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Tunnel Construction: The NWRL alignment from Epping to Bella Vista is proposed to be
underground, involving the excavation of twin tunnels over a distance of approximately
15.2km. While the tunnel excavation arrangement will be designed to accommodate a
nominal amount of stormwater runoff, if a significant amount of floodwater ingress into the
tunnel excavations was to occur this would flood the tunnel machines with potential risk to
personal safety, damage to machinery and delays to the project. It will therefore be
necessary to ensure that the potential for ingress of floodwaters into the tunnel excavations is
appropriately managed at tunnel entries. The flooding potential at each tunnel entry is
summarised in Table 4. At all sites there would also be potential for local runoff to enter the
tunnels and this would need to be addressed through local stormwater management of the
site.

Earthworks Fill Embankment and Cuttings (Incorporating Sites 8 to 11, 16 and 17): From
immediately north of Bella Vista Station through to Balmoral Road (Sites 8 and 9) the rail
corridor is located outside the floodplain and therefore, apart from local drainage and
overland flow, no flood impacts or risks are expected with regards to the earthworks in these
areas. The western fringe of Site 11 is affected by flooding from Elizabeth Macarthur Creek.

The embankments at the Second Ponds Creek bridge are to be located outside the 100 year
ARI flood extents. Consequently, flood risks to the project works during embankment
construction could be managed through appropriate staging and stabilisation of works.

The western edge of Site 17 bordering the First Ponds Creek tributary is partially flood
affected under existing conditions.

Temporary Works: Temporary access tracks and haul roads will be required across the
floodplain and creek channels to facilitate construction of the viaduct and bridge structures.
Running off the access roads will be a series of construction platforms, one at each viaduct
or bridge column, to support machinery and equipment required for the piling and
construction of columns and headstocks.

These temporary works will have the potential for significantly greater flood impacts in
comparison to the permanent structures alone, albeit the risk exposure will be for a shorter
period of time. These potential impacts need to be managed taking into consideration the
period of time that the temporary works will be in place.

For the purposes of identifying the potential range of flood impacts, and in the absence of
detailed information on the likely haul road arrangements, two possible temporary works
arrangements were modelled based on haul road thicknesses of 0.5m and 2m above natural
surface, and including the viaduct piers. Provisional waterway openings were provided at the
various creek crossings. Working pads at each viaduct column have been modelled, but
depending on the final layout these could potentially result in greater impacts than those
identified in this assessment.

At the confluence of Caddies Creek, Elizabeth Macarthur Creek and Tributary 5, the
hydraulic model results indicate that with a 0.5m thick haul road, localised flood level impacts
of up to 0.2m would be expected in the 100 year ARI event. Within the adjacent residential
areas the flood level impacts would be up to 0.1m. Under the 2m thick haul road
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arrangement flood level impacts on adjacent properties would be 0.25m. The haul road in
this area has the potential to cause much greater flood level impacts than the viaduct piers.

At Tributary 4 the flood level impacts would be up to 0.3m for the 0.5m thick haul road and up
to 0.7m for the 2m thick haul road. For the 0.5m thick haul road, impacts would be confined
to the area between the Transitway and the NWRL alignment if adequate waterway openings
are provided. However, for the 2m haul road, impacts would extend to Windsor Road and
further upstream.

At Tributary 3 the haul road would run adjacent to, and immediately downstream of the
Windsor Road Transitway. The extent of road within the floodplain is relatively small and
flood impacts would be minimised by providing an appropriately sized temporary waterway
crossing.

Stations and Services Facilities Construction (Sites 1 to 8, 11, 14 and 17): The above ground
stations at Kellyville (Site 11), Rouse Hill (Site 14) and Cudgegong Road (Site 17) as well as

the stabling facility are located outside the 100 year ARI flood extent and therefore flooding is
not expected to pose a significant risk during construction.

Spoil Management and Stockpile Areas (Sites 8 to 11, 16 and 17): The construction of the
NWRL will generate a significant quantity of spoil as a result of excavations for tunnels,
below ground stations and services facilities, and above ground civil works (including
Cudgegong Road Station and Tallawong Stabling Facility). Stockpiles located in the
floodplain have the potential to obstruct and alter flood behaviour which can have adverse
impacts on the surrounding environment. A summary of the flooding potential at each
stockpile site is provided in Table 7.

The location of the concrete batching shed or storage of pre-cast units within the floodplain at
the Balmoral Road and Memorial Avenue sites (Sites 8 and 9 respectively) would have the
potential to alter flooding patterns and impact on the adjacent development. These sites are
predominantly located outside of the 100 year flood extent and consequently flood impacts
could be managed appropriately.

Climate Change: The time periods for potential climate change impacts relative to the time
period far construction of the major civil works is such that climate change impacts on
increased rainfall intensity are not expected to have a significant effect on the construction of
the NWRL project.

Potential Water Quality Impacts

The construction phase of the proposal has the potential to impact on the water quality of the
receiving environment. The scale and nature of potential impacts are potentially greater than
those that may ultimately be experienced under the operational phase.

The major civil construction works would involve excavation in many locations, resulting in
disturbance and exposure of the underlying soils. This has the potential to lead to increased
erosion and sediment transport and ultimately sedimentation in downstream water bodies.
The potential for sediment transport and sedimentation issues is influenced by factors such
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as severity of storm events, the slope and footprint of disturbed area and the management
controls that are implemented on site.

Works involving excavation would have the greatest potential to result in sediment transport
and sedimentation issues. Such works would include:

tunnel excavation

station excavation
» construction of viaduct columns and bridge piers

* general civil works associated with the construction of the rail alignment, temporary
and permanent roads and ancillary station facilities

» stockpiling and handling of significant spoil associated with the above activities

These works affect all 17 construction sites in one form or another and pose the greatest risk
where they occur near waterways (such as Caddies Creek and its tributaries), on steep
slopes or on land subject to overland flow or flooding. A management framework and site
specific controls would need to be developed and implemented to reduce the risks of
sedimentation in down gradient water bodies due to the proposed civil and constructions
works.

A preliminary assessment of areas more likely to be prone to erosion due to the construction
works has been undertaken based on soil landscapes, ground conditions (rock or soil),
erodibility, slope, extent of clearing required, location of works relative to sensitive receiving
environments and the type of construction works being undertaken (piers/piling works, fill
earthworks or cut slopes). Maps showing the results of this assessment have been produced
with the potential risk categorised as either high or medium to low.

A comprehensive range of appropriate management strategies and measures to manage
flooding, surface water and water quality issues during the major civil construction works are
summarised below.

Mitigation Measures
Flooding

Management of potential flood related impacts associated with the major civil and
construction works needs to minimise the risks to the surrounding environment as well as the
works themselves. A stormwater management plan that identifies the appropriate design
standard for flood mitigation based on the duration of construction, proposed activities and
flood risks would be developed for each construction site. The plan would develop
procedures to ensure that threats to human safety and damage to infrastructure and
surrounding properties are not exacerbated during the construction period.

Appropriate mitigation measures to be implemented will vary depending on the nature of the
risks and sensitivity of the particular situation but would include consideration of the typical
measures outlined below:

¢ Minimising the areas of works or site compounds within the identified floodplain
areas.
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Programming or staging any construction associated with creek/channel works or the
transverse culverts to minimise the total time that works are undertaken in the vicinity
of watercourses and thereby minimise the risk exposure.

Ensuring construction equipment (or excess material) is removed from the waterway
or floodplain areas if wet weather is approaching and at the completion of each day’s
work activity.

Strategically placing temporary levees or bunds to contain potential impacts and
minimise the risk to surrounding properties which might otherwise be affected.

Consider potential flood proofing of properties where appropriate or necessary.
Protect entries to tunnel excavations against the potential ingress of frequent flooding.

For the Caddies Creek and Elizabeth Macarthur Creek floodplain (Sites 10 to 13), and
similarly Second Ponds Creek floodplain, the height of any embankments required for
construction access tracks and work platforms should be limited to 0.5m maximum for
appropriate lengths of floodplain and allow controlled overtopping.

Temporary embankments or fill platforms should be removed as soon as practical
after serving their primary purpose so as to minimise the timeframe of obstructing the
floodplain.

Stockpile sites should be located in areas where frequent flooding is avoided (such as
outside the 20 year ARI flood extent).

Water Quality

As a general guiding principle for the major civil and construction works, water quality
mitigation and management measures would be implemented in accordance with the
requirements of current guidelines and best construction practices. The control and mitigation
of potential surface water quality impacts during the construction phase would be defined in a
Soil and Water Management Plan (SWMP) prepared as part of the overall Construction
Environmental Management Plan (CEMP). This Plan would be continually updated to suit the
ever changing needs as the project works progress. Due consideration would also be given
to the extent of works and situation relative to the sensitivity of the surrounding environment.
Typical mitigation measures to be considered or implemented are outlined below:

Preparation of soil risk maps under the CEMP based on the nature of the site
conditions and the type of construction works being undertaken.

Management of Site Operations with assistance of a qualified soil conservation officer
and engagement of all site staff on soil and water management practices through tool
box talks and training.

Installation of appropriate erosion and sedimentation control measures such as silt
fencing, straw bales, check dams, temporary sedimentation basins and soil
stabilisation, diversion berms or site regrading.

Minimising disturbed areas and re-vegetating or stabilising such areas as soon as
practical as the works progress.
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Stockpiling of materials would only be in designated areas which are above a
nominated flood level.

Work Method Statements would be prepared for all waterway works with particular
emphasis on the early implementation of erosion and scour protection requirements.

Any work platforms or access tracks required through waterway areas would be
constructed of large clean rock material wrapped or underlain with geofabric.

Provision of appropriate scour protection at all temporary waterway crossings while
minimising disturbance within the riparian area.

Provision of bunded areas for storage of hazardous materials such as oils, chemicals
and refuelling areas.

Treatment of tunnel generated water during excavation works at all sites.

Implementation of a surface water quality monitoring program prior to and during the
construction period.

Monitoring would be carried out periodically and after rainfall events to assess the operation
of water quality mitigation measures.
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The EIS for Stage 2, Stations, Rail Infrastructure and Systems (EIS 2), will address the
operational impacts of the project, including:

« Flood risks to the rail infrastructure (above ground and below ground), station
precincts and ancillary facilities (such as substations and tunnel service facilities).

« Flood impacts of proposed rail infrastructure, station precincts and ancillary facilities
on the surrounding environment.

« Impacts on stormwater quality and quantity during operation of the rail infrastructure,
station precincts and ancillary facilities.

Refer to the Project Description chapter of the EIS for a full definition of the scope of EIS 1.

Stream ecology impacts relating to changes in flow regimes and removal of riparian
vegetation are addressed in the Riparian Ecology Report (Eco Logical Australia, 2012a).

Surface water and hydrologic impacts during the operational phase of the NWRL project are
to be addressed in EIS 2: Stations, Rail Infrastructure and Systems. This will include an
assessment of operational flood and water quality related impacts and risks at the stations
and ancillary facilities such as substations, stabling yards and services facilities.

To satisfy the requirements of EIS 1 the following tasks have been undertaken:

¢ Collation and review of background information (previous studies, survey and
mapping data) relevant to the project.

+ Consultation with government agencies and stakeholders. Consultation has been
carried out during the EIS process by TINSW. Government authorities have also been
consulted by the Department of Planning and Infrastructure in reviewing the
requirements for EIS 1. Comments from government authorities were provided with
the Supplementary Director General requirements and have been taken into
consideration in the preparation of the hydrologic assessment.

» |dentification of guiding principles for the assessment of hydrologic impacts during
construction, including floodplain management, water quality and stream ecology.

+ Flood modelling (combination of hydrologic and hydraulic models) to quantify existing
flood behaviour and identify potential flood impacts and risks during major civil and
construction works.

» Water quality impact assessment through the collation and review of available
information to define existing conditions and identify potential impacts during the
maijor civil and construction works.

« Identification of mitigation measures to manage flood and water quality impacts.
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Hawkesbury Sandstone is a medium to coarse grained quartz sandstone with minor lenses
of shale and laminate. The Wianamatta Group Shales comprise Ashfield and Bringelly Shale
Formations. The Ashfield Shale consists of black to dark grey shale and laminate. Bringelly
Shale is comprised of shale, calcareous claystone, laminate and fine to medium-grained
lithic-quartz sandstone. The Mittagong Formation is comprised of alternating bands (and
lenses) of sandstone and black siltstone of variable thickness. The quartz sandstone is of a
finer grain than the Hawkesbury Formation.

The Hawkesbury Sandstone relief tends to be fairly rugged with rolling to very steep hills with
steep or benched side slopes. Relief in the Ashfield Shale is generally undulating with
rounded ridges and hill crests.

2.6 Soils
2.6.1 Soil Landscapes

There are six major soil landscapes occurring throughout the corridor, shown on Figure 2.
The Glenorie Landscape (gn) is the main soil landscape on the Wianamatta Group Shales.
Typically these soils have a depth of up to 2m approximately with the topsoil consisting of a
friable dark brown loam. This soil is present across the majority of the eastern section of the
project.

Other soils within the south-eastem section of the Project include Hawkesbury (ha) and
Gymea (gy) Landscapes. Soils within the Hawkesbury Landscape (ha) are typically less than
0.5m deep. These shallow soils in conjunction with the steep terrain are classified as an
extreme erosion hazard. The Gymea Landscape is typified by soil depths of up to 1m and
has a high to extreme erosion hazard.

The north-western section of the Project is dominated by the Blacktown (bt) group and
bordered by the Luddenham (lu) group. These alluvial soils are classified as a high erosion
hazard and can be expansive.

Key characteristics of the soil landscapes experienced across the Project are:

» Glenorie (gn). Present across the south eastern portion of the Project, including
Epping, Cherrybrook and Castle Hill. High soil erosion hazard, localised impermeable
highly plastic subsoils, moderately expansive. Soil Hydrologic Group C (Sediment
Type F/D).

+ Blacktown (bt). Experienced in the Bella Vista, Kellyville and Rouse Hill area. Poorly
drained soils with low fertility, localised high plasticity and expansive subsoils. Soil
Hydrologic Group C (Sediment Type F/D).

+ Gymea (gy). Relatively local presence in the vicinity of the Epping and Cheltenham
Services Facility sites. Shallow, highly permeable soils with very low fertility and rock
outcropping, localised steep slopes with high erosion hazard. Soil Hydrologic Group
C/D (Sediment Type F/D).

+ Hawkesbury (ha). Predominantly experienced around the Hills Centre Station.
Shallow, highly permeable soils with low fertility, steep slope with rock outcrops high
soil erosion and high mass movement hazard. Soil Hydrologic Group D (Sediment
Type F/D).
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¢ Luddenham (lu). Present around Bella Vista and Norwest Business Park. Localised
mass movement hazard, seasonal waterlogging, high foundation and erosion hazard.
Soil Hydrologic Group C (Sediment Type F/D).

» South Creek (sc). Experienced in the Kellyville area. High flooding hazard, localised
permanently high water tables, low fertility with localised salinity. Soil Hydrologic
Group C/D (Sediment Type F/D).

The Soil Hydrologic Group relates to permeability and runoff potential of the soil. Soils in
Groups C and D have high to very high runoff potential. The Sediment Type of a soil relates
to the particle size and therefore the potential for suspension and transport of sediments.
Smaller grain size soils are more readily suspended in runoff and require a longer time to
deposit and settle in a sediment basin. Type F soils are fine grained, Type D soils exhibit a
combination of fine and coarse grained soils.

2.6.2 Soil Salinity

Salinisation is the process where salts stored in soils are mobilised by the movement of
water. Evaporation of water leaves salt residues, and a continuation of the process can lead
to a buildup of salt concentrations.

Salt occurs naturally within many parts of the Australian landscape. However, urbanisation or
agriculture practices can increase the movement of water through the soil profile and thus
exacerbate salinity.

Excess salt levels can affect vegetation and building materials such as concrete and steel.
The accumulation of salt can be exacerbated by human practices that increase the rate of
water movement in soils.

Soil salinity has been identified as a growing problem in the Western Sydney region. Salinity
potential maps have been prepared by the former Department of Infrastructure, Planning and
Natural Resources (DIPNR, 2002) that identify the potential risk of soil salinity. Based on
these maps, areas around Caddies Creek, First Ponds Creek and Second Ponds Creeks
show high salinity potential or known salinity.

2.6.3 Acid Sulfate Soils

Acid sulfate soils are associated with marine or estuarine areas in NSW. Acid sulfate soils
are naturally occurring soils containing pyrite (iron sulphides) which, on exposure to air,
causes oxidisation and creates sulfuric acid. The increased acidity can lead to mobilisation of
aluminium, iron and manganese from the soils. Other impacts include the deoxygenation of
water. Potential acid sulfate soils are soils containing pyrite that have not yet been exposed
to air and oxidised to form sulfuric acid.

Acid sulfate soils can weaken concrete and steel infrastructure, which can increase
maintenance and replacement costs. In addition, sulfuric acid can damage aquatic
environments, if allowed to be released during construction.

Acid sulfate soil risk mapping has been undertaken by the former Department of Land and
Water Conservation (DLWC). These maps show that the project lies within areas designated
as ‘no known risk’ of acid sulphate soil or potential acid sulphate soil (DLWC, 1998).
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2.7 Guiding Principles
2.71 Floodplain Management Requirements
Relevant guidelines and standards that have been considered in this assessment include:

¢ Floodplain Development Manual (NSW Government, 2005)
e Australian Rainfall and Runoff (Institute of Engineers Australia, 1987; AR&R)

* Floodplain Risk Management Guideline — Practical Considerations of Climate
Change (Department of Environment, Climate Change and Water, 2007)

Key guiding principles that have been derived from these references include:

» Hydrologic and hydraulic assessments should be undertaken in accordance with
current Australian practice.

» Consideration of drainage system failure through blockage is an integral part of a
hydraulic assessment under major storm conditions.

+ Consideration of climate change is an integral part of a hydraulic assessment.

* Major drainage works and waterway crossings should “carry and ... control the
passage of floads up to some high magnitude, without overflowing and causing
damage” and “in addition to the ARI used for design, the performance of larger trunk
drainage systems should be evaluated for extreme events such as probable
maximum floods. This is to ensure that systems will fail in a predictable and relatively
safe manner in such events, although significant damages should be expected.”
(AR&R, 1987)

» Changes in flood behaviour and potential impacts need to be managed in the context
of the nature of the surrounding environment and existing and future development.

¢ Flood risks to new development need to be managed and flood protection provided
that is commensurate to the consequences of flooding, including the potential
damage to infrastructure and risk to personal safety.

Construction related flood risks and impacts are outlined in this EIS 1 report. In relation to the
above guiding principles, flood risks and impacts during construction need to be evaluated in
the context of the construction period in order to set requirements that are commensurate to
the period of time that the risk exposure occurs. To this end, this report identifies the risks
and impacts associated with each construction practice such that informed decisions can be
made on the flood criteria that should be set.

Major civil works covered under EIS 1 include the viaduct that spans the Elizabeth Macarthur
and Caddies Creek floodplain, and the bridge crossing of Second Ponds Creek. A 100 year
ARI flood standard was adopted for the assessment and design of the viaduct and bridge
waterway crossings. However, in accordance with the above guiding principles, consideration
was also given to the full range of flood events up to and including the Probable Maximum
Flood (PMF). Detailed assessment of flood risks in excess of the design standard is
particularly relevant in the context of the potential for floods to impact on critical infrastructure
adjoining the viaduct and bridge. This includes key transport links such as Windsor Road,
Old Windsor Road, Schofields Road and the Tallawong Road electricity substation. Refer to
Sections 5.1.4 and 5.1.5 for an assessment of potential flood impacts associated with these
structures.
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Operational flood risks and impacts will be addressed in EIS 2 and will include the
establishment of appropriate floodplain management measures and requirements to
manage:

« flood risks to the rail infrastructure (above ground and below ground), station
precincts and ancillary facilities such as substations, sectioning huts and tunnel
servicing facilities.

+ flood impacts on the surrounding environment at station precincts and ancillary
facilities.

2.7.2 Water Quality and Environmental Requirements
Relevant guidelines and standards that have been considered in this assessment are
outlined below.
« Water Quality:
o Managing Urban Stormwater: Soils and Construction (Landcom, 2004)

o Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC, 2000)

o Australian and New Zealand Guidelines for Water Quality Monitoring and
Reporting (ANZECC, 2000)

o Australian Runoff Quality (Institute of Engineers Australia, 2005)

The design, construction and operation of the NWRL project needs to consider the relevant
environmental protection requirements, including those listed above. The NWRL has the
potential to impact on water quality during both the construction and operational phases of
the project. Construction related impacts are addressed in this report for EIS 1. Operational
related water quality impacts will be addressed in the Surface Water and Hydrology Report to
be prepared for EIS 2.

* \Water management:
o WoaterAct 1912
o Water Management Act 2000

s Stream ecology and riparian management:
o Fisheries Management Act 1994

o NSW State Rivers and Estuaries Policy (NSW Water Resources
Council, 1993)

o Guidelines for Design of Fish and Fauna Friendly Waterway Crossings
(Fairfull and Witheridge, 2003)

o Fish Passage Requirements for Waterway Crossings (Fairfull and Witheridge,
2003)

o Controlled Activities — Guidelines for Riparian Corridors (NSW Office of Water,
2011)

o Controlled Activities — Guidelines for Watercourse Crossings (NSW Office of
Water, 2010)
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o Controlled Activities — Guidelines for Instream Works (NSW Office of Water,
2010)

o Controlled Activities — Guidelines for Laying Pipes and Cables in
Watercourses (NSW Office of Water, 2011)

o Controlled Activities — Guidelines for Qutlet Structures (NSW Office of Water,
2010)

The above guidelines inform the design and construction of waterway crossings giving
consideration to fish and fauna passage and riparian corridor conditions. The adopted design
and construction measures should also consider factors that influence the environmental
significance of the waterways such as existing and proposed development upstream and
downstream, catchment area, nature of riparian habitat, connectivity constraints and stream
classification. Catchment characteristics and existing and proposed development is
discussed in Section 4.0. Riparian habitat and stream classification are described in the
Riparian Assessment Report (Eco Logical, 2012a).

2.8 Available Data

2.8.1 Previous Studies and Reports

A number of surface water related studies have been undertaken on behalf of Sydney Water,
the Growth Centres Commission, TIDC (now TfNSW), RTA (now RMS) and local Councils
within the vicinity of the project area. Studies reviewed as part of the NWRL project are listed
below:

* Area 20 Precinct, Rouse Hill Water Cycle Management Strategy Report Incorporating
Water Sensitive Urban Design Techniques, J. Wyndham Prince, October 2010

¢ Blacktown City Council Water Quality and Quantity Monitoring Program 2008 - 2012
(BCC, 2008)

¢ Hornsby Shire Council Water Quality Monitoring Program — 2008-2009 Annual Report
Water Catchments Team (HSC, 2009)

» Hornsby Shire Council Water Quality Monitoring Program — 2009-2010 Annual
Report Water Catchments Team (HSC, 2010)

* M2 Upgrade Environmental Assessment — Surface Water Assessment, AECOM April
2010

s North West Metro Feasibility Design Report Volume 1 Part 2, October 2008

» North West Rail Link Environmental Assessment — Flooding and Surface Water
Management, GHD October 2006

+ North West Transitway Section 5: Drainage Southern End Final Design Revision 03,
Maunsell Australia, 28 September 2005

* North West Transitway Section 5: Drainage Northern End Final Design Revision 03,
Maunsell Australia, 13 December 2005

+ Report for Riverstone and Alex Avenue Precincts Paost Exhibition Flooding and Water
Cycle Management (incl. Climate Change impact on Flooding), GHD, May 2010

+ Report for Schofields Road Concept Design Creek Crossing Preliminary Design
Report, GHD, February 2010
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* Rouse Hill Integrated Stormwater Strategy Review — Hydrology, Hydraulics and
Water Quality Review (Final Report), SKM, 10 July 2009

» Surface Water Quality Assessment of the Hawkesbury-Nepean Catchment - 1995-
1999 - Data Information Report (NSW Department of Land and Water Conservation /
Australian Water Technologies, 2001)

2.8.2 Available Survey and Mapping Data

At the time of preparing this study the following survey and mapping data was available for
use in undertaking the hydrologic and hydraulic assessment:

« Airborne laser survey of the project area, collected for TITNSW in 2008 and 2009.

* Aerial photogrammetry of the project area and associated watercourses, collected for
TENSW in 2011 and 2012.

» Sydney Water data used in flood modelling of Caddies Creek:

o Airborne Laser Survey of the Caddies Creek catchment, flown in 2006 and
2007.

o Detailed survey of culvert and bridge crossings within the study area, collected
for Sydney Water in 2008.

e Detailed field survey to supplement available survey data, collected for TINSW in
2011 and 2012 and including:

o Devlins Creek Tributary between Beecroft Road and Ray Road.
o Cattai Creek between Showground Road and Carrington Road.
o Strangers Creek at Norwest Boulevard.

o Elizabeth Macarthur Creek between Celebration Drive and Samantha Riley
Drive.

o Caddies Creek between Old Windsor Road and Windsor Road.
o Second Ponds Creek at Schofields Road.
o First Ponds Creek between Schofields Road and Gordon Road.
* DIPNR Soil Landscape Maps, 2003.
* DIPNR Salinity Potential in Western Sydney Maps, 2002.
e DLWC Acid Sulphate Soil Risk Maps, 1998.
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3.2 Flooding

The assessment of the surface water catchments draining to and through the Project corridor
has involved:

* Hydrologic modelling to determine peak flow estimates applicable for design and
flood assessment.

¢ Hydraulic modelling to quantify flood behaviour (levels and velocities) as well as
identify potential flood impacts and risks during construction.

¢ Quantification and assessment of flood impacts and risks associated with the major
civil construction works proposed under EIS 1.

* |dentification of appropriate mitigation measures that are commensurate to the
potential for and consequences of flood inundation to the proposed works and
construction sites.

The hydrologic modelling of the catchments within the Project area has been based on the
WBNM runoff-routing software. Details of the hydrologic modelling are presented in
Appendix A.

Hydraulic modelling has involved a combination of approaches that have been tailored to the
size, complexity and nature of the floodplains that are traversed by the Project. Details of the
hydraulic modelling are presented in Appendix B.

Outcomes of the flood assessment have been used to:

» define flood behaviour under existing conditions (refer Section 4),

» quantify the nature and extent of flood risks to the proposed works as part of Stage 1
of the NWRL, and potential flood impacts of the proposed works on the surrounding
environment (refer Section 5).

» identify appropriate mitigation measures required to manage risks to the Project and
impacts on the surrounding environment (refer Section 6).

Flood assessment has included consideration of existing and future catchment conditions. By
the time the construction works proposed under EIS 1 commence, it is possible that further
development will occur in the catchments, particularly those in the North West Growth Centre
area. For this reason quantification of flood behaviour and impacts on the EIS 1 construction
works has taken into consideration ultimate catchment conditions. These conditions would be
applicable to the operational life of the project but may be conservative in the context of peak
flows during the construction phase. Details of catchment conditions under existing and
ultimate conditions and the impact on flow behaviour are included in Appendix A.

Further flood modelling and assessment that would be required during the detailed design
phase of the Project should consider catchment conditions at the time of the proposed
construction activities.

3.3 Water Quality

The assessment of surface water quality impacts from proposed construction works under
EIS 1 has involved:
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+ Collation and review of available data on stream condition, water quality and soils to
define the existing environment within the catchments and watercourses.

» Assessment of proposed construction activities for impacts on the water quality of
receiving environments.

« Identification of required mitigation measures, including type of controls and design
criteria required to manage potential impacts.
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approximately 230 hectares at Kandy Avenue. There is considerable existing development
on the floodplain in the vicinity of the project corridor, consisting mainly of medium density
residential development and commercial development. These areas of existing development
would be sensitive to changes in flood behaviour.

Flood extent mapping for Beecroft Road tributary is provided in Figure 3 for the 20 and 100
year ARl events. As shown in the figure, Site 1 is in close proximity to the watercourse. A
small proportion of the site lies within the defined flood extents. Site 2 is located outside the
100 year ARI flood extent.

Site 3 (Cheltenham Services Facility) is located within the middle reaches of the main Devlins
Creek catchment. In this area Devlins Creek is relatively incised, running in an easterly
direction between the M2 (north of the creek) and residential development (south of the
creek). With the M2 located between Site 3 and Devlins Creek the potential for impacts from
mainstream flooding is low. Local catchments drain through the southern and northern ends
of the site. Figure 4 presents local topography at the Cheltenham Services Facility site.

413 Pyes Creek — Site 4

Site 4 (Cherrybrook Station) lies in the upper reaches of Pyes Creek, which is a tributary of
Berowra Creek. The site is located at the top of the catchment and therefore is not affected
by mainstream flooding. The existing topography is characterised by a local depression that
runs south to north across the proposed location of the station and would be the predominant
flowpath for runoff from the site. Figure 5 presents local topography at the Cherrybrook
Station site

4.1.4 Cattai Creek — Sites 5and 6

Site 5 (Castle Hill Station) is located in the upper reaches of a tributary to Cattai Creek. The
site is located at the top of the catchment and is not affected by mainstream flooding.

Site 6 (Hills Centre Station) is located adjacent to, and partially crosses Cattai Creek. At Site
6 Cattai Creek drains a catchment area of approximately 327 hectares and is deeply incised.
Development in the upstream catchment is well established, consisting of a mix of residential
and industrial. Immediately adjacent to the site lies the Castle Hill showground and Civic
Centre and Council administration.

While development within the catchment is well established the creek line is heavily
vegetated. These factors combined have the potential to generate large amounts of debris in
flood waters (such as trees, cars, shopping trolleys and other floatable items which may be
washed from upstream) and consequently any structures placed within the banks are likely to
have blockage issues during flood events. Anecdotal evidence suggests that parts of
Carrington Road are currently subject to flooding and therefore would be sensitive to any
changes in flood behaviour.

Flood extent mapping for Cattai Creek is provided in Figure 6 for the 20 and 100 year ARI
events. Site 6 straddles both sides of Cattai Creek and is therefore partially flood affected.
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4.1.5 Strangers Creek — Site 7

Site 7 (Norwest Station) is located on Norwest Boulevard, west of Strangers Creek.
Strangers Creek in the vicinity of Norwest Boulevard is a highly modified system consisting of
a series of ponds interconnected with drainage culverts, draining a catchment area of
approximately 36 hectares. In larger flood events the ponds would overtop and flows would
travel across Norwest Boulevard. Site 7 is elevated above Strangers Creek and is not
affected by mainstream flooding. However, the local road drainage system runs through the
site from the west via Norwest Boulevard and Brookhollow Avenue. The existing road
drainage network layout is shown in Figure 7.

4.1.6 Elizabeth Macarthur Creek — Sites 8 to 11

Sites 8 to 11, from Celebration Drive to Samantha Riley Drive, run parallel and in close
proximity to Elizabeth Macarthur Creek. Development in the upstream catchment (south of
Celebration Drive) is well established, consisting of a mixture of residential and commercial
development. The catchment draining to Elizabeth Macarthur Creek between Celebration
Drive and Samantha Riley Drive is currently largely undeveloped. However, significant
urbanisation is currently underway and ongoing as part of the North West Growth Centres. A
particular area of future development is the Balmoral Release area.

Flood extent mapping for Elizabeth Macarthur Creek is provided in Figure 8 for the 20 and
100 year ARl events. As shown, Sites 8 to 11 are typically located clear of the 100 year ARI
flood extent. However, there are localised areas of the sites that lie within the defined flood
extents.

4.1.7 Caddies Creek (including Tributaries 3, 4 and 5) — Sites 12 to 15

Sites 12 to 13 span the broad floodplain of Caddies Creek, including its confluence with
Elizabeth Macarthur Creek and Caddies Creek Tributaries 3, 4 and 5. The creek lines in this
area are moderately incised with well vegetated main channel and overbank areas.

Flood extent mapping for Caddies Creek is provided in Figure 9 for the 20 and 100 year ARI
events. Site 12 straddles both sides of Caddies Creek and incorporates the confluence with
Tributary 5 and Elizabeth Macarthur Creek. As can be seen from the flood extent mapping, a
significant proportion of the site is flood affected, even in the 20 year ARI event. Site 13
traverses Caddies Creek Tributary 3 and 4 and therefore parts of the site are flood affected in
the vicinity of these creek lines.

Site 14 is located to the north of Caddies Creek Tributary 3. The site would be susceptible to
inundation from flows overtopping Windsor Road at the Tributary 3 culverts. Previous
hydraulic studies undertaken for the Windsor Road T-way Project (Maunsell 2005a and
2005b) show that the Tributary 3 culvert crossing has in excess of a 100 year ARI capacity.
Consequently, Site 14 is not expected to be affected by flooding up to the 100 year ARI
event, apart from runoff from the local drainage network.

Site 15 is located within the Caddies Creek catchment but is outside the floodplain.
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4.1.8 Second Ponds Creek — Site 16

Second Ponds Creek at the NWRL alignment has an upstream catchment area in the order
of 620 hectares. The catchment has undergone significant urban development over recent
years. Parts of the catchment, particularly in the immediate vicinity of the Project corridor, are
largely undeveloped and consists mainly of rural residential. Urban development in the
catchment is ongoing. Existing areas of rural development are earmarked for urbanisation as
part of the Area 20 Precinct.

Flood extent mapping for Second Ponds Creek is provided in Figure 10 for the 5, 20 and 100
year ARl events. Site 16 straddles both sides of Second Ponds Creek and therefore is
partially flood affected.

4.1.9 First Ponds Creek — Site 17

The western edge of Site 17 borders a tributary of First Ponds Creek. The tributary drains a
catchment area of approximately 55 hectares to the Project corridor. The junction with First
Ponds Creek is approximately 150m further downstream (to the north) at which location the
catchment area draining to First Ponds Creek is approximately 300 hectares.

The First Ponds Creek catchment is currently largely undeveloped, consisting of rural
residential development. Future urbanisation is proposed as part of the Alex Avenue
Precinct.

Flood extent mapping for First Ponds Creek is provided in Figure 11 for the 20 and 100 year
ARI events. The western edge of the Site 17 bordering the First Ponds Creek tributary is
partially flood affected.
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4.2 Water Quality
4.21 General

A considerable amount of water quality monitoring has been undertaken within the
catchments traversed by the project. Local Councils within the area (namely Hornsby Shire
Council, The Hills Shire Council and Blacktown City Council) have extensive water quality
monitoring and reporting programmes. Water quality monitoring data is or has previously
been collected by various government agencies including Sydney Water, the former
Department of Land and Water Conservation (DLWC), the Environmental Protection Agency,
the Sydney Catchment Authority and the Hawkesbury Nepean Catchment Management
Trust.

As part of the original approval conditions for the M2 Motorway a water quality monitoring
program was established in 1997-98 following the commencement of operation in May 1997.
The aim of the program was to monitor water quality in the receiving systems to check for
conformance with recommended quality limits and identify any long term impacts associated
with the M2 Motorway. Since that time, water quality data has been collected and analysed
by HLA-Envirosciences at 16 locations on waterways upstream and downstream of the M2
Motorway corridor. Four of these sites are relevant to the North West Rail Link Project. These
are located on Devlins Creek in the vicinity of the Epping Service Facility (Site 1), Epping
Decline (Site 2) and Cherrybrook Service Facility (Site 3).

Hornsby Shire Council established a water quality monitoring program in 1994 to assess the
impact of land use on waterways within the Council area and assess the performance of
Council’'s Catchments Remediation Rate program. Homsby Shire Council publishes an
annual water quality report, which is made available to the community and interested
authorities through the Council’s web site. Monitoring includes Devlins Creek and Pyes
Creek.

The Hills Shire Council’s Health and Environmental Protection Team routinely monitors the
water quality of major creek systems in the Council area. This includes monitoring sites
upstream and downstream of the Project Area within:

Cattai Creek

Strangers Creek

Elizabeth Macarthur Creek
Caddies Creek

Second Ponds Creek

These monitoring locations are presented in Figure 12. At each location Council officers test
water samples for a range of parameters including Dissolved Oxygen (DO), temperature, pH
and conductivity. Samples are also collected at each site and sent to a National Association
of Testing Authorities (NATA) accredited laboratory for analysis of Faecal Coli forms, E.coli,
Total Nitrogen, Total Phosphorous, Biological Oxygen Demand (BOD) and Total Suspended
Solids (TSS). Caddies Creek, being situated downstream of a former landfill site, is also
tested for heavy metals. All results are compared to the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality (ANZECC, 2000).
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Blacktown City Council has an ongoing water quality monitoring program that was
established in 2008 covering significant watercourses in the Council area. While monitoring
sites are located on First Ponds Creek, they are situated at Riverstone Road and Windsor
Road and therefore are not directly applicable to the project area.

4.2.2 Devlins Creek (including Beecroft Road tributary) — Sites 1, 2and 3

Hornsby Shire Council have established a monitoring station on Devlins Creek,
approximately 200m downstream of the Cheltenham Services Facility (Site 3). The
monitoring station is shown on Figure 12 (referred to as Hornsby Monitoring Location 8) and
is adjacent to Sutherland Road at Cheltenham. The catchment draining to this monitoring site
is approximately 823 hectares with about 8% falling in the Parramatta City Council area.
Approximately 77% of the catchment is zoned residential with the remaining area consisting
of a mix of special uses and open space, with a smaller propartion of commercial/industrial
and business. Monitoring commenced in October 1994, Results of Council's monitoring is
presented in Hormsby Shire Council (2009 and 2010).

At Homsby Monitoring Location 8 occasional high levels of faecal coliforms have been
encountered, particularly after storms. The source of elevated levels is reported to be from
stormwater runoff and/or sewer pipe overflows. Results exceeded the ANZECC Guidelines
for Ammonium Nitrogen (NH5) and phosphorous concentrations in the majority of samples
taken. However, because faecal coliforms were low sewer leaks were not suspected. The
levels of turbidity and suspended solids in urban sites were generally acceptable. Test results
showed typically low DO levels, especially at low flow conditions when the pools tend to turn
black.

The M2 Motorway monitoring sites for Devlins Creek sites are labelled M2-13, M2-18, M2-5
and M2-8 on Figure 12. These sites are located upstream of the Cheltenham Services
Facility. Samples are collected following storm events where rainfall is greater than 10mm in
the 24 hour period prior to sampling and are analysed for Total Suspended Solids (TSS).
Suspended solids loadings are used as an important indicator in relation to nutrient transport
and aesthetic appearance. AECOM (2011) tabulated the sampling data obtained for
numerous events dating from January 1998 for the M2 project. The calculated long term
average and median values for each of the sites are also included.

Comparison of the M2 Motorway monitoring results for pre and post construction of the
Motorway indicates that construction of the existing motorway has not had any significant
impact on the water quality of the downstream receiving systems.

4.2.3 Pyes Creek - Site 4

Hornsby Monitoring Location 5 is located on Pyes Creek at Cherrybrook (refer Figure 12).
The catchment draining to the monitoring site is approximately 380 hectares of which 79% is
zoned residential. The monitoring site is located in a section of creek that has extensive
patches of exposed bedrock. Monitoring by Homsby Shire Council commenced in October
1994.
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The monitoring site is located approximately 3km downstream of Cherrybrook Station and is
therefore not suitable to provide a direct analysis of potential changes in runoff quality from
the Project. However, results do provide a useful background to the nature of the broader
downstream receiving system.

Monitoring results exceeded the ANZECC guidelines for Ammonium Nitrogen (NH3) and
phosphorous concentrations in the majority of samples taken. The levels of turbidity and
suspended solids in Pyes Creek were generally acceptable. Sewer leaks were not
suspected due to low faecal coliform readings.

4.2.4 Cattai Creek — Sites 5and 6

The Hills Shire Council operates three monitoring locations on Cattai Creek (referred to as
Hills A3, Hills 12 and Hills K3) as shown on Figure 12. Location 12 is located upstream of the
Hills Centre station (Site 6), Location A3 is approximately 200m downstream of the site on
Showground Road and Location K2 is a further 1.2km downstream. Additional monitoring
locations have previously been operated by the EPA, SCA, Sydney Water, DLWC and the
Hawkesbury Nepean Catchment Management Trust.

In general, E. Coli and nutrients Total Nitrogen and Total Phosphorous were found to be
above the ANZECC guidelines in over half the samples, with dissolved oxygen readings
below recommended guidelines.

4.2.5 Strangers Creek — Site 7

The Hills Shire Council operates two monitoring locations on Strangers Creek (referred to as
Hills E1 and Hills L2) as shown on Figure 12. Location L2 is approximately 1.5km
downstream of the Norwest Station (Site 7). Location E1 is a further 2.5km downstream and
is therefore not suitable to provide a direct analysis of runoff quality from the Project.

Results of monitoring at Station L2 indicate nutrient levels below ANZECC guidelines, with
dissolved oxygen readings below recommended guidelines.

4.2.6 Elizabeth Macarthur Creek — Sites 8 to 11

Two monitoring sites operated by The Hills Shire Council are located on Elizabeth Macarthur
Creek, (Hills F1 and Hills B3 in Figure 12). Sampling location F1 is off Celebration Drive
upstream of the proposed Bella Vista Station. Location B3 is off Clovelly Crescent, upstream
of the confluence with Caddies Creek.

Location F1 has generally shown readings within acceptable limits for secondary contact
recreation under the ANZECC guidelines. Slightly more than half the samples showed
elevated Total Nitrogen levels. Results at the downstream monitoring site (Location B3)
indicate poorer quality, with elevated levels of Total Nitrogen and Total Phosphorous in
nearly all the samples taken, along with elevated E. Coli in approximately half the samples.
Dissolved Oxygen at this location was below recommended levels within the ANZECC
guidelines.

26 March 2012



AECOM NWRL Approvals 40
Surface Water and Hydrology - Major Civil and Censtruction Works - EIS 1

4.2.7 Caddies Creek (including Tributaries 3, 4 and 5) — Sites 12 to 15

The Hills Shire Council’s Health and Environmental Protection Team operate two monitoring
sites on Caddies Creek (Hills D3 and Hills C1 on Figure 12). Hills D3 is located
approximately 1km downstream of the proposed Rouse Hill Station, with Hills C1 located a
further 500m downstream.

Results from both sites indicate E. Coli and nutrients Total Nitrogen and Total Phosphorous
are above the ANZECC guidelines in over half the samples, with dissolved oxygen readings
below recommended guidelines.

4.2.8 Second Ponds Creek — Site 16

The Hills Shire Council’s Health and Environmental Protection Team operate one monitoring
site on Second Ponds Creek (Hills J3 on Figure 12). Hills J3 is located approximately 2.5km
downstream of the Project corridor and therefore not suitable to provide a direct indication of
the existing runoff quality relevant to the Project.

4,29 First Ponds Creek — Site 17

Blacktown City Council has two water quality monitoring sites in First Ponds Creek. The
nearest of these is approximately 2.3km downstream of the Project and is therefore not
suitable for use as a monitoring location.
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