ct-09b 1 hour ensemble 9 1 hour ensemble 10 2 hours ensemble 7
Ct-10 3 hours ensemble 5 3 hours ensemble 4 6 hours ensemble 6
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2  Post-development Model

The post-development model uses an "initial loss - continual loss" infiltration model. The post-
development catchment area and land types were informed by the Alkimos Central Structure Plan
and Earthworks Plan (provided in Appendix A and C of the LWMS). Table 2 gives the loss parameters
used within the post-development model, with the catchment parameters detailed in Table 3.

Table 2 Alkimos Central post-development parameters

Land type Initial loss (mm) Continual loss (mm) Roughness
Road Surface 1 0.1 0.02
Road Verge 9 1.5 0.05
Lot roof and paved areas 15 1 0.02
Lot pervious areas 20 2.5 0.05
POS 20 2.5 0.05

Table 3 Post-development catchment areas (ha)

Catchment Road Surface Road Verge Lot Impervious Lot pervious
Ctl 5.160 1.290 1.301 1.301 1.354
Cct2 5.528 1.382 0.739 0.739 2.601
ct3 10.368 2.592 1.177 1.177 0.260
Ct4 1.728 0.432 0.222 0.222 0.365
Ct5 1.360 0.340 2.003 2.003 1.439
CtSb 0.672 0.168 0.000 0.000 0.000
Ct6a 4.688 1.172 0.000 0.000 0.000
Ctéb 1.608 0.402 0.000 0.000 0.000
Ct7 0.416 0.104 0.000 0.000 0.225
Ct8 5.232 1.308 0.048 0.048 1.375
Ct9 3.120 0.780 0.049 0.049 0.304
Ct-09b 0.704 0.176 0.000 0.000 0.000
Ct10 10.808 2.702 2.309 2.309 1.052

The catchment layout and basin locations are shown in Figure 7 of the LWMS (Emerge Associates
2021).

The following assumptions were incorporated into the model:

e Lots
o Residential lots > 300 m? will retain the 1% AEP event runoff on lot in soakwells and
infiltration in pervious garden areas.
o Residential lots < 300 m? are fully impervious and will retain the first 15 mm of runoff within
soakwells on lot. Additional runoff will be directed to storage in downstream POS.
o Residential lots will have little slope (i.e. will be flat) and pockets of storage are likely. This
will effectively increase the initial loss (storage) and overall infiltration rate (continual loss).
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o Garden areas in lots will have high infiltration rates as it is likely that sand-based landscape
mix or mulch will be used.

o Commercial, industrial and school lots are assumed to fully retain the 1% AEP event runoff
on lot.

e  Alkimos railway station

o The railway station is divided into 5 catchments, the western busway, eastern busway, kiss n
drive, carpark 1 and carpark 2.

o 10% of the western busway, 5% of the eastern busway, 10% of the kiss n drive, 25% of
carpark 1 and 20% of carpark 2 are considered pervious.

o The western and eastern busways, kiss n drive and carpark 2 retains the minor event (10%
AEP). Runoff greater than the minor event overflow onto the existing roads.

o Carpark 1 retains runoff up to the major event (1% AEP)

o All rail reserve areas will maintain the existing hydrological regime by fully retaining runoff
up to the 1% AEP event within the reserve. No additional runoff has been allowed for in
development assets.

e Road reserve

o There will be no infiltration on roads, pavements and driveways. There will however be
some minor absorption storage loss which is accounted for in the initial and continuing loss
values.

o Road reserve contains 20% pervious verge and 80% impervious bitumen areas for all
catchments except Ct-03 (Marmion Avenue). This equates to a runoff co-efficient of 0.8
from road reserves for the design of downstream infrastructure (i.e. bio-retention areas
(BRA) and flood storage areas (FSAs)).

o The road reserve for Marmion Avenue was assumed to be 10% pervious verge and 90%
impervious bitumen.

e POS

o POSis assumed to be 100% pervious.

o POS will likely contain dense vegetation or turf over a sand-based landscape mix.
e Storage

o BRAs have 1:6 side slopes.

o FSAs have 1:6 side slopes.

o BRAs retain small event runoff (first 15 mm) from road reserves and lots (where applicable).

o  FSA retain runoff from events greater than the first 15 mm of rainfall, up to the 1% AEP
event.

o The existing basin/sump located at the corner of Brindebella Parkway and Marmion Avenue
is based on the original design as confirmed by Cossil and Webley.

o The south-eastern sump is modelled as per design contours as per the civil designs.

e Swale
o Ct9 and Ct9b has been modelled as a collocated linear swale.
o The swale has 1:6 side slopes and a depth of 500 m.

e Infiltration

o A hydraulic conductivity of 6 m/day, with a clogging factor of 50%, is assumed for the
infiltration in BRAs.

o A hydraulic conductivity of 6 m/day, with a clogging factor of 50%, is assumed for the
infiltration in the swale.
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o A hydraulic conductivity of 6 m/day is assumed for the infiltration in FSAs.

o Infiltration through base area and side slopes of the BRAs and the FSA is considered in the
overall infiltration rating curve for these areas.

e Evapotranspiration

o Volumes leaving the system through evapotranspiration were assumed to be negligible
when compared to the total runoff volume and since the duration of the model run was
comparatively short.

o XPSWMM default evapotranspiration assumptions are therefore used.
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