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· Western Australian Environmental Offsets Guidelines (Government of Western
Australia 2014a).

· Western Australian Environmental Offsets Template (Government of Western
Australia 2014b).

· Environmental factor guideline: inland waters (EPA 2018a).

· Guideline for the determination of wetland buffer requirements (draft) (WAPC 2005).

· A methodology for the evaluation of wetlands of the Swan Coastal Plain (draft)
(DBCA 2017).

 Receiving environment
The EPA’s objective for inland waters encompasses the three interrelated disciplines of
groundwater, surface water and wetlands. Groundwater from the Gnangara groundwater
mound underpins the water cycle within the Proposal’s Development Envelope. Rainfall
infiltrates to the water table across the mound, which is situated to the northwest of the
Proposal, flows to the Development Envelope generally in a south easterly direction. Some
groundwater discharges to Bennett Brook as surface water. Flows along the brook occur either
via surface water flows from rainfall events or when the water table rises during the winter
months and recedes to isolated groundwater fed pools in the summer months with other areas
becoming completely dry. In effect, some wetlands and parts of Bennett Brook become
groundwater windows when the water table rises above the ground surface. In other cases,
surface water pools above the water table in low-lying depressions on fine-grained sediments
and the water slowly evaporates and/or seeps to the water table after winter.

The receiving environment for inland waters is described to align with the water cycle
illustrated in Figure 28: groundwater recharge, throughflow and discharge to the surface,
surface water runoff and wetlands as receiving environments to groundwater and surface
water. . The receiving environment is a complex and dynamic balance between water entering
and leaving the hydrologic regimes across the Gnangara groundwater mound and
Development Envelope. The balance is controlled by local and regional scaled influences such
as climate, land uses and drinking water abstraction.

The values assigned to the inland waters factor are varied.  For this Proposal, these are
considered in terms of the beneficial uses and the environmental values of wetlands and
watercourses, which are dependent on the availability and quality of groundwater and surface
water.
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Figure 28: Inland waters water cycle

Surveys and studies
The PTA has undertaken a range of studies and investigations to develop a detailed
understanding of the inland waters within the Development Envelope and areas surrounding
it. Surveys and studies undertaken by the PTA or other proponents within close proximity to
this Proposal that have informed baseline conditions, potential impacts and management
measures for inland water features are summarised in Table 52. Further inland waters
investigations will be undertaken once the detailed design has been finalised and the final
design disturbance depths and locations are known.

In addition to a groundwater and surface water monitoring program, a detailed assessment of
seven wetlands (including Bennett Brook) within and near the Development Envelope and an
aquatic fauna survey of Bennett Brook will be undertaken in November-December 2020.

Table 52: Summary of environmental investigations relevant to inland waters

Investigation Details of investigation

Wetland impact assessment

Morley Ellenbrook Line
(MEL) – Geomorphic
Wetlands Impact
Assessment15.Appendix
O

Scope: Provide a concise technical report summarising the ecological values
of wetlands that may potentially be impacted by METRONET Malaga to
Ellenbrook rail project and conduct an impact assessment informed by the
mitigation measures put in place by PTA.

Consultant: AECOM Australia Pty Ltd

Survey date/s: NA

Report date: 2020

Commissioned by: PTA
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Investigation Details of investigation

METRONET - Morley to
Ellenbrook Line (MEL) -
Strategic Level
Hydrogeological Assessment

15.Appendix P

Scope: Assessment of potential environmental impact risks from temporary
groundwater abstraction (water supply and dewatering) during construction.
The report provides a preliminary desktop assessment based on currently
available information to allow regulators to gain a timely understanding of the
hydrogeological conditions and potential issues along the proposed alignment
so appropriate management and contingency measures can be implemented
if required.

Consultant: Golder

Survey date/s: Not Applicable

Report date: 29 May 2020

Commissioned by: PTA

Wetland Desktop
Assessment: Malaga –
Ellenbrook Rail Line

Appendix I

Scope: Following from the WRM assessment of wetlands potentially
impacted by the Proposal, eight wetlands were identified for further analysis.
The assessment examines the wetlands environmental values and potential
impacts from the Proposal.

Consultant: Biologic Environmental

Survey Dates: Primarily desktop analysis of existing studies.
Reconnaissance field visit 30 April 2020

Report Date: May 2020

Commissioned by: PTA

Bennett Brook Carter’s
freshwater mussel targeted
survey memorandum

Appendix K

Scope: Survey targeting Carter’s freshwater mussel (Westralunio carteri) at
eight sites, up and down stream of the proposed rail bridge crossing at
Bennett Brook.

Consultant: Wetland Research & Management (WRM)

Survey Dates: 30 April & 1 May 2020

Report Date: May 2020

Commissioned by: ELA on behalf of PTA

Bennett Brook Frog Survey
for the METRONET
Bayswater to Ellenbrook
project - Preliminary report
Autumn 2020

Scope: To provide information on the species richness, distribution and
abundance of frogs across a number of sites, including locations along
Bennett Brook upstream and downstream of the proposed rail crossing, and
at nearby wetlands.

Consultant: Bamford Consulting Ecologists

Survey Dates: 21 – 23 April 2020

Report Date: May 2020

Commissioned by: ELA on behalf of PTA
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Investigation Details of investigation

METRONET - Morley to
Ellenbrook Line Baseline
Hydrology 2018 - 2019
Annual Report

Appendix Q

Scope: Provide a baseline assessment of hydrological regimes (groundwater
and surface water) and develop a dataset to support future planning,
environmental approvals and engineering design for the rail alignment.
Review and analyse hydrological monitoring data. Provision of
recommendations for additional ground and surface water monitoring
locations

Consultant: Coffey

Survey date/s: November 2018 – August 2019

Report date: 18 March 2020

Commissioned by: PTA

Wetland and Migratory Bird
Survey in the Whiteman Park
area

Scope: Surveys during spring 2019 of waterbirds in wetlands in or near the
Development Envelope.

Consultant: Terrestrial Ecosystems

Survey date/s: 15, 25, 26 November 2018, 28 September, 5, 6, 12, 15
October 2019

Report date: 6 March 2020

Commissioned by: RPS on behalf of PTA

Quarterly Groundwater
Monitoring Event Report –
September to November
2019. Letter report.

Scope: Quarterly monitoring including level gauging at: 62 groundwater
locations, 12 surface water locations; flow gauging at five surface water
locations; and quality sampling at 26 groundwater locations and seven
surface water locations. The results of the monitoring were added to previous
monitoring dating back to November 2018 and presented in tabular, graphical
and photographic formats.

Consultant: Coffey

Survey date/s: September and November 2019

Report date: 5 March 2020

Commissioned by: PTA

METRONET Morley
Ellenbrook Line (MEL) -
Project Definition Plan (PDP)
Flooding and Hydrology
Report

Appendix N

Scope: The purpose of the PDP design was to identify the site constraints,
design solutions and clear direction for the MEL project with measurable
inputs for the Quantity Surveyor’s cost estimation. This report identifies the
potential flooding and drainage design requirements for the Proposal,
assesses infrastructure flooding risk and identifies design solutions to avoid
flooding

Consultant: ARUP

Survey date/s: Not applicable

Report date: 28 February 2020

Commissioned by: PTA
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Investigation Details of investigation

Groundwater Monitoring Well
and Surface Water Staff
Gauge Installation Report -
Morley-Ellenbrook Line.
Letter report

Scope: Install additional groundwater monitoring bores and surface water
monitoring equipment, as recommended by Coffey (September 2019), to
ensure sufficient data is available for input into future flood modelling to inform
rail alignment levels and drainage requirements and to adequately assess the
effects of the Proposal on wetlands and groundwater dependant ecosystems.
Provide a summary of the monitoring well construction records and bore logs
for the newly installed monitoring wells, together with data for the additional
surface water installations.

Consultant: Coffey

Survey date/s: October 2019

Report date: 3 December 2019

Commissioned by: PTA

Baseline Wetland Vegetation
Monitoring

Scope: Collection of baseline data at representative sites within areas of
wetland vegetation considered to be potentially at risk of vegetation
degradation, and /or hydrological changes as a result of the proposed
Proposal. Provision of a baseline measure of vegetation composition,
structure, and health prior to development that can then be used in ongoing
monitoring.

Consultant: RPS

Survey date/s: 17 April, 18 April & 7 May 2019

Report date: 11 September 2019

Commissioned by: PTA

METRONET Morley-
Ellenbrook Line Hydrology
Fieldwork – Q1 2019

Scope: To undertake monthly water level monitoring across the 42
groundwater bore and seven staff gauge network. It also included quarterly
water quality monitoring from 16 groundwater bores and one surface water
site.

Consultant: RPS

Survey date/s: 23 January to 28 November 2019

Report date: 6 June 2019

Commissioned by: PTA

METRONET water
considerations

Scope: Outline of the important water consideration of the Proposal including:

The use of water sensitive urban design;

Water availability and supply options;

Potential land development to provide partial funding; and

Drinking water source protection within Gnangara Public Drinking Water
Source Area (PDWSA).

Consultant: DWER and the Water Corporation

Survey date/s: Not Applicable

Report date: July 2017

Commissioned by: DWER & Water Corporation
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Investigation Details of investigation

Position Paper: NorthLink
WA – Road Embankment
Assessment (Groundwater)

Scope: To assess impacts to groundwater due to in-situ compaction of
foundations for roadways at locations where groundwater is present at
shallow depths. The assessment included numerical modelling to predict
changes to groundwater levels and identified potential management options.

Consultant: Golder

Survey date/s: Not Applicable

Report date: 13 July 2015

Commissioned by: MRWA

Position Paper: NorthLink
WA – Hydrogeological PER
Considerations –
Groundwater Level Impact
from

Construction Dewatering and
Groundwater Abstraction

Scope: Response to comments from the EPASU including a hydrogeological
assessment of impacts to groundwater dependent ecosystems from
temporary dewatering and abstraction of groundwater. The assessment
considered drawdown-related impacts on environmental receptors
associated with likely dewatering requirements and from abstraction for water
for construction use.

Consultant: Golder

Survey date/s: Not Applicable

Report date: 30 June 2015

Commissioned by: MRWA

NorthLink WA Perth–Darwin
National Highway Wetland
Assessment

Scope: Level 2 flora and vegetation survey. Classification and mapping of
wetland flora and vegetation. Mapping of wetland boundaries, riparian
communities and groundwater dependant ecosystems. Review and assess
the values of the wetlands within the project area and the potential impacts
associated with the NorthLink proposal.

Consultant: Coffey

Survey date/s: 15-19 & 22-26 September 2014

Report date: 29 May 2015

Commissioned by: MRWA

Swan Valley Bypass
NorthLink WA General
Stratigraphy, Wetland
Hydrology and Wetland
Vegetation

Scope: Preliminary wetland assessment and establishment of baseline
monitoring sites for the assessment of potential impacts of the Swan Valley
Bypass portion of the Perth Darwin National Highway.

Consultant: 360 Environmental

Survey date/s: October 2013

Report date: July 2014

Commissioned by: MRWA

Geomorphic Wetlands of the
Swan Coastal Plain

Scope: Mapping of wetlands on the Swan Coastal Plain with associated
management category (see Hill et al. 1996).

Custodian: DBCA

Survey date/s: ongoing mapping since 1980s

Report date: N/A

Commissioned by: N/A
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Key Inland waters characteristics
Perth experiences a Mediterranean climate pattern, meaning that rainfall totals are typically
highest during the winter months (June to August), whilst the summer months (December to
February) are generally hot and dry. As a result of the time taken for rainfall to recharge
aquifers, groundwater levels are typically at their highest in spring soon after the peak rainfall
period (around September to October) and at their lowest after summer in May, immediately
before significant winter rainfall is received. The seasons for inland waters are discussed
further in this ERD in terms of wet and dry seasons as opposed to winter and summer.

Groundwater
The Proposal lies above the southern flank of the Gnangara Groundwater System, a 2,200
km2 water resource that underlies the Perth metropolitan area between the coast to the west,
the hills to the east, the Swan River at its southern extent and Gingin Brook to the north (DWER
2020b). The system contains a shallow, unconfined superficial aquifer (commonly referred to
as the Gnangara Mound), overlying the deep mostly confined Leederville aquifer overlying the
deepest confined Yarragadee aquifer.

The Gnangara groundwater mound provides a significant resource of drinking water for the
Perth metropolitan region and as such is proclaimed as a Public Drinking Water Source Area
PDWSA and an underground water pollution control area (UWPCA (WAPC 2003). Protection
areas are allocated to aid in controlling risks to the groundwater source.

The Proposal is located within the Mirrabooka groundwater management area and spans eight
groundwater management sub-areas (Figure 29). These groundwater management areas are
integral to managing ecological water requirements.

In addition, the Development Envelope intercepts Priority 1, 2 and 3 PDWSA areas
(Figure 30). The Water Quality Protection Note 25 Land use compatibility tables for PDWSAs
(DoW 2016) states:

· A railway is considered ‘compatible with conditions’ within a P1 and P2 area, and
acceptable within a P3 area. The PTA is only proposing for rail activities to be
conducted within P3 areas.

· Railway stations are considered incompatible within a P1 or P2 area, but ‘compatible
with conditions’ in a P3 area. The Malaga, Whiteman Park and Bennett Springs
stations are all located outside PDWSAs. The Ellenbrook station is within a P3 area.
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Due to the significance of the Gnangara groundwater mound as a water resource to the Perth
metropolitan region, the DWER has been monitoring groundwater levels near the
Development Envelope since the mid-1970s. The PTA has installed 16 groundwater
monitoring wells within and near the Development Envelope over the past 18 months (ARUP
2019, RPS 2019, Coffey 2019). In addition, the PTA has undertaken monitoring in 41
monitoring bores installed by the DWER (2020a) and MRWA for other developments including
the NorthLink WA project (MRWA 2015, 2017) and nearby land developments (JDA 2015).
From these programs, the PTA has an extensive monitoring borefield for the Proposal as
shown on Figure 31.

A detailed account of the Proposal’s hydrogeology is provided in Appendix P (Golder 2020a).
The report includes references to a range of published technical groundwater reports relevant
to the Proposal.

Based on these investigations, is it considered that the Proposal will only interact with the
superficial Gnangara groundwater mound aquifer.
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Surface water
The Development Envelope is within the Swan-Avon – Lower Swan regional catchment. At a
local scale, the Proposal intersects three sub-catchments that drain into Bennett Brook, and
another regional catchment that drains east to the Swan River (Figure 32). The most
prominent catchment is the northern sub-catchment, which drains the upper reaches of
Bennett Brook almost entirely within Whiteman Park. The western sub-catchment covers
Marshall Paddocks and urban areas to the south of Marshall Road and west of Tonkin
Highway. The western sub-catchment features generally flat ground with undefined flow paths,
other than some artificial drains extending to Bennett Brook. The eastern and Brabham
sub-catchments are predominantly urbanised and carry stormwater from these suburbs to
Bennett Brook. North of Whiteman Park Station, the Proposal crosses into a regional
catchment that drains east, towards Henley Brook and the Swan River.

Over the past three years, the PTA has installed 17 monitoring stations to record surface water
flows and quality across the Bennett Brook catchment area (Coffey 2019). Data from these
monitoring stations has been combined with that collected at points across the catchment over
the period 2002 to 2011 to characterise the quality of surface water and changes over the
period 2002 to 2011 (SERCUL 2013). Locations of these sites are shown on Figure 33.

Wetlands
Wetland attributes, functions and values help determine the importance of a wetland, and take
into consideration the biological, physical and cultural characteristics of the wetland and
surrounding landscape (DBCA 2017). Attributes are characteristics of a wetland such as
diversity of flora and fauna, types of habitat, size and extent of open water and water quality.
Whilst intrinsically linked to wetland values and ecological function, flora, vegetation and fauna
are not discussed in this chapter in detail to avoid duplication with previous chapters. Rather,
this chapter focuses on wetland functions and values and how these may be impacted by the
Proposal.

Wetland values refer to ecological function, including the wetland’s ability to provide flood
mitigation, support biological productivity or provide habitat for rare or threatened species or
communities, or beneficial uses, including recreational values, cultural associations and
economic values.

A wetlands importance depends on three broad evaluation criteria (DBCA 2017). They are:

· Representativeness: the way that the attributes, functions or values of a particular
wetland are linked to other wetlands within a particular group.

· Scarcity: how rare or uncommon a wetland or a particular characteristic of a wetland
is in a defined area.

· Naturalness: the degree of disturbance of a wetland to the extent that the attributes,
functions and values are altered or modified.

The ecosystem values of the wetlands in and around the Development Envelope vary
according to physical characteristics (especially depth) and their water sources. Four broad
types of wetland occur: palusplains (flat, seasonally waterlogged wetlands), damplands (basin
shaped, seasonally waterlogged wetlands), sumplands (basin shaped wetlands containing
surface water seasonally) and creeks that contain water seasonally (Semeniuk 1987).
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The spatial extent of the wetlands is determined by the inputs of surface and/or groundwater
and resultant occurrence of wetland vegetation and/ or hydric soils (Tiner 1999). In the context
of land development, the area of each wetland that needs to be protected to maintain its
values, functions and processes is termed the wetland function area. This area includes any
part of the wetland with surface water at some time of the year, the area of wetland vegetation
(or hydric soils) and any directly associated dependent terrestrial habitat (WAPC 2005).
Depending on the values to be protected and the type of surrounding land use, it is usually
also necessary to have a buffer to maintain the integrity of the wetland function area.

A framework for protection of wetlands and their values on the Swan Coastal Plain is provided
by the Geomorphic Wetlands of the Swan Coastal Plain dataset, which is managed by the
DBCA (DBCA 2020). This dataset is derived from the mapping and evaluation of wetlands on
the Swan Coastal Plain that began in the 1980s (Hill et al. 1996) and is recognised as an
important resource by the EPA (2018). The dataset has three levels of conservation
significance for wetlands, with each level having broad management objectives associated
with it (DBCA 2017). Conservation Category (CCW) wetlands are considered to have high
existing conservation values and in general terms, any development or clearing of them is
considered to represent a significant impact. Resource Enhancement (REW) wetlands are
considered to be partially degraded and the focus of management is to restore their
conservation value and hydrological/ hydrogeological regime. Both CCWs and REWs are
recognised by EPA (2018) as requiring protection. Multiple Use (MUW) wetlands have been
substantially degraded and development of them is usually acceptable, although their
hydrological role should be maintained wherever practicable.

While the mapped boundaries of DBCAs Geomorphic Wetlands of the Swan Coastal Plain
dataset are the basis of calculations of wetland area in this chapter, it is recognised and
accommodated in the environmental impact assessment process that in some cases the
wetland function area is larger than the mapped geomorphic wetland boundary. Locations of
geomorphic wetlands within and near the Development Envelope are shown on Figure 34.
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Groundwater and surface water occurrence

Groundwater
Groundwater resources in the Development Envelope are predominantly hosted by a
superficial aquifer that comprises, from top-down: Bassendean Sand, Guildford Formation,
Gnangara Sand and Ascot Formation, as illustrated in Figure 35. These formations have been
mapped and described in detail by Playford et al. (1976), Davidson (1995) and DoW (2008).
The base of the superficial aquifer ranges from -5 m AHD in the north to -10 m AHD in the
south of the Development Envelope, while the thickness of the aquifer ranges between 30 m
and 50 m (DWER 2019). Beneath the superficial aquifer are deep aquifers hosted by the
Mirrabooka, Leederville and Yarragadee formations. The deep and superficial systems are
generally separated by fine-grained aquitards with only occasional connectivity between them,
meaning groundwater flows between the two are limited to isolated areas.

In 2019, the PTA commissioned ARUP (2019a, 2019b and 2019c) to undertake geotechnical
drilling along the rail alignment investigating ground conditions from 10 m to 30 m depth.
These drill holes intersected several hydrogeological units including Bassendean Sand
(including bands of Coffee Rock), Guildford Clay and Gnangara Sand. Most of the site is
covered with Bassendean Sand with Guildford Clay being close to the surface from Marshall
Paddock to Bennett Brook, beneath the proposed Whiteman Park Station and at 15 m to 20 m
depth at the Tonkin Highway dive structure.

A conceptual hydrogeological model is a representation of the origin, movement and fate of
groundwater within a flow system (NTEPA 2013). The model for this Proposal provides a
regional overview of groundwater movements across the Development Envelope, as shown
on Figure 35. This is based on a conceptual model developed for the Perth to Darwin Highway
(NorthLinkWA 2015). Figure 35 illustrates how groundwater is recharged by rainfall infiltration,
flows across the site and discharges to Bennett Brook and the Swan River.

The key concepts associated with the regional hydrogeology shown on Figure 35 include:

· A superficial aquifer comprising the Bassendean Sand, Gnangara Sand and Ascot
Formation that is recharged by local rainfall infiltration and throughflow from the
Gnangara groundwater mound.

· A discontinuous coffee rock / sand aquitard near the water table.

· A variable and discontinuous superficial aquitard comprising the Guildford Formation
and deep underlying aquitard comprising the Kardinya Shale.

· Groundwater flows within the Bassendean Sand to the south-east beneath wetland
areas such as the Marshall Paddocks, discharging into Bennett Brook (mainly during the
wet season) or the Swan River.

· Downward regional groundwater flow from the Bassendean Sand to the Guildford
Formation, Gnangara Sand and Ascot Formation, and in some areas, where there is an
absence of any aquitard, further down to the Mirrabooka Formation.

· Upward regional groundwater flow from the superficial aquifer and the Swan River,
which is a regional groundwater discharge zone.
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Groundwater flows in three dimensions within an aquifer or connected aquifers due to
hydraulic pressures resulting from different water table elevations. High recharge rates cause
the water table to be higher within the Gnangara groundwater mound. From the recharge area,
groundwater flows downwards and horizontally through the superficial aquifer towards low-
lying areas. The Swan River drains groundwater from the Superficial Aquifer on the eastern
side of the Gnangara groundwater mound because of its low elevation in the landscape.

In the context of the proposed Tonkin Highway dive structure, a conceptual hydrogeological
model has been developed (Figure 36) to illustrate how groundwater flows between the
formations that make up the superficial aquifer (based on available hydrogeological data). The
model accounts for natural groundwater movements (recharge, throughflow and discharge),
seasonal fluctuations, and abstraction by existing users (Water Corporation, private licensed
and unlicensed bore owners). The key concepts associated with the local hydrogeology are
shown on Figure 36 and include:

· groundwater within the Bassendean Sand receives seasonal (rainfall) recharge;

· groundwater that flows towards the southeast discharging to wetland areas and/or
Bennett Brook;

· a discontinuous coffee sand/rock aquitard that locally restricts vertical flow across the
superficial aquifer;

· a discontinuous aquitard associated with clayey deposits of the Guildford Formation
that interfingers with the Bassendean Sand and Gnangara Sand;

· a weakly confined sand aquifer in the Gnangara Sand that receives recharge from
the overlying aquifer and aquitard and lateral flow from the Gnangara groundwater
mound;

· a weakly confined aquifer (Ascot Formation) comprising interbedded sand and
calcarenite;

· groundwater recharges and discharges to and from wetland areas depending on
seasonal water balance between groundwater, surface water and evapotranspiration;

· private bores, wells and spears screened in the Bassendean Sand and Gnangara
Sand; and

· Water Corporation drinking water supply bores that are screened mainly in the Ascot
Formation.

Bore screens are the vertical intervals that allow groundwater to be abstracted from an aquifer.
Bores with screens in the Mirrabooka and Leederville formations abstract groundwater from
aquifers within those formations and not the Superficial Aquifer. Conversely, bores screened
in the Superficial Aquifer abstract groundwater only from this aquifer. The Proposal will
abstract groundwater for temporary water supplies and dewatering only from the Superficial
Aquifer.



Figure 35: Regional conceptual hydrogeological model (baseline conditions)
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Figure 36: Local conceptual hydrogeological model (baseline conditions)



305

Surface water
Bennett Brook (UFI 15259) is a 17 km long watercourse that is the dominant surface water
feature that occurs within the Development Envelope and surrounding areas. Its headwaters
originate in Whiteman Park, where it is fed by several tributaries that are generally considered
to be ephemeral and flow in response to groundwater seepage from the Gnangara
groundwater mound (Biologic 2020, SERCUL 2013). There are multiple wetlands within its
217 km2 catchment (Figure 34). The system has been significantly modified over the years as
a result of agricultural land use, modifications to drainage lines, groundwater abstraction at its
headwaters and increased flow in the south and east due to increased runoff from urban
development. Natural drainage from the east into Bennett Brook has been altered by
Drumpellier Drive (and previously Lord Street), and recent urban development, which has
concentrated flows into more defined drainage lines. A surface water drain runs underneath
Drumpellier Drive just south of the proposed Whiteman Park Station, which takes stormwater
from the suburb of Brabham and discharges it into Horse Swamp (UFI 8724).

Bennett Brook becomes more deeply incised where it enters Marshall Paddocks and follows
a relatively deep channel through the paddocks before passing under Reid Highway and
continuing south to the Swan River. This general water movement is illustrated in (Figure 32),
along with the local surface water catchments. The Proposal crosses Bennett Brook
approximately 450 m north of Marshall Road.

Stormwater from east of Drumpellier Drive is generally discharged to Horse Swamp
(UFI 8724) via a number of culverts. Horse Swamp is seasonally inundated, however a small
dam holds permanent water year round (Biologic 2020). Horse Swamp retains and slows
inflows, which eventually drain through a small drainage channel connecting to Mussel Pool,
located along Bennett Brook.

Water accumulates in wetlands throughout the Bennett Brook catchment along interdunal
swales or depressions, either as a result of the groundwater table seasonally rising above the
ground surface or because they have a layer of low permeability clay, peat or coffee rock that
restricts the infiltration of surface water, creating a seasonally perched water table.

Wetlands
The Proposal has the potential to directly impact wetlands that are within the Footprint. The
Proposal also has the potential to have indirect impacts on wetlands that are located outside
the Footprint and Development Envelope if there are changes to water quality, quantity or
hydrological processes.

Wetlands inside the Development Envelope

Based on the DBCA geomorphic wetland mapping, 17 wetlands intersect the Development
Envelope with 15 of these intersecting the Footprint (Figure 34). These wetlands will be
directly impacted by the Proposal through clearing for rail construction or indirectly impacted
by changes to hydrological processes and or reduction in water quality. Nine Multiple Use
Wetlands (MUWs) intersect the Development Envelope.

The following four Conservation Category Wetlands (CCWs) and four Resource Enhancement
Wetlands (REWs) with potential ecological values intersect with the Development Envelope:

· four CCWs- UFIs 8417, 8429, 8728, 15259 (Bennett Brook);

· four REWs – UFIs 8678, 8806, 15752 (Marshall Paddocks), 15757.



Public Transport Authority �  Malaga to Ellenbrook Rail Works Proposal ERD 306

The four CCWs within the Development Envelope were considered to have high conservation
value at the time they were mapped and assessed by DBCA, although in some cases, the
values may have degraded over time due to encroaching development. In addition to their
standalone biological values, all wetlands provide ecological connectivity in the local region,
especially within Whiteman Park (ELA 2020).

UFI 8417 is within the Development Envelope, but entirely protected by a NVRA and therefore
will not be directly impacted by the Proposal. UFI 8417 is a palusplain wetland that lies
approximately in the centre of the Marshall Paddocks (Figure 34) and contains a small artificial
dam surrounded by Eucalyptus rudis and Melaleuca rhaphiophylla trees over introduced
grasses. No listed species or communities are present and its wetland conservation values
are minor and mostly associated with the dam, which was created to water cattle (WRM 2020)
(Figure 34). The surrounding area is cleared paddock. A drainage line which traverses
Marshall Paddocks supplies water to the wetland, although the dam may be groundwater
dependent during summer.

UFI 8429 is located in the south-west corner of Whiteman Park in Bush Forever site 304
(Figure 34). It is a sumpland and consists of a seasonally inundated, shallow waterbody and
associated damp areas surrounded by low Melaleuca woodland. UFI 8429 is surrounded by
highly degraded vegetation and the western boundary abuts the realigned Beechboro Road
North (Biologic 2020). No listed species or communities are present, but while the wetland
vegetation is in degraded condition, fauna value is likely to be moderately high (Figure 34).
Despite occurring in an area with a relatively high water table, the hydrological regime of the
wetland is probably driven by surface water inputs.

UFI 8728 is a palusplain near Bennett Brook in Bush Forever site 304 (Figure 34). It comprises
a seasonally inundated Melaleuca swamp with an understorey of exotic grasses. No listed
species or communities are present and UFI 8728 has only minor flora and vegetation values
because of degradation and the likely absence of surface water. It is surrounded by cleared
paddock and the occurrence of small quantities of surface water is likely to be entirely
dependant on surface water inflow.

UFI 15259 is the floodplain containing Bennett Brook. To the north and upstream of the
Development Envelope, is Mussel Pool (UFI 8726), which is an artificial, perennial swamp
created by the installation of a dam wall in the 1960’s (Whiteman Park 2019). Mussel Pool is
fed by groundwater and supplemented by surface water flows during winter and spring. Water
flow into the upper reaches of Bennett Brook (north of Marshall Road) is from a combination
of surface run-off during winter and spring and sub-surface water seepage. Downstream of
the Development Envelope Bennett Brook eventually flows into the Swan River at
Bassendean, located 6 km to the south. Watercourse flow is seasonal and Bennett Brook is
dry within the Development Envelope in summer, although there are an increasing number of
pools downstream as the brook approaches the Swan River. Surface water occurs on the
surrounding floodplain in winter and spring.



307

Vegetation along Bennett Brook and the adjacent floodplain upstream of the Development
Envelope consists of Melaleuca woodland that is mostly in Good condition (Biologic 2020,
Appendix I) with three Priority plant species occurring (Tetraria sp. Chandala (G.J. Keighery
17055), Cyathochaeta teretifolia (P3) and Stylidium longitubum). Vegetation is more
consistently degraded within the Development Envelope, with extensive coverage by exotic
grasses and no listed or priority species (Biologic 2020). The system has moderate to high
value for fauna and forms part of regional ecological linkage Greenways 13. Carter’s
Freshwater Mussel (Westralunio carteri), which is listed under the BC Act and EPBC Act,
occurs in Bennett Brook at Mussel Pool and downstream of the Development Envelope (WRM
2020b). The species relies on native freshwater fish to complete its lifecycle and would
therefore rely on fish movement in the Brook when it flows in order to disperse (Klunzinger
2011). The damming of Mussel Pool impacted access to the pool for native fish, and a fish
ladder was installed in 1999 to reconnect the upper and lower reaches of Bennett Brook
habitat. This is located upstream from the Development Envelope and will not be impacted by
the Proposal. It is possible that another threatened species, the Black-stripe Minnow
(Galaxiella nigrostriata) listed under the BC Act and EPBC Act, occurs but it has not been
collected in fish surveys of Bennett Brook and is thought to be locally extinct (Bamford et al
1998, Bamford 2020c, Biologic 2020). The single known occurrence of the Black-stripe
Minnow on the Swan Coastal Plain is at Melaleuca Park approximately 12 km north of the
Development Envelope.

The four REWs were degraded but considered to have substantial attributes when first
evaluated and mapped in the geomorphic dataset by the DBCA (2020). As with the CCWs, in
some cases the values of the REWs may have changed over time. In addition to their
standalone biological values, all wetlands provide ecological connectivity in the local region,
especially within Whiteman Park.

UFI 8678 is a sumpland located to the north of the proposed Whiteman Park Station and to
the west and adjacent to Drumpellier Drive (Figure 34). The western part of UFI 8678 consists
of a mostly closed forest of Melaleuca preissiana with a seasonally inundated central area,
while the eastern part was recently cleared for the construction of Drumpellier Drive. UFI 8678
is connected to Bush Forever site 304 and there is some evidence of groundwater contributing
to the wetland (WRM 2020). The vegetation within UFI 8678 is in Degraded to Excellent
condition, and although the vegetation community has some similarity to that of the Tumulus
Springs (Organic Mound Springs) of the Swan Coastal Plain TEC, correspondence with DBCA
has confirmed that this wetland does not represent this TEC (pers. comm. Val English 2020).
No listed fauna species occur at the wetland although habitat may possibly be suitable for the
Black-stripe Minnow, although its presence is considered unlikely (Bamford 2020c). The
wetland has relatively high flora value and moderate fauna value (Biologic 2020).

UFI 8806 is a dampland located to the north-east of the proposed Whiteman Park station and
to the east of Drumpellier Drive. The majority of this wetland is located outside of the
Development Envelope and the remaining mapped portion of the wetland occurs within
previously cleared areas of Drumpellier Drive and Youle-Deane Road. More recently the
majority of the wetland has been cleared for a residential housing estate (Figure 34).
Vegetation within UFI 8806, is in Degraded to Excellent condition (Figure 34).
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UFI 15752 is a palusplain wetland in the southern part of Whiteman Park, comprising the
western section of the Marshall Paddocks (Figure 34). Most of it has been cleared for cattle
grazing, with drains and some dams installed to facilitate this use. Even so, parts of the
wetland become water-logged after heavy rain (WRM 2020a). No Threatened listed flora or
fauna species occur at the wetland. The 128 ha of remnant wetland vegetation is in Good to
Completely Degraded condition. UFI 15752 has only minor fauna value, principally as a
feeding area for waterbirds in wet seasons.

UFI 15757 is a sumpland bisected by the Tonkin Highway and the majority of the wetland is
located outside of the Development Envelope. Most of the wetland has been developed for
housing, transport infrastructure and drainage and it is highly degraded (Figure 34).  No
conservation significant flora or fauna species were recorded at UFI 15757 (Figure 34).

Nine Multiple Use Wetlands (MUWs) intersect with the Development Envelope, eight of which
have few significant attributes, and one wetland (UFI 8727) has linkage values associated with
its position beside Bennett Brook, as well as being within Bush Forever site 304. The
environmental value of these MUWs and other wetlands is summarised in Table 53.
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Table 53 - Status and environmental value of wetlands that intersect the Development Envelope

UFI
(wetland name)

Category Wetland
type

Total
mapped
wetland
area*
(ha)

Total
area
within
DE
(ha)

Total
area
within
footprint
(ha)

Impact of
clearing
footprint
to the
wetland
(%)

Summary of
environmental values
within footprint/DE

Area outside
Development
Envelope
ha (%)

Summary of
environmental values
outside DE

8417 CCW Palusplain 0.7 0.7 0.0 0% Minor relevant flora value,
possible minor fauna value.
Entire wetland is within a
NVRA.

None (0%) Not applicable.

8429 CCW Sumpland 1.5 0.1 0.1 7% Good condition vegetation,
moderate fauna value.

1.4 (93%) Good condition
vegetation, relevant fauna
values.

8728 CCW Palusplain 3.8 1.2 1.2 32% Minor relevant flora value,
possible minor fauna value.

2.6 (68%) Same minor relevant flora
value, possible minor
fauna value.

15259

(Bennett Brook)

CCW Creek 88.8 8 0.6 2% Minor flora value, minor
fauna and significant
linkage value, moderate
recreational value.

88.2 (99%) Good condition vegetation
and flora value, significant
fauna and significant
linkage value moderate
recreational values.

8678 REW Sumpland 2.3 0.8 0.8

(0.5 ha
native
veg)

35% Cleared area due to
Drumpellier Drive,
remaining portion Good
condition vegetation,
moderate fauna value.

1.5 (65%) Good condition
vegetation, moderate
fauna value.

8806 REW Dampland 15.5 1.6 1.6 10% No relevant wetland flora or
fauna values.

13.9 (90%) No relevant wetland flora
or fauna values.



Public Transport Authority �  Malaga to Ellenbrook Rail Works Proposal ERD 310

UFI
(wetland name)

Category Wetland
type

Total
mapped
wetland
area*
(ha)

Total
area
within
DE
(ha)

Total
area
within
footprint
(ha)

Impact of
clearing
footprint
to the
wetland
(%)

Summary of
environmental values
within footprint/DE

Area outside
Development
Envelope
ha (%)

Summary of
environmental values
outside DE

15752

(Marshall
Paddocks)

REW Palusplain 239.6 128.0 49.0 2% Little flora value, minor
waterbird value.

111.6 (47%) Little flora value, minor
waterbird value.

15757 REW Sumpland 34.0 2.1 2.1 6% No relevant wetland flora or
fauna values.

31.9 (94%) No relevant wetland flora
or fauna values.

8663 MUW Floodplain 7.6 0.1 0.1 1% No relevant wetland flora or
fauna values.

7.5 (99%) No relevant wetland flora
or fauna values.

8720 MUW Palusplain 54.6 2.2 1.0 2% No relevant wetland flora or
fauna values.

52.4 (96%) No relevant wetland flora
or fauna values.

8727 MUW Floodplain 4.0 0.3 0.3 8% Minor flora value and
linkage value with 15259

3.7 (93%) Minor flora value and
linkage value with 15259

8729 MUW Floodplain 1.0 0.5 0.3 30% No relevant wetland flora or
fauna values

0.5 (50%) No relevant wetland flora
or fauna values

13396 MUW Floodplain 760.5 96.6 48.8 6% No relevant wetland flora or
fauna values

663.7 (87%) No relevant wetland flora
or fauna values

15029 MUW Palusplain 51.3 1.4 1.4 3% No relevant wetland flora or
fauna values

49.9 (97%) No relevant wetland flora
or fauna values

15200

(Victoria Road
Swamp)

MUW Sumpland 28.0 0.3 0.0 6% No relevant wetland flora or
fauna values

27.6 (99%) No relevant wetland flora
or fauna values
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UFI
(wetland name)

Category Wetland
type

Total
mapped
wetland
area*
(ha)

Total
area
within
DE
(ha)

Total
area
within
footprint
(ha)

Impact of
clearing
footprint
to the
wetland
(%)

Summary of
environmental values
within footprint/DE

Area outside
Development
Envelope
ha (%)

Summary of
environmental values
outside DE

15511 MUW Palusplain 727.6 10.0 9.0 1% No relevant wetland flora or
fauna values

717.6 (99%) No relevant wetland flora
or fauna values

15751 MUW Palusplain 8.2 2.3 2.3 28% No relevant wetland flora or
fauna values

5.9 (72%) No relevant wetland flora
or fauna values

*DBCA wetland mapping dataset (2020)
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Wetlands outside the Development Envelope

Seven other wetlands (four CCWs and three REWs) (Table 54, Figure 34) occur in close
proximity to the Development Envelope and could be potentially indirectly impacted by the
Proposal through unintentional disturbance or indirect impacts on water quality or quantity.

Of the CCWs, UFI 8416 is a small palusplain wetland to the north of the proposed Malaga
Station and outside of the Development Envelope (Figure 34).  UFI 8416 consists of a drain
and small dam and is located entirely within Bush Forever Site 304. The vegetation condition
was recorded as s Good in the centre of the wetland and Degraded on the periphery (WRM
2020), while aquatic fauna value is compromised by the dam and drain (Table 54). No
Threatened flora or fauna species were recorded in the wetland (WRM 2020). Water supply
to the wetland has been affected by Beechboro Road North but in its natural state surface
water is likely to have been the major water source. Currently the drain and dam may be
largely groundwater supplied.

UFI 8418 (Orchid Park) is a sumpland immediately west of Beechboro Road North in DBCA
reserve R44853 (Figure 34). Orchid Park is reserved for the purposes of conservation, and
the surrounding wetland areas are used for recreation. The majority of vegetation is in Good
condition, although there is evidence of degradation on the periphery. There are historical
records of the priority species Drosera occidentalis (P4) within Orchid Park. The wetland has
moderate fauna value, with possible (although unlikely) occurrence of the listed Black-stripe
Minnow (WRM 2020a). Information on depth to water table suggests the hydrological regime
is driven by surface water inputs, with the Emu Swamp Main Drain likely to dominate inputs.

UFI 8548 is a sumpland supporting Melaleuca woodland on the eastern edge of Whiteman
Park. The surrounding area has mostly been cleared for grazing but, as a result of the wetland
being fenced, the condition of the wetland vegetation is Good. The priority flora species
Cyathochaeta teretifolia (P3) has been recorded at UFI 8548. As with UFI 8678, the vegetation
community has some similarity to that of the Tumulus Springs (Organic Mound Springs) of the
Swan Coastal Plain TEC (WRM 2020a), although there appears to be less groundwater
dependence and the hydrological regime is dominated by surface water. Correspondence with
the DBCA has confirmed that this wetland does not represent Tumulus Springs of the Swan
Coastal Plain TEC (pers. Comm. Val English). The wetland is of moderate fauna value and
the small excavated dam holds water seasonally at this location.

UFI 8724 (Horse Swamp) is a palusplain wetland located in the south-eastern corner of
Whiteman Park and entirely within Bush Forever site 304 (Figure 34). Much of the wetland
has been cleared historically and vegetation is in Good to Degraded condition. Grazing by
kangaroos continues to affect vegetation adversely (Biologic 2020). Islands have been created
in the wetland to encouraged waterbird breeding, which is the main vertebrate value of the
wetland. One conservation significant species known as the Glossy ibis (Pelgadis falcinellus)
listed as migratory under the BC Act and EPBC Act has previously been recorded at this
location. Horse Swamp is considered to be of moderate to high faunal value (Table 54). The
land surrounding Horse Swamp is used for cattle grazing and semi-rural purposes. The
hydrological cycle is driven by surface water inflow. The wetland contains a small artificial dam
and receives surface water inflows from the north-east (including from Caversham Airbase),
and outflows occur via a small drainage channel flowing in a north-westerly direction into
Mussel Pool on Bennett Brook (Biologic 2020).



313

Of the REWs, it is considered that only UFI 8679 retains biological value (Table 54). It is a
dampland, although located in a small depression and supporting of a Melaleuca preissiana
forest and occurs on the north-western side of the proposed Whiteman Park Station. It is
surrounded by land cleared for cattle grazing (WRM 2020a). Vegetation condition is mostly
Good, although Degraded at the periphery of the wetland, and the priority flora species
Cyathochaeta teretifolia (P3) occurs at this wetland. Fauna values are likely to be moderate
although very little information is available. Despite the water table being close to the surface
in the vicinity of UFI 8679, its hydrological cycle is likely to be dominated by surface water
flow.

Most of the palusplain UFI 8681, which is west of the proposed Whiteman Park Station
(Figure 34), has been cleared for grazing and has no significant biological value. The
palusplain wetland UFI 14447 is located on private property south of Whiteman Park and
contains a stand of Melaleuca preissiana interspersed with introduced Ficus species (WRM
2020a). The wetland is surrounded by a cleared paddock and appears to have no significant
biological value.

Table 54 - Status and environmental value of CCW and REW wetlands located outside the
Development Envelope

UFI
(wetland
name)

Category Wetland
type

Area
(ha)

Distance
to DE
(m)

Summary of environmental
values

8416 CCW Palusplai
n

2.4 187 Moderate relevant flora value, minor
fauna value

8418
(Orchid Park)

CCW Sumpland 1.6 5 Good condition vegetation,
moderate relevant fauna value,
moderate recreational value

8548 CCW Sumpland 12.4 85 Good vegetation condition, minor
fauna value

8679 REW Dampland 3.6 126 Good condition vegetation,
moderate relevant fauna value,
moderate recreational value.

8681 REW Palusplai
n

3.7 67 No relevant wetland flora or fauna
values

8724
(Horse
Swamp)

CCW Palusplai
n

18.7 66 Minor to moderate flora value,
significant fauna value and
significant recreational value

14447 REW Palusplai
n

0.6 14 No relevant wetland flora or fauna
values
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Threatened ecological communities
The northern extent of the Development Envelope lies within the 50 m conservation buffer of
an occurrence of the Tumulus Springs (Organic Mound Springs) of the Swan Coastal Plain
TEC listed as Endangered under the EPBC Act and BC Act. The mound spring associated
with the buffer is located to the north of the Development Envelope in an area already subject
to considerable urban development (Biologic 2020). The Proposal will not impact this TEC
because the area has already been extensively cleared for development and groundwater
levels are approximately 3 m below ground level, meaning dewatering for station construction
will be minimal. As such, it is not considered further here.

Groundwater and surface water flow characteristics

Groundwater
Groundwater levels are generally shallow across the Development Envelope. The Perth
Groundwater Atlas (DWER 2019) shows groundwater at or near the ground surface through
parts of Marshall Paddock and Whiteman Park, increasing in depth towards Ellenbrook. In
2018, the PTA installed several groundwater bores to monitor groundwater quality and
quantity. Monitoring data collected by RPS and Coffey since November 2018 indicates
seasonal fluctuations range from 0.72 m to 1.25 m, with an average of 0.94 m (RPS 2019,
Coffey 2019, 2020a, 2020b). The groundwater level is usually highest in September following
winter rainfalls during June, July and August and is lowest in May following summer/autumn
from December to April.

Seasonal depths to groundwater level for local sections of the Proposal are shown in Table 55.
Bore locations are identified in Figure 31.

Table 55: Groundwater levels recorded at specified locations within the Development Envelope

Proposal Location
Bore Post-summer (May 2019) Post-winter (Sep 2019)

m AHD m bgl m AHD m bgl

Tonkin Highway Dive
Structure

BH023
MEL05

29.1 to 30.1 2.1 to 3.3 29.8 to 30.9 1.2 to 2.6Malaga Station
MEL04

Beechboro Road
Bridge

MEL04

Bennett Brook
Crossing

BH015
12.5* 2.1* 12.6 2.0

Bennett Springs East
Station (Future)

BH016
16.6 0.9* 16.9* 0.7

Whiteman Park Station
GW8

MM71B 22.2 to 22.4 1.5 to 2.9 23.1 to 23.5 0.7 to 1.8

Gnangara Road Bridge
BH04

GWL E/94 37.4 to 38.8 4.2 to 4.3 38.2 to 39.5 3.4 to 3.6

Ellenbrook Station BH021
BH022 41.7 to 41.8 3.1 to 6.0 41.8 to 41.9 3.0 to 5.8

* Bore BH015, BH016, BH022 and BH023 were installed in July 2019
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The depth to groundwater at Bennett Brook reflects the level relative to the elevated bore
location beside the brook. Given the bottom of the brook at the proposed crossing is
approximately 14.5m to 15m AHD, the monitoring data suggests groundwater discharges to
the brook in the wet season.

Annual monitoring of groundwater bores was completed (from November 2018 to November
2019), of between 42 to 62 groundwater bores within and up to 3.1 km away from of the
Development Envelope (RPS 2019, Coffey 2020a and 2020b). Monitoring data shows the
depth to groundwater at a regional scale ranged between 1.6 m and 12.5 mbgl in the dry
season (May 2019) and between 0.7 m and 11.9 mbgl in the wet season (September 2019).
The spatial distribution of depths to water in the dry season are shown on Figure 37 while the
seasonal variations between wet and dry seasons in 2018 and 2019 are shown on Figure 38.
Seasonally, groundwater in the region fluctuates by approximately 0.0 m to 1.8 m.

Regional groundwater mapping by the DWER, accessed through the Perth Groundwater Atlas
(DWER 2019) indicates maximum groundwater levels within the Development Envelope range
from approximately 15.5 m AHD at the Bennett Brook crossing and 43.5 m AHD at the
proposed Ellenbrook Station (Figure 39). The groundwater levels measured in the wet season
in September 2019 by Coffey (2020b) were 12.6 m AHD and 42.0 m AHD respectively. The
differences are because rainfall in 2019 was well below average at 525mm (recorded at the
Perth Airport monitoring site) compared to the long-term mean of 762mm and highest annual
total of 1,165 mm (BoM 2020). Years with lower rainfall totals result in lower wet season levels
compared to years with higher totals.

Regional groundwater flow directions, are to the south and south-east from the Gnangara
groundwater mound (Figure 39). However, at a local scale, in the southern half of the
Development Envelope groundwater flows toward Bennett Brook and tributaries of the brook,
where it either discharges as baseflow during the wet season, is consumed by
evapotranspiration along riparian groundwater discharge corridors or flows to the Swan River
located 6 km to the south. In the northern part of the Development Envelope, the groundwater
contours suggest groundwater flows to the south-east and discharges to surface drainages
including Henley Brook, Saint Leonards Creek and Wandoo Creek, and ultimately to the Swan
River.

Groundwater in the superficial aquifer within the Development Envelope is recharged locally
via infiltration of rainfall into the Bassendean Sand. Monthly groundwater level monitoring data
recorded between November 2018 and November 2019 (RPS 2019, Coffey 2020b) shows
groundwater levels at most sites increased during a two to three-month period as a result of
recharge from rainfall that fell during winter in June, July and August 2019. The hydrographs
also indicate that after each winter wet season groundwater levels fall slowly over an eight-
month period.
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Rising groundwater levels represent a seasonal store of recharge within the Bassendean
Sand. Falling groundwater level represents seasonal discharge of the stored water as
baseflow to creek lines and/or the riparian corridors. These seasonal fluctuations are well
established and recorded in the DWER’s regional monitoring bores within and outside the
Development Envelope by monitoring dating back to at least 1980 (RPS 2019).

At some locations such as M60 and M80 at Horse Swamp, the seasonal fluctuations have
remained steady over the past 40 years indicating there has been a stable water balance
between recharge and discharge (RPS 2019). However, at other sites such as MP2(A to C)
and MP3C at Bennett Brook and MM27 and MM54A in Whiteman Park, long-term decreasing
trends and/or variability in the amount of the seasonal fluctuations indicate changing water
balance conditions. These changes are due to long-term regional factors such as climate
change and more local factors such as groundwater abstraction from the Gnangara
groundwater mound for Perth’s drinking water supplies, and historical land use changes near
the Development Envelope (DWER, 2017).

It is apparent from the hydrographs presented in Coffey (2020c) that seasonal variations in
groundwater levels occur each year because they are dependent on rainfall, which varies.
This variability is important when considering drawdown impacts because the same amount
of drawdown during a wet year may have less impact on a receptor than during a dry year. In
this sense, drawdown in any given year may reduce the wet season peak and lower the dry
season levels slightly more, both of which may be in the range of historical variability.

Surface water
The Development Envelope intersects Bennett Brook and its tributaries between the proposed
Malaga and Whiteman Park stations. Bennett Brook and its tributaries in this part of the
Bennett Brook catchment are ephemeral and comprise of wetland areas that are
interconnected during the high rainfall months and carry the main concentration of surface
water flow through the Development Envelope.

Maximum flow velocities at the proposed bridge location at Bennett Brook have been modelled
for the existing baseline conditions (Table 56). The high velocities are in part a result of the
flow moving along the relatively narrow channel of Bennett Brook and concentration of the
flow from the catchment upstream. Modelled flood water depth and velocity for existing
conditions is illustrated in Figure 40 and Figure 41.

Table 56: Modelled baseline flood velocity and depth at the proposed Bennett Brook bridge
crossing

Modelled Flood Event* Velocity
(m/s)

Depth
of Flow

(m)

Water level,
Australian Height Datum (m)

1% Annual Exceedance Probability, 0.90 1.07 16.2

2% Annual Exceedance Probability, 0.87 0.97 16.1

10% Annual Exceedance Probability, 0.76 0.75 15.9

* Source: ARUP (2020)
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Surface water depths measured at locations SW1 through to SW11 and SW3-5, (Coffey
2020b) show that the measured depth of inundation is less than 0.5 m for all locations
(Figure 33). Surface water depths are seasonally variable and vary spatially s between
locations across the Development Envelope.
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Surface water flows measured at locations BBF01 to BBF05 (Figure 33) are presented in
Table 57. Sites BBF03 and BBF04 correspond to the location of the Bennett Brook bridge
crossing and are comparable with the modelled outputs presented in Table 56. It is important
to note that these flow rates are much lower than the modelled flood velocities indicated in
Table 56 and Figure 40 because they were not measured during flood conditions. Surface
water flows within the catchment are responsive to high rainfall months and therefore expected
to show variable flow in response to each of the rainfall events during this period. These
measurements provide a snapshot of surface water flow volumes and velocities at the time of
measurement but also demonstrate that flow volumes and velocities are greater downstream
of the proposed bridge site than at upstream tributaries.

Table 57: Surface water flows

Flow Location Width (m) Area (m2)

October 2019

Water
Depth (m)

Flow Velocity
(m/s) Discharge (m3/s)

BBF01 1.2 0.06 0.05 0.10 0.006

BBF02 1.2 0.24 0.20 0.10 0.024

BBF03 5.2 1.51 0.29 0.05 0.075

BBF04 1.5 0.22 0.15 0.30 0.069

BBF05 1.8 0.41 0.23 0.20 0.083
Source: Coffey 2020b

Groundwater and surface water quality characteristics

Groundwater
Groundwater quality within the Development Envelope and surrounding areas is influenced
by existing and historical land uses, groundwater abstraction for public drinking water supplies,
local geology, recharge and discharge zones and seasonal fluctuations in groundwater levels.
Groundwater quality in the wider superficial aquifer is typically good, with salinity generally
increasing, but remaining low, further from the Gnangara groundwater mound, which is located
about 15 km north of the Development Envelope (Coffey 2019).

Since November 2018, the PTA has commissioned groundwater quality sampling across 16
to 24 groundwater monitoring sites within and near the Development Envelope (RPS 2019,
Coffey 2020a and 2020b). Groundwater quality monitoring will continue until December 2020,
after which a revised monitoring program will commence to manage the approval outcomes
and final design.
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To provide an overview of the quality of groundwater, measurements of the pH and salinity in
the dry season are shown on Figure 42. Dry season data are used for direct comparisons
because the quality at these times is less affected by winter rainfall and recharge. Further
details of the quality data reported by RPS (2019) and Coffey (2020a and 2020b) are provided
in Appendix Q. The quality of groundwater within the Development Envelope is summarised
below.

· Near the proposed Tonkin Highway dive structure and Malaga Station, groundwater
is weakly to moderately acidic (pH 4.1 to 6.4) and fresh (TDS 72 to 485 mg/L).
Compared to the generic ANZECC guidelines, groundwater at MEL04 and MEL05
has elevated concentrations of the nutrient ammonium nitrogen and some trace
metals (Al, Cr, Fe and Zn).

· Near Bennett Brook and the proposed future Bennett Springs Station, groundwater is
weakly acidic (pH 6.0 to 6.2) and fresh (TDS 227 to 520 mg/L) and (based on data
from BH015 and MM46), contains elevated concentrations of the nutrient nitrate and
some trace metals (Cr and Zn).

· Near the proposed Whiteman Park Station groundwater is moderately acidic (pH 4.5
to 5.4) and fresh (TDS 431 to 443 mg/L) and (based on data from MEL07 and
MM49B), contains elevated concentrations of the nutrient ammonium nitrogen and
some trace metals (Al, Cr, Fe and Zn).

· Near the proposed Gnangara Road underpass and Ellenbrook Station, groundwater
is weakly to moderately acidic (pH 4.2 to 6.5) and fresh (TDS 170 to 508 mg/L) and
(based on data from BH04) contains elevated concentrations of the nutrients nitrogen
and phosphorous, and some trace metals (Al, Cr, Fe, Ni and Zn).

The data above indicates groundwater within the Development Envelope is fresh, weakly to
moderately acidic and has elevated concentrations of aluminium, chromium and zinc.
Elevated trace metal concentrations of iron also occur near the wetlands at the Malaga,
Whiteman Park stations and Gnangara underpass.

These characteristics are also reflected in results from bores outside but near the
Development Envelope (Coffey 2020a) and more broadly across the Gnangara groundwater
mound (Bekele, 2006). Concentrations within the Development Envelope are generally higher
than the Gnangara groundwater mound because they tend to accumulate along the flowpath
and become concentrated by evapotranspiration at discharge locations where groundwater
discharges to the surface.

Many of these quality attributes are shared with surface water (see below) because
groundwater naturally discharges to Bennett Brook, meaning that the receiving environment
is already adapted to discharges of natural groundwater.

Coffey (2020a) determined that between the proposed Tonkin Highway dive structure and
Whiteman Park station, there is a strong relationship between the pH and seasonal water table
fluctuations; decreasing levels correspond with more acidic conditions (lower pH). Using other
ASS indicators, they attributed this to the seasonal mobilisation of acidity and trace metals
from acid sulfate soils. Coffey (2020a) also attributed elevated nutrient concentrations in this
area to historical agricultural activities.
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The DER (2015) concluded that declining groundwater levels can result in the oxidation of
sulfide minerals in soils that transfer acidity to the water table. This is consistent with
observations by Clohessy et al. (2013) that showed groundwater discharging from the
Gnangara groundwater mound is acidifying surface water in the Bennett Brook headwaters.
Clohessy et al. (2013) attributed this acidification process to increased groundwater
abstraction.



&A &A &A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A

&A
&A

&A

&A

&A

&A

&A&A

&A

&A

&A

Bennett Brook

Wandoo
Creek

St LeonardsCreek

Bennett Brook

Victoria
Road Swamp

(15754)

Victoria Road
Swamp (Multiple)

Victoria Road
Swamp (15200)

Mussel Pool
(8726)

Victoria Road
Swamp (15033)

Horse Swamp
(8724)

Orchid
Park

(8418)

Victoria
Road Swamp
(13096)

Gnangara Rd

Reid Hwy

Be
ll e

fi n
Dr

Be
ec

hb
or

o R
dN

or
t h

Millhouse Rd
The Promenade

W
es

tS
wa

n R
d

Hepburn Av

HenleyBr ook Av

Drumpellier D r

Marshall Rd

Tonkin Hwy

He
nn

es
sy

 R
d

Lo
rd

 S
tMW10 - 6.29 - 280

BH023 - 5.61 - 285
BH015 - 6.18 - 227 BH016 - 6.03 - 520

BH018 - 6.51 - 508

BH021 - 4.64 - 170
BH022 - 6.25 - 508

BH007 - 5.18 - 113

MM33 - 5.2 - 143

MP3C - 3.9 - 178

GLW E/94 - 5.14 - 216

BH03 - 3.69 - 172

MM55B - 3.81 - 290

MM59B - 4.13 - 183

MM27 - 4.88 - 149

M60 - 4.08 - 104

MM46 - 6.2 - 253

MM49B - 4.46 - 443

MM48B - 6.13 - 201

BH04 - 4.15 - 179

M170A - 4.38 - 228

MEL01 - 3.22 - 2044

MEL03 - 3.9 - 2561
MEL02 - 3.41 - 620

MEL04 - 4.05 - 227

MEL05 - 4.64 - 214

MEL06 - 4.62 - 170
MEL07 - 5.35 - 431

MW6A - 6.4 - 485

MEL14 - 5.11 - 72

Document Path: Y:\ENVIRONMENTAL\Sam\04_MorleyEllenbrookLink\02_MXDs\MAPS_001_200\PTA-GIS-MEL-0146_A4P_v1.mxd

¯
Base Data: Nearmap 2019, Landgate 2019, Sources: Esri, HERE, Garmin, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong), Esri Korea, Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User Community

0 0.5 1 Km

METRONET | Malaga to Ellenbrook Rail Works - Environmental Review Document
Figure 42 Dry Season Groundwater Quality

Date Printed: 13/06/2020
Created By: R.McGregor
Approved by: C.Baxter
Scale:                      @ A4
Coordinate System: GDA 1994 MGA Zone 50

1:45,000

Legend
Development Envelope
Indicative Footprint
Indicative Railway Alignment

Existing Water Corporation Infrastructure
Open Channel Drain
Drains
Watercourses

&A MEL Monitoring Bore
March 2020 Field Results (Coffey)

 pH Salinity(mg/L)



Public Transport Authority �  Malaga to Ellenbrook Rail Works Proposal ERD 332

Surface water
Surface water quality within and upstream of the Development Envelope is a result of existing
and historical land uses impacting surface runoff, public drinking water supply abstraction,
groundwater discharge, and seasonally variable rainfall, wetland water storage and catchment
runoff.

Historically the Bennett Brook catchment has been used for a variety of purposes ranging from
cattle grazing through to urban development. Inflows into the wetlands are ephemeral because
of the seasonal disconnection along the upper catchment tributaries of Bennett Brook. Water
quality inputs such as nutrients from cattle grazing, for example, are concentrated within the
wetlands due to the longer residence time of surface water. The proportions of nutrients and
other solutes that can be attributed to existing and historical land uses is unknown.

Surface water quality monitoring upstream and downstream of the Development Envelope
within the Bennett Brook catchment was conducted annually from 2002 for at least 10 years
(SERCUL 2013). The monitoring recorded exceedances of typical freshwater ecosystem
criteria for pH, electrical conductivity, total suspended solids, nutrients and trace metals
(SERCUL 2013).

The PTA has undertaken six surface water quality monitoring events within and near the
Development Envelope at between 7 and 12 sites between November 2018 and December
2019 (RPS 2019, Coffey 2020a and 2020b). The monitoring programme will continue to
December 2020 to support detailed planning and management of potential impacts of the
Proposal. Surface water quality monitoring data are summarised on Figure 43.

Overall, surface water within the Bennett Brook catchment is similar to groundwater in terms
of the salinity, metals and nutrients because of interactions and interconnections between
these two flow systems. The only exception is pH values which shows surface water normally
appears to be near-neutral to alkaline and ranges from pH 6.1 to pH 9.1). The surface water
pH values are a result of rainfall run-off and wetland storage.
The quality of surface water within the Development Envelope is summarised below.

· Near the proposed Bennett Brook rail bridge, surface water is weakly acidic to near-
neutral (pH 6.2 to 6.9) and fresh (EC 465 to 993mg/L). Compared to the generic
ANZECC guidelines, surface water at SW6 and SW7 has elevated concentrations of
the nutrients phosphorous and nitrate and trace metals (Al, Fe and Zn).

· Downstream of the proposed Whiteman Park Station, surface water at, and near,
Horse Swamp (wetland 8724) is weakly acidic to moderately alkaline (pH 6.0 to 9.1)
and fresh (TDS 360 to 454 mg/L). Compared to the generic ANZECC guidelines,
surface water at SW4 and SW5 has elevated concentrations of the nutrient nitrate
and occasionally phosphorous and ammonium, and trace metals (Al and Fe, and
occasionally Zn).

· To the west of the proposed Whiteman Park Station, surface water at SW3 (wetland
8720) has consistently acidic conditions (pH 3.27 to pH 3.38). Compared to the
generic ANZECC guidelines, surface water at this site has elevated concentrations of
ammonium nitrogen and several trace metals (Al, Cr, Fe, Ni and Zn). This suggests
ASS impacts may already be occurring near this location, probably as a result of the
natural wetting and drying of the wetland as there appear to be no stream inflows into
this site or surface disturbance nearby. Groundwater in the bore MEL06 near SW3 is
also acidic (pH ~4.6) but does not contain the elevated iron and aluminium
concentrations found at SW3. This observation is consistent with the findings and
interpretation of measured pH values within Whiteman Park reported by SERCUL
(2013).
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Clohessy et al. (2013) concluded that the low pH surface water values recorded within
Whiteman Park may be due to acidified groundwater from the Gnangara groundwater mound
that is naturally discharging into the Bennett Brook headwaters. Declining groundwater levels
can result in oxidation of sulphide minerals in soils that can produce acidity that is transferred
to groundwater (DER 2015). This acidification process is believed to be a result of declining
water table levels due to increased groundwater abstraction (Clohessy et al. 2013). If this
acidity is unable to be buffered by alkalinity then low pH levels can result (DER 2015).
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SW2 Range Unit
pH 6.1 - 6.4
Electrical Conductivity 414 - 695 uS/m
Total Nitrogen 2 - 2.3 mg/L
Total Phosphorus 0.03 - 0.04 mg/L
Alkalinity Sulfate Ratio 1.9 - 60
Dissolved Aluminium 0.82 - 0.99 mg/L
Total Aluminium 0.97 - 1.93 mg/L

SW3 Range Unit
pH 3.3 - 3.4
Electrical Conductivity 1936 - 3250 uS/m
Total Nitrogen 1.9 - 10 mg/L
Total Phosphorus 0.02 - 0.22 mg/L
Alkalinity Sulfate Ratio 0.00 - 0.01
Dissolved Aluminium 17.4 - 32.6 mg/L
Total Aluminium 19.2 - 47 mg/L

SW4 Range Unit
pH 6.6 - 8.3
Electrical Conductivity 589 - 695 uS/m
Total Nitrogen 1.1 - 10.0 mg/L
Total Phosphorus 0.01 - 0.22 mg/L
Alkalinity Sulfate Ratio 2.6 - 7.1
Dissolved Aluminium 0.07 - 0.16 mg/L
Total Aluminium 0.16 - 0.27 mg/L

SW5 Range Unit
pH 6.0 - 9.1
Electrical Conductivity 689 - 1390 uS/m
Total Nitrogen 1.4 - 2.1 mg/L
Total Phosphorus 0.03 - 0.11 mg/L
Alkalinity Sulfate Ratio 2.4 - 3.2
Dissolved Aluminium 0.04 - 0.18 mg/L
Total Aluminium 0.08 - 0.28 mg/L

SW6 Range Unit
pH 6.2 - 6.9
Electrical Conductivity 747 - 1306 uS/m
Total Nitrogen 1.2 - 2.1 mg/L
Total Phosphorus 0.04 - 0.08 mg/L
Alkalinity Sulfate Ratio 0.6 - 1.8
Dissolved Aluminium 0.07 - 0.28 mg/L
Total Aluminium 0.07 - 0.63 mg/L

SW7 Range Unit
pH 6.4 - 6.8
Electrical Conductivity 849 - 931 uS/m
Total Nitrogen 1.5 - 1.9 mg/L
Total Phosphorus 0.08 - 0.14 mg/L
Alkalinity Sulfate Ratio 0.9 - 2.5
Dissolved Aluminium 0.13 - 0.14 mg/L
Total Aluminium 0.19 - 0.27 mg/L
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Beneficial uses of water

Groundwater
Existing groundwater dependent values within and near the Development Envelope include:

· A regionally significant groundwater resource within the Gnangara groundwater
mound.

· Existing groundwater users including the Water Corporation, local government
authority and private landholders.

The Gnangara groundwater mound.

The Gnangara groundwater mound provides nearly half of the water supplied to the Perth
metropolitan area each year, and is used for agriculture, irrigation of parks, ovals and gardens
and drinking water. It includes groundwater in the superficial aquifer and overlies confined
aquifers such as the Mirrabooka, Leederville and Yarragadee formations. Confined aquifers
are at a minimal to very low risk from impacts associated with this Proposal due to the inferred
aquifer flow direction (horizontal) in the Bassendean Sands; or are separated from the
superficial aquifer by the aquitard.

Existing groundwater users

The largest groundwater user near the Development Envelope is the Water Corporation, which
draws groundwater from the Superficial Aquifer in the Mirrabooka and Lexia borefields
(Figure 30). Data obtained for the NorthLink Project (Golder 2020) indicates:

· Three operational superficial aquifer water supply bores (M27, M40 and M50) are
operating at distances of 700 m, 470 m and 670 m respectively from the proposed
Malaga Station.

· Most of the bores within 1.5 km of the Development Envelope are screened in the
Mirrabooka or Leederville formations; most are non-operational.

· Only one operational bore (M390) located 1.3 km from the proposed Gnangara Road
underpass is screened in the Superficial Aquifer.

A search of the DWER water register (Golder 2020) identified 67 groundwater licences were
held within a 1 km buffer of the Development Envelope, encompassing Ballajura (11 licenses),
Beechboro (15 licenses), Whiteman Park (21 licenses), State Forest (12 licenses) and South
of Swan (8 licenses), as shown on Figure 30. The Water Corporation holds the largest annual
allocations ranging from 100,000 kL to 2,000,000 kL. Other Section 5C licence holders include
the City of Swan, City of Stirling, City of Wanneroo, Department of Education and private
landholders and companies with annual allocations ranging from 500 kL to 636,150 kL.

The Proposal represents a potential risk to groundwater users holding these licenses from
drawdown due to temporary construction related dewatering and / or water supply abstraction.

As a groundwater licence for a private “backyard” bore is only required if the bore abstracts
from a confined or artesian aquifer, or is used to irrigate an area larger than 0.2 ha (2,000m2),
there may be a number of unlicensed bores that could be impacted by temporary construction
related abstraction activities. Given that these bores tend to be constructed to extend a few
metres below the water table, it is therefore recognised that the Proposal represents more of
a risk during the summer months to unlicensed private groundwater users than licenced users.
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Surface water
Existing surface water dependent values within and near the Development Envelope include:

· wetlands that may be directly or indirectly dependent on both surface water and
groundwater, seasonally or permanently

· creek lines that carry discharging groundwater and surface water supporting water
dependent ecosystems along riparian corridors.

Surface water dependent values also include social and heritage uses of wetlands and riparian
corridors, which may be directly or indirectly dependent on groundwater, seasonally or
permanently.

Summary of inland waters characteristics
The most important characteristics associated with the inland waters factor within and near
the Development Envelope include:

· Groundwater:

- occurs in a superficial aquifer made of Bassendean Sand, Guildford Formation,
Gnangara Sand and Ascot Formation

- is distinct and separated by a thick aquitard from deep confined aquifers

- is at a depth of between 0.7 m and 3.3 m in the south between the Tonkin Highway
and Whiteman Park Station beneath wetland areas and between 3.0 m and 6.0 m
north of Gnangara Road

- is recharged in the superficial aquifer resulting in seasonal fluctuations of 0.72 m to
1.25 m, with an average of 0.94 m

- receives groundwater from the Gnangara groundwater mound to the north and
northwest and discharges to Bennett Brook and the Swan River

- is highly variable but generally fresh, moderately acidic, and has elevated
concentrations of trace metals and nutrients

- interacts with near-surface environments that are likely increasing the acidity, trace
metal and nutrient concentrations

- in the superficial aquifer is an important resource for Perth’s metropolitan drinking
water supply that is abstracted from the Mirrabooka and Lexia borefields by the Water
Corporation

- in the superficial aquifer is abstracted by licensed and unlicensed bore owners for
domestic, public open space and industrial purposes.

· Surface water:

- is ephemeral across most of the Bennett Brook catchment but perennial at some low-
lying areas of Bennett Brook such as Mussel Pool and south of Marshall Road

- flows from the Bennett Brook headwaters within Whiteman Park as a result of
discharging groundwater when the water table rises above the ground surface

- flows to Bennett Brook along artificial drains from urbanised and cleared catchments
including the suburb of Bennett Springs, Marshall Paddock, and the western part of
Brabham
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- flows during the winter when the water table is high and there is enough rain to
generate runoff

- flows to and from wetlands such as Horse Swamp when there is rainfall that is
sufficiently intense such as a 1% AEP event to generate large volumes of runoff

- is generally of near-neutral pH because of the influence of rainfall runoff but contains
elevated concentrations of dissolved trace metals and nutrients because of the
influence of discharging groundwater and a fluctuating water table within wetland
areas.

· Wetlands:

- within the Footprint that have significant environmental value and will be affected by
clearing including three CCWs: UFI 8429 (north of Malaga Station), UFI 8728 (north of
the future Bennett Springs East Station) and 15259 (Bennett Brook) and one REW:
UFI 8678 (north of Whiteman Park Station).

- within the Development Envelope that has significant environmental values however
will be not affected by clearing as it will be protected in an NVRA: CCW UFI 8417.

- outside the Development Envelope that will not be affected by clearing but have
moderate to significant environmental value including four CCWs (UFI 8416 – north of
Malaga Station, 8418 (Orchid Park), 8548 – north of Whiteman Park Station, and 8724
– Horse Swamp), and one REW (UFI 8679 – west of Whiteman Park Station).

 Potential impacts to inland waters
Potential construction and operational impacts to inland waters are listed in Table 58 and the
following sections. Because the objective of the inland water factor incorporates interrelated
values and environmental characteristics of groundwater, surface water and wetlands,
potential impacts are considered in terms of aspects that directly or indirectly relate to the
Proposal’s activities.

Table 58: Potential construction and operation impacts to inland waters

Proposal
Stage

Impact
Type

Works/Operations Potential Impact

Construction Direct · Temporary abstraction
of groundwater for
construction and
dewatering purposes.

· Decrease of groundwater availability
to existing users and wetlands.

· Interruption of or changes to surface
water flows.

· Decrease in the quality of surface
water.

· Loss of CCW and REW habitats and/
or values.

· Reinjection of
groundwater during
construction phase.

· Impacts to groundwater quality.

· Impacts to groundwater quantity
flowing to wetlands and beneficial
users.

· Interruption of or changes to
groundwater fed surface water
bodies.
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Proposal
Stage

Impact
Type

Works/Operations Potential Impact

· Construction of rail
formation, bridges and
culverts.

· Impacts to surface water quality
flowing into wetlands.

· Impacts to surface water quantities
flowing into wetlands.

· Impacts to wetlands due to clearing.

· Excavation and
construction of roads,
buildings and other
hard stand areas

· Impacts to quality and quantity of
surface water flowing into wetlands.

· Impacts to surface water quality
flowing into wetlands.

Indirect · Temporary abstraction
for construction and
dewatering purposes.

· Impacts to the groundwater quality
within the Gnangara UWPCA.

· Impacts to availability of groundwater
to other users.

· Degradation of CCW and REW
habitats.

· Construction of bridges
and culverts.

· Impacts to surface water flows or
hydrological regimes in riparian
areas.

· Impacts to wetlands from changes to
surface water quality.

· Impacts to wetlands from changes to
surface water quantity.

· Excavation and
construction of roads,
buildings and other
hard stand areas

· Impacts to wetlands from changes to
surface water quality.

· Impacts to wetlands from changes to
surface water quantity.

· Reinjection of
dewatering effluent.

· Impacts to wetlands from changes to
groundwater quality.

· Impacts to other beneficial users from
changes to groundwater quality

Operation Indirect · Operation and
maintenance of the
railway line

· Partial interruption of groundwater
flows due to the presence of deep
structures.

· Partial interruption of surface water
flows due to the presence of railway
infrastructure.

· Degradation of CCWs and REWs
though sedimentation, weed
infestation from adjacent ground
disturbance, and changes in water
quality or hydrological regimes.
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 Assessment of impacts to inland waters
Temporary abstraction for dewatering and reinjection during

construction
Dewatering involves the removal of groundwater within and/or beside the excavation where it
extends below the water table. This is achieved by pumping from temporary bores or sumps
to lower the water table to approximately 1 m below the base of the excavation to create safe
and dry working conditions and allow the construction team to form a stable base. Pumping
for dewatering continues as long as construction in the excavation continues.

Groundwater abstraction to supply water for construction purposes such as dust suppression
will be obtained by installing shallow bores into the superficial aquifer. These bores are
pumped at a rate to provide only as much water as needed and are switched off when they
are not needed.

Impacts from construction dewatering
Temporary abstraction will be required at construction sites that extend below the groundwater
level as indicated on Figure 44. Based on preliminary designs, temporary dewatering may be
required at the following sites:

· At all train stations during the construction of deep infrastructure such as lift pits,
underground services and pile caps;

· At the dive structure proposed to pass under the Tonkin Highway west of the proposed
Malaga Station; and

· During installation of foundations for major structures such as bridges and abutments
at Beechboro Road, Dulwich Street, Bennett Brook, Whiteman Park and Gnangara
Road.

The actual dewatering rates and volumes required for dewatering will be determined once the
design and construction methods have been finalised. Golder (2020a) estimates that
dewatering will be required for 6 to 12 months at the Tonkin Highway dive structure, for about
one month at bridges, and intermittently over a couple of months for the railway stations.
Groundwater abstraction for construction dewatering purposes has the potential to impact
ecological function at wetlands and other groundwater dependent ecosystems as well as other
groundwater users, such as licenced and private bore owners. Dewatering for the construction
of the Tonkin Highway dive structure and bridge footings at the Gnangara Road bridge have
the potential to impact groundwater availability to the groundwater dependent Banksia
Woodland TECs at both of these locations (identified as Patch 1 Malaga and Patch 5
Gnangara TEC and illustrated in (Figure 11). Excessive drawdown could lead to a decline in
Banksia Woodland TEC health and, in extreme circumstances, death of Banksia Woodland
TEC species. Accordingly, PTA has undertaken initial modelling of dewatering scenarios to
determine the extent of drawdown at these locations to provide confidence that impacts can
be managed to minimise impacts to these TECs.

Dewatering at Bennett Brook bridge and Whiteman Park Station will likely be of short duration
(estimated to be 1 to 2 months in total) and will be managed so as not to have an impact on
adjacent wetlands outside the Development Envelope. An assessment by Golder (2020b)
determined that dewatering at Bennett Brook is likely to result in minimal drawdown and,
depending on the time of year, excavations to form pile caps may not require dewatering at
all. Furthermore, dewatering is likely to be within seasonal variations.
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A conceptual model illustrating the dewatering and reinjection processes for the Tonkin
Highway dive structure is shown on Figure 45. This model illustrates several important
dewatering related features:

· Dewatering will need to occur within the structure and will lower the water table at least
one metre below working ground surface to provide safe and dry working conditions.
This could be achieved using dewatering bores and/or sumps.

· The walls required to stabilise the dive structure during construction may, or may not,
intersect clayey deposits of the Guildford Formation because it is discontinuous across
the site. If not, groundwater in the Bassendean Sand will flow into the base of the
excavation. If the walls do intersect Guildford Formation, inflow rates are expected to
be smaller.

· Once pumped from beneath the structure, groundwater will be returned to the
Bassendean Sand to balance-out the drawdown effects. This could be achieved using
reinjection bores and/or sumps.

· Groundwater in the Gnangara Sand and Ascot Formation may flow upwards to the
dewatered structure at a rate that is dependent on the presence and hydraulic
properties of the Guildford Formation.

Figure 45: Conceptual hydrogeological model (construction phase)
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Analyses of the potential drawdown from dewatering at the Tonkin Highway dive structure and
at Gnangara Road underpass was undertaken by Golder (2020b). These analyses considered
two scenarios:

 Without any return of the abstracted groundwater i.e. an ’unmanaged’ scenario.
 The abstracted groundwater is all reinjected to the Bassendean Sand.

The results of the simulations for the Tonkin Highway dive structure are shown on Figure 46,
while the results from the Gnangara Road underpass are shown on Figure 47. Potential
drawdown depths and extents resulting from the modelling are summarised in Table 59.

Table 59: Predicted drawdown from dewatering the dive structure

Scenario Result

Tonkin Highway dive structure

1 For the do-nothing scenario, drawdown in the Bassendean Sand is predicted to reach
4 m at the dive structure and extend radially outwards by approximately 1.3 km.

2 If all the abstracted groundwater is reinjected back into the Bassendean Sand, the size
of the drawdown cone of depression is significantly reduced. Drawdowns of up to 0.25 m
beneath the Banksia Woodland to the east of dewatering are predicted to range between
approximately 130 m and 200 m, while under the dwellings to the west (where
unlicensed private bores may exist), they range between approximately 100 m and
150 m depending on their distance from the dive structure.

Gnangara Road underpass

1 For the do-nothing scenario, drawdown in the Bassendean Sand is predicted to reach
1 m at the dive structure and extend radially outwards by approximately 190 to 280 m.

2 If all the abstracted groundwater is reinjected back into the Bassendean Sand on the
western side of the structure, the size of the drawdown cone of depression is
significantly reduced. Drawdowns of up to 0.25 m are predicted to range between
approximately 30 m and 60 m from the dewatered sites.

As outlined in Section 8.4, groundwater levels fluctuate seasonally, and groundwater
dependant vegetation is considered tolerant to these natural fluctuations. The modelled
drawdown described above is generally within these variances and pose a risk only during the
period of low groundwater levels typically around May. Accordingly, the predicted managed
drawdown for construction of the Tonkin Highway dive structure and Gnangara Road bridge
will only impact groundwater availability to GDE for one or two months of the year.

The predictive results show that dewatering related drawdown impacts can be successfully
minimised by using reinjection or other dewatering techniques. The dewatering effluent could
also be returned to the superficial aquifer using infiltration trenches or basins. The actual
method selected will be based on practicalities and meeting environmental outcomes. The
water table will recover after dewatering ceases and the aquifer is recharged during the next
wet season. As a deep and large structure, the operational groundwater level close to the dive
structure may differ slightly compared to baseline conditions as described in Section 8.4. PTA
has prepared a TECMP (Appendix X) that outlines trigger points and thresholds to ensure
impacts are appropriately managed for dewatering at these locations.
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Based on the above results, the PTA is confident that dewatering activities at all dewatering
sites within the Development Envelope can be successfully managed using a similar
approach. The results from the proposed Gnangara Road underpass described in Table 59
are expected to be more typical of the other dewatering sites that will be shallower and require
significantly less dewatering and reinjection. Dewatering activities will require careful planning
to ensure abstracted groundwater is returned to the water table using reinjection bores and/or
infiltration basins to minimise drawdown effects on other groundwater users and GDEs as
described in Section 8.7. It will also require frequent monitoring to identify whether the
reinjection borefield needs to be expanded or adjusted to achieve the EPA objective. Once
dewatering ceases, it is expected the water table will fully recover within one wet season of
recharge given the net take of groundwater will have been only what is lost due to evaporation
from sumps and settlement basins.

The Construction Contractor will prepare a Dewatering Management Plan (DMP) for approval
as a condition of a RIWI Act licence to take water. The Dewatering Plan will include detailed
modelling results based on the final construction design and dewatering methodology. It will
also include mitigation measures, monitoring regimes, triggers and remedial actions. Key
management measures for mitigating potential impacts from dewatering will include:

· Minimising groundwater drawdown through established construction methods based
on the dewatering requirements (i.e. depth and duration), such as re-injection of
abstracted groundwater, use-of diaphragm walls and use of wet working techniques
(as applicable).

· Minimising groundwater drawdown through positioning of recharge wells.

· Locate infiltration basins, trenches and/ or reinjection wells within the Development
Envelope.

· Re-use excess abstracted dewater where possible to minimise offsite discharge.
Only target the Superficial Aquifer for dewatering.

These mitigation measures have also been incorporated into the TECMP and CEMP. Through
the application of careful dewatering management in line with the TECMP (Appendix X), the
PTA considers that no residual impacts to the water table are expected.
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Impacts from groundwater reinjection
Discharge of dewatering effluent directly to surface water features such as wetlands and
creeks has the potential to impact the quality of those features and will be avoided. Rather,
dewater will be reinjected back to the water table as close to where it is abstracted as
practicable, without adversely affecting the dewatering program. This will likely be achieved
through the use of recharge bores or basins, depending on the construction design and
methods adopted. This will ensure that the water table outside the Development Envelope
remains close to baseline conditions. The DMP will aim to maintain the balance between
abstraction and reinjection to avoid short-term waterlogging adjacent to the recharge bores or
basins within the Development Envelope. The risk of not being able to achieve this is low given
the Bassendean Sand is of high permeability meaning the water will infiltrate quickly once
reinjected. However contingency measures will be incorporated into the DMP.

Impacts to the water table from reinjection are expected to be insignificant and will be
controlled by adjusting the locations, extent and rates of reinjection. As the source and
destination is within the same aquifer near each other, the quality of the reinjected water will
be compatible with the groundwater. However, if the abstracted water becomes contaminated
due to high levels of turbidity, flocculated compounds or becomes acidic if it oxidises, the
dewatering effluent will need to be treated in accordance with the Dewatering Plan prior to
being returned to the aquifer.

No residual impacts from reinjection are expected.

Impacts of dewatering on existing groundwater users
As described in Section 8.4.6, most of the Water Corporation bores near the Development
Envelope are screened either deep in the Mirrabooka Formation or are non-operational
(Figure 30). Only three operating bores that are screened in the superficial aquifer are within,
or close to, the Development Envelope. In this case, bores M27, M40 and M50 are 700 m,
470 m and 670 m respectively, from the proposed Malaga Station, two of which are in
Priority 1 and Priority 3 PDWSA areas. These bores are at risk of a reduction in supply if
drawdown propagates in an uncontrolled manner from the proposed dive structure and/or
Malaga Station site.

Private licensed and unlicensed groundwater users are potentially at risk to a reduction in
supply if drawdown propagates in an uncontrolled manner from the Proposal. It is likely that
unlicensed bores are more sensitive to drawdown than bores screened deeper in the
superficial aquifer. They may occur in urbanised areas to the west of the proposed Malaga
Station, south of Marshall Road, and east of Drumpellier Drive.

Construction dewatering at locations indicated in Figure 44 have the potential to impact other
groundwater users. While it is expected that drawdown from construction dewatering will be
largely constrained to the local area, it is possible that some groundwater users close to the
dewatering activities, particularly at the Tonkin Highway Dive Structure and Gnangara Road
bridge excavations, may experience between 0.1 and 0.25 m less water in shallow backyard
bores for several months if dewatering occurs during the dry season. This temporary impact
can be mitigated by supplementing affected users with an alternative source such as scheme
water.

The impact of dewatering on other groundwater users is considered manageable through
established licencing mechanisms and is not expected to have a residual impact.
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Temporary abstraction for construction water supplies
Temporary groundwater abstraction from bores will likely be required to supply water for
construction purposes. While the number and location of water bores will not be known until
the construction designs have been finalised it is expected the Proposal will require a water
supply for the estimated four-year construction period. Construction water supply bores will
be located within the Development Envelope and are likely to be located close to major
structures such as bridges and stations, laydown areas and stockpiles where the water will be
required for construction activities. All groundwater abstraction will be subject to approvals
under the RIWI Act.

The expected water requirements can be reasonably estimated from the requirements of the
nearby NorthLink project (Golder 2020a). The NorthLink 2 (18 km) project required eight bores
and abstracted 1.2 GL of groundwater, corresponding to about 67 ML/km. It is understood that
the 14.5 km Thornlie-Cockburn Link project requires a similar amount of water (Golder 2020a).
Based on this, it has been estimated that this Proposal will require a total of about 0.8 GL, or
about 730 kL/d from approximately five bores during the construction phase. This requirement
and potential drawdown impacts will cease during the operational phase.

An assessment of drawdown-related changes from abstracting groundwater from the
superficial aquifer was undertaken for this Proposal (Golder 2020a). As the bore locations
have not yet been determined, the assessment considered the drawdown magnitude for
pumping rates of between 173 kL/d and 432 kL/d for bores operating continuously for 18
months, which is a typical operating period for each bore for these type of construction
projects. The analysis concluded that at 259 kL/d (based on five bores along the alignment)
drawdown was insignificant (<0.3 m) beyond a radial distance of 50 m. At the higher rates
(346 kL/d and 432 kL/d) drawdowns of <0.3 m would occur 200 m away from the bore.
Depending on the bore’s location, this drawdown could, therefore, be outside of the
Development Envelope.

Drawdown of less than 0.3 m was considered to be insignificant in the context of seasonal
fluctuations that vary between 1.0 and 1.5 m (Section 8.4). Drawdown of greater than 0.3 m
will require further consideration depending on the type and sensitivity of the receptor. Golders’
(2020a) analysis considered the results to be conservative because bores typically only
operate for 18 hours per day and their use is controlled by automatic on/off switches within
the storage tank or basin.

Construction water supply bores can be located to avoid or minimise drawdown-related losses
of supply by carefully selecting their locations and controlling abstraction rates. Construction
water supply bores will be subject to licencing under the RIWI Act and this process will include
consideration for the drawdown-related environmental impacts and impacts on other
groundwater users. A DMP will be required in support of the application and will address
mitigation and monitoring of groundwater drawdown. The DMP will manage potential impacts
by minimising dewatering and managing drawdown through groundwater recharge (such as
through the use of infiltration trenches and/or sumps, or reinjection) and the re-use or
dewatering effluent.
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Based on this analysis, drawdown-related impacts from water supply abstraction can be
managed through the DMP by carefully locating and operating bores within the Development
Envelope while monitoring drawdowns nearby to ensure the expected outcomes are achieved.
The water table is expected to recover shortly after abstraction ceases and/or after one wet
season of recharge.

Temporary disturbances of watercourses during construction
The Proposal has the potential to impact upon surface water runoff and quality during
construction more so than during operations due to the larger disturbance footprint. During
operation, impacts will be managed accordance with WSUD principles (DWER & Water
Corporation, 2017). Figure 32 shows the extent of the Proposal in relation to the catchment
areas for the construction and operation stages.

Potential impacts from construction activities include:

· changes to surface water flow as a result of placement of temporary construction
activities within flow lines

· changes to surface water quality as a result of ground disturbance.

Impacts to surface water flow
The Proposal includes the construction of a rail bridge over Bennett Brook, and the installation
of culverts to allow surface water to cross the Proposal’s corridor, mainly in the vicinity of
Marshall Paddocks and the proposed Whiteman Park Station. This will require the disturbance
or removal of some riparian vegetation and the disturbance of soils within the immediate area
at Bennett Brook.

Temporary dewatering necessary for the construction of the Bennett Brook bridge may result
in reduced surface expression of groundwater inflow to Bennett Brook for a short period of
time when groundwater levels are at their highest (typically around September). The short
duration of dewatering required to construct bridge footings is not expected to significantly
impact surface water flows at Bennett Brook during this period.

Ground disturbance necessary for construction to occur has the potential to cause increased
sediment loads to be washed into Bennett Brook and Horse Swamp. Increased sedimentation
has the potential to impact habitat values within the receiving environment. PTA will ensure
that appropriate sediment control measures are implemented during construction, including
the use of sediment fences, bunds and other retention methods as considered appropriate.
No other impacts to surface water quality from construction are expected.

Construction activities will not be permitted to block the flow of water within Bennett Brook,
which typically only flows between August and November each year. Concept drainage
designs undertaken for the Proposal did not identify any other significant surface water flows
across the railway which cannot be managed via culvert construction.
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Surface runoff during construction
Areas of temporary construction disturbance within the Development Envelope will be required
for construction related activities including equipment and material laydowns, site
administration offices and tracks, crane pads and potentially ASS treatment pads. These areas
are within the Footprint shown on Figure 32. Permanent changes to the landscape will result
from the presence of the rail formation, four railway stations and associated infrastructure,
including access roads and carparks. To avoid indirect impacts, the PTA will design the
carpark according to WSUD design principles to minimise the potential for water quality
changes as a result of carpark runoff.

Standard management measures will be implemented to ensure that surface water runoff will
be controlled during construction, including:

· Construction staging will ensure appropriate surface water management such as
culverts and drainage diversions are installed prior to the wet season wherever
practicable.

· Drainage structures will be constructed to ensure minimal alteration to existing surface
water drainage within the Development Envelope and will incorporate erosion
protection measures where required.

· Where applicable, silt traps will be installed between construction sites and adjacent
TECs. This will be in the form of a silt fence or similar structure to prevent the
movement of sediment into vegetation not approved to be cleared.

With the implementation of these controls, no significant impacts are considered likely with the
implementation of these measures.

Disturbance of wetlands during the construction
The Proposal has the potential to cause both direct and indirect impacts to wetlands as a result
of construction activities. Direct impacts arise from clearing of wetland vegetation and the
physical reduction in overall extent of a wetland’s area as a result of the positioning of rail
infrastructure within its boundaries. Indirect impacts can arise from the dispersion of sediment
in surface water runoff, accidental spills and increased acidity as a result of oxidation of
Potential Acid Sulfate Soils (PASS). Acid Sulfate Soil (ASS) impacts and their management
are addressed in detail in Section 7.6.6.

Clearing and or other direct impacts to a wetland can reduce its environmental value and
function, usually as a result of loss of habitat and water retention capacity. Whilst the partial
clearing and filling of a wetland reduces its value, the extent of reduction is dependent on the
proportion and components of the wetland function area that are disrupted. The direct loss of
an associated dependent terrestrial habitat usually has less impact than removal of the part of
the wetland containing surface water. Small wetlands are more sensitive to the disturbance
associated with habitat removal than large wetlands because of the unequal relationship
between boundary and area.

Large reductions in the volume of water entering a wetland effectively causes wetland loss
and over time the wetland becomes terrestrial habitat. Small reductions initially change only
the character of the wetland, although in the long-term they may reduce its size as the margins
become terrestrial. Increases in the volume of inflow principally change only the character of
the wetland but may also increase the extent of wetland in the long term.
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Indirect impacts on wetlands occur as a result of loss of surrounding terrestrial vegetation,
particularly within the wetland fringes and buffer zone. This loss of vegetation can lead to
increased edge effects, including the ingress of weeds, sediment and nutrient input that may
favour planktonic algal species rather than macrophytes that grow in the lakebed and keep
the water column clear. Changed fire regimes can reduce wetland vegetation and may remove
peaty soils and use of pesticides and herbicides in close proximity to the wetland can affect
water quality and kill biota. There has already been some degradation of all wetlands in the
vicinity of the Proposal and the processes identified in Section 7.6.6 have sometimes already
occurred. For example, peripheral vegetation of all wetlands has been degraded as a result of
weed infestation.

Fragmentation occurs when sections of watercourses (or some members of a suite of
wetlands) are impacted through the loss of riparian vegetation, sedimentation, installation of
barriers or other activities, which remove the continuity of the watercourse. While individual
wetland units may appear to remain intact, wetland values are lost because, for example,
species are less able to recolonise after parts of the watercourse dries out. There is already
extensive fragmentation of wetlands in the vicinity of the Proposal as a result of most of the
area having been previously cleared for cattle grazing (WRM 2020a).

Loss of value may occur at two wetlands as a result of indirect impacts, including disturbance
and fragmentation and reductions in water quality resulting in increased turbidity and Total
Suspended Solids (TSS) downstream, as well as changes to surface and groundwater levels.

Seven wetlands will be directly impacted (CCW UFI 8429, CCW 8728, CCW 15259, REW
8678, REW 8806, REW 15752 and REW 15757) and another one, CCW UFI 8724 (Horse
Swamp) may be indirectly impacted by the Proposal. Wetland values and impacts are
described in Table 60.

Table 60: Impact Assessment for key wetlands affected by the Proposal

CCW UFI 8728 Total Area: 3.8 ha

Direct Impacts:
· Loss of 1.2 ha for

railway construction

This unnamed wetland is located just north of the Proposed Bennett Brook
bridge. 1.2 ha of the wetland will be cleared for railway construction. The
wetland provides only minor attributes, functions and values. The key
functions and values the wetland provides are flood mitigation, surface
water flow and groundwater recharge, which can still be maintained with
appropriate management measures that include the use of culverts and
diversions to minimise changes to surface water flows and the use of
infiltrations basins or reinjection to control groundwater recharge and
drawdown. Mitigation and management measures are described in further
detail in the CEMP (Appendix U). The vegetation is Degraded to Completely
Degraded and the potential clearing and direct impact to the wetland is
unlikely to adversely reduce the attributes, functions and values of the
remaining wetland. The loss of wetland area is addressed in PTA’s Offset
Strategy (Appendix T).
The significant impact associated with the loss of this CCW is addressed in
PTA’s Offset Strategy outlined in Section 11.6 (Appendix T).

Indirect Impacts:
· Nil
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CCW UFI 15259 (Bennett Brook) Total Area: 88.8 ha

Direct Impacts:
· Loss of 0.64 ha for

bridge construction.

Bennett Brook wetland covers 88 ha of Whiteman Park and will be crossed
by a rail bridge. The Proposal will directly impact 0.64  ha (0.7%) of the
wetland. Maintaining the attributes, functions and values of this wetland are
important due to its association with Mussel Pool (upstream), Bennett Brook
and eventually, the Swan River (downstream). The Proposal is not
expected to permanently impact on the hydrological regime of Bennett
Brook as the bridge to be constructed across the brook will be supported by
structures and embankments outside of or along the periphery of the
wetland.
Indirect impacts may arise from increased sediment loads due to
stormwater runoff if ground disturbance activities are not effectively
controlled and from minor drawdown of groundwater levels during
construction of bridge foundations. Indirect impacts will be managed in
accordance with mitigations outlined in the CEMP (Appendix U) and when
the final design is developed the DMP. Relevant mitigations incorporated
into these management plans include the implementation of sediment
controls as required during construction, e.g. use of sediment fences, bunds
and other retention methods.
Changes in surface water flows are predicted to be negligible because the
use of a single span of bridge will ensure water flows are not impeded and
post-construction flows are equivalent to pre-construction flows.
The significant impact associated with the loss of this CCW is addressed in
PTA’s Offset Strategy (Appendix T).

Indirect Impacts:
· Minor increase in

sediment loads.

· Minor drawdown of
groundwater.

CCW UFI 8724 (Horse Swamp) Total Area: 18.71 ha

Direct Impacts:
· Nil

Horse Swamp is nearly 70 m outside the Development Envelope, although
its wetland function area extends close to it. The Development Envelope
was realigned to reduce impacts to Horse Swamp
Horse Swamp acts as a large attenuator and will significantly reduce the
impact of flows from upstream before they reach the more sensitive wetland
areas such as Mussel Pool and Bennett Brook. It currently receives
drainage from the north, including some urban areas to the east of
Drumpellier Drive. It will receive some additional inflows from the carpark at
the proposed Whiteman Park Station, which has the potential to reduce
water quality. However, these are not expected to be significantly different
from those already flowing from the existing Whiteman Park maintenance
facilities at the site. WSUD principles will be applied to the design of
Whiteman Park Station, which will ensure that surface water flows to Horse
Swamp from the station are appropriately managed and is likely to result in
an overall improvement of water quality at Horse Swamp.
A 50m buffer (Native Vegetation Retention Area) has been applied within
the Development Envelope to ensure that potential indirect impacts are
minimised. Other construction related impacts such as increased sediment
loads and short term groundwater drawdown will be managed in
accordance with the CEMP (Appendix U) and a DMP written to support the
a RIWI dewatering licence application. These potential impacts will be
managed by minimising dewatering, managing drawdown using
groundwater recharge and use of sediment controls to prevent
sedimentation as required.
Degradation from weed invasion and other factors may also occur at this
moderately high value wetland in association with access to the
Development Envelope. Mitigation measures that will be implemented to
mitigate the introduction and spread of weeds are outlined in Section 5.6.2
of this ERD. Weed management will involve controlling land access and
implementation of hygiene protocols.

Indirect Impacts:
· Increased surface

water flows

· Changes to surface
water quality
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CCW UFI 8429 Total Area: 1.5 ha

Direct Impacts:
· Loss of 0 ha

This wetland occurs on the northern extremity of the western end of the
Development Envelope, adjacent to Beechboro Road. There is a small
amount of clearing proposed, which may be avoided in response to on-
ground management efforts in line with the CEMP (Appendix U). The PTA
will also manage the risk of further degradation from weed infestation or
decline in water quality.
The significant impact associated with the loss of this CCW is addressed in
PTA’s Offset Strategy that is outlined in Section 11 (Appendix T).

Indirect Impacts:
· Potential

degradation from
reduction in water
quality and weed
invasion.

REW UFI 15752 (Marshall Paddocks) Total Area: 239.7 ha

Direct Impacts:
· Loss of 56.0 ha of

wetland extent,
mostly in
completely
degraded condition.

56.0 ha (23%) of the wetland will be directly impacted by the Proposal. The
majority of this is in Completely Degraded condition, represented by
paddocks and cleared areas. 50.4 ha is covered by vegetation in Degraded
– Completely Degraded condition or worse.
The installation of a mostly elevated rail embankment across this wetland
has the potential to impact groundwater flows through ground compaction
and affect surface water movement. Given the low value of this wetland,
except for waterbird foraging when wet, the impact of the Proposal will be
minor even if compaction under the railway and possible alterations to
surface flow alter the distribution of winter-wet areas in the wetland.

Indirect Impacts:
· Alterations to water

flow as a result of
rail infrastructure.

REW UFI 8678 Total Area: 2.3 ha

Direct Impacts:
· Loss of 0.8 ha of

wetland extent, of
which 0.5 ha is
vegetated and the
remaining 0.3 ha is
cleared.

0.8 ha (33%) of the wetland will be cleared for railway construction. 0.5 ha
of this is native vegetation in Degraded or better condition, with the
remainder cleared for existing road infrastructure. A cleared track/ firebreak
occurs along the boundary of the wetland and the Development Envelope.
This raised track provides an artificial barrier between the open water body
and the current road drainage sump. Based on historical aerial imagery and
the vegetation present, it is likely that the open water extended across this
raised track and into the current Drumpellier Drive alignment. This suggests
that the wetland is still able to function despite historic and ongoing
anthropogenic disturbances. Given the linear shape of the wetland, the
moderately high vegetation and fauna values are likely to be reduced as a
result of the loss of area and the likely associated disturbance around the
wetland edge. Natural surface water flow is already compromised by
existing roads and the future Drumpellier Drive.
The significant impact associated with the loss of this REW is addressed in
PTA’s Offset Strategy that is outlined in Section 11 (Appendix T).

Indirect Impacts:
· Edge effects arising

from an increased
area to boundary
ratio.

REW UFI 8806 Total Area: 15.5 ha

Direct Impacts:
· Loss of 1.6 ha of

wetland extent.

This wetland has little to no value as a result of historical grazing pressures
and clearing.  It predominantly exists on the eastern side of Drumpellier
Drive and has been historically cleared for housing developments.

Indirect Impacts:
· Nil.
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REW UFI 15757 Total Area: 34.0 ha

Direct Impacts:
· Loss of 2.06 ha of

wetland area.

6% of this wetland remnant will be lost as a result of rail infrastructure.  The
wetland has low environmental value, with nearly its entire area having
been previously cleared for housing and infrastructure.

Indirect Impacts:
· Nil.

In total, 62.31 ha comprising portions of three CCW and four REW wetlands will be directly
impacted by the Proposal. The Proposal has been designed to avoid and minimise the loss of
CCW extent, limiting direct loss to 1.9 ha. The Proposal’s impact on 1.9 ha of CCW and 0.5 ha
of a portion of REW UFI 8678 is considered significant and has been included in PTA’s Offset
Strategy, which is outlined in Section 11 (Appendix T).

Multiple Use Wetlands will be directly and potentially indirectly impacted by the Proposal but
their impacts will not be significant due to the highly degraded, fragmented and cleared nature
of these wetlands. Direct impacts will occur in small areas near the proposed Malaga,
Whiteman Park and (future) Bennett Springs stations (Figure 34). Indirect impacts relating to
further changes to surface water along these corridors due to the presence of the rail formation
are considered to be insignificant because of their degraded state. Nonetheless, changes to
surface water flows supporting these areas will be minimised by maintaining drainage beneath
and through the rail formation wherever practicable.

Potential operational impacts on groundwater

The presence of large, deep structures
The interruption of groundwater flows due to the presence of the Tonkin Highway dive
structure has been identified as a potential impact because it is expected to extend several
metres below the water table and will be several hundred metres long.

The Tonkin Highway dive structure will be oriented in a north-south direction that is oblique to
the regional groundwater flow direction, which is north-west to south-east (Figure 39).

The installation of D-walls to facilitate excavation and construction of the dive structure will
create a permanent groundwater flow barrier, resulting in some mounding against the
upgradient side of the D-walls and some groundwater drawdown on the down-gradient side of
the D-walls. However, preliminary groundwater modelling indicates that operational effects are
likely to be less than 0.1m (Golder 2020 b). This is not considered to be a significant residual
impact.

Groundwater impacts from land-use changes
As described in Section 8.4.3, groundwater resources across the Gnangara groundwater
mound are closely linked to recharge rates. These changes typically only manifest from long-
term and large-scaled changes to the infiltration characteristics of the ground surface such as
might occur from new urban areas and the removal of pine plantations. In this case, the largest
disturbances (construction and laydown areas) are small (in the regional context) and
temporary, and not expected to significantly change the regional recharge characteristics.
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Operational infrastructure will mainly comprise the rail formation (and associated surface
water drainage infrastructure) and train stations, neither of which are large enough in footprint
to cause significant changes to the regional groundwater recharge rates or groundwater
resource availability. The rail infrastructure is compatible with the relevant PDWSAs. The
proposal will not have a significant residual impact on other groundwater users.

Potential operational impacts on surface water
Once the construction stage has been completed, the temporary disturbance areas will be
revegetated, where practicable. Most temporary disturbances will be revegetated with locally
endemic species, within the PTA guidelines of vegetation appropriate to be planted near an
electrified rail corridor. For example, batters and areas within the electrified rail corridor will be
stabilised rather than revegetated.

Some changes to surface water will remain due to the ongoing presence of permanent
infrastructure including the rail formation, dive structure, bridges, culverts, railway stations and
associated infrastructure (roads and carparks). Potential impacts during operational stage
include:

· Changes to surface water runoff quantity.

· Changes to surface water quality.

Operational changes to surface water runoff quantity
Changes that could affect surface water runoff volumes during operations include:

· The constriction of surface water flow underneath the Bennett Brook bridge

· Addition of impervious surfaces within the Proposal Footprint leading to an increase in
surface water runoff, relatively faster movement of water into the catchment and
changes in surface water quality.

Potential flooding-related impacts due to the construction of the Bennett Brook crossing and
culverts under the railway line and Drumpellier Drive have been investigated by ARUP (2020).
The ARUP assessment included flood modelling to identify differences in water velocities
(Figure 48) and depth (Figure 49) following a 1% AEP rainfall event. The modelling indicates
changes to surface water levels and velocities are confined to the areas close to Bennett Brook
crossing and the flow from the culvert under Drumpellier Drive. It is expected that if standard
engineering design principles are employed, only minor changes will occur for culverts under
the Footprint between Malaga and Whiteman Park stations.

The Footprint crosses several drainage pathways and low-lying areas between Malaga Station
and Whiteman Park. The drainage lines are minor and not well defined and do not carry large
surface water flows or volumes. Standard drainage design measures will be applied by PTA
to ensure current surface water movements are maintained as much as practicable.

Once operational, the overall impact of the railway infrastructure is predicted to be minor as
railway embankments will incorporate drainage to minimise surface water flow obstructions
and maintain existing surface water flows. Runoff from roads and carparks at the railway
stations will be higher than baseline, but not significantly. The design of these areas is still to
be finalised, but surface water runoff will be managed in accordance with WSUD principles
(DWER & Water Corporation 2017). This will prioritise infiltration at source, ensuring no direct
discharge of untreated runoff to nearby wetlands.



355

The Proposal is not expected to have a significant impact to surface water during its
operational phase.

Operational changes to surface water quality
Runoff from roads and carparks at the railway stations is a potential risk as a point source of
pollution from vehicles that use these areas. Pollutants are expected to be primarily related to
litter, sediment, suspended solids, metals, hydrocarbons and toxic organics (CRC for
Catchment Hydrology 2000). WSUD principles will be applied, which are likely to include
infiltration basins, oil / water separators and / or gross pollutant traps.

The potential for poor quality water to reach Horse Swamp from Whiteman Park Station is
considered low when WSUD measures are applied.  The existing work yards at the Whiteman
Park near the Station site include a similar extent of hardstand to that proposed for the station,
without any existing water treatment measures in place. With suitable WSUD measures in
place at Whiteman Park Station, the Proposal is not expected to have a significant impact on
surface water quality.
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Potential operational impacts on wetlands
Post construction railway operations have the potential to impact wetlands as a result of
changes to ground and surface water conditions. Specifically, two CCW wetlands may be
affected by the Proposal:

UFI 15259 (Bennett Brook) will be indirectly impacted by the presence of rail infrastructure
over Bennett Brook. This has the potential to restrict water flow and may increase velocity and
induce scouring. Modelling indicates that velocity is unlikely to significantly increase following
construction and excessive scouring is therefore considered unlikely. Minor scouring under
the bridge may result in the formation of shaded pools, which in turn has the potential to
provide additional habitat for Carter’s Freshwater Mussel. These indirect impacts are not
considered significant.

UFI 8724 (Horse Swamp) has the potential to be indirectly impacted by changes to surface
water quality that currently flows through the Whiteman Park Station site and into Horse
Swamp. Current flows originate in the suburb of Brabham on the east side of Drumpellier Drive
and from north of the Proposed station location, where it currently flows through an existing
works depot. Although the station may slightly increase the volume of water flowing into the
wetland, the implementation of WSUD principles will ensure that the operating railway is
unlikely to significantly alter the quality of water arriving at Horse Swamp. The attenuation
effect of Horse Swamp will act as an effective buffer between existing and future flows and
other wetlands downstream of Horse Swamp, including Mussel Pool. Accordingly, these
indirect impacts are not considered significant.
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 Mitigation
PTA has prepared a CEMP (Appendix U), which will ensure appropriate management
measures are applied across the Proposal. Additionally, key risks associated with dewatering
activities adjacent to the two Banksia Woodland TECs will be managed through the
implementation of a TECMP (Appendix X). Key mitigation measures for managing potential
impacts to surface water and groundwater are summarised in Table 61. These have been
incorporated into the CEMP and TECMP.

All dewatering and abstraction will require licencing under the RIWI act, and part of this
process will include demonstration that the dewatering or abstraction does not have a
significant impact on environmental values or other users. A DMP will be required in most
circumstances, and this will outline further, more specific measures to manage potential
dewatering and abstraction impacts.
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Table 61: Summary of impacts and mitigation hierarchy

Potential impacts Assessment of Impacts Mitigation Hierarchy

Disturbance to
wetlands.

The Proposal will directly impact 1.9 ha of CCWs and
0.5 ha of a REW. No other direct impacts to wetlands
are considered significant.
The Proposal has the potential to cause indirect impacts
to Bennett Brook and Horse Swamp through increased
sediment loads and changes to water quality. The
adoption of WSUD principles and the CEMP will ensure
that these indirect impacts are not significant.

Avoid
· Access into wetlands during construction except for areas to

be cleared.

Minimise
· Investigate opportunities during detailed design and

construction planning to reduce impacts on CCWs and
REWs further.

· Apply the principles of WSUD at Whiteman Park Station

· Implement the CEMP to minimise the risk of construction
related discharges reaching wetlands, including:

- Use of dust suppression during construction to minimise dust
migrating to nearby wetlands.

- No refuelling will take place within 50 m of a wetland
- No chemical storage and ASS stockpiles will be located within

50 m of a wetland
· A map showing restricted areas will be provided for each

construction zone. These will indicate all sensitive
environmental areas.

· Maintain existing vegetation around wetlands in as
undisturbed a state as possible to provide a buffer against
disturbance of the wetland.

Rehabilitate
· Not Applicable
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Potential impacts Assessment of Impacts Mitigation Hierarchy

Groundwater
drawdown and
abstraction for
construction purposes.

Groundwater drawdown has the potential to cause
significant impacts to Patch 1 Malaga and Patch 5
Gnangara Road TECs and could reduce water
availability at nearby wetlands. The implementation of a
TECMP, a CEMP and site specific Dewatering Plans will
ensure these impacts are not significant.

Avoid:
· Abstraction for water supply will only take place within

wellhead protection zones with regulatory consent and
provided that no viable water supply alternatives are
available.

· Impacts will be avoided by placing the bores away from
sensitive receptors where practicable.

· The railway has been designed to remain above the water
table as far as practicable.

Minimise:
· The PTA will obtain licenses required for the abstraction of

groundwater and the construction of bores.

· The PTA will manage abstraction in accordance with the
CEMP and TECMP to ensure that drawdowns are managed
in accordance with prescribed criteria, including:

- Minimising groundwater drawdown through established
construction methods based on the dewatering requirements
(i.e. depth and duration), such as re-injection of abstracted
groundwater, use-of diaphragm walls and use of wet working
techniques (as applicable).

- Minimising groundwater drawdown at Malaga and Gnangara
TECs through positioning of recharge wells.

- Locate infiltration basins, trenches and/ or reinjection wells
within the Development Envelope.

- Re-use excess abstracted dewater where possible to
minimise offsite discharge.

· Only target the Superficial Aquifer for dewatering.
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Potential impacts Assessment of Impacts Mitigation Hierarchy

· The PTA will implement engineering controls and/or
reinjection bores or recharge basins where practicable to
minimise the drawdown on the water table nearby.

Rehabilitate:
· Not Applicable

Direct impacts to
surface water flows
during construction.

Surface water flows at Bennett Brook and into Horse
Swamp may be impacted during construction as a
result of the placement of temporary fill material,
temporary excavations and alterations of flow paths to
protect construction sites. These impacts are effectively
managed through the implementation of the CEMP and
are not expected to be significant.

Avoid
· The railway has been designed to minimise the intersection

of significant surface water flows, such as at Horse Swamp,
as much as possible.

Minimise
· Access to Bennett Brook for construction activities will be

minimised.

· Drainage through the Whiteman Park Station site will be
diverted if required in order to ensure winter flows are not
interrupted by construction activities.

· The PTA will minimise adverse impacts on the water
dependent ecosystems e.g. increasing frequency of
inundation or draining of adjacent wetlands and connected
floodplains in line with the CEMP that includes the following
management measures are implemented:

- Staging construction where practicable.
- Construction of drainage structures where necessary to

ensure minimal alteration to existing surface water drainage.
Drainage structures will incorporate erosion protection
measures where required.

· Inspections conducted as soon as practicable after periods
of heavy rainfall.
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Potential impacts Assessment of Impacts Mitigation Hierarchy

Indirect impact to
surface water quality
from stormwater runoff
during construction

Indirect impacts to surface water quality may arise if
stormwater runoff from disturbed areas is not
adequately controlled. Contaminated runoff may
contain elevated turbidity from disturbed soils in
laydown and construction areas.
Impacts associated with these activities can be
adequately controlled by adopting standard store and
release protocols for stormwater. The CEMP addresses
stormwater quality management. Impacts to stormwater
quality during construction is not considered significant.

Avoid
· Where practicable, runoff from disturbed areas will be

directed away from existing waterways and wetlands.

Minimise
· Stormwater will be managed in accordance with the CEMP,

which requires that:

- Stormwater will be held within the construction sites where
practicable and released beyond the footprint if water quality
criteria are met.

- On site stormwater storage criteria to be defined and agreed
as part of construction management.

- Construction planning will incorporate planning and controls
(water quality and erosion) for major rainfall events (up to 1%
AEP rainfall event) during all phases of construction.

- Stormwater management will include the use of low bunds,
silt fencing, bales or other erosion and siltation prevention
equipment where necessary. The diversion of any open
drains will be avoided during construction wherever possible.

· Where practicable, construction across waterways will be
undertaken during the dry season.

Rehabilitate:
· Not Applicable
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Potential impacts Assessment of Impacts Mitigation Hierarchy

Direct impacts to
surface water flows
during operation.

The size and span of the Bennett Brook bridge will
ensure that surface water flows are not significantly
restricted. The Whiteman Park Station parking area has
the potential to increase water flows into Horse Swamp,
which could change the hydrology of the swamp. The
application of WSUD principles will minimise the
significance of any potential impact associated with this.

Avoid
· Not Applicable.

Minimise
· Surface water will be managed in line with WSUD principles.

· The Bennett Brook bridge will be designed to ensure flows
and velocities do not adversely impact existing waterways,
wetlands and nearby properties up to a 1% AEP event.

Rehabilitate
· Not Applicable
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 Predicted outcome
Residual impacts

Through the implementation of mitigation measures outlined in Section 8.7, the PTA is confident that
all indirect impacts and construction related impacts can be managed so that adverse impacts on
inland waters can be avoided and minimised.

The implementation of the Proposal will result in the following direct residual impacts associated with
clearing up to 62.3 ha of CCW and REH geomorphic wetlands:

· Loss of 1.65 ha of CCW in Degraded or better condition

· Loss of 0.23 ha of CCW in Completely Degraded condition or cleared

· Loss of 7.8 ha of REW in Degraded or better condition

· Loss of 52.63 ha of REW in Completely Degraded condition or cleared.

Significant residual impacts
The proposal is considered to have a significant residual impact on 1.9 ha of three CCWs, and 0.5ha
of one REW including:

· 1.2 ha of CCW UFI 8728, representing 27% of its DBCA-019 mapped extent

· 0.1 ha of CCW UFI 8429, representing 2% of its DBCA-019 mapped extent

· 0.6 ha of CCE UFI 15259 (Bennett Brook) representing 1% of its DBCA-019 mapped
extent.

· 0.5 ha of REW UFI 8678, representing 22% of its DBCA-019 mapped extent.
PTA has prepared an Offset Strategy to counterbalance the significant residual impacts of the
Proposal on three CCWs and one REW (Section 11).

Predicted outcome
The PTA is confident that with the implementation of the proposed mitigation and management
measures outlined in this ERD and incorporated into the CEMP (Appendix U), TECMP (Appendix X)
and the future Dewatering Plan, and the commitment to offset the significant residual impacts to
clearing the three CCWs and one REW identified above, the Proposal will meet the EPA’s objective
to protect inland waters.
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9. Social surroundings
This chapter describes how the values of the factor, Social Surroundings, may potentially be
impacted by the Proposal, considers the various construction and operational related activities that
could either directly or indirectly impact Social Surroundings, assesses those impacts and
determines that no significant residual impacts to Social Surroundings are predicted from the
implementation of the Proposal. The assessment considered impacts to Aboriginal heritage values,
historical heritage and potential impacts to sensitive receptors living in residential areas adjoining
the Proposal including noise and vibration, loss of visual amenity and bushfire risk.

The PTA is confident that with the implementation of the proposed mitigation and management
measures, outlined in Section 9.8, incorporated into the CEMP (Appendix U) and draft NVMP
(Appendix V) prepared by SLR (2020b), the Proposal will meet the EPA’s objective to protect social
surroundings from significant harm during both the construction and operational phases.

 EPA objective
To protect social surroundings from significant harm.

 EPA Policy and guidance
Key EPA policy and guidance is listed below.

· Environmental Factor Guideline: Social Surroundings (EPA 2016h).

 Other policy and guidance
Additional policy and guidance on which this ERD is based is provided below.

· Environmental Protection (Noise) Regulations 1997

· State Planning Policy 5.4 – Road and Rail Noise (WAPC 2019a).

· State Planning Policy 3.7 – Planning in Bushfire Prone Areas (WAPC 2015).

· Road and Rail Noise Guidelines (WAPC 2019b).

· Australian Standard AS 2670.2-1990: Evaluation of human exposure to whole body
vibration - Part 2: Continuous and shock induced vibration in buildings (1 to 80 Hz)
(Standards Australia 1990).

·  Mechanical vibration and shock – Evaluation of human exposure to whole-body vibration
(Standards Australia 2018).

· Visual Landscape Planning in Western Australia: a manual for evaluation, assessment,
siting and design (WAPC 2007).

 Receiving environment
Social surroundings include the aesthetic, cultural, economic and social values of the environment,
which affect or are affected by physical and biological surroundings. They also include Aboriginal
heritage and culture, natural and historic heritage and amenity (EPA 2016).

Surveys and studies
A number of studies and investigations have been undertaken by PTA in order to assess the social
surroundings of the Development Envelope. These studies are listed in Table 62.



367

Table 62: Summary of environmental investigations relevant to social surroundings

Investigation Details of investigation

Morley-Ellenbrook Line: Noise
and Vibration Assessment
Malaga to Ellenbrook – Part 2
Road and Rail (Appendix S)

Scope: Report detailing the results of railway and road noise and vibration
modelling for the Malaga to Ellenbrook Rail Works based on preliminary
railway and road designs. Comparison of modelling results against project
specific noise and vibration criteria.

Provision of in principle recommendations for mitigation measures where
they may be required.

Consultant: SLR

Survey date/s: Not applicable

Report date: May 2020

Commissioned by: PTA

Morley Ellenbrook Line:
Preliminary Design Noise and
Vibration Assessment – Part 2

Scope: Report detailing the results of railway noise and vibration modelling
for the Malaga to Ellenbrook Rail Works based on a preliminary railway
design. Comparison of modelling results against project specific noise and
vibration criteria.

Provision of in principle recommendations for mitigation measures where
they may be required.

Consultant: SLR

Survey date/s: Not applicable

Report date: August 2019

Commissioned by: PTA

Aboriginal heritage Survey:
Morley Ellenbrook Railway
Line

Scope: Aboriginal heritage consultation and field survey for the construction
of the Morley-Ellenbrook Line. Assist PTA with implementation of the
Noongar Standard Heritage Agreement (NSHA) – as applies to formal
consultation between PTA and Whadjuk Working Party (through SWALSC).
Conduct an Aboriginal heritage survey in accordance with NSHA with
representatives nominated by SWALSC. Arrange for a similar consultation
and survey process with listed Knowledge Holders provided by DPLH.
Provision of a report on the survey results and recommendations on
significant matters raised during consultation.

Consultant: R. & E. O'Connor Pty Ltd

Survey date/s: 8 – 10 April 2019

Report date: April 2019

Commissioned by: PTA

Desktop Aboriginal Heritage
Analysis of Proposed Morley
to Ellenbrook Railway Line
(Appendix R)

Scope: Preliminary Aboriginal heritage assessment of the Proposal corridor.
Search of the register of Aboriginal Sites within 100m of Development
Envelope. Report assessing the construction constrains arising from
heritage considerations. Provision of recommendations pertaining to the
management of Aboriginal heritage impacts.

Consultant: R. & E. O'Connor Pty Ltd

Survey date/s: Not applicable

Report date: February 2018

Commissioned by: PTA
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Investigation Details of investigation

Report of an Aboriginal
Heritage Desktop Assessment
of the NorthLink WA Project
(Perth-Darwin National
Highway)

Report of an Ethnographic
Aboriginal Heritage Survey of
the proposed NorthLink WA
Project (Perth-Darwin National
Highway)

Scope: Undertake Aboriginal and European heritage investigations in
relation to the NorthLink WA Project. The investigations involve
archaeological and ethnographic desktop research and field surveys.

Consultant: Amergin Consulting

Survey date/s: November & December 2012

Report date: December 2014 & May 2015

Commissioned by: PTA

Aboriginal heritage
As signatory to a Noongar Standard Heritage Agreement in accordance with the Whadjuk People
Indigenous Land Use Area, the PTA is required to submit an Activity Notice to the South West
Aboriginal Land and Sea Council (SWALSC) to determine the requirement for Aboriginal Heritage
surveys of the project area. The PTA submitted an Activity Notice to the SWALSC on 25 January
2019 for the construction of the Proposal. SWALSC presented the Activity Notice to the Whadjuk
Working Party on 20 February 2019, advising the PTA that a heritage survey was to be undertaken
for the Proposal.

Two Aboriginal heritage studies (a desktop assessment, Appendix R, and a consultative survey,)
have been undertaken for the Proposal (R. & E. O'Connor Pty Ltd 2018, 2019). An Aboriginal
heritage survey was completed with SWALSC nominated Whadjuk representatives and DPLH
Registered Knowledge Holders. Following the survey, the DPLH Registered Knowledge Holders and
Whadjuk representatives gave their conditional support for the Proposal, on the grounds that
disturbance to Aboriginal heritage sites will be minimal and the proposed railway will have benefits
for the general community.

The Department of Planning, Lands and Heritage’s (DPLH) Aboriginal Heritage Inquiry System
(AHIS) identified three registered Aboriginal heritage sites within the Development Envelope, located
at Bennett Brook (Site number 3692); and Drumpellier Drive North 1 and 2 (sites 551 and 552).
There are also a number of Other Heritage Places present in the Development Envelope (Figure 50
and Table 63). The DPLH Aboriginal Heritage Inquiry System shows the alignment intersecting also
with Site Number 3840 ‘Bennett Brook Camp Area’, however the footprint of that site has been
confirmed as outside the Development Envelope (R. & E. O'Connor Pty Ltd 2019). The Proposal will
not impact the confirmed location of the registered Site 3840 ‘Bennett Brook Camp Area’, which is
located outside of the Development Envelope.

The studies involved a consultative process and field survey of the proposed railway alignment with
Whadjuk representatives as nominated by SWALSC under the Noongar Standard Heritage
Agreement with the PTA. Knowledge Holders for the registered Aboriginal heritage sites were also
consulted as nominated by the DPLH.
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A basic description of each Registered Site which intersects the Development Envelope is included
in Table 63. Further descriptions and attributes of each registered site are described below. No other
Aboriginal heritage sites were identified by the Aboriginal survey participants within, or in close
proximity to, the indicative railway alignment. Given the survey effort undertaken in the Proposal
area, and the level of existing disturbance, no unidentified Aboriginal heritage sites are anticipated
to be uncovered during construction.

Table 63: Registered Aboriginal sites that intersect with the Development Envelope

Site ID Site name Site type Additional information

551 Lord Street North 1 Ceremonial May have been disturbed in
previous Lord Street road
construction activities.

552 Lord Street North 2 Ceremonial, Mythological,
Water Source

May have been disturbed in
previous Lord Street road
construction activities.

3692 Bennett Brook in Toto Mythological Restricted site

Site ID 551 – Lord Street North 1
This site is located alongside Drumpellier Drive at the eastern edge of Whiteman Park. Described
as a stand of paperbarks and Tea-trees, this site is believed to be an old ‘initiation ground’. The Tea-
trees are said to be symbolic of the old people who used the meeting ground (R. & E. O'Connor Pty
Ltd 2018). During the extension of Drumpellier Drive, part of the site was granted approval to be
disturbed, on the condition that every endeavour was made to limit encroachment onto the site and
the remaining portion be fenced with an appropriate memorialisation provided (Brad Goode &
Associates 2015). This was completed, with representatives of the Aboriginal people of the area
assessing the fenced location as consistent with details of the actual site location, and that as a cool
shady place, the location was also consistent with use as a corroboree place (Brad Goode &
Associates 2016). The PTA has received approval from the Minister for Aboriginal Affairs under
Section 18 of the AH Act, for the partial disturbance of the registered Aboriginal heritage site ID 551
(Reference 69-14789).

Site ID 552 – Lord Street North 2
Located further south along Drumpellier Drive, this site is described as a permanent pool surrounded
by reeds, grass trees and paperbarks (R. & E. O'Connor Pty Ltd 2018). Site ID 552 is defined by a
sacred fresh water source associated with the Dugatch (Waugal) dreaming (R. & E. O'Connor Pty
Ltd 2019, Brad Goode & Associates 2015). Consultation with relevant Aboriginal survey participants
has also identified this area as a possible kangaroo increase site, important in maintaining the
kangaroo population in the area (Brad Goode & Associates 2015). The PTA has received approval
from the Minister for Aboriginal Affairs under Section 18 of the AH Act, for the partial disturbance of
the Registered Aboriginal Site ID 552 (Reference 69-14789).
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Site ID 3692 – Bennett Brook in Toto
The Bennett Brook in Toto site is a mythological site held under Restricted Access. The site was
recorded to include the Brook and the banks on either side. The site extends approximately 7 km
from headwaters of the Bennett Brook in Whiteman Park to the confluence of Bennett Brook and the
Swan River (Amergin Consulting 2015). The entire brook is of significance to the Whadjuk people
as it was formed by the Waugul, whose spiritual essence is believed to still exist there (Coffey
2015e). It has been reported that Aboriginal groups would move along the reaches of Bennett Brook
hunting and gathering food while moving from camps in the Guildford area to Lake Gnangara and
beyond (Whiteman Park 2019).

The spiritual and cultural health of Aboriginal people is considered to be dependent on the health
and vitality of living water, stemming from a close connection to country, which is difficult for many
non-Aboriginal people to appreciate or even understand (Estill & Associates 2005). Bennett Brook
is recognised by the Aboriginal people as a ‘living water’ source, and thus has special significance
associated with it. However, since the original recording of its status in 1984, numerous
developments have taken place both over and in the near vicinity of Bennett Brook with the approval
of the Aboriginal people (R. & E. O'Connor Pty Ltd 2018).

The Proposal requires the construction of a rail bridge over Bennett Brook. The consultative survey
undertaken for the Proposal confirmed the significance of Bennett Brook. ‘The entire brook is an
area of significance to Aboriginal people … (as) it was formed by the creative activities of Waugul,
whose spiritual essence still exists there’ (METRONET 2019b). The PTA will be required to partially
disturb ‘Bennett Brook in Toto’ site for construction, operation and maintenance of the rail bridge and
has committed to undertaking a follow up survey with the consultative survey participants once
further bridge design information is available. Once the follow up survey is complete a Section 18
notice will be lodged with the DPLH for consideration by the Aboriginal Cultural Material Committee
(ACMC), and the Minster for Aboriginal Affairs, prior to commencement of ground disturbing works
within the registered site boundary.

Other Heritage Places
A further three sites of Other heritage are registered with the DPLH, but do not fit the criteria of a
Registered Site (see Table 63). These sites have undergone varying levels of disturbance and
degradation due to localised developments and potentially little of these sites remain. All of these
sites were associated with artefacts or scatters, with any signs of artefacts collected at the time of
recording (Amergin Consulting 2015; Ethnosciences 2017). In previous reports, some of these sites
were listed as “registered” under the AH Act, however recent studies have downgraded them to
“other” due to the level of disturbance of these sites. No additional surveys or Section 18 approvals
are required to disturb these sites.

Table 64: Other Heritage Places intersecting the Development Envelope

Site ID Site name Site type Status Additional information

3180 Marshall,
Beechboro

Artefacts/Scatter Stored Data / Not
a Site

Previously disturbed by the
construction of Marshall
Road. Artefacts fully
collected.

3619 Whitemans
Quarry

Artefacts/Scatter Stored Data / Not
a Site

-

4099 Beechboro Road Artefacts/Scatter Stored Data / Not
a Site
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Historical and natural heritage
There are no State Registered sites of European Heritage located within the Development Envelope.
The City of Swan’s Municipal Heritage Inventory lists Whiteman Park as a place of cultural heritage
significance (Figure 51).

Whiteman Park is a large area of bushland and pasture reserved as Parks and Recreation under the
MRS. The Development Envelope traverses cleared land in the south of Whiteman Park and
adjacent to the eastern boundary, intersecting the edge of the park in places. The Whiteman Park
provides recreational and conservation amenity value to the community. Whiteman Park is the
largest recreation and conservation park in the Perth metropolitan region, covering an area of nearly
4,000 ha (WAPC 2019c).

Primary vehicle access to the park is via Whiteman Drive West off Beechboro Road and Whiteman
Drive East off Drumpellier Drive. Dulwich Street also provides access into the Whiteman Park, direct
to the Whiteman Dog Park, from Marshall Road. Cycling and walking access into the Whiteman Park
is via a number of informal tracks, as well as gazetted road access.

Originally used for the purpose of grazing cattle, Whiteman Park was converted into a Public Open
Space with the development of the popular picnic spot of Mussel Pool in the 1960s (Whiteman Park
2019). The creation of this parkland also served to protect the Gnangara groundwater mound, a vital
source of drinking water for the Perth metropolitan area.

Whiteman Park now encompasses strong themes of education and environmental conservation,
transport and cultural heritage, through both the Park infrastructure and the social aesthetic value of
the Park. In addition to the cultural, conservation and recreational values, Whiteman Park also
carries a strong transport heritage theme dating back to the 1960s. A number of transport museums
operate within the Whiteman Park boundaries.

Whiteman Park attractions in the southern and eastern areas of Whiteman Park include the Mussel
Pool hub, Caversham Wildlife Park, areas of woodland and two elevated viewing platforms within
bushland to the south (Figure 51). Portions of the Park are subject to livestock grazing, in paddocks
along Marshall Road and Drumpellier Drive in the southern portion of the Park (Whiteman Park
2019).
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Noise and vibration
Construction and operational noise and vibration generated by this Proposal has the potential to
impact on nearby sensitive receptors, including residential dwellings, commercial and industrial
buildings, educational institutions, childcare centres, medical facilities and places of worship.
Recreational users have also been considered, although they are not considered a noise sensitive
receptor in the WA Planning Commission’s Road and Rail Noise Implementation Guidelines (WAPC
2019c).

Sensitive receptors were identified for this Proposal at the following locations:

· Malaga Station – residential dwellings west of Malaga Station on the other side of Tonkin
Highway; residential, commercial and light industrial south of Malaga Station and on the other
side of Marshall Road. Existing noise environment influenced by road noise from Tonkin
Highway and Marshall Road.

· Bennett Springs East (future) Station – residential dwellings on larger landholdings
surrounding future Station. Residential dwellings on standard lots on eastern side of
Drumpellier Drive. Existing noise environment influenced by road noise from Marshall Road
and Drumpellier Drive but to a lesser extent.

· Whiteman Park Station to Gnangara Road – recreational users in Whiteman Park to the west
of the railway; current and future residential dwellings on the eastern side of Drumpellier
Drive. The existing noise environment is influenced by road noise on Drumpellier Drive.

· Gnangara Road to Ellenbrook Station – residential dwellings east of Drumpellier Drive and
on both sides of the railway through Ellenbrook (SLR 2020b).

Existing and planned sensitive receptors have been included in noise and vibration investigations
where there is sufficient planning or subdivision information currently available to determine the
locations of roads, residential housing lots and permitted densities. Future higher density
development is proposed adjacent to Malaga Station, however there is insufficient subdivision
information available at this time to assess the potential noise and vibration impacts in this location.

Acceptable levels of noise and vibration are set by the Environmental Protection (Noise) Regulations
1997 (EP Noise Regulations) and State Planning Policy 5.4: Road and Rail Noise (WAPC 2019b)
(SPP 5.4).

Construction noise and vibration impacts will be managed in accordance with the mitigation
measures outlined in Section 9.7 of this ERD, which have been incorporated into the CEMP and
noise management plans required under the EP Noise Regulations for out of hours work. Out of
hours noise management plans will be developed by the PTA who will be responsible for obtaining
approval from the relevant local government authority.

Operational noise and vibration criteria for the Proposal were developed in consultation with the
DWER Noise Branch and documented in several SLR reports (SLR 2019, SLR 2020a and SLR
2020b, see Appendix S and Appendix U) The criteria address airborne noise, ground-borne (or
regenerated) noise and ground-borne vibration and include compliance, where practicable, with the
EP Noise Regulations, SPP5.4 and other industry best practice guidelines.

Ground borne noise (GBN) and vibration (GBV) from railway operations were considered due to the
proposed construction of railway tunnels in proximity to noise sensitive receptors. GBN and GBV are
generated at the interface of the rail and train wheels and can be transmitted into adjacent buildings
via the intervening ground.




