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Executive Summary 
Background 
The Public Transport Authority of Western Australia (PTA) is developing the Yanchep Rail 
Extension (YRE) Project as part of the Western Australian Government’s METRONET vision. 
The YRE Project is an extension to the Northern Suburbs Railway (also known as the 
Joondalup line) in Perth’s northern suburbs, 40 km north of the Perth central business district 
(CBD). 

Part 2 of the YRE Project (the Proposal) includes the construction of approximately 7.2 km of 
narrow gauge dual track railway from north of the future Eglinton Station, heading generally 
north before terminating north of the proposed Yanchep Station. The new station at Yanchep 
will include intermodal interchanges for bus services, ‘park and ride’, ‘kiss and ride’, active 
mode facilities and associated infrastructure.  

The PTA referred the Proposal to the Environmental Protection Authority (EPA) under section 
38 of the Environmental Protection Act 1986 (EP Act) on 25 August 2018. On 12 September 
2018, the EPA determined that the Proposal would be formally assessed, with the level of 
assessment set as Public Environmental Review (PER) and including a six-week public review 
period. An Environmental Review Document (ERD) was prepared for public review (Eco 
Logical Australia (ELA), 2019a).  

This supporting information report provides further information on where the Proposal 
intersects Bush Forever Site 289 (Ningana Bushland) in response to questions posed during 
the recent public review process undertaken as part of the Public Environmental Review. This 
report also outlines the PTA’s proposed mitigation strategy to address the Proposal’s potential 
fragmentation impacts to Ningana Bushland.  

Ningana Bushland is 640.8 ha in extent and contains approximately 564 ha of bushland 
(native vegetation) comprised of woodland, heath, shrubland and grassland communities 
(Government of Western Australia 2000). Ningana Bushland is directly connected to Bush 
Forever Site 397 (Coastal strip from Wilbinga to Mindarie) to the west and adjacent to Bush 
Forever Site 288 (Yanchep National Park) to the east, separately by the road reservation for 
the future Mitchell Freeway extension (see Figure 1-2 in ERD, ELA, 2019a).  

Potential Fragmentation Impacts 
The Proposal passes north south through Ningana Bushland, and fragments the regional 
ecological link, Link No. 0, as identified in the City of Wanneroo’s Local Biodiversity Plan 
2018/19 – 2023/24 (City of Wanneroo, 2018). Link No. 0 connects Bush Forever Sites 288, 
and 397 through Ningana Bushland and is already fragmented by Marmion Avenue (Figure 
1). The function of this ecological link relates to connection of the bushland within these three 
Bush Forever Sites and fauna movement in the region.  

To address the fragmentation impacts of the Proposal through Ningana Bushland, the PTA 
has applied the EPA’s mitigation hierarchy to environmental factors – Flora and Vegetation 
and Terrestrial Fauna. Where practicable, the PTA has avoided or minimised potential 
environmental impacts through selection of the Proposal’s alignment, reducing the extent of 
the development envelope to the minimum practicable to construct and operate the Proposal 
and applying a mitigation strategy.  
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Mitigation Strategy 
Where fragmentation of bushland areas is unavoidable, vegetated overpasses (green bridges 
or fauna crossings) are known to be an effective mitigation strategy to provide ecological 
linkage and facilitate fauna crossing. In addition to the implementation of this Proposal, there 
is future urban land development planned within the Yanchep region, which will likely increase 
the importance of the east-west linkage that passes through the southern section of Ningana 
Bushland over time (as shown in Figure 1).  

In recognition of this, the PTA is proposing a holistic approach to mitigation through the 
implementation of a vegetated overpass (green bridge) approach in the southern portion of 
Ningana Bushland. Due to the topography (undulating dunes) in this southern portion, there is 
one area where green bridges can be installed with minimal additional environmental impacts. 
This is called the ‘southern indicative zone’.  

The PTA proposes to install two adjacent 30 metre (m) wide green bridges in the southern 
indicative zone to provide ecological linkage and facilitate fauna crossing over the railway. 
These two green bridges will be installed over 30 m wide sections of rail tunnel, constructed 
using the cut and cover construction method.  

Green bridge usage in Australia is in its infancy, and this green bridge proposal will be one of 
the first known to be installed over a passenger railway in Australia. In addition to this, the 
combined 60 m width of the two crossings will be the largest of its kind in known in Western 
Australia (WA). The PTA is committed to continue to work with technical experts to further the 
design to achieve the proposed mitigation strategy. The PTA will also continue to consult with 
the Department of Water and Environmental Regulation (DWER) EPA Services, on the advice 
of the DBCA, to inform the design process and to achieve a design outcome that is 
practicable, provides for value for money, and is effective at achieving the Proposal’s 
mitigation objectives.   

The PTA believes that this mitigation strategy is commensurate with the potential 
fragmentation impacts of the Proposal and is comparable to other approved projects in WA 
and Australia. The reasons for this are: 

• The 60 m total width will provide for future long term ecological functionality within the 
local area. This is comparable with other projects impacting Bush Forever Sites in 
Perth metropolitan region; and 

• The green bridges will provide a passage for fauna movement over the railway and 
reduce the potential impacts from fragmentation. 

Noting the future development plans in the Yanchep region, the implementation of this 
mitigation strategy provides for the most effective long term outcomes for holistic ecological 
connectivity.  In addition to the proposed mitigation strategy, the PTA is proposing that a 
component of the Proposal’s an Offsets Strategy includes provision of funding for the 
management of threats for the entire of Ningana Bushland (640.8 ha), for more than the 
quantity of offset requirements for proposal’s impact (18.07 ha). 

In conclusion, the PTA has undertaken a comprehensive assessment of the Proposal against 
the mitigation hierarchy and believes that with the application of the mitigation strategy, the 
Proposal can meet the EPA Objectives for Flora and Vegetation, and Terrestrial Fauna. 
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1. Introduction 
1.1 Background 
The Public Transport Authority of Western Australia (PTA) is developing the Yanchep Rail 
Extension (YRE) Project as part of the Western Australian Government’s METRONET vision.  
The YRE Project is an extension to the Northern Suburbs Railway (also known as the 
Joondalup line) in Perth’s northern suburbs, 40 km north of the Perth central business district 
(CBD). 

The YRE Project forms an integral component of Perth’s long term public transport network, 
providing essential transportation services to the rapidly expanding northern coastal suburbs 
and delivering the better sustainability outcomes envisioned by the Western Australian 
Government’s Perth and Peel@3.5million plan (DPLH and Western Australian Planning 
Commission (WAPC), 2018). 

Part 2 of the YRE Project (the Proposal) includes the construction of approximately 7.2 km of 
narrow gauge dual track railway from north of the future Eglinton Station, heading generally 
north before terminating north of the proposed Yanchep Station. The new station at Yanchep 
will include intermodal interchanges for bus services, ‘park and ride’, ‘kiss and ride’, active 
mode facilities and associated infrastructure.  

The Proposal includes permanent infrastructure for maintenance and emergency vehicle 
access, drainage, overhead electrification for traction, signalling, communications and other 
services, access roads and pathways, and access control (e.g. fences and gates). A Principal 
Shared Path (PSP) will also be constructed alongside the railway (outside the railway corridor 
fencing) to provide station access for pedestrians and cyclists.  

The PTA referred the Proposal to EPA Services under section 38 of the EP Act on 25 August 
2018. On 12 September 2018, the EPA determined that the Proposal would be formally 
assessed, with the level of assessment set as Public Environmental Review (PER) and 
including a six-week public review period. An Environmental Review Document was prepared 
for public review (Eco Logical Australia (ELA), 2019a).  

This supporting information report provides further information on where the Proposal 
intersects Bush Forever Site 289 (Ningana Bushland) in response to questions posed during 
the recent public review process undertaken as part of the Public Environmental Review.  

Further information on the Proposal as a whole can be found in the Environmental Review 
Document (ELA, 2019a).  

1.2 Purpose 
The purpose of this report is to provide supporting information for the Response to 
Submissions document prepared by the PTA to respond to public and agency comments 
received during the public review period related to the Proposal’s alignment through Ningana 
Bushland. This report also outlines the PTA’s proposed mitigation strategy to address the 
Proposal’s potential fragmentation impacts to Ningana Bushland. 

This report is provided as Attachment 2 to the main Response to Submissions document. 
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2.  Context  
2.1 Planning Context 
A passenger railway was planned from Perth to Yanchep as far back as the 1980s, with the 
intention to co-locate with the freeway corridor to minimise environmental impacts and provide 
travel times that would be competitive with private transport.  

The Northern Suburbs Railway to Joondalup opened in 1992 with further staged extensions to 
Currambine, Clarkson and then Butler in 2014. The 1992 North-West Corridor Structure Plan, 
by the then Department of Planning and Urban Development, proposed to deviate the railway 
alignment north of Lukin Drive to better integrate train stations into the future town centres of 
Alkimos, Eglinton and Yanchep and increase the number of residences within walking 
distance of the train stations. The current Metropolitan Region Scheme (MRS) railway 
reservation was created via MRS amendments 1029/33, 1132/57, 1192/57 and 1248/57 
between 2004 and 2014.  

The location of each station has been determined through the planning process for each 
suburb and documented in the Alkimos Beach City Centre Activity Centre Structure Plan 
(2017), Eglinton Activity Centre Structure Plan (in preparation) and the Yanchep Activity 
Centre Structure Plan (2017). As the station locations for Eglinton and Yanchep have been 
locked in and agreed with the adjacent private land developers, there has been limited 
opportunity to investigate alternative alignments through Ningana Bushland. 

2.2 Local Context – Ningana Bushland  
Ningana Bushland is 640.8 ha in extent and contains 564 ha of bushland (native vegetation) 
comprised of woodland, heath, shrubland and grassland communities (Government of 
Western Australia 2000). Ningana Bushland is directly connected to Bush Forever Site 397 
(Coastal strip from Wilbinga to Mindarie) to the west and adjacent to Bush Forever Site 288 
(Yanchep National Park and Adjacent Bushland) to the east, separately by the road 
reservation for the future Mitchell Freeway extension (Figure 1, see also Figure 1-2 in ERD, 
ELA, 2019a).  

The Proposal passes north south through Ningana Bushland, and fragments the regional 
ecological link, Link No. 0, as identified in the City of Wanneroo’s Local Biodiversity Plan 
2018/19 – 2023/24 (City of Wanneroo, 2018). Link No. 0 connects Bush Forever Sites 288, 
and 397 through Ningana Bushland and is already fragmented by Marmion Avenue (Figure 
1). The function of this ecological link relates to connection of the bushland within these three 
Bush Forever Sites and fauna movement in the region.  

Bush Forever Site 288 is 2,902 ha in extent and contains 2,706 ha of bushland (native 
vegetation). Bush Forever Site 397 is 552.5 ha in extent and contains 404.7 ha of bushland 
(native vegetation). The Proposal does not intersect Bush Forever Sites 288 or 397. 
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3.  Potential Fragmentation Impacts   
The PTA notes that for the implementation of this Proposal, some fragmentation through 
Ningana Bushland is unavoidable due to: 

• The linear nature of railway infrastructure; 
• The fencing required to meet safety requirements for an electrified suburban railway; 

and 
• The entry and exit points into Ningana Bushland being well defined through previous 

MRS amendments 1192/57 and 1248/57. The railway reservation was defined through 
government planning processes, which take into account future planning and transport 
oriented development to service current and future residents in Yanchep and 
surrounding areas.  

The potential fragmentation impacts of implementing the Proposal through Ningana Bushland 
are summarised in Table 1 below. For a full environmental impact assessment of the Proposal 
through Ningana Bushland see the ERD (ELA, 2019a).  

Table 1 Potential Fragmentation Impacts  

Environmental Factor Potential Fragmentation Impacts 

Flora and Vegetation • Clearing of Bush Forever – Loss of 2.9 km long and 
approximately 100 m wide corridor of vegetation through 
Ningana Bushland (28.82 ha). 

• Native vegetation clearing – Loss of 27.71 ha of native 
vegetation in Degraded or better condition within the 
Ningana Bushland. 

• Reduced ecological function of Ningana Bushland. 
• Reduced long-term viability of Ningana Bushland. 
• Loss of ecological connectivity. 

Terrestrial Fauna • Barrier to fauna movement  
• Loss of ecological connectivity. 

 

The PTA has also provided an assessment of the potential impacts from fragmentation of 
Ningana Bushland in Sections 5.5.6 and 6.5.3 of the ERD (ELA 2019).  

3.1 Flora and Vegetation 
3.1.1 Clearing and Associated Fragmentation of Bushland 
The alignment of the Proposal is positioned in the eastern portion of the Ningana Bushland, 
travelling in a north-south direction. The Proposal will fragment Ningana Bushland, resulting in 
potential fragmentation impacts outlined in Table 1. Figure 3: Frame 1, illustrates the four 
areas of Ningana Bushland remaining post Proposal implementation.  
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Table 2 Description of remaining areas within Ningana Bushland post Proposal implementation 

Area 
label  

Description of area within Ningana Bushland Approximate 
area (ha)  

A Area east of the rail alignment (development envelope) 
through Ningana Bush Forever Site 289.  

130 

B Area west of the rail alignment (development envelope) 
through Ningana Bush Forever Site 289. 

321 

C Area west of Marmion Ave.  176 

D Rail alignment development envelope through Ningana Bush 
Forever Site 289.  

28 

 

3.1.2 Reduced Ecological Function 
Implementation of the Proposal has the potential to reduce the ecological function of Ningana 
Bushland due to fragmentation of habitat, including the potential reduced ecological function of 
the two remaining portions east of Marmion Ave (Figure 3: Frame 1: C).  

3.1.3 Reduced Long-term Viability 
The long-term viability of Bush Forever Sites rely on their occurrence within natural areas to 
provide buffering and linkages to prevent loss of biodiversity (WALGA, 2004). Without 
adequate management, over the long-term fragmentation could have the potential to reduce 
the long-term viability of the remaining areas of Ningana Bushland post Proposal 
implementation, by increasing boundary to area ratios and increasing the potential for edge 
effects (WALGA, 2004).   

3.1.4 Loss of Ecological Connectivity 
The City of Wanneroo Local Biodiversity Plan 2018/19 – 2023/24 (City of Wanneroo, 2018) 
identifies a regional ecological linkage, referred to as Link ID: 0, which travels east-west 
through Ningana Bushland.  Link ID: 0 connects (Figure 1): 

• Bush Forever Site 397 (coastal strip from Wilbinga to Mindarie) through Ningana 
Bushland to Bush Forever Site 288 (Yanchep National Park and Adjacent Bushland).   
Note: Ningana Bushland is currently separated from Bush Forever Site 397 by 
Marmion Avenue, and in the future will be separated from Bush Forever Site 288 by 
the proposed Mitchell Freeway extension road corridor (see Figure 1-2 in ERD, ELA, 
2019a).  

• Local ecological linkages:  
o Link ID: 22 (to the west of the Proposal, connects the north-west portion of 

Ningana Bushland to the coast and Bush Forever Site 397),  
o Link ID: 7 (east of the Proposal, running perpendicular and links Bush Forever 

Sites 288, 381 and 380). 

It is acknowledged that the Proposal will fragment the regional ecological link, Link No. 0, 
however the PTA believes that the EPA’s objective for Flora and vegetation can still be met 
due to the proposed mitigation strategy discussed in Section 6 of this report.  
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3.2 Terrestrial Fauna 
3.2.1 Barrier to fauna movement  
Rail infrastructure creates a partial barrier to birds, bats, invertebrates and small reptiles, and 
an impermeable barrier to ground dwelling mammals and larger reptiles due to the fencing 
required to safely protect the electrical rail infrastructure.  

Fauna movements are important for fauna access to resources, to facilitate gene flow range 
shifts and to maintain ecological processes. Barriers to fauna movement (such as areas of 
degraded habitat or where linear infrastructure such as fences and roads are present) may 
limit habitat connectivity values associated with the ecological linkage.  

3.2.1 Loss of Ecological Connectivity 
As described in section 3.1.4 above, it is acknowledged that the Proposal will fragment the 
regional ecological link, Link No. 0, however the PTA believes that the EPA’s objective for 
Terrestrial fauna can still be met due to the proposed mitigation strategy discussed in Section 
6 of this report.  

3.3 Consideration of Environmental Protection Bulletin 20 
The PTA has also considered the expectations of Environmental Protection Bulletin (EPB) 20 
(EPA, 2013) and State Planning Policy 2.8 (SPP 2.8) (WAPC, 2010) in the development of the 
Proposal. As discussed earlier in this report, the Proposal development envelope is 
constrained to run through a north south alignment through Ningana Bushland, with entry and 
exit points restricted by existing and planned future development. This alignment will create 
two sections of remnant bushland A and B (Figure 3: Frame 1). Ningana Bushland is already 
partially fragmented by Marmion Avenue, into parts B and C.  

The PTA considers that while fragmented by this Proposal, the ability of the bushland within 
Area A and Area B to retain biodiversity values in the long term will persist due to the large 
size of these remnant areas.  

In terms of connectivity, Area A is contiguous to the east with Bush Forever Site 388, and Area 
A and Area B will remain partially connected through the proposed mitigation strategy 
described in section 6 of this report. 
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4.  Railway Construction   
4.1 Construction of the Proposal 
The PTA is proposing to build a passenger railway, and passenger railways are designed 
according to specific passenger rail design requirements passenger service requirements and 
taking into consideration the local planning context.  

For the Proposal, the passenger service and local planning context requirements include:  

• The railway delivers services to passengers and must provide a comfortable trip. 
• The railway must be located to service existing and future residential land 

developments.  
• The curve of rail alignment is restricted to reduce rail noise (wheel squeal), ensure 

speeds can be met, and minimise both construction and ongoing maintenance 
requirements (i.e. a tighter curve requires substantially greater maintenance).  

The design of passenger railway has three key requirements, and is considerably more 
constrained than road design:  

1. To be as flat as possible; 
2. To be as straight as possible; and 
3. To be as short or direct as possible (i.e. shortest length of track, shortest journey time).  

In the context of the Proposal, Ningana Bushland contains undulating dunes (a constraint to 
requirement 1), has geotechnical limitations that make it challenging to achieve a straight rail 
design (a constraint to requirement 2), and has fixed entry and exit points into (from the south) 
and out of Ningana Bushland (to the north) (a constraint to requirement 3). These elements 
limit the potential alignment options through Ningana Bushland. Within these constraints, the 
final alignment was selected as it has the least environmental impacts, and it: 

• Has a reduced development envelope extent; 
• Avoids and minimises impacts to Parabolic dunes; and 
• Avoids and minimises impact to karst.  

4.2 Alternative Alignments and Construction Methods 
The PTA considered multiple alignments and construction methods at various stages in the 
YRE Project’s planning, including the referred alignment (three construction methods – at 
grade, tunnelling or rail bridges) and one alternative alignment (at grade).  

As described in the Proposal’s ERD (ELA, 2019a), the PTA revisited these four options in 
2018 as part of the environmental planning phase of the Proposal: 

• Option 1: At grade construction along the referred alignment (west).  
• Option 2: At grade construction along the alternative alignment (east).  
• Option 3: Tunnel bore construction along the referred alignment.  
• Option 4: Viaduct (bridges) construction along the referred alignment.  
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These four options are summarised below, and are discussed in further detail in the ERD 
(ELA, 2019a). In recognition of the public sector’s requirement to deliver public transport that 
provides value for money for Western Australian citizens, the PTA was unable to accept 
Options 3 and 4 for the following reasons: 

• Both were prohibitively expensive. 
• Both would require the construction method (i.e. tunnelling or bridges) to be applied for 

the entire length of the Proposal, not just for the section intersecting Ningana 
Bushland.  

• Option 3 (Tunnelling) would have substantial environmental impacts (including native 
vegetation clearing, karst areas, subterranean fauna habitat, parabolic dunes) to 
enable access to areas for tunnelling and future maintenance. 

• Option 4 (Rail bridges/viaducts) would have substantial environmental impacts 
(including native vegetation clearing, disturbance of karst areas, subterranean fauna 
habitat, parabolic dunes) to enable construction with larger cranes and equipment 
required to install viaducts and more intensive and costly future maintenance 
requirements. 

GHD conducted an early alignment definition study in 2005 which originally resulted in GHD 
recommending Option 2 along the eastern edge of Ningana Bushland (GHD, 2005). Following 
the GHD (2005) study, the PTA compared the potential environmental impacts of Option 1 and 
Option 2 (Figure 2), and applied the passenger railway design requirements (codes and 
guidelines) described above for Option 1 and 2 (to ensure that safety, design speeds, curves, 
passenger comfort and safety needs are met).  

The majority of the rail alignment through Ningana Bushland is on a tangent (curve) which 
limits the alignment further. Tight curves can cause additional rail noise, maintenance issues 
and can limit speeds so that future rail services are less efficient and therefore less attractive 
to passengers as an alternative option to car trips. A summary of the environmental impacts 
and rail design criteria for Options 1 and 2 are outlined in Table 3 below.  
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Table 3 Comparison of Alignment Options 1 and 2 through Ningana Bushland 

Environmental Impact 
and Rail Design Criteria 

Option 1 At grade construction 
along the referred alignment. 

Option 2 At grade construction along 
the alternative alignment. 

Development envelope 
area  

(from entry and exit 
points through Ningana 
Bushland) 

28.82 ha 36.10 ha 

• 25.45 ha within Ningana Bushland 
• 10.65 ha outside Ningana Bushland 

Native 
vegetation 1clearing 
required 

(excluding planted 
vegetation) 

19.67 ha 21.80 ha  

• 20.09 ha within Ningana Bushland. 
• 1.71 outside Ningana Bushland. 

Parabolic dune impact 7.12 ha 9.16 ha 

Track length (from entry 
and exit points through 
Ningana Bushland) 

2.9 km 3.3 km 

Passenger comfort 
(related to horizontal 
movement while on 
train) 

Meets design standard. Meets minimum design standard, although 
would require speed restrictions. 

Passenger efficiency 
(ability to achieve 
maximum speeds) 

Meets track speed requirements.  Does not meet track speed requirements. 
Due to track curvature this option would 
require speed restrictions on parts of the 
track or reduced track speed across whole 
of Ningana Bushland section.  

Cut/Fill volumes Lower due to surrounding 
topography.  

Higher due to surrounding topography.  

Options analysis • Requires smaller development 
envelope and less native 
vegetation clearing.  

• Lower cut/fill volumes. 
• Reduced track length. 
• Desirable radius curves. 
• Would not require speed 

restrictions.  
• Less likelihood of noise issues 

due to distance from 
current/future residential 
areas.  

• Does not impact existing 
houses.   

• Requires fragmentation  
mitigation (green bridges). 

• Requires larger development 
envelope and more native vegetation 
clearing.  

• Substantial increase (2x) in cut/fill 
volumes.  

• Increased track length.   
• Large curves. 
• Speed restrictions. 
• Substantial noise issues for 

existing/future residential areas 
• Impacts existing houses.  
• Requires fragmentation mitigation 

(green bridges).   

 
                                                
1 Calculated using the 2019 Native Vegetation Extent (DPIRD-005) dataset.  
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4.3 Final Alignment  
Following a detailed design review of Options 1 and 2, the PTA identified that Option 1 (Figure 
2) to be the final alignment for the Proposal, as the alignment has less potential environmental 
impacts to native vegetation, dune systems and karstic geology.  

The final alignment also enables the Proposal to be constructed as a safe and efficient 
passenger railway that services the current and future residents of Yanchep and surrounding 
areas.  

Option 2 is not the preferred option as the alignment: 

• Requires a larger development envelope and more native vegetation clearing 
(Figure 3: Frame 2);  

• Increases the likelihood of the Proposal impacting areas of medium likelihood of 
karstic geology, which in addition to potential environmental impacts could cause 
significant geohazards for the engineering of the Proposal, such as sinkholes, 
stability issues and risk of damage to the rail infrastructure (Figure 3: Frame 3);  

• Increases the cut required, and the associated environmental impacts to the 
parabolic dune system as the alignment directly follows the Quindalup South second 
dune phase (Figure 3:Frame 4, and Figure 4);  

• Would require speed restrictions and additional track maintenance due to the radius 
of the curve, reducing the efficiency and performance of the passenger railway; and 

• Would impact houses constructed in Yanchep since 2015.  

A Construction Environment Management Plan (CEMP) will be implemented to further 
minimise and manage potential environmental impacts within Ningana Bushland (ELA, 
2019b).  
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4.4 Construction Method 

In comparison to road construction, construction of a railway is more constrained in terms of 
design requirements. As outlined in section 2.3, rail design is required to be as flat, straight 
and short as possible, thereby limiting the curvature and vertical variation of the alignment 
(see Drawing 1). 

Rail construction through an undulating landscape such as Ningana Bushland (see Drawing 
2) requires cut and fill techniques whereby the amount of material from cuts roughly matches 
the amount of fill needed to make the rail formation, minimising the amount of construction 
labour, time and cost. The final alignment has been chosen as it minimises the impacts to 
parabolic dunes, however it will still require cut and fill construction techniques to create a 
relatively flat rail formation suitable for operation of the railway.  

Railways are generally constructed in four main stages in sequence:  

1. Vegetation is cleared, mulched and stockpiled for later reuse. Topsoil is also stripped 
and stockpiled for later reuse. 

2. Earthworks are undertaken consisting of the excavation of soil and rock in areas of 
‘cut’ and placement of additional soil material in areas of ‘fill’. The material is sloped to 
form stable batters, which are later stabilised with topsoil, mulch and plants or rock or 
concrete (if they are too steep or subject to erosion). Structures such as drainage 
basins, bridges, tunnels, access tracks, underground service installation, and station 
boxes are also constructed during this time. Pipework and other infrastructure related 
to utilities are relocated if required. 

3. Railway track is then laid, as is cabling for electricity, communications and other 
railway systems. Train station interiors are constructed and furnishings installed. 

4. Revegetation/landscaping works are undertaken with topsoil, mulch and reticulation (if 
required) laid and plants installed.  

Although these stages are generally constructed in sequence, contractors typically open 
multiple fronts of work to allow different activities to happen in parallel. In order to minimise 
disturbance through Ningana Bushland it has been decided that access will only be allowed 
from the northern and southern ends of the rail corridor. This means that construction activities 
will be undertaken within a fairly narrow corridor of between 40 and 100 m. Construction site 
offices and material storage locations will not be located outside of the rail corridor within 
Ningana Bushland to minimise disturbance. Laydown of small quantities of construction 
materials will be required within the Proposal’s development envelope through Ningana 
Bushland, however these will be limited as far as possible. Where not required for permanent 
infrastructure, these areas will be revegetated or stabilised where practicable.  

The following activities will be undertaken within the development envelope through Ningana 
Bushland (Figure 6):  

• Temporary construction areas for laydown and access to rail corridor;  
• Construction of rail and all supporting infrastructure; 
• Permanent infrastructure for maintenance access; 
• Surface water management and drainage infrastructure;  
• Overhead electrification and associated infrastructure; 
• Signalling, communications and other services infrastructure; 
• Access tracks and pathways; 

https://en.wikipedia.org/wiki/Cut_(earthmoving)
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• Access control (e.g. fences and gates); 
• Construction of Principle Shared Path (PSP) located alongside the western side of the 

railway (outside the railway corridor fencing) to provide transport facilities for 
pedestrians and cyclists; and 

• A dual access 6 m wide track will be included on the eastern side to enable rail 
maintenance activities, land management activities and emergency vehicle access. 

A Construction Environment Management Plan (CEMP) will be implemented to further 
minimise potential impacts (ELA 2019b). 
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Drawing 1: Indicative Profile within Ningana Bushland 

 

 



Drawing 2: Indicative Cross Section – Cut and Fill 
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5.  Mitigation Hierarchy 
5.1.1 Avoiding and Minimising Disturbance through Ningana Bushland 

Outside of Ningana Bushland, opportunities to amend the development envelope beyond the 
MRS ‘Railways’ reservation are limited due to already constructed and/or approved urban 
developments. Notwithstanding the planning constraints imposed on the YRE Project by 
surrounding developments, the development envelope has been iteratively modified by the 
PTA to minimise environmental and social impacts.  Early in the design process, the northern 
extent of the development envelope was modified to avoid direct impacts to Bush Forever site 
288 (Yanchep National Park and Adjacent Bushland). 

Through the design process, the PTA has further avoided and minimised potential 
environmental impacts through selection of the final alignment through Ningana Bushland 
(Figure 3, Figure 4 and Figure 5) which: 

• Reduces impacts to native vegetation, as the alignment passes through areas of 
planted, non-native Eucalyptus vegetation (Option 1: 19.67 ha, Option 2: 20.09 ha); 

• Avoids potential impacts to medium likelihood of karstic geology (Figure 3: Frame 3); 
and  

• Reduces impacts to parabolic dunes (Option 1: 7.12 ha, Option 2: 9.16 ha). 

To further minimise disturbance within the development envelope, access tracks within 
Ningana Bushland have been negotiated and planned to accommodate PTA, PSP disability 
access standards requirements, thereby eliminating potential duplication of access tracks, 
firebreaks and PSPs of different construction standards.  

The Proposal design has minimised disturbance by designing a PSP on the west of the 
railway which also meets the PTA and Department of Biodiversity Conservation and 
Attractions (DBCA) operational requirements, and a limestone access track to the east of the 
railway which meets PTA, DBCA and Department of Fire and Emergency Services (DFES) 
operational requirements. This has resulted in minimising native vegetation clearing for this 
Proposal, instead of building two separate access tracks on both sides of the rail corridor.  

The extent of the development envelope has been reduced as far as practicable. Rail 
construction requires additional areas to the side of the rail line for construction activities, 
access tracks, PSP, batters, drainage, drainage basins and other infrastructure (as described 
in section 3.2.1). The width of the development envelope is also dependent on the cut and fill 
required to construct the rail (Figure 3 and Figure 5). As the topography is uneven through 
the Ningana bushland extensive earthworks resulting in cut and fill batters are required to 
meet the minimum rail geometry requirements.  

The width of the development envelope is governed largely by the extent of cut and fill 
required. Where practicable the development envelope has been minimised through the 
proposed use of smaller equipment including wheeled cranes for construction, rather than 
larger equipment (e.g. large cranes and piling equipment) which would require additional 
disturbance and a larger development envelope. As no rail bridges are proposed or required, 
larger cranes and piling equipment are not needed and thus the size of the development 
envelope has been minimised through the selected construction methodology.  

The proposed mitigation strategy for potential environmental impacts related to fragmentation 
and barriers to fauna movement is discussed in Table 4 below.  
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Table 4: Application of Mitigation Hierarchy 

Potential Impact Avoidance Minimise Impact issues Mitigation Design  Management Maintenance 

Fragmentation 
and loss of 
ecological linkage 

Fragmentation 
avoided where 
possible. Unable 
to avoid some 
fragmentation 
as rail corridor 
intersects 
Ningana 
Bushland.  

Minimise 
disturbance and 
size of the 
development 
envelope where 
practicable. Due to 
the requirements of 
rail construction 
projects the size of 
the development 
envelope is unable 
to be minimised 
further.  

Fragmentation 
issues such as 
reduction in the 
extent of habitat, 
loss of 
ecological 
connection, and 
loss of genetic 
diversity.  

Installation of two 
30 metre wide 
overpasses 
(green bridges) in 
the southern 
portion of 
Ningana 
Bushland to 
provide ecological 
linkage, and 
support 
ecosystem 
processes (e.g. 
dispersal. 
recruitment and 
gene flow). 

Design green 
bridges to 
meet design 
criteria and 
suit local 
ecosystem.  

Ensure 
suitable 
green bridges 
are designed 
and 
constructed.  

Instigate an 
inspection and 
maintenance 
procedure to ensure 
green bridges 
remain viable.  

Barrier to fauna 
movement 

Rail corridor can 
potentially form 
a barrier to 
terrestrial fauna 
dispersal. 

Minimise barriers 
where practicable, 
however rail 
construction does 
require barriers to 
install infrastructure 
(e.g. fencing). 

May inhibit local 
dispersal. 

Installation of two 
30 metre wide 
overpasses 
(green bridges) in 
the southern 
portion of 
Ningana 
Bushland to 
facilitate fauna 
dispersal and 
gene flow. 

Design 
crossing to 
meet design 
criteria and 
suit local 
fauna.  

Ensure 
suitable 
green bridges 
are designed 
and 
constructed. 

Instigate an 
inspection and 
maintenance 
procedure to ensure 
green bridges 
remain viable. 
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5.1.2 Offsets 

To counterbalance the significant residual impacts associated with clearing vegetation and 
fauna habitat within Ningana Bushland, the PTA proposes to provide funding to the DBCA to 
provide on-ground management within the site to maintain the condition and quality of 
environmental values within the un-impacted areas.  

Both the WAPC and DBCA support the long-term management of Ningana Bushland for 
conservation purposes and view it is a task best applied to the Ningana Bushland as an 
ecosystem. As a result, the PTA has now proposed to expand on-ground management to 
include the entire of Bush Forever Site 289. 
The proposed Ningana Bushland (Bush Forever Site 289) offset will be in the form of: 

• A lump sum monetary contribution to the DBCA to manage the Ningana Bushland (Bush 
Forever Site 289) for seven years. On-ground management measures are being 
negotiated with the DBCA, however, will represent works beyond that currently conducted 
by the WAPC. This will be achieved through active management of threatening processes 
including weeds, feral animals, uncontrolled access, and fire. 

• An up-front payment to the DBCA to contribute to fencing the site.  

Further details on the revised Ningana Bushland offset proposal will be provided in the YRE 
Part 2 Draft Offsets Strategy that is currently under development. Detailed arrangements 
regarding the funding, management and ownership arrangements and agreements are still 
being discussed and agreed between the DBCA, WAPC and the PTA. 
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6. Mitigation Strategy 
6.1 Types of Crossings 
There are two main types of crossings over linear infrastructure, underpasses and 
overpasses. For an underpass the crossing is through a structure under the rail infrastructure 
corridor. Underpasses include culverts, buried arches and a passage below a rail bridge. 
Underpasses are easier to install in areas of fill.  

For an overpass, the passage is over a structure over the rail infrastructure corridor. 
Overpasses include green bridges (cut and cover tunnels), land bridges and bridge structures 
built over rail. Due to the existing topography within Ningana Bushland, land bridges and 
bridge structures over rail are not feasible or cost effective to construct so have not been 
considered further in this report. Green bridges are easier to install in areas of cut, without 
causing additional environmental impacts (e.g. increased disturbance area).  

The fundamental aim of green bridges is to allow native animals unrestricted access to habitat 
that has been fragmented by the construction of linear infrastructure. The secondary aim of 
the green bridges is to provide ecological linkage east to west over the rail corridor.  

6.2 Green bridges (overpasses) 
A green bridge is a connection of at least two significant habitat areas through purpose built, 
natural corridors or other man-made infrastructure topped with soil and vegetated to facilitate 
the movement and dispersal of native fauna between significant habitat areas separated by 
human activities or structures (Gleeson & Gleeson, 2012).   

Green bridges are sometimes referred to as fauna overpasses, wildlife bridges or landscape 
connectors. The type of green bridge that the PTA is proposing is a vegetated overpass 
constructed over a short section of rail tunnel (built using a cut and cover construction 
method). The two railway tracks will go through the tunnel, with the vegetated overpass 
running perpendicular over the top of the rail corridor.  

The design and placement of a green bridge should encourage natural faunal movements 
(e.g. movements within a home range, migration or dispersal) and to promote movements 
between existing habitats.  

In infrastructure projects where fragmentation is unavoidable, vegetated overpasses (green 
bridges/fauna crossings) are utilised as an effective mitigation strategy to facilitate fauna 
crossings and provide for ecological linkage between bushland areas.  

6.3 Examples of green bridges in Australia 
Green bridge usage in Australia is in its infancy, however it is becoming increasingly common 
for them to be incorporated into new road designs in the eastern states of Australia (for 
example Queensland and New South Wales) (Gleeson & Gleeson, 2012). Examples of green 
bridges in Australia can be seen at the Yelgun to Chinderah Freeway section of the Pacific 
Highway (Bonville Upgrade Overpass) in northern New South Wales (approximate width of 60 
m), at Compton Road (approximate width of 20 m) in southern Brisbane and at Hamilton Road 
in Brisbane (see Table 7 below).  

The recently installed Main Roads fauna crossing bridge (approximate width of 12 m) over 
road for the Perth Darwin National Highway (Swan Valley Section) is one of the first green 
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bridges known to be installed in Western Australia. There are no known examples of green 
bridge usage in Australia for passenger rail projects, however it is likely some have been 
installed over railways for mining projects. 

6.2 Effectiveness of green bridges in Australia 
Most existing green bridges in Australia are 30-50 m wide (Forman et al., 2003), with the width 
describing the span of the bridge over the linear infrastructure (i.e. the typical length of 
crossing over the road or rail infrastructure). Green bridges are generally covered with soil and 
mulch, planted with local flora species and furnished with rocks and logs to provide shelter and 
protection from predators for animals and reduce human use of the structure (Gleeson & 
Gleeson, 2012). Soil, mulch and vegetation needs to be chosen carefully to not overload the 
engineered structure and to maximise the ongoing viability of the vegetated link/fauna 
crossing.  

Fauna exclusion fencing is required along the edges of the rail corridor to ‘funnel’ fauna into 
the crossing, and over the green bridge for the purpose of preventing animals from falling from 
the bridge or otherwise entering the roadway/railway. This exclusion fencing and funnelling 
process is important to maximise the effectiveness of the green bridge (Gleeson & Gleeson, 
2012). 

Whilst fauna underpasses (culverts) are well known to effectively mitigate the fragmentation 
impacts from linear infrastructure proposals in Western Australian, the installation of green 
bridges to mitigate the impacts of linear infrastructure in Australia has outpaced the research 
on the efficacy of the structures, particularly with regards to benefits for wildlife populations. 
Studies worldwide demonstrate that various types of animals will use green bridges. As 
summarised in Gleeson and Gleeson (2012), studies to date have identified: 

• A comprehensive literature review of Australian green bridges by Van der Ree et al. 
(2008a) and reported use by the following species – blue-tongues, monitors, echidnas, 
eastern grey kangaroos, spotted tail quolls, red-necked wallabies and swamp 
wallabies. Other native fauna were recorded using the green bridges but were not 
identified to species level including ducks, herons, bandicoots, possums, rats, skinks 
and unnamed smaller mammals. 

• Not all fauna species will use green bridges – animals such as bandicoots and rodents 
prefer underpasses (Hayes and Goldingay, 2009). Such preferences seem to correlate 
with the animals evolved behaviours and life history traits (i.e. some species prefer 
open areas, others need cover). 

• By 2012, no published studies had examined the effects of roads on gene flow of fauna 
populations in Australia, or the effects of green bridges at facilitating gene flow. Various 
overseas studies have revealed that green bridges would aid in maintenance of gene 
flow e.g. Olsson et al. (2008) suggested that five to seven moose per year using a 
green bridge would maintain gene flow between two otherwise separate sub-
populations.  

• By 2012, there was no evidence that green bridges are effective at preventing genetic 
isolation (Corlatti et al., 2009, Gleeson & Gleeson, 2012).  

• To improve the effectiveness of a green bridge, it should be placed in an area of 
suitable habitat and within a natural path of target species. The surrounding landuse 
and tenure should be considered when planning a green bridge.  
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• The habitat connected by the green bridge should have a reasonable prospect of 
remaining suitable habitat in the future. Any obstruction to animals being able to 
access a land bridge (e.g. fences and irrigation channels) would reduce the likelihood 
that animals will use the bridge. A lack of vegetation at the entrance of a vegetated 
land bridge (e.g. as a result of clearing) in some instances will make the bridge 
unsuitable for some species such as small forest birds (Gleeson & Gleeson, 2012). 

• Exotic animals have also been recorded using Australian green bridges, including the 
cane toad, cat, cow, dog, fox, horse and brown hare (van der Ree et al., 2008a) 

Careful design of green bridges is required because the cost of installing and maintaining 
green bridges is substantial and unwarranted if they do not fulfil their purpose (Gleeson & 
Gleeson, 2012). When properly constructed and furnished with natural vegetation and 
structures such as logs, rocks and fencing, green bridges can facilitate fauna movements 
across the rail corridor and support ecosystem processes such as pollination, seed dispersal, 
soil digging activity, east-west migrations and genetic flow, that enable bushland areas to 
function effectively.  

See Table 5 below for a summary of the advantages and disadvantages of green bridges. 
Table 6 outlines three different types of green bridges (overpasses). Table 7 provides three 
examples of green bridges in Australia. 
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Table 5: Advantages and disadvantages of green bridges 

Advantages Disadvantages 

• Promote safe movement of some fauna species across linear 
infrastructure because they provide a seemingly natural continuum of 
habitat across the overpass. Intended to maintain or re-establish 
connectivity of habitat at a broader landscape scale.  

• Links fauna habitat. 
• Facilitates fauna movement. 
• Provides ecological connectivity. 
• Offer a semi-natural shelter and foraging opportunities for a wide range 

of species including birds and herpetofauna. 
• Wide variety of fauna utilise green bridges.  

• High investment in design to ensure sustained plant 
growth. 

• Expensive. 
• Potential for exposure and vulnerability to predation. 
• Foxes and cats may adapt to open concreted surfaces. 
• Some species may not utilise green bridges.  
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Table 6 Different types of green bridges 

Type of 
overpass 

Concept diagram  

(Queensland Department of Main 
Roads, 2000) 

Description 
 

Application within Ningana Bushland 

Land bridge 

 

A bridge extending over a major 
roadway/railway, typically 20 - 70 m 
wide. The bridge is covered in soil, 
planted with vegetation and enhanced 
with other habitat features (for example, 
logs, rocks). Also known as an eco-duct 
or wildlife bridge. 

Not suitable – would require substantial 
cut into undulating dunes. 

Overpass 
(small) 

 

A narrow bridge (not hour-glass shaped) 
above a major roadway/railway, which 
allows human or vehicular access across 
the minor road. The road on the 
overpass is typically a minor road, which 
may be unsealed or a single lane. 
Additional areas adjacent to the road 
may be utilised for fauna movement. 

Not suitable – designed for vehicular 
access over narrow railway. Rail 
corridor through Ningana Bushland is 
wide, and overpass to be designed to 
discourage human and vehicular usage. 

Cut and 
Cover 
Tunnel 

 

The roadway or railway passes below 
ground level through a tunnel with the 
area above available for 
revegetation and use by fauna species. 

Suitable – can be installed in areas of 
cut through Ningana Bushland to allow 
for natural passage of fauna through 
undulating dune landscape. 
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Table 7 Examples of green bridges in Australia 

Example of overpass Aerial imagery Image of structure 

Bonville Green Bridge, 
Pacific Highway 

NSW Government 

 
Imagery accessed on Nearmap 27/09/2019 

 

Perth Darwin Highway 
(Swan Valley Section), 
Main Roads Western 
Australia 
 

 
Imagery accessed on Nearmap 27/09/2019  

Compton Road Green 
Bridge  

Brisbane City Council 

 
Imagery accessed on Nearmap 27/09/2019 

 



Drawing 3:Conceptual Drawing –green bridge 
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6.4 Initial Proposed Mitigation Strategy and Technical Advice 
Bamford Consulting Ecologists were engaged by the PTA to review the proposed placement 
and design of the initial proposed underpasses to assist in refining the fauna crossing concept.   
Bamford (2019b) considered culvert underpass designs and other fauna crossing options, 
including alternative fauna underpass designs such as buried arch tunnels, vegetated fauna 
overpasses, ‘natural’ (rail bridge) underpasses and rope bridges.  

In some instances, Bamford (2019b) advised that it may be more beneficial to manage 
remaining fragmented areas rather than install underpasses. This includes circumstances 
where the introduction of underpasses may result in the localised extinction of native species, 
such as the Quenda, due to predators adapting to targeting Quenda utilising the fauna 
underpasses.  

However, Bamford (2019b) also suggested that underpasses would have some conservation 
application in Ningana Bushland, primarily for some frogs, larger reptiles and medium-sized 
mammals (although the latter appear to be absent currently).  Bamford (2019b) drew several 
conclusions on the likely effectiveness of the proposed box culvert underpasses and 
compared this with the effectiveness of alternatives.  

Recent surveys within Ningana Bushland did not identify any well-defined fauna movement 
corridors across the development envelope (Bamford 2019b). Movements of smaller reptiles 
and birds in dense shrublands (such as the White-breasted Robin) are likely to be linked to 
habitats and features in the landscape such as thickets in valleys (Bamford 2019b). Movement 
of small fauna species with limited dispersal abilities (such as fossorial reptiles and some 
invertebrates) are likely to be at a highly localised scale linked to their preferred habitat 
features (Bamford 2019b). Larger fauna species such as kangaroos have larger home ranges 
and are therefore more reliant on habitat connectivity across the landscape. This is particularly 
a factor when other pressures such as encroachment from development constrain or 
increasingly isolate remnant habitat patches.  

Given the similarity in vegetation and fauna habitats in other bushland areas surrounding the 
development envelope to those within Ningana Bushland, it is likely that fauna movement in 
remnant vegetation surrounding the Proposal is similarly linked to species’ preferred habitat 
features and does not follow any well-defined movement corridors. In summary, fauna 
movement is expected to occur throughout continuous patches of remnant bushland aligned 
with habitat preferences. 

An assessment of the potential impacts of fragmentation on key fauna species is provided in 
section 6.5.3 of the ERD (Bamford 2019b). No species known to use Ningana Bushland that 
would benefit from purpose-built fauna crossings (underpass or overpass) are considered 
Threatened under State or Commonwealth legislation. Bamford (2019b) identified that the 
Brush Wallaby and Quenda (Priority fauna) may require or could benefit from maintaining 
connectivity between the two fragmented stands of habitat.  
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6.5 Mitigation Strategy - Green Bridges  
6.5.1 Context 
During the planning and development of the Proposal, the PTA modified the previously 
proposed mitigation strategy (multiple underpasses) in response to submissions in relation to 
facilitating fauna crossings, and effective mitigation of the potential fragmentation impacts to 
Ningana Bushland. 

The PTA considered a number of different construction methodologies and the existing 
topography (cut or fill requirements) to assess the potential mitigation options available for 
construction for this Proposal. On consideration of technical advice in regards to the 
effectiveness of the proposed underpasses for this Proposal, and that skylights within 
underpasses cannot be installed under electrified rail infrastructure, the PTA has redesigned 
the Proposal’s mitigation strategy to utilise green bridges (overpasses).  

6.5.2 Mitigation strategy 
Where fragmentation of bushland areas is unavoidable, green bridges/fauna crossings are 
known to be an effective mitigation strategy to facilitate fauna crossing and provide ecological 
linkage. In addition to the implementation of this Proposal, future urban land development is 
planned within the Yanchep region, which will likely result in the increasing importance of the 
linkage of the east-west corridor of regional bushland that passes through the southern section 
of Ningana Bushland (as shown in Figure 7). This linkage will connect regional bushland from 
Bush Forever Site 288, through Ningana Bushland and to the Bush Forever Site 397.  

In recognition of this, the PTA is proposing a holistic approach to mitigation through the 
implementation of the Proposal’s mitigation strategy in the southern portion of Ningana 
Bushland. Due to the surrounding topography there is one area of cut in the southern portion 
of Ningana Bushland where overpasses (green bridges) are able to be installed with minimal 
additional environmental impacts (Drawing 3). This is defined as the indicative southern zone 
(Figure 7). 

The PTA proposes to install two adjacent 30 metre (m) wide green bridges in the southern 
indicative zone to provide ecological linkage and facilitate fauna crossing over the railway. 
These two green bridges will be installed over 30 m wide sections of rail tunnel, constructed 
using the cut and cover construction method (Figure 7). The 30 m width is the maximum width 
of a section of rail tunnel which can be installed using the cut and cover construction method 
within the existing undulating landscape. 

Green bridge usage in Australia is in its infancy, and this green bridge proposal will be one of 
the first known to be installed over a passenger railway in Australia. In addition to this, the 
combined 60 m width of the two crossings will be the largest of its kind in known in Western 
Australia (WA). The PTA is committed to continue to work with technical experts to further the 
design to achieve the proposed mitigation strategy. The PTA will also continue to consult with 
the Department of Water and Environmental Regulation (DWER) EPA Services, on the advice 
of the DBCA, to inform the design process and to achieve a design outcome that is 
practicable, provides for value for money, and is effective at achieving the Proposal’s 
mitigation objectives.   
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The PTA believes that this mitigation strategy is commensurate with the potential 
fragmentation impacts of the Proposal and is comparable to other approved projects in WA 
and Australia. The reasons for this are: 

• The 60 m total width will provide for future long term ecological functionality within the 
local area. This is comparable with other projects impacting Bush Forever Sites in 
Perth metropolitan region; and 

• The green bridges will provide a passage for fauna movement over the railway and 
reduce the potential impacts from fragmentation. 

Noting the future development plans in the Yanchep region, the implementation of this 
mitigation strategy provides for the most effective long term outcomes for holistic ecological 
connectivity.  In addition to the proposed mitigation strategy, the PTA is proposing that a 
component of the Proposal’s an Offsets Strategy includes provision of funding for the 
management of threats for the entire of Ningana Bushland (640.8 ha), for more than the 
quantity of offset requirements for the Proposal’s impact (18.07 ha). 

In conclusion, the PTA has undertaken a comprehensive assessment of the Proposal against 
the mitigation hierarchy and believes that with the application of the mitigation strategy, the 
Proposal can meet the EPA Objectives for Flora and Vegetation, and Terrestrial Fauna. 

6.6 Green Bridge Design Criteria 
The PTA is committed to the following criteria for the design, construction and management of 
the green bridges (Table 7). 

The design criteria have been further developed from those outlined in the ERD (ELA 2019a) 
and are based on the work undertaken by Bamford Consulting Ecologists and with reference 
to literature on the effectiveness of green bridges.  

When compared to roads, electrified rail infrastructure requires additional consideration in the 
design of a crossing, as the majority of crossings in Australia are constructed for roads. The 
PTA will consider design criteria outlined in the Handbook of Road Ecology (Grilo C, Smith DJ 
and van der Ree R, 2016) and other relevant linear infrastructure crossing guidelines. 
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Table 8: Green bridge design criteria 

Aspect Design Criteria 

Location Two 30 metre wide green bridges (overpasses) in the southern 
indicative zone within Ningana Bushland 

Consider the risk of predation from feral animals 

Structure Where practicable consider sizing to cater for specific fauna species 

Cost Government agencies must consider value for money 

Drainage Ensure surface water management to reduce standing water 

Entry and Exit design To encourage fauna usage, discourage feral fauna usage and limit 
human access 

Lighting Avoid artificial lighting nearby and within 

Fencing  Funnels fauna into crossing openings 

Protects fauna from predators, pests and disturbance 

Consider placement to not trap fauna, especially during fire 

Consider type of fencing to cater for small fauna 

Size Length could be up to 130 m depending on the rail corridor width 
(i.e. crossing over the span of the rail tunnel and other associated 
embankments on either side) 

Width to be 30 m wide  

Furniture Use logs/rocks to provide refuge and discourage human access 

Fauna Species Consider potential use by key conservation significant fauna  

Vegetation Ensure suitable species of local provenance are planted 

Ensure plantings are in a season when most likely to establish 

Consider structure of plantings in design phase 

Management Ensure landscaping stabilisation and vegetation established 

Ensure vegetation is of local provenance and suitable species 

Manage weeds and feral fauna 

Regular maintenance schedule to ensure open 

Maintain furniture 

Maintain inspection schedule to ensure viable crossing  
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7.  Management Measures 
6.1 Ongoing management 
The PTA is committed to the preparation of a Management Plan to further describe the 
proposed green bridges in Ningana Bushland and the management actions required to 
maintain this infrastructure.  

The green bridges will require a degree of ongoing management, and it is important to 
consider this in combination with the targeted on-ground management activities proposed for 
the entire of Ningana Bushland.  
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8.  Conclusion 
Through intersecting Ningana Bushland, the Proposal has the potential to cause fragmentation 
impacts. Where fragmentation of bushland areas is unavoidable, vegetated overpasses (green 
bridges) are known to be an effective mitigation strategy to provide ecological linkage and 
facilitate fauna crossing.  

In addition to the implementation of this Proposal, future urban land development is planned 
within the Yanchep region, that will likely result in the increasing importance of the linkage of 
the east-west corridor of regional bushland that passes through the southern section of 
Ningana Bushland. In recognition of future regional development, the PTA is proposing a 
holistic approach to mitigation in proposing to implement the Proposal’s mitigation strategy in 
the southern indicative zone within the Ningana Bushland.  

The PTA proposes to install two adjacent 30 metre (m) wide green bridges in the southern 
indicative zone to provide ecological linkage and facilitate fauna crossing over the railway. 
These two green bridges will be installed over 30 m wide sections of rail tunnel, constructed 
using the cut and cover construction method (Figure 7). The 30 m width is the maximum width 
of a section of rail tunnel which can be installed using the cut and cover construction method 
within the existing undulating landscape. 

Green bridge usage in Australia is in its infancy, and this green bridge proposal will be one of 
the first known to be installed over a passenger railway in Australia. In addition to this, the 
combined 60 m width of the two crossings will be the largest of its kind in known in Western 
Australia (WA). The PTA is committed to continue to work with technical experts to further the 
design to achieve the proposed mitigation strategy. The PTA will also continue to consult with 
the Department of Water and Environmental Regulation (DWER) EPA Services, on the advice 
of the DBCA, to inform the design process and to achieve a design outcome that is 
practicable, provides for value for money, and is effective at achieving the Proposal’s 
mitigation objectives.   

The PTA believes that this mitigation strategy is commensurate with the potential 
fragmentation impacts of the Proposal and is comparable to other approved projects in WA 
and Australia. The reasons for this are: 

• The 60 m total width will provide for future long term ecological functionality within the 
local area. This is comparable with other projects impacting Bush Forever Sites in 
Perth metropolitan region; and 

• The green bridges will provide a passage for fauna movement over the railway and 
reduce the potential impacts from fragmentation. 

Noting the future development plans in the Yanchep region, the implementation of this 
mitigation strategy provides for the most effective long term outcomes for holistic ecological 
connectivity.  In addition to the proposed mitigation strategy, the PTA is proposing that a 
component of the Proposal’s Offsets Strategy includes provision of funding for the 
management of threats for the entire of Ningana Bushland (640.8 ha), for more than the 
quantity of offset requirements for Proposal’s impact (18.07 ha). 

In conclusion, the PTA has undertaken a comprehensive assessment of the Proposal against 
the mitigation hierarchy and believes that with the application of the mitigation strategy, the 
Proposal can meet the EPA Objectives for Flora and Vegetation, and Terrestrial Fauna. 
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