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1. Intfroduction

Stantec Australia Pty Ltd have been engaged by Landcom (‘the Proponent’) to prepare a Stormwater Management Plan for
the Kellyville Station Precinct (‘the Site’). The plan/report is intended to address the management of stormwater and water
sensitive urban design (WSUD) to support the concept State Significant Development (SSD) application for portion of the
Site that is owned by or under the control of Sydney Metro.

The Site includes both government and non-government owned lands. While the SSD application covers only land owned
or controlled by Sydney Metro, consideration has been given to the broader precinct to ensure that a coordinated stormwater
management strategy is developed.

The purpose of this report is to provide preliminary advice regarding stormwater management to facilitate development of
the Site, including the following:

. Flooding;

o Stormwater quantity;

o Stormwater quality (WSUD);
. Erosion & sediment control.

Liaison has occurred with both Council (as owner of proposed public infrastructure) and Sydney Water (as owner of Elizabeth
Macarthur Creek, which abuts the Site) to determine appropriate stormwater management measures.

No physical works are proposed in this SSD application, hence information provided hereunder is conceptual only. Detailed
analysis and calculations and designs are required for future development applications for physical works.

Kellyville Station Precinct Introduction | 1



2. Site Characteristics
2.1 Site Definition

The Kellyville Station Precinct (‘the Site’) is shown in Figure 2.1 below and is bounded by:

. Old Windsor Road to the west;
. Samantha Riley Drive to the north;
. Memorial Avenue to the south; and

) Elizabeth Macarthur Creek (EMC or ‘the creek’) to the east.
The Site is in The Hills Shire Council local government area.
The portion of the Site that forms part of the SSD application, including the legal description, is shown in Figure 2.2 overleaf.

While the SSD application includes only a portion of the Site, consideration has been given to stormwater management of
the entire Site to ensure that a coordinated strategy is developed. The portion of the Site that is subject of the SSD application
is 18.8 Ha and the area considered in the stormwater strategy is 22 Ha.
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Figure 2.1 - Kellyville Project Site (the Site)
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Figure 2.2 - Portion of the Site that is subject of the SSD application
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2.2 Existing Topography & Surface Features

The topography of the Site undulates; however, surface levels generally fall to the east towards the creek. There is also a
gentle gradient to the north. Topography for the majority of the Site is shown on the site survey included in Appendix A.

At the time of preparation of this report, roads and associated infrastructure have recently been constructed by Northwest
Rapid Transit (NRT) to facilitate the opening of Kellyville Station. These roads are within the Site and are shown in Figure
2.3.

Undeveloped areas of the Site that are outside of the riparian area are generally either cleared and grassed or sparsely
vegetated.

v v el 7 W\ [
Figure 2.3 - Aerial Photograph of the Site (7 April 2019)
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2.3 Existing Geotechnical Conditions & Groundwater
Investigation

The geotechnical character of the Site has been investigated by PSM Consult, care of JBS&G. A copy of the PSM consult
geotechnical report (dated 29 May 2019, reference PS3675-003L Rev 2) is included in Appendix B.

A desktop groundwater assessment has also been included in the PSM Consult report.

2.4 Existing Flood Affectation

Flood affectation of the Site has previously been assessed by AAJV. The results of this assessment are included in the
report entitled ‘Elizabeth Macarthur Creek — Trunk Drainage Concept Design Report’ (Revision C, dated 17 February 2017).
The report shall be here forth referenced as ‘EMC Trunk Drainage Report’. A copy of the EMC Trunk Drainage Report is
included in Appendix C.

Flood affectation is further investigated in Section 4 of this report.

2.5 Existing Stormwater Drainage Infrastructure

Stormwater drainage infrastructure has been installed to suit recent NRT works. Infrastructure includes the following:

o Typical private pit and pipe network and stormwater quality treatment measures to collect, convey and treat runoff
from private allotments prior to discharge to the public stormwater network in accordance with typical Council controls;

o Typical public pit and pipe network to collect and convey runoff from public roads to the creek; and

o Gross Pollutant Traps (GPTs) prior to discharge of the public road stormwater network to the creek.

Kellyville Station Precinct Site Characteristics | 5



3. Proposed Development

3.1 Sydney Metro Northwest Places Overview

The NSW Government and Sydney Metro have finalised the first stages of Australia's biggest public transport project that
have seen the commencement of new metro services in Sydney's northwest in May 2019.

Under the Sydney Metro Northwest (SMNW) Places program, Landcom and Sydney Metro are working collaboratively with
the Department of Planning and Environment, local councils, other government organisations and key stakeholders to
develop the long-term vision and delivery program to guide the redevelopment and urban renewal of surplus government
owned or controlled land around new SMNW station precincts.

SMNW Places will deliver vibrant and integrated precincts surrounding the new Bella Vista and Kellyville metro stations that
will facilitate the renewal and delivery of a greater supply and diversity of housing, new employment opportunities and new
public and community facilities.

3.2 Kellyville Station Precinct Overview

The Kellyville Station Precinct forms part of a network of eight station precincts along the corridor of the NSW Government's
$8.4 billion SMNW. The Precinct was identified by the NSW Government as a Priority Precinct to support and drive the urban
renewal of rural residential land into a new urban environment.

The Kellyville Station Precinct is envisaged to provide 1,000 new jobs and, in conjunction with the adjacent Bella Vista Station
Precinct, up to 8,400 new homes shared between the precincts.

3.3 Concept SSD Application Scope

Development consent is sought for a concept development application pursuant to section 4.22(1) of the Environmental
Planning and Assessment Act 1979 (EP&A Act) that sets out the concept proposal for a portion of the Site that comprises
the following components:

. A land use strategy that identifies the overall allocation, quantum and location of land uses across a portion of the
Site, including:
- Residential dwellings comprising residential flat buildings and terraces;
- Non-residential land uses including retail and commercial;
- Public open space including public domain and parks; and
- Community facilities.

. Urban Design Guidelines that includes built form design principles, guidelines and controls, including maximum
building heights and street wall setbacks and heights;
. Allocation of maximum gross floor area (GFA) across a portion of the Site for each development block and for specific

land uses, including allowable GFA transferred from roads and open space to identified development lots pursuant
to clause 8.3 of The Hills Local Environmental Plan 2012 (Council’s LEP);

. Street hierarchy and layout, including the identification of pedestrian and vehicular movement and access
arrangements, and the indicative location and configuration of new streets and intersection connections to the existing
road network; and

. Identification of criteria or thresholds for subsequent development stages to be assessed as State Significant
Development pursuant to section 4.37 of the EP&A Act.

The concept SSD application does not seek development consent for any physical works. All development set out in the
concept proposal will be subject to a separate approval pathway.

The urban design plan submitted for approval under the concept SSD application is included in Figure 3.1. This plan forms
the basis of further investigation.
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4, Flood Impact Assessment
4.1 Literature Review

4,1.1 The Hills Shire Council Local Environment Plan 2012

Section 7.3 of Council’'s LEP sets out Flood Planning controls. Section 7.3 is quoted below:

“7.3 Flood planning
1) The objectives of this clause are as follows:
(@) to minimise the flood risk to life and property associated with the use of land,

(b) to allow development on land that is compatible with the land’s flood hazard, taking into account
projected changes as a result of climate change,

(c) to avoid significant adverse impacts on flood behaviour and the environment.
(2) This clause applies to land at or below the flood planning level.

3) Development consent must not be granted to development on land to which this clause applies unless the
consent authority is satisfied that the development:

(@) is compatible with the flood hazard of the land, and

(b) is not likely to significantly adversely affect flood behaviour resulting in detrimental increases in the
potential flood affectation of other development or properties, and

(c) incorporates appropriate measures to manage risk to life from flood, and

(d) is not likely to significantly adversely affect the environment or cause avoidable erosion, siltation,
destruction of riparian vegetation or a reduction in the stability of river banks or watercourses, and

(e) is not likely to result in unsustainable social and economic costs to the community as a consequence
of flooding.

4) A word or expression used in this clause has the same meaning as it has in the Floodplain Development
Manual (ISBN 0 7347 5476 0), published in 2005 by the NSW Government, unless it is otherwise defined in
this clause.

(5) In this clause:

flood planning level means the level of a 1:100 ARI (average recurrent interval) flood event plus 0.5 metre
freeboard.”

Council's LEP sets out that the flood planning level is the 100-year ARI flood event plus 0.5m freeboard.

4.1.2 Sydney Water Rouse Hill Flood Study (2014)

The Site abuts Elizabeth Macarthur Creek (EMC). The creek is a Sydney Water asset. In 2014 Sydney Water commissioned
WMA Water to prepare the ‘Rouse Hill Flood Study’ for the Rouse Hill Development Area. The study includes the Site and
a large surrounding area, as shown in Figure 4.1 of this report.

The Rouse Hill Flood Study includes a detailed investigation of ‘baseline’ flooding. It is noted that the baseline conditions do
not equate to the existing conditions. The Rouse Hill Flood Study adopts the ultimate catchment development conditions to
define hydrologic inputs to the TUFLOW model. As the contributing catchment areas upstream of the development area are
not yet fully developed, flood modelling is anticipated to slightly overestimate the resulting catchment runoff potential and
therefore the flow rates along EMC when compared to existing conditions.

Figure 4.2 to Figure 4.9 of this report contain excerpts from the Rouse Hill Flood Study, showing the baseline flood affectation
of the Site and surrounding areas in various flood events up to the 1% AEP event. The figures show that the lower lying
areas of the Site are inundated during flood events up to and including the 1% AEP event.

Kellyville Station Precinct Flood Impact Assessment | 8
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Figure 4.5 - Rouse Hill Flood Study (2014) - 5% AEP vent Flood Levels and Depths (In vicinity of Site)
Site boundary and SP2 zone boundary indicatively marked green and red respectively by Stantec
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Figure 4.7 - Rouse Hill Flood Study (2014) - 2% AEP Event Flood Levels and Depths (In vicinity of Site)
Site boundary and SP2 zone boundary indicatively marked green and red respectively by Stantec
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4.1.3 Sydney Water Elizabeth Macarthur Creek Trunk Drainage Concept Design
Report

In 2017 Sydney Water commissioned AAJV to prepare the ‘Elizabeth Macarthur Creek Trunk Drainage Concept Design
Report’. A copy of the report and associate drawings is included in Appendices C & D respectively. Note that several
Appendices to the EMC Trunk Drainage Report have been deleted from the copy appended to this report as they are not
pertinent to the proposed development.

The purpose of the EMC Trunk Drainage Report is to “...design and document the preferred trunk drainage concept design
for EMC, including related guidelines for stormwater and floodplain management that could be used to inform planning and
development in other similar urban release areas.”

The EMC Trunk Drainage Report utilised the flood modelling for the Rouse Hill Flood Study and refined it to focus on EMC.
The number of refinements is too numerous to exhaustively list, however they include the following items listed below and
investigated further hereunder:

. Increasing modelling resolution to improve accuracy;

o Incorporating filling of the Site;

o Flood mitigation/stream improvement measures in EMC; and
. New vehicular and pedestrian bridges adjacent to the Site.

The Rouse Hill Flood Study made allowance for the ultimate development of the study area, which included development of
the Site. The Rouse Hill Flood Study references an average impervious percentage of 66% over the study area, as outlined
in Table 8 of the report. This hydrologic model was adopted and refined for the EMC Trunk Drainage Report (refer to Section
2.6.1 of the report). The flood modelling for the EMC Trunk Drainage Report therefore considers the post-development
scenario for the Site (referenced in the report as the ‘Design’ scenario). The report also considers the ‘Baseline’ flooding
scenario, in which the Site is not yet developed and proposed works in EMC have not yet occurred. It is reiterated that this
‘Baseline’ scenario is not equivalent to the existing flood scenario, as outlined in Section 4.1.2 of this report.

The EMC Trunk Drainage Report includes a detailed investigation of flooding in the vicinity of the Site (refer to Section 2.6
of the report). Figure 4.10 of this report contains an excerpt of the EMC Trunk Drainage Report, showing the baseline flood
affectation of the Site and surrounding areas in the 100-year ARI event. Figure 4.11 shows a higher resolution copy of the
same except, focusing on the Site. A portion of the Site in the vicinity of the creek is shown to be flood affected in the baseline
100-year ARI event.

Kellyville Station Precinct Flood Impact Assessment | 18
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Figure 4.11 - Baseline Flood Condition - Site Area Only (EMC Trunk Drainage Concept Report) - Site boundary
indicatively marked green by Stantec

The EMC Trunk Drainage Report proposes numerous stream rehabilitation measures to (among other outcomes) mitigate
flood affectation of surrounding properties, including the Site. The report references allowance being made for future
development of the Site and landfill of flood affected areas such that they are above adjacent flood levels. Section 3.3.9 of
the EMC Trunk Drainage Report outlines the approach to flood management. An excerpt of the Section 3.3.9 is included
below, noting that only relevant items have been included:

“The general design approach adopted to develop an overall flood management strategy was to:

1)

2) Incorporate future landfill to facilitate urban development up to the proposed TDL (Trunk Drainage
Land) boundary.
Note this landfill would extend to an elevation of at least peak 100-year ARI flood levels, and allow
for some minor encroachment of fill into the TDL to afford an element of conservatism should
developers overreach in the future.
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3)
4 Incorporate future bridge crossings to facilitate road/pedestrian access through adjacent future urban
development areas.

The hydraulic performance of the bridge crossings were then optimised to either increase or reduce
the resulting afflux as appropriate.

Seven future bridge crossings were identified by both THSC (The Hills Shire Council) and
UrbanGrowth/TfNSW to support their future development plans. Generally downstream of Memorial
Avenue it is desirable to reduce afflux as far as possible to avoid adverse flood impacts on existing
development. Upstream of Memorial Avenue there is more scope to increase peak flood levels as
there is little development adjacent to EMC, and future development can be set (through specification
of fill levels) at the appropriate elevation.

G) .

At the time of preparation of the EMC Trunk Drainage Report the future extent of development of the Site was unknown.
Sydney Water/AAJV therefore assumed that all areas outside of the SP2 (Infrastructure) zoned land (which will ultimately
be owned by Sydney Water) would be filled to be at or above the 100-year ARI flood level. This assumption was made to
facilitate future development of adjacent areas. Post-development flood modelling incorporated this filling, as depicted in
Figure 4.12, which shows the post-development flood affectation of the Site and surrounding areas. Figure 4.13 shows a
higher resolution copy of the same excerpt, focussing on the Site. These figures show that the extent of 100-year ARI flooding
in the post-development scenario is limited to Sydney Water’s land (SP2 zoned land) fronting the Site.

In summary, the EMC Trunk Drainage Report and associated drawings sets out the following key design criteria affecting
development of the Site:

. Allowance has been made for all areas outside of the SP2 zoned area to be filled to be at or above the 100-year ARI
flood level. Guidance is provided regarding flood levels at the interface of the SP2 zoned area;
. Encroachment of works into the SP2 zoned area must be limited to prevent flood impacts, though some minor

encroachment is permitted. Guidance is provided regarding the extent and nature of encroachment into the SP2
zoned area, however it is ultimately subject to Sydney Water’s approval; and

) Allowance has been made for future creek crossings at various locations. Guidance is provided regarding geometric
constraints associated with each creek crossing.
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Figure 4.12 - Design Flood Condition (EMC Trunk Drainage Concept Report) - Site boundary indicatively marked
green by Stantec

@ Kellyville Station Precinct Flood Impact Assessment | 22



I 0030010
. 0100020
. 0200050

. 0500050
W 020w 100
00w 150

_ o 0 - ~ d ! L8\ e ,\’m: '.' o _ -
Figure 4.13 - Design Flood Condition - Site Area Only (EMC Trunk Drainage Concept Report) - Site boundary
indicatively marked green by Stantec

4,14 Sydney Water response to Feasibility Application

A Feasibility Application for the proposed development was lodged with Sydney Water on 11 January 2019 and a response
was received on 14 May 2019. A copy of Sydney Water’s response letter is included in Appendix E. An excerpt from Sydney
Water's response is included below:

“Any filling carried out as part of the development will need to be contained wholly within the boundaries of
proposed lots and roads, and not encroach onto the 100-year flood boundary or Sydney Water land. Also,
any fill will need to be stabilised in such a way so as to prevent any collapse or intrusion onto the trunk
drainage lands over time. Details of the work adjacent to the Creek are to be submitted to ensure that these
requirements are met.

. Minor batter spill into the trunk drainage corridor is acceptable
- Desirable maximum spill 1.5 metres at 3H:1V
- Absolute maximum spill 2.0 metres at 3H:1V for short occasional isolated sections”
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Sydney Water were subsequently contacted and clarified the above requirements. The following additional advice was
provided:

. Further encroachment and/or more gentle grading into the trunk drainage / SP2 zoned / Sydney Water land may be
acceptable where it does not encroach upon the 100-year ARI flood zone. Such encroachment would be subject to
Sydney Water’s approval;

. Block retaining walls may be utilised in lieu of batters, as detailed in the EMC Trunk Drainage report and associated
drawings.
4.2 Impact of Proposed Development on Flooding

The impact of the proposed development on flooding within EMC has been considered in the EMC Trunk Drainage Report.
Please refer to Appendices C and D for details.

At the time of preparation of the EMC Trunk Drainage Report the nature of the proposed development of the Site was not
fully understood. Based on current urban design plans, the impact of the proposed development on EMC flooding will be
less than anticipated in the EMC Trunk Drainage Report as only a portion of the area west of SP2 zoned land is proposed
to be earth filled, rather than the entire area.

Two scenarios must be considered in assessing the impact of the development on flooding:

1. The proposed development occurs subsequent to or concurrent with the works proposed in the EMC Trunk
Drainage Report - In this event the impact on flooding in EMC will be less than the forecast ‘design’ flood conditions
in the EMC Trunk Drainage Report as the extent of fill within the flood zone is less than the amount anticipated; and

2. The proposed development prior to the works proposed in the EMC Trunk Drainage Report — In this event
there would be an impact on existing flooding, however the impact is anticipated to be insignificant. The ‘existing’
flood conditions are not considered in either the Rouse Hill Flood Study or the EMC Trunk Drainage Report. The
Rouse Hill Flood Study refers to the ‘baseline’ flood conditions, in which developable areas within the Study Area
have reached ultimate yield. Given that the Study Area is yet to be developed to its ultimate yield, the extent of
‘existing’ flooding is less than the extent of ‘baseline’ flooding that has been considered in each study. Further to this,
the encroachment into the flood zone is minor as depicted in Figure 4.14. Figure 4.14 is a marked excerpt from the
EMC Trunk Drainage Report and shows that the encroachment of the proposed development upon the ‘baseline’
flood extents in the 100 year ARI event is minor and does not encroach beyond the flood fringe.
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Figure 4.14 - Extent of proposed development encroachment into 'baseline' 100 year ARI flood zone (marked
excerpt from EMC Trunk Drainage Report)

Based on the above, the proposed development has a nil effect on the flood emergency response of the community.
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4.3 Flood Impact on Proposed & Future Development

The design of proposed Council infrastructure within flood affected areas of the Site must be performed in consultation with
Sydney Water, with reference to the EMC Trunk Drainage Report and associated drawings, and in accordance with Council
requirements. Generally, this will result in flood affected areas within the proposed development being earth filled such that
surface levels are above the adjacent 100-year ARI flood level in EMC. The exception to this is non-habitable public reserve
areas abutting EMC, which may potentially be filled to achieve a reduced clearance to flood levels if desired.

As the Site is generally proposed to be filled such that surface levels are above EMC flood levels, Flood Planning Levels for
the future development of proposed lots within the Site will generally not be governed by EMC flood levels, but by the
overland flows through the precinct within the public road corridors. Council’s LEP states that:

“A minimum freeboard of 500 mm shall be provided between the 100-year flood level and habitable floor
levels.”

Based on the above, Flood Planning Levels applicable to future development of proposed lots will be the higher of either (1)
the 100 year ARI flood level in EMC plus 500mm freeboard or (2) the 100 year ARI overland flow level plus 500mm freeboard.
Where overland flow levels vary around or within a proposed lot, the Flood Planning Level for future development will be
based on the overland flow level at the applicable ‘point of interest’. A ‘point of interest’ is typically a doorway/opening,
basement entry ramp, or something similar in nature.

An overland flow assessment will be undertaken during design development of the proposed public road reserves to
ascertain overland flow depths in the 100-year ARI event. These overland flow depths will subsequently be used to inform
the Flood Planning Levels for the future development of each proposed lot.

4.4 Compliance

Based on the above review, the proposed development is compliant with the requirements of Clause 7.3 of Council’'s LEP
(as referenced in Section 4.1.1 of this report).

4.5 Recommendations for Future Development

As the proposed development has been anticipated for some time by Sydney Water as owner of EMC, the EMC Trunk
Drainage Report included in Appendix C makes numerous recommendations regarding more detailed development
requirements, particularly regarding (1) the minimum elevation of any proposed infrastructure abutting the SP2 zoned area
and (2) the interface treatment between the proposed infrastructure and EMC. These requirements shall be considered
during future concept and detailed design of the proposed development.
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S. Stormwater Conveyance

This section of the report investigates stormwater conveyance from/through the Site to the legal point of discharge.

5.1 Authority Requirements

Design requirements for stormwater management associated with proposed public infrastructure have been set in the
Council’s ‘Design Guidelines for Subdivisions/Developments’.

Council’'s guidelines state the minimum requirements for the design of stormwater conveyance infrastructure.

Location Minor System (ARI) Major System (ARI)
General 10 100
Sag 20 100

Table 5.1 - Design Average Recurrence Intervals (ARIs)

An overland flow path will be provided for all public drainage systems (such as the proposed road network), regardless of
whether 100-year ARI runoff can be conveyed solely within the associated pit and pipe network.

5.2 Drainage associated with future development of
proposed lots

Drainage associated with future development of proposed allotments will be designed in accordance with both Council
standards and AS3500.3 to convey minor event runoff from the (private) development to the public drainage system within
road reserves via an in-ground pit and pipe network. Runoff in excess of the minor event will surcharge the in-ground pit and
pipe network and discharge overland to public road reserves.

Figure 5.1 below depicts the stormwater conveyance mechanism for future development of proposed lots in minor storm
events. Note that the water quality treatment component of the below is further investigated in the ‘Stormwater Quality’
section of this report.

Stormwater runoff Discharge to Legal
from future In-ground drainage Water quality Point of Discharge
development of network treatment (Public road
proposed lot network)

Figure 5.1 - Development Drainage Stormwater Conveyance Flow Chart
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5.3 Drainage associated with public roads

5.3.1 Existing Public Roads

There are numerous existing public roads within the Site that were recently constructed by NRT.

Stormwater runoff from minor events is collected and conveyed via a conventional pit and pipe network. Stormwater
ultimately discharges to EMC via a GPT, headwall and erosion protection measures. There are multiple discharge locations
to EMC to suit road grading.

Stormwater runoff from major events is conveyed via a combination of the pit and pipe network and overland flow to low
points in the road network adjacent to EMC. Stormwater ponds at these low points prior to overtopping kerb/verge and
discharging to EMC.

5.3.2 Proposed Public Roads

Stormwater runoff from minor events is proposed to be drained via a conventional pit and pipe network in accordance with
AS3500.3 and Council’s stormwater drainage guidelines. The in-ground network is proposed to discharge to EMC via a GPT,
headwall and erosion protection measures. It is envisaged that multiple discharge locations to EMC will be required to suit
road grading. Discharge locations and details will be subject to future Sydney Water approvals.

Stormwater runoff from major events is proposed to be conveyed via a combination of the pit and pipe network and overland
flow to low points in the road network adjacent to EMC. Stormwater will pond at these low points prior to overtopping
kerb/verge and discharging to EMC in an uncontrolled manner.

Figure 5.2 below depicts the stormwater conveyance mechanism for proposed public roads in minor storm events.

Discharge to Legal
Point of Discharge
(EMC)

Stormwater runoff
from proposed public
roads

In-ground drainage GPT or equivalent
network device

Figure 5.2 - Public Road Drainage Stormwater Conveyance Flow Chart

It is noted that stormwater runoff from smaller-scale minor events (e.g. the 3-month ARI event) is intended to discharge to
street tree pits in lieu of the in-ground stormwater drainage network. This is further investigated in the ‘Stormwater Quality’
section of this report.
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5.4 Public Reserve/Open Space Drainage

5.4.1 Impervious Areas

Stormwater runoff from minor events is proposed to be drained via either:

. A conventional pit and pipe network in accordance with AS3500.3 and Council’s stormwater drainage guidelines. The
in-ground network is proposed to discharge to either:
- EMC via a GPT, headwall and erosion protection measures; or
- The public road network; or

. Via overland flow to pervious areas within the public reserve.

The appropriateness of each of the above options must be assessed on a case-by-case basis. For example, it is not
appropriate to formally collect and convey runoff from all footpath areas, however it may be appropriate to formally collect
and convey runoff from more expansive impervious areas (such as plazas and community buildings).

Stormwater runoff from major events is proposed to be conveyed via overland flow to either the public road network or to
EMC pending detailed grading of public reserve areas

Figure 5.3 below depicts the stormwater conveyance mechanism for impervious areas in proposed public reserves in minor
storm events.

Stormwater runoff from In ground drainage network Discharge to Legal Point of
impervious areas in public or overland flow to pervious Discharge (public road
reserves areas (as appropriate) network / EMC)

Figure 5.3— Public Reserve / Open Space (Impervious) Drainage Stormwater Conveyance Flow Chart

5.4.2 Pervious Areas

Minor event stormwater runoff from pervious areas in proposed local parks is not proposed to be formally collected. It is
envisaged that stormwater runoff from minor events will discharge via infiltration to the groundwater table. Runoff in excess
of the infiltration capacity of the pervious surface will be conveyed via overland flow to either the public road network or to
EMC.

Minor event stormwater runoff from pervious areas in the proposed 0.67Ha neighbourhood park (between Blocks C & D in
Figure 3.1) is proposed to be collected via in-ground infiltration and a subsoil drainage network and discharge to a rainwater
reuse system. The rainwater reuse system will be owned and operated by Council and used to supply irrigation for the
neighbourhood park. Generally, infiltrated stormwater will be collected by a series of subsoil drains discharging to a
subsurface rainwater storage tank. Water stored in this tank will be used to irrigate the park via a pumped irrigation system.
Runoff in excess of the infiltration capacity of the pervious surface will be conveyed via overland flow to either the public
road network or to EMC.

Stormwater runoff from major events is proposed to be conveyed via overland flow to either the public road network or to
EMC pending detailed grading of public reserve areas
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Figure 5.4 below depicts the stormwater conveyance mechanism for pervious areas in proposed local public reserves in
minor storm events.

4 )
Stormwater runoff
from pervious areas Infiltration to
in local public groundwater table
reserves
\ J
a )
Overland flow to
Legal Point of
Discharge (public
road network / EMC)
\ J

Figure 5.4— Local Public Reserve / Open Space (Pervious) Stormwater Conveyance Flow Chart

Figure 5.5 below depicts the stormwater conveyance mechanism for pervious areas in the proposed neighbourhood park in
minor storm events.

Stormwater runoff

: Infiltration to Conveyance to
fr?nmr ep eigvrllca)llleL?gﬁgs rainwater reuse rainwater reuse Reuse as irrigation
9 P system storage tank

reserves

Overflow to Legal
Point of Discharge
(public road network
/ EMC)

Figure 5.5 - Regional Public Reserve /Open Space (Pervious) Stormwater Conveyance Flow Chart

5.5 Legal Point of Discharge

For public infrastructure (road reserves and public reserves/open space) the Legal Points of Discharge from the Site will be
to EMC. There will be a number of discharge points, as determined by the grading of proposed public roads. The nature
and location of each discharge will be determined during detailed design and will be subject to Sydney Water approval.

For future development of proposed lots, the Legal Point of Discharge will be to public road reserves. The number, nature
and location of each discharge will be determined during detailed design for development of each lot and will be subject to
Council approval.

Kellyville Station Precinct Stormwater Conveyance | 30



6. Stormwater Quantity

This section of the report investigates stormwater quantity in peak storm events.

As outlined in the ‘Stormwater Conveyance’ section of this report, stormwater from the Site will ultimately discharge to the
Sydney Water owned Elizabeth Macarthur Creek. Sydney Water therefore set requirements for the control of stormwater
discharge from the Site.

The EMC Trunk Drainage Report assessed the feasibility of upgrading the EMC trunk drainage corridor and sought to
minimise the amount of land required for trunk drainage purposes and increase the quantum of land available for
development.

The EMC Trunk Drainage Report adopted the flood modelling undertaken for the Rouse Hill Flood Study, refined it to focus
only on EMC, and updated it to incorporate earth filling of the Site and flood mitigation measures in EMC. The Rouse Hill
Flood Study made allowance for the ultimate development of the study area, which included development of the Site. The
Rouse Hill Flood Study references an average impervious percentage of 66% over the study area, as outlined in Table 8 of
the report. This hydrologic model was adopted and refined for the EMC Trunk Drainage Report (refer to Section 2.6.1 of the
report). The flood modelling for the EMC Trunk Drainage Report therefore considers the post-development scenario for the
Site.

Further to the above, both the Rouse Hill Flood Study and the EMC Trunk Drainage Report accounted for a variety of
‘structures’, ‘basins’ and the like within the study area (and outside of the Site) that serve a stormwater retention/detention
purpose. Neither report references additional detention being required for proposed development of the Site. This has been
confirmed by Sydney Water on various occasions during the consultation process in preparation of the SSD application. It
is also noted that Sydney Water’s ‘Stormwater connections to natural waterways — Rouse Hill Development Area’ does not
reference a requirement for detention.

As flood modelling for the area accounts for un-detained runoff from the proposed development, no on-site detention is
proposed.

As no detention is required to facilitate future development of proposed lots, the proposed public stormwater network will be
sized to convey the unattenuated minor design storm runoff flows from proposed lots on the assumption that the proposed
lots will be fully developed in the future (90% - 100% imperviousness). It is noted that the existing stormwater installed by
NRT is sized for this percentage of impervious area for future development lots within the Site.
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This section of the report investigates stormwater quality / WSUD proposed to be adopted to facilitate development of the
Site.

7.1 Authority Requirements

7.1.1 Sydney Water

As the precinct will discharge to the Sydney Water owned Elizabeth Macarthur Creek, Sydney Water set the requirements
for the control of stormwater quality discharging to the Creek.

In the aforementioned response to the Feasibility Application, Sydney Water reference “Stormwater Connections to Natural
Waterways — Rouse Hill Development Area”, which stipulates the following ideal water quality outcomes:

Post-Development Pollutant Load

Pollutant Reduction Objective (%)
Gross Pollutants (>5mm) 20
Total Suspended Solids 85
Total Phosphorus 65
Total Nitrogen 45

Table 7.1 - Post-development pollution reduction targets prior to discharge to EMC

7.1.2 Councill

Council set stormwater quality requirements for private development prior to discharge to public infrastructure. As part of a
previous planning application for the Kellyville Station Precinct in May 2018, Council proposed the following draft
Development Control Plan (DCP) controls, which are proposed to be adopted moving forward with minor amendment as
shown in red below.

“Water Sensitive Urban Design
1. Water Sensitive Urban Design (WSUD) principles and techniques are to be adopted for all
development to provide sustainable and integrated management of land and water resources,
incorporating best practice stormwater management, water conservation and environmental
protection measures.
2. Stormwater runoff must be treated on the development site before it discharges to a public drainage
system or into land zone SP2 Infrastructure (Stormwater Management System).

3. A WSUD Management Plan is to be prepared for all development. This plan can be incorporated
into the Stormwater Management Plan.
4. A WSUD Management Plan is to take into account water quality and stream erosivity objectives,

together with attenuating flow rates and runoff volumes to acceptable levels following urban
development. Water management performance objectives are set out in Table 5.
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Table 5 — Water Quality & Stream Erosivity Performance Objectives

Water Quality % Reduction in Pollution Loads Environmental Flows
Stream Erosivity Control
Ratio
Gross Total Total Total Post Development Duration
Pollutants Suspended | Phosphorous Nitrogen of above ‘Stream Forming
(>5mm) Solids Flow’ Natural Duration of
Above ‘Stream Forming
Flow™?
Stormwater 90 85 65 45 35-50:1
Management
Obijective
Ideal Stormwater | 100 95 95 85 1:1
Outcome

1. For the purposes of these objectives, the ‘stream forming flow’ is defined as 50% of the 50% AEP flow rate estimated for the

catchment under natural conditions. This ratio should be minimised to limit stream erosion to the minimum practicable.

Development proposals should be designed to achieve a value as close to one as practicable, and values within the nominated

range should not be exceeded. A specific target cannot be defined at this time.

5. Industrial/commercial/residential flat building developments within the Precincts are required to
manage the pollutant loads from each separate allotment to ensure compliance with the performance
objective listed in Table 5 prior to discharge to any adjoining drainage system.

6. Water quality modelling undertaken to support development proposals within the Precincts shall
utilise MUSIC Version 5 (or later) and be in line with the Braf-NSW MUSIC Modelling Guidelines,
Sydney Metropolitan Catchment Management Authority, 2010, utilising the modelling parameters in

Tables 6 & 7.

Table 6 — Soil/groundwater parameters recommended for adoption in MUSIC modelling

‘ Units ‘ Urban ‘ Non-Urban
Impervious area parameters
Rainfall threshold ‘ mm/day ‘ 1.4 ‘ 1.4
Pervious area parameters
Soil storage capacity mm 170 210
Initial storage % of capacity 30 30
Field capacity mm 70 80
Infiltration capacity coefficient — a 210 175
Infiltration capacity coefficient — b 4.7 3.1
Groundwater properties
Initial depth mm 10 10
Daily recharge rate % 50 35
Daily baseflow rate % 4 20
Daily seepage rate % 0 0

Kellyville Station Precinct
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Table 7 — Recommended Stormwater Quality Parameters for MUSIC modelling

Storm Flow Base Flow
TSS TP TN TSS TP TN
Mean | SD Mean | SD Mean | SD Mean | SD Mean | SD Mean | SD

(all values expressed as logio mg/l)

Land use

General urban
Residential

i 2.15 0.32 | -0.60 | 0.25 | 0.30 0.19 | 1.20 0.17 | -0.85 | 0.19 | 0.11 0.12
Industrial
Commercial
Roads 2.43 0.32 | -0.30 | 0.25 | 0.34 0.19 | - - - - - -
Roofs 1.30 0.32 | -0.89 | 0.25 | 0.30 0.19 | - - - - - -
Forest/Natural | 1.60 0.32 | -1.10 | 0.25 | -0.05 | 0.19 | 0.78 0.17 | -1.52 | 0.19 | -0.52 | 0.12

Note: SD = standard deviation, TSS = total suspended solids, TP = total phosphorous, and TN = total nitrogen.

7. For developments generating oil and grease, the-additional-objective-of-no-visible-oilsforflowsup-te
50%-of the-one-year ARl peak-flow-shall-be-achieved-an oil/grease/floatables baffle shall be installed

in a discharge control pit within the lot prior to discharge to Council’s drainage network.

8. WSUD infrastructure elements are to be designed and constructed in accordance with the following
publications:
. Australian Runoff Quality (Engineers Australia 2005);
. Water Sensitive Urban Design Technical Guidelines for Western Sydney (NSW Government
Stormwater Trust and UPRCT, May 2004);
. Adoption Guidelines for Stormwater Biofiltration Systems - Cities as Water Supply

Catchments — Sustainable Technologies (CRC for Water Sensitive Cities, 2015);

9. As part of a WSUD management plan, residential, employment and commercial developments are
to install rainwater tanks to meet a portion of water supply demand such outdoor use, laundries and
toilets. With the exception of detached residential dwellings, a water balance assessment is to be
undertaken for the development and rainwater tanks appropriately sized to cater for the water use
demand. The following provisions apply for each development type:

Detached residential dwellings

a. All residential dwellings are required to provide a (minimum) 3,000 litre rainwater tank and
such tank is to be connected for use in toilet flushing and external uses. Larger tanks than the
minimum requirement are permitted.

b. The rainwater tank must be connected to laundries as well as being available for outdoor use
including filling of swimming pools.

Multi Dwelling Housing

a. The minimum storage capacity of this system must be 3,000 litres per proposed dwelling or
as defined by a detailed water balance assessment of the development.

b. Rainwater tanks may be connected to laundries as well as being available for outdoor use
including filling of swimming pools.
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Residential Flat, Mixed Use and Commercial Buildings

a. The capacity of rainwater tanks to be provided on the development is to be determined through
a detailed water balance assessment.

b. The tanks are to be used for external uses only and may only be used for other purposes such
as any washdown bays and laundry facilities.

10. Each rainwater tank is to be provided with petable recycled water trickle top-up with a back flow
prevention device, complying with Sydney Water requirements.

11. In accordance with the recommendations made in the publication “Guidance on the Use of Rainwater
Tanks” (enHealth, Commonwealth Government 2004), diversion of the “first flush” of up to 180 litres is to
be incorporated into the design of the rainwater tank and associated plumbing based on a minimum first
flush of 2/m2 0.5L/m2 - 2L/m2 of roof area.

Generally, all future development of proposed allotments will be subject to Council’s stormwater quality requirements.

7.2 Potential Pollutants

There are a wide range of potential stormwater pollutant sources which occur from urbanised catchments, many which can
be managed through appropriate stormwater quality treatment. Typical urban pollutants include:

o Atmospheric deposition;

o Erosion (including that from subdivision and building activities);

. Litter and debris;

. Traffic emissions and vehicle wear;

o Animal droppings;

. Pesticides and fertilisers;

. Application, storage and wash-off of car oil, detergents and other household and commercial solvents and chemicals;
. Solids accumulation and growth in stormwater systems; and

. Weathering of buildings

These pollutants in urban stormwater can be placed into various categories as follows. The pollutants underlined below can
be readily modelled:

. Suspended Solids;

o Litter (or gross pollutants);

. Nutrients such as Nitrogen and Phosphorous;

) Biological oxygen demand and chemical oxygen demand materials;
) Micro-organisms;

. Toxic organics;

. Trace metals; and

. Oils and surfactants

While only the key pollutants underlined above can be readily modelled, the stormwater quality treatment measures
implemented are expected to assist in reducing a wide range of pollutants. For example, heavy metals are commonly
associated with and bound to fine sediments, thus reducing the discharge of fine sediment during the construction and
operational phases will also reduce the discharge of heavy metals to existing stormwater systems.
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7.3 Pollutant Reduction System

7.3.1 Pollutant Reduction Modelling

To demonstrate that the proposed treatment train meets the required reduction targets, pollutant reduction modelling is
proposed using the Model for Urban Stormwater Improvement Conceptualisation (MUSIC) software by eWater CRC.
Pollutant export rates are currently only available for Total Suspended Solids (TSS), Total Nitrogen (TN), Total Phosphorous
(TP) and Gross Pollutants (GP), therefore only quantitative modelling for TSS, TN, TP & GP has been undertaken using
MUSIC.

Modelling has been undertaken on the post-development scenario (including proposed treatment) to demonstrate the
percentage reduction for each pollutant type.

7.3.2 MUSIC Model Establishment

This section explains the setup of the MUSIC model with the detailed pollutant reduction calculations being included in the
MUSIC results in Appendix G.

For MUSIC modelling the following parameters have been used:

Model Parameters

Meteorological Data Parramatta Road (Masons Drive) 1984 - 2010
Evaporation Data Parramatta Road (Masons Drive) 1984 - 2010
Time Step 6 minutes

Table 7.2 - MUSIC Model Parameters

The following properties have been used in the MUSIC Modelling based on the Land Use Rainfall and Pollutant Parameters.
It is noted that these parameters are generally more conservative than those proposed by Council in the draft DCP controls.
This is to allow some factor of safety to account for the conceptual modelling performed at this preliminary stage.
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1 (General)

Rainfall Threshold (mm) 0.3 (Roof)
1.5 (Sealed Roads)

Soil Capacity (mm) 54
Initial Storage (%) 10
Field Capacity 51
Infiltration Capacity Coefficient a 135
Infiltration Capacity Coefficient b 4
Initial Depth (mm) 50
Daily Recharge Rate (%) 10
Daily Drainage Rate (%) 10
Daily Deep Seepage Rate (%) 0

Table 7.3 - Recommended MUSIC Runoff Generation Parameters

Total Suspended Solids Total Phosphorous (TP) Total Nitrogen (TN) Logio

%_3;2“59 Parameter (TSS) Logio mg/L Logio mg/L mg/L
Base Flow Storm Flow Base Flow Storm Flow Base Flow Storm Flow
Mean 1.20 2.15 -0.85 -0.60 0.11 0.30
Urban standard
Residential tandar
Deviation 0.17 0.32 0.19 0.25 0.12 0.19
Mean N/A 1.30 N/A -0.89 N/A 0.30
Urban Roof
Standard N/A 0.32 N/A 0.25 N/A 0.19
Deviation
Mean 1.2 2.43 -0.85 -0.30 0.11 0.34
Sealed
Roads Standard 0.17 0.32 0.19 0.25 0.12 0.19
Deviation

Table 7.4 - MUSIC Source Node Concentration Parameters for Sydney Catchments

7.3.3 Existing Private Allotments

Existing private allotments have previously been created by NRT to facilitate opening of the Kellyville Station. Specifically,
the station site and the on-grade and multi-level carparking immediately south of the station. While details of WSUD
infrastructure installed in each private allotment are unknown, based on review of engineering drawings it appears that
WSUD infrastructure has been installed to meet typical Council standards.
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Existing private allotments constructed by NRT incorporate the following stormwater quality treatment:

Stormwater runoff Water quality

g . In-ground drainage treatment (e.g. Discharge to existing
from aerrcl)stﬁlnngnglvate network SQUIDs, vegetated public roads
swales)

Figure 7.1 — Treatment Train for Existing Private Allotments Constructed by NRT

It is assumed that existing private allotments created by NRT have achieved typical Council WSUD targets in accordance
with the table below.

Pollutant Post-Development Pollutant Load
Reduction Objective (%)

Gross Pollutants (>5mm) 90

Total Suspended Solids 85

Total Phosphorus 65

Total Nitrogen 45

Table 7.5 - Assumed Post-Development Pollutant Reduction Results — Existing Private Lots Constructed by NRT

7.3.4 Existing Public Roads

The existing public roads constructed by NRT incorporate the following stormwater quality treatment:

Stormwater runoff
from existing public
road reserves

In-ground public

stormwater drainage Gross Pollutant Trap Discharge to EMC

Figure 7.2 — Treatment Train for Existing Public Roads Constructed by NRT

Modelling the existing road corridors in MUSIC the pollutant reduction values summarised below were calculated.

Pollutant Post-Development Pollutant Post-Development Pollutant
Load Reduction (%) Load Reduction Objective (%)

Gross Pollutants (>5mm) 98.0 90

Total Suspended Solids 59.9 85

Total Phosphorus 9.4 65

Total Nitrogen 0 45

Table 7.6 - Post-Development Pollutant Reduction Results — Existing Public Roads Constructed by NRT

It is noted that existing public roads constructed by NRT do not appear to incorporate current best-practice WSUD. This is
evidenced by failure to comply with the above WSUD objectives.
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7.3.5 Future Development of Proposed Lots

To facilitate modelling of water quality treatment for the entire precinct, it has been assumed that all future development of
proposed lots will be required to achieve Council-specified pollutant reduction targets prior to discharging to the public
drainage network, as specified in the table below.

Pollutant Post-Development Pollutant Load
Reduction Objective (%)

Gross Pollutants (>5mm) 20

Total Suspended Solids 85

Total Phosphorus 65

Total Nitrogen 45

Table 7.7 - Post-Development Pollution Reduction Targets - Future Development of Proposed Lots

It will be the future developer’s responsibility to achieve these objectives via means appropriate for the development. These
will be subject to future Council approval.

7.3.6 Proposed Precinct Treatment

The following stormwater quality treatment train is proposed for the Site:

Treatment of public

Treatment of future roads via street-tree

development of

: pits prior to :
pr;)opgissi(:];?tgseptgor discharge to the in- Gross Pollutant Trap Discharge to EMC
public roads ground drainage
network
Rainwater
Storage Tank
Neighbourhood
Park Runoff

Figure 7.3 - Proposed Treatment Train for the Site
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Further background regarding WSUD modelling and the associated treatment train is included in the Concept Water Cycle
Management Plans included in Appendix F.

Noting that existing roads previously constructed by NRT do not appear to comply with current best practice WSUD
objectives, MUSIC modelling of the Site in its entirety (including existing roads) yielded the following pollutant reduction
values.

Pollutant Post-Development Pollutant Target (%)
Load Reduction (%)

Gross Pollutants (>5mm) 99.5 90

Total Suspended Solids 77.3 85

Total Phosphorus 52.0 65

Total Nitrogen 37.4 45

Table 7.8 - Estimated Pollution Reduction Results - Proposed Precinct Including Existing Roads

As can be noted above, Sydney Water’s ideal WSUD objectives for the Site in its entirety have not been met.

Alternative modelling has been undertaken to exclude existing roads constructed by NRT (including only proposed and future
works). The alternative modelling yielded the following reduction values.

Pollutant Post-Development Pollutant Target (%)
Load Reduction (%)

Gross Pollutants (>5mm) 99.9 90

Total Suspended Solids 85.3 85

Total Phosphorus 66.4 65

Total Nitrogen 46.3 45

Table 7.9 - Estimated Pollutant Reduction Results - Proposed Precinct Excluding Existing Roads

By removing the existing roads constructed by NRT from MUSIC modelling it can be seen above that the stormwater pollutant
reduction targets can potentially be met by the proposed treatment train.

Stantec performed an assessment of the works that would be required to retrofit additional water quality treatment measures
to the existing roads. This assessment determined that works to increase the stormwater quality treatment for existing roads
would necessitate significant reworks of recently constructed roads.

It is noted that all calculations within this report are preliminary only. The concept-level modelling performed to support the
subject SSD application is subject to further review pending detailed design. It is noted that multiple assumptions have been
made as specified in this report.
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7.4 Proposed Treatment Devices

7.4.1 Tree Pits

Tree pits are proposed within proposed public road reserves and are intended to be owned and maintained by Council. Tree
pits provide stormwater quality treatment through infiltration.

Rainfall runoff from road reserves is proposed be conveyed as overland flow along kerb & gutter towards the tree pits. The
kerb at the tree pit locations will be designed to allow overland flow to discharge to the tree pits, providing passive irrigation
to the tree and vegetation in the pit. Stormwater will infiltrate into soil within the tree pit, removing suspended solids and
binding pollutants to the soil. A portion of the infiltrated water will be consumed by trees via osmosis. The remaining water
will be collected at the bottom of the tree pit via a subsoil drainage network discharging to the in-ground public stormwater
drainage network.

TREE FILTERS AND TRANSPRES
VATER WHILE PROVIDING
SHADE AND ENSANCING THE
STREETSCAM

STORMWATER FROM
ROATANY F 5
INTO TNE T PIT

pa

Figure 7.4 - Typical Street Tree Pit
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Tree pits have been modelled in MUSIC as an infiltration node with the following properties:

ltem Unit Value

Inlet Properties

Low Flow By-pass m3/s 0

High Flow By-pass m3/s 100
Storage Properties

Extended Detention Depth m 0.05

Surface Area m2 430

Exfiltration Rate mm/hr 0

Filtration Properties

Filter Area m2 430
Filter Depth m 0.8
Filter Media Particle Diameter mm 0.45
Saturated Hydraulic mm/hr 125
Conductivity

Depth below underdrain pipe % of Filter Depth 0

Outlet Properties
Overflow Weir Width m 2 (per pit)
Table 7.10 - Street Tree Pit MUSIC Modelling Parameters

It is noted that the number and location of tree pits is subject to detailed geometric design of roads and associated car
parking. For the purposes of MUSIC modelling it has been assumed that tree pits will be located at regular intervals on both
sides of the road. Preliminary landscape concepts indicate that two 5m? street tree pits will be located for every two proposed
on-street car bays. For the purposes of MUSIC modelling a more conservative approach has been undertaken as outlined
below.

. Allowance has been made for 1 tree pit every 30 linear metres of proposed road, on both sides of the road. This is
less than is referenced in landscape design as the number of parking bays and tree pits will be limited by detailed
geometric road design (e.g. intersections, lot accesses, pram ramps); and

. 25% of all proposed road areas will bypass tree pits. It is likely that some portion of road runoff will bypass tree pits
as a result of detailed road and stormwater design. A 25% allowance is a conservative estimate.

The above allowances have been made to ensure that the number of tree pits allowed in preliminary MUSIC modelling is
achievable. The number of tree pits ultimately installed should be increased wherever possible in conjunction with
engineering and landscape design, and the quantity of road runoff that bypasses tree pits should be minimised wherever
possible. This can be achieved via regular and strategic location of street trees and via the use of low-flow bypass stormwater
inlet pits.

7.4.2 Public Reserve / Open Space Infiltration

Infiltration will naturally occur in pervious areas within public reserves. This serves as an effective stormwater quality
treatment measure for low flows.

Rainfall on public reserves will be conveyed in accordance with the ‘Stormwater Conveyance’ section of this report.

A detall of this arrangement is provided overleaf.
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Figure 7.5 - Public Reserve (Open Space) Infiltration

Public reserves have been modelled in MUSIC as an infiltration node with the following properties:

ltem Unit Value

Inlet Properties

Low Flow By-pass m3/s 0

High Flow By-pass m3/s 100
Storage Properties

Extended Detention Depth m 0.03

Surface Area m?2 12,459

Exfiltration Rate mm/hr 0

Filtration Properties

Filter Area m2 12,459
Filter Depth m 0.3
Filter Media Particle Diameter mm 0.45
Saturated Hydraulic mm/hr 100
Conductivity

Depth below underdrain pipe % of Filter Depth 0

Qutlet Properties

Overflow Weir Width m 100
Table 7.11 - Pervious Public Reserve MUSIC Modelling Parameters
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7.4.3 Rainwater Re-use

The neighbourhood park is proposed to incorporate a rainwater re-use system as proposed in the ‘Stormwater Conveyance’
section of this report. The rainwater reuse system is intended to be owned and maintained by Council.

The storage volume for the subsurface storage tank has been modelled to provide enough stored water to reduce the non-
potable water usage for irrigating the regional parks by up to 45% - 50%.

It is noted that adoption of a rainwater reuse scheme for the neighbourhood park reserve has the following advantages:

. Provides a sustainable method for irrigating the parks throughout the year by reducing the amount of mains water
required. It is noted that a recycled water network is proposed for the development and this will be utilised to top-up
the rainwater tank when necessary;

. Reduces the cost to Council for irrigating the parks;
. Reduces the volume of water discharging into the EMC reducing erosion issues along the creek;
. Assists in achieving a better water quality for stormwater discharging from the precinct to the EMC.

Storage is proposed to be provided in underground storage tanks. By placing these tanks underground there will be no
impact on available public space or aesthetics within the regional park.

The flow chart below shows the process for the reuse.

Rainfall runoff and irrigation on
regional public reserve

Pumped reticulation from storage Infiltration through the soil to
tank to irrigation system subsoil drains

Conveyance to rainwater reuse
tanks

Figure 7.6 - Rainwater Reuse Cycle in Regional Public Reserves
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For modelling purposes in MUSIC the reuse system has been modelled as an infiltration node and rainwater tank with the
following properties.

ltem Unit Value

Inlet Properties

Low Flow By-pass m3/s 0

High Flow By-pass m3/s 100

Storage Properties

Number of Tanks No 1

Filtration Properties

Volume below overflow pipe kL 650
Depth above overflow pipe m 0.2
Surface Area m2 550

Outlet Properties

Overflow Pipe Diameter mm 50

Rainwater Re-Use Properties

Annual Demand kL/year 2,671.2
(= 0.4 kL/year/m2 x 6,678 m?)
Distribution N/A PET

Table 7.12 - Public Reserve Rainwater Reuse MUSIC Modelling Parameters
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7.4.4 Gross Pollutant Traps

For each discharge point into the EMC a Gross Pollutant Trap is proposed to be installed directly upstream of the discharge
headwall. The GPTs are intended to be located within the public road reserve and are intended to be owned and maintained
by Council. The indicative location and number of GPTs is demonstrated on the plans included in Appendix F. GPTs trap
large pollutants such as litter, preventing them discharging into the waterway.

A detail of a typical Gross Pollutant Trap is provided below.

MANHOLE —
4

_ TREATMENT
7 (HAMBER BAFFLE

FLOW BARTITION

NLET APERTURE /~ CUTLET PIPE

INLET PIPE

OEZRIS SLREEN

TREATMENT
CHAMBER

Figure 7.7 - Typical Gross Pollutant Trap (GPT)

Gross Pollutant Traps have been modelled in MUSIC as a Generic node with the following properties:

Iltem Unit Value

Inlet Properties

Low Flow By-pass m3/s 0

High Flow By-pass m3/s 10

Target Element — Gross Pollutants

Transfer Function — Concentration Based Capture Efficiency

Initial Input kg/ML 0
Initial Output kg/ML 0
Final Input kg/ML 100
Final Output kg/ML 2

Table 7.13 - Gross Pollutant Trap MUSIC Modelling Parameters
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7.5 Sydney Water Regional Stormwater Harvesting Pipeline
and Related Drainage Works

Through discussions with Sydney Water during the stakeholder consultation process, Sydney Water advised that they are
investigating the feasibility of incorporating a Regional Stormwater Harvesting System (also known as a Stormwater
Interception Pipeline) system along the EMC corridor.

In simple terms, the system is understood to involve the following:

) Collecting ‘low-flow’ stormwater runoff from the Site and other adjacent areas that currently discharge to EMC;
. Storing and conveying this stormwater to a regional treatment plant;

. Treating the stormwater; and

. Using treated stormwater to supplement the recycled water system in the area.

There are numerous benefits to the incorporation of such a system, including but not limited to:

o Reduction of mean-annual runoff volume (MARYV) and flood-event runoff volume (FERV) to EMC*¥;
. Reduction of pollutants to EMC; and
. Reduction of potable water supply required to supplement Sydney Water’s recycled water network.

*|t is noted that the concept of both MARV and FERV have recently been introduced to the WSUD lexicon by Sydney Water. Through the
stakeholder consultation process, Sydney Water have advised that they are in the process of developing a ‘Stormwater Retention and
Detention for WSUD’ guideline that is intended to expand upon what is currently considered best-practice WSUD and address MARV and
FERV more directly. Upon its release to the public, it is recommended that consideration be given to incorporation of the guidelines in WSUD
design for the Site.

The Regional Stormwater Harvesting System is generally understood to be (at least in concept) a more holistic means of
managing broader water cycle management, incorporating both current best-practice WSUD and expanding upon it, while
also considering the potential use of stormwater to supplement water supply. The installation of a Regional Stormwater
Harvesting System between the Site and EMC may potentially remove/reduce the requirement to incorporate the WSUD
measures aforementioned in this report and may result in a significant reduction in the quantity of potable water used to
supplement the recycled water supply.

At the time of submission of this report, Sydney Water are reviewing the feasibility of the Regional Stormwater Harvesting
System and as such it is not possible to rely on its future incorporation to facilitate development of the Site. Itis recommended
that WSUD measures for the Site are reviewed as further updates become available from Sydney Water.
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8. Erosion & Sedimentation Conftrol

This section of the report discusses the erosion and sedimentation control measures to be implemented during construction
of the precinct in order to prevent the discharge of sediment from the works to EMC and prevent erosion caused by the
discharge of stormwater to EMC during the construction of the precinct.

All erosion and sedimentation control measures adopted during the construction of the works are to be in accordance with
the Landcom’s “Managing Urban Stormwater — Soils and Construction — 4th Edition” manual and are subject to Council
approval.

8.1 Future Development of Proposed Lots

The future developer of each proposed lot will be responsible for ensuring erosion and sedimentation controls are established
during the construction of the development. These measures are to be constructed to ensure no sediment is discharged
into the surrounding public drainage networks or directly into the EMC.

As a minimum the following measures should be considered:

o Sediment fences should be installed along all downstream boundaries of the development lot to prevent sediment
discharging overland onto the public areas.

o A sediment basin should be installed within the site at the lowest point to allow for the storage of sediment within the
site boundary.

o Flocculation processes should be incorporated into the site management procedures to ensure the removal of
suspended soils from all stormwater draining from the site sediment basins into the public stormwater drainage
network.

o Shaker grids and vehicle wash down areas should be provided at any site exit areas to ensure construction vehicles
do not track soils and site materials into the public areas.

. All downstream stormwater inlet structures likely to be impacted by the construction works on site are sandbagged

to prevent sediment entering the public drainage network.

8.2 Public Road Reserves and Public Reserves / Open Space

During the construction of the public roads the constructor of the works will be responsible for ensuring erosion and
sedimentation controls are established and maintained for the duration of the works. These measures are to ensure no
sediment is discharged into the surrounding public drainage networks or directly into the EMC.

Measures similar to those proposed above are anticipated to be required for construction of proposed public roads.
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9. Development Staging

Indicative project staging has been included in the Urban Design Reports submitted as part of the SSD application. While
indicative staging has been provided, it is envisaged that the proposed development works may be staged in a different
manner. This may incorporate smaller or larger stage areas.

Each development stage must comply with the requirements of this document and the relevant Council and Sydney Water
controls.

Flood related controls are unlikely to significantly affect staging as a limited portion of the Site is flood affected, though
consideration must be given to maintaining overland flow paths when filling operations are performed.

Stormwater management controls must be addressed for each stage. This may necessitate temporary infrastructure (i.e.
gross pollutant traps or temporary discharges to EMC). This is not anticipated to significantly affect development staging.
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Appendix A - Site Survey

Kellyville Station Precinct
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Our Ref: PSM3675-003L Rev2 G3 56 Delhi Road
North Ryde NSW 2113
29 May 2019 P +61-2 9812 5000

F +61-2 9812 5001
E  mailbox@psm.com.au

JBS&G
Level 1, 50 Margaret Street
Sydney NSW 2000

www.psm.com.au

Attention: Rohan Hammond
Dear Rohan

RE: LANDCOM URBAN TRANSFORMATION PROJECT
SYDNEY METRO NORTHWEST (SMNW)
KELLYVILLE STATION PRECINCT
SSDA STAGE GEOTECHNICAL ASSESSMENT

1 Introduction

This letter presents the results of a State Significant Development Application (SSDA) stage geotechnical
desktop assessment completed by PSM as part of the Sydney Metro Northwest (SMNW) Urban
Transformation program for the Kellyville Station Precinct (the Site).

This geotechnical assessment has considered information which is in the public domain including geological
maps and factual and interpretive data supplied to tenderers for the SMNW project. It has also benefited from
the extensive experience gained from our intimate involvement in the SMNW project from design through to
construction.

In addition, the following documents supplied by the Client were reviewed:

1. NSW Department of Planning and Environment - Kellyville Station Precinct Proposal (December 2015)

2. NSW Department of Planning and Environment - Kellyville Station Precinct Planning Report (December
2015)

3. Roberts Day Bella Vista and Kellyville Urban Design Report (December 2015)

2 Proposed Development

Based on the supplied documents, we understand that the Site is located adjacent to (on the east side of) Old
Windsor Road, bound by Samantha Riley Drive to the north, Memorial Avenue to the south and Elizabeth
Macarthur Creek to the east (Figure 1). The project would involve development around Kellyville Station and
the SMNW line comprising of residential, business and commercial buildings, and open and recreational
spaces. In addition, the development also includes roads, landscaping and parks.

PSM Consult Pty Limited ABN 47 134 739 496 under licence trading as Pells Sullivan Meynink
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Figure 1.  Kellyville Station Precinct location (source: GLN Planning Pty Ltd Memo dated 15/05/19)

3 Ground Conditions

3.1 Surface Conditions

The northern half of the Site and a corridor to the east of Old Windsor Road is primarily a construction site for
the SMNW project with construction largely completed. The southern half of the Site has remained vacant.
The natural landform generally slopes gently down from the southwest to the northeast towards Elizabeth
Macarther Creek with an elevation change of between 10 m to 15 m.

Historical aerial photographs from September 2013 to November 2018 (sourced from Nearmap) are
presented in Attachment A. Based on our knowledge of the Site and review of the historical aerial
photographs, bulk earthworks (cut to fill) have been completed within the construction sites to provide a level
surface. As part of the earthworks for site establishment, some new sediment basins have been excavated.

3.2 Geological Setting
The 1:100,000 Penrith Geological Map (Ed 1 1991) indicates the Site is underlain by Ashfield Shale (Rwa)
(refer Figure 2), the basal unit of the Wianamatta Group (which overlies the Mittagong Formation and

Hawkesbury Sandstone units). It comprises dark grey to black claystone and siltstone grading into a distinct
laminite of fine sandstone and siltstone.

Our Ref PSM3675-003L Rev2 | 29 May 2019 | Page 2



KELLYVILLE STATION
| PRECINCT

Figure 2:  Site location on geological map (source: 1:100,000 Penrith Geological Map 1991)

The maximum thickness of Ashfield Shale is between 60 to 70 m thick comprising four siltstone and laminate
sub units (youngest to oldest) — Mulgoa Laminite, Regentville Siltstone, Kellyville Laminite, Rouse Hill
Siltstone. These are described as follows:

¢ The laminated sub units (Mulgoa and Kellyville) tend to remain intact and can form relatively steep quarry
faces, while the siltstone sub units (Regentville and Rouse Hill) tend to fret and weather more readily.

e The distinct character of the Kellyville Laminite provides a distinct marker unit. It is typically observed as
regular equally spaced laminations of dark grey siltstone and fine grained grey sandstone.

* The Rouse Hill Siltstone typically contains more geological structures than the overlying Ashfield Shale
subgroups such as faults, shears, clay seams and slickensided defects and is essentially free of
sandstone laminations.

3.3 Subsurface Conditions

The upper two of the four sub units of the Ashfield Shale have been observed in excavations and from site
investigations at the Site. The typical subsurface profile is expected to comprise:

o Topsoil and fill over most, or all, of the Site. The topsoil is expected to be of relatively shallow depth within
the vacant land in the southern half of the Site and fill depth is expected to be variable due to the bulk
earthworks completed as part of SMNW site establishment works

» Residual soil derived from shale bedrock, 3 m to 5 m thick, comprising silty clay, stiff to hard, of medium to
high plasticity. In areas where the SMNW bulk earthworks are in cut, some or all of the residual soil could
have been removed

o Ashfield Shale — extremely to moderately weathered Mulgoa Laminite (southern portion) and Regentville
Siltstone (north portion), 3 m to 5 m depth comprising Class Il to Class V Shale (rock mass classification
per Pells et al. 1998)*.

1 Pells PJN, Mostyn G & Walker BF. (1998), Foundations on Sandstone and Shale in the Sydney Region, Australian Geomechanics, Vol 33(2)
17-29.
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Ashfield Shale — slightly weathered to fresh Mulgoa Laminite and Regentville Siltstone to depths greater
than 30 m at the southern end (Memorial Avenue boundary) comprising Class | to Il Shale, overlying the
Kellyville Laminite and Rouse Hill Siltstone

Ashfield Shale - slightly weathered to fresh Kelly Laminite and Rouse Hill Siltstone to approximately 15 m
depth at the northern end (Samantha Riley Drive boundary) comprising Class | to Il Shale, overlying
slightly weathered to fresh Mittagong Formation and Hawkesbury Sandstone units

Based on a review of available information and experience with local conditions of the Site, no major regional
geological structures such as significant faults or shears have been identified.

The sedimentary succession in the Sydney Basin is generally sub-horizontal. The regional dip of bedding is
near horizontal with warping (gentle folding) producing regional dips of between 5° to 10° in places.
Bedding/lamination dips in Ashfield Shale of up to 20° have been recorded near faulted areas where faulting
has locally steepened bedding/laminations.

Two steeply dipping (90° + 20°) orthogonal joint sets striking generally north-south and east-west can be
expected and are considered to be ubiquitous. Joint spacing usually ranges between 0.3 to 5 m. However,
random and very well defined joints also occur in shale, with dips usually in the range between 15° to 70°.

Faults dipping between 25° and 60° are known and are reportedly more common and closely spaced towards
the base of the unit i.e. in the Rouse Hill Siltstone.

Faulting and related jointing in the Ashfield Shale is expected to cover a wide range of orientations. The
origin of faulting and jointing in the Ashfield Shale is associated with dewatering during the lithification
process as well as tectonic processes that have occurred post lithification.

Sub vertical doleritic dykes trending east west have been mapped within excavations at Bella Vista Station
and can be expected to occur elsewhere around the Site. The dolerite is extremely weathered to slightly
weathered, of very low to medium strength. Weathering and strength of these dykes tend to mimic the
weathering of the country rock.

Summary sheets presented by Bertuzzi (2014)? provide useful example core photographs and typical
geotechnical characteristics for the various classes of Ashfield Shale that are relevant to the subsurface
conditions of the Site. Example photographs of excavated faces and geological features in Ashfield Shale are
presented in Attachment B.

The regional groundwater table is expected to be at depth within the Hawkesbury Sandstone. However some
“perched” groundwater is likely to be present in the soils and siltstone in the top 5 m, especially after
prolonged rainfall.

4 Excavation

The expected subsurface conditions are typical for many parts of Sydney and, based on our experience,
excavation will be able to be undertaken using conventional approaches (e.g. large excavators with rock
hammers and rock saws, and often where space permits with large bulldozers equipped with ripping tynes).
It is expected that any excavation would be undertaken by contractors with suitable experience in rock
excavation close to existing structures. The contractor will need satisfy itself regarding the suitability of its
plant to the site conditions.

2 Bertuzzi R. (2014), Sydney Sandstone and Shale Parameters for Tunnel Design, Australian Geomechanics, Vol 49(1) 4-39, Vol 49(2) 95-104.
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The conventional shoring system in these conditions is to construct bored reinforced concrete soldier piles
around the excavation perimeter prior to excavation commencing, down to below the bulk excavation level.
Ground anchors are then installed to support the piles as excavation progresses. The number of rows of
anchors will be dependant on depth of excavations and a matter of design. Shotcrete is typically applied to
support the ground between the piles, although usually only the soils and weathered rock require the
shotcrete to be applied prior to construction of the permanent structure.

Another approach, which allows savings on pile lengths, is to terminate some of the piles below the
weathered rock but above the bulk excavation level. This design approach would need a contingency to
stabilise pile toes that are underlain by rock defects, and a contingency to install rock bolts/anchors to
stabilise any faulted or jointed rock faces below the pile toes. A higher level of geotechnical construction
oversight would also be required for such a design. Therefore this approach involves an increased risk of
delays and extra costs during the excavation.

The road and rail authorities would often require assessment of the excavation induced ground movements
on the adjacent infrastructure. A predicted effects assessment (geotechnical and structural) is generally
undertaken to assess effects of new developments on existing infrastructure. Pre and post construction
dilapidation surveys of adjacent infrastructure should also be allowed for, as well as survey of ground
movement during the works which will likely include monitoring of the development and where required,
monitoring of the existing infrastructure.

5 Site Classification

Based on the available information, we have classified the site as Class “P” in accordance with Australian
Standard AS 2870-2011 “Residential slabs and footings — Construction” due to the likely presence of fill on
the Site. The Site may be reclassified following further investigation and assessment for specific lots.

For earthquake provisions, we have classified the site sub-soil as Class Ce in accordance with Section 4.2 of
AS 1170.4-2007 “Earthquake Actions in Australia”.

6 Foundations

We expect that the building foundations are likely to be shallow pad footings founded on structural fill, residual
soils or bedrock. Where building loads are high, piles extending to the better quality shale could be adopted,
or the foundation design could involve larger/embedded pads or strip footings to reduce the bearing
pressures. All these options are conventional foundation types and the type adopted will depend on the
structure and is a matter of design. These foundation types would be suitable for consideration in designing
pedestrian and cycle bridges as well.

7 Civil Surface Works

Civil surface works such as pavements and low embankments should not present any unusual geotechnical
challenges. Material won from any bulk excavation should be suitable to use as general compacted fill
subject to development of a suitable earthworks specification. We expect that site won material will be able to
be used on site or disposed of as VENM or ENM provided it is not contaminated but we defer to the
environmental consultant for advice on material disposal.

8 Geotechnical Investigation

Geotechnical investigations have been completed for the SMNW comprising boreholes and testpits. These
investigations were focused around the SMNW alignment generally to the west of the site (Figure 3). There is
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a higher concentration of investigation locations around the southern and northern boundaries of the Site
(around the area south of Memorial Avenue and at Kellyville Station). We consider that the level of
investigation completed to date is adequate for development concept planning and SSDA purposes. Further
targeted geotechnical investigations are expected to be required at detailed design to supplement the existing
information and fill any gaps identified by the designers. Investigation requirements will be dependant on the
specific development and should be considered at the detailed design stage together with the historical data.
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Figure 3.  Historical investigation locations

9 Summary and Closure

In summary, we do not expect geotechnical conditions that are unusual for north western Sydney to exist on
this Site. In general, normal civil engineering and building approaches will be satisfactory for geotechnical
aspects of the proposed development.

We trust that this letter meets your requirements. Should you have any queries please do not hesitate to
contact the undersigned.
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For and on behalf of
PELLS SULLIVAN MEYNINK

BERNARD SHEN
PRINCIPAL
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Photograph source: Nearmap
Site boundary shown is schematic only

SMNW Urban Transformation Project
Kellyville Station Precinct
HISTORICAL AERIAL PHOTOGRAPH
27 JULY 2014
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Photograph source: Nearmap
Site boundary shown is schematic only
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Photograph source: Nearmap

Site boundary shown is schematic only
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Photo 2: Excavation face in weathered Ashfield Shale

JBS&G
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Photo 5: Excavation face in fresh Ashfield Shale with dolerite dyke

Notes: JBS&G
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Appendix C - Elizabeth Macarthur Creek
— Trunk Drainage Concept Design Report

Kellyville Station Precinct
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Elizabeth Macarthur Creek (EMC), a tributary of Caddies Creek, flows through the Hills Shire Council’s
Balmoral Road Release Area in Kellyville and forms part of the larger Hawkesbury-Nepean River
catchment. The Caddies Creek catchment extends across a large part of the Rouse Hill Development
Area (RHDA) which, as a result of regional planning, has seen significant urban development since
the 1990s. The RHDA is located approximately 33 km north-west of the Sydney central business
district.

The Study Area (refer to Figure 1) covers approximately 2.5 km of EMC extending from Celebration
Drive, Bella Vista in the south to Bridget Place, Kellyville in the north. EMC flows northwards to its
confluence with Caddies Creek.

EMC is located within The Hills Shire Council (THSC) Local Government Area and is one of the major
creeklines within its Balmoral Road Release Area. The creek is bordered by Old Windsor Road to the
west, developed commercial/residential areas of Bella Vista to the south, and a mix of generally low
density urban and semi-rural areas to the east, with the remaining rural areas likely to be urbanised
within the next few years.

The RHDA was originally identified and described by the Sydney Regional Environmental Plan No. 19,
(SREP19) which encourages urban development within the area in order to accommodate part of the
long term population growth of the Sydney Region. One objective of SREP19 is to protect the
Hawkesbury River and its tributaries from the potential impact of urban development.

As part of planning for the RHDA, all lands within the extent of the 100 year average recurrence
interval (ARI) flood associated with five main creek lines (Caddies Creek, EMC, Second Ponds Creek,
Smalls Creek and Strangers Creek) were mapped using the available data and models at the time and
classed as RHDA Trunk Drainage Lands (TDL). Within the RHDA Sydney Water's traditional
sewerage and water supply functions extends further to include trunk stormwater management for the
TDL.

The purpose and use of the TDL is formalised by appropriate zoning within applicable land use
planning instruments. To this end, the TDL along EMC are currently zoned SP2 (Stormwater
Management System) under THSC Local Environment Plan 2012 (LEP 2012).

Sydney Water developed a Plan of Management (PoM) for TDL in the RHDA in 2013 (Sydney Water,
2013) that outlined specific management actions and directions for EMC. The management objectives
centre on the priority areas of flood management, water quality management/improvement, re-
establishing protection and expansion of endangered ecological communities (EEC’s) and other native
vegetation, weed management and management of Aboriginal heritage sites/materials.

The PoM identified specific high and medium priority actions / directions to achieve the following
management objectives outlined in Table 1.
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Figure 1: Site Overview
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Table 1: Specific PoM Actions/Directions for EMC

High e improved flood management design data and TDL identification
priority
e to protect and enhance Cumberland Plain Woodland EEC
e the protection of EECs during subdivision and residential development process
e to control noxious and environmental weeds
e to remediate erosion problems, especially where drainage infrastructure is
Medium threatened
priority e to ensure TDL values and functions considered during planning and
development of adjacent areas
e to improve the on-ground definition of TDL, particularly in
subdivision/development areas
e to provide for safe local access routes.

AA

The TDL are owned and maintained for the most part by Sydney Water. The acquisition or transfer of
additional TDL areas to Sydney Water's ownership and management is occurring progressively and
generally in line with the release of new urban development areas. Along EMC, partial acquisition has
already occurred and a key outcome of the present study is to confirm the land required for trunk
drainage purposes to support Sydney Water’s land acquisition process.

However, the need for the present study arises to resolve (and minimise to the extent practicable)
Sydney Water’s future land requirements for trunk drainage purposes not solely on the basis of flood
management, but considering a broad range of unresolved issues such as the following:

Changes in flood behaviour over time (i.e. since the initial TDL definition) as a result of both
changes to catchment and floodplain conditions, as well as advances in flood modelling
techniques.

Managing flood risk to property owners and the local community, as well as owners of
infrastructure and utilities along the creek.

The irregular nature of the current trunk drainage zoning boundary, which leads to poor land
use outcomes for developable lands adjoining EMC including inefficient and/or impractical
development and subdivision layouts and poor urban planning outcomes more generally.

Lack of allowance for future bridge crossings in previous flood management planning, which
has significant implications for trunk drainage land requirements as well as potentially
undermining the current development plans of both the State Government and THSC for lands
adjoining EMC.

Legacy infrastructure located both within the creek channel and the floodplain, online farm
dams, culverts, causeways, fences, etc.

Existing active scouring, erosion and other geomorphic processes that threaten creek bed and
bank stability at various locations along EMC.

Generally poor water quality outcomes that have occurred throughout the RHDA to date, as a
result of both historic trunk drainage planning and local catchment management, and which is
amplified by more contemporary aspirational targets for removal of urban pollutants from
stormwater.

Consideration of and integration of the TDL with desired vegetation and ecological outcomes.
In particular there are some reaches of EMC that contains vegetation and habitat of relatively
high-value that should be preserved and enhanced where possible.
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Sydney Water prepared an initial trunk drainage concept design for EMC as an internal project over
the past few years (documented as part of the Project Brief) with the aim of addressing the above
issues, as well as exploring several more contemporary strategies for stormwater and flood
management that could assist in optimising outcomes across objectives that are often competing in
nature.

The Sydney Water Initial Concept Design essentially forms the starting point for further investigations
and formalisation of a preferred trunk drainage concept design that is intended to be the primary
outcome of the current project.

The purpose of the project is to design and document the preferred trunk drainage concept design for
EMC, including related guidelines for stormwater and floodplain management that could be used to
inform planning and development in other similar urban release areas. It is intended that the preferred
trunk drainage concept design will be implemented through a future, separate detailed design and
construct (D&C) contract.

The main objective of the concept design process is to minimise the amount of land required for trunk
drainage purposes in a way that resolves, to the extent practicable, the issues noted above. For
guidance, the following identifies a range of supporting objectives that capture Sydney Water’s intent:

e Stabilise the creek channel within the TDL to the extent necessary to minimise the risk of
scouring and erosion to existing properties and infrastructure.

e Minimise where possible extensive earthworks within the creek channel, and in particular avoid
disturbance of the creek invert.

¢ Remove legacy infrastructure within the TDL.

e Maximise development potential adjacent to the TDL by allowing for future filling in existing
flood fringe areas, and develop design guidance for this future filling.

e Develop design guidance for future bridge crossings that may be required to facilitate
surrounding urban development, and consider how these future assets might be used to assist
in flood management within the TDL. In particular the existing culvert crossing at Balmoral
Road is problematic due to its poor integration with adjacent reaches of creek, resulting in its
permanent submergence and associated asset maintenance and public safety issues.

¢ Reduce existing flood risk exposure to property/asset owners and the local community where
feasible.

e Preserve to the extent possible the existing conveyance/storage function of the floodplain.

e Protect and enhance remnant natural riparian vegetation and habitat opportunities, as well as
other environmental values (e.g. heritage). Conversely, interventions in the form of excavation
or other suitable remediation should be considered to address weed infestations where
appropriate.

o Allow for multiple use objectives (e.g. future development, local transport needs, community
usage, amenity, recreation, ecology, habitat, etc.) within the TDL.

e Allow for open space integration opportunities with adjacent urban developments (existing and
future).

e Investigate the potential for integrating on-site stormwater retention (OSR) strategies and
initiatives to improve stream rehabilitation and water quality outcomes.

Information and data made available by Sydney Water included the following:
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Background information relating to previous Sydney Water trunk drainage concept design
option for EMC, including:

o Report (pdf format)

o Various HEC-RAS models, including options for encroachment only as well as
encroachment plus conceptual floodplain obstructions to induce compensatory vertical
storage.

o CAD file containing various georeferenced existing/design features relating to the
creek corridor.

Rouse Hill Flood Study, including:
o TUFLOW model and associated data files
o Study report (WMA, April 2014).

¢ Approved subdivision plans and work-as-executed (WAE) plans for existing or committed
adjacent developments within the Balmoral Road Release Area.

*  WAE plans for existing culverts under Samantha Riley Drive, Memorial Avenue and Balmoral
Road.

¢ Rouse Hill Vegetation Mapping 2013 by Travers Bushfire and Ecology including:

o Report entitled “Vegetation Assessment — Rouse Hill Trunk Drainage Lands” (Travers,
2013).

o Associated GIS data files.

e Safety Workshop documentation relating to previous trunk drainage strategy developed for
Strangers Creek.

e Property ownership details (selected only, at September 2015).

e Report entitled “Bushfire Protection and Hazard Reduction Zone Creation Assessment for
Sydney Water Trunk Drainage Land” (Travers, 2013) received in February 2016.

e DS-100 Specific Technical Specification template, version v03 dated December 2015.

e Sydney Water “Aboriginal Due Diligence Assessment Template — SWEMS0031.06”.

e Report entitled “Aboriginal Sites in Sydney Water Trunk Drainage Lands — Rouse Hill
Development Area” (Sydney Water, 2015) received in May 2016.

e Preliminary details of proposed Sydney Water Low Flow Bypass Pits, including Concept
Drawings and pit arrangements currently proposed for hydraulic inflow capacity testing.

Other key information/data that was received over the course of the project included the following:
e Utilities data, including:
o DBYD data, based on a search initiated in August 2015.
o Sydney Water asset data, extracted from Hydra in September 2015.
o Stormwater asset data received from THSC in October 2015.
e Various spatial datasets including:
o Aerial photography, sourced from LPI and Nearmap.

o Constraint mapping (e.g. soil landscapes, regional geology, salinity hazard, existing
land zoning), typically sourced from LPMA/LPI.

e Concept design information relating to RMS’ proposed upgrade of Memorial Avenue,
including:

o Design drawings and genio files.

o Design report.
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o Review of Environmental Factors.
o Flood models (RAFTS and TUFLOW models).
o Draft geotechnical factual and interpretative reports.

e Sydney Metro North West - Geotechnical Data Report by Coffey Geotechnics (Volumes 4 and
6) dated 15 June 2012 for TINSW.

e Preliminary concept layouts for the priority precincts of Bella Vista and Kellyville, the latest
digital version of which was received from UrbanGrowth in October 2015.

e Preliminary designs for proposed civil infrastructure works to be delivered support the Sydney
Metro North West, received from TfNSW in October 2015.

e Proposed locations for future bridge crossings across EMC. Various versions were received,
the latest of which came from TfNSW in May 2016.

14.1 External Stakeholder Consultation

Comprehensive external stakeholder consultation was undertaken over the course of the concept
design process (refer Table 2 for summary) for the purposes of:

¢ Informing stakeholders of project commencement and progress.
¢ Obtaining relevant information/data from stakeholders.

¢ Identifying key opportunities and potential synergies for proposed trunk drainage works to
complement the plans or activities of stakeholders and thereby optimise overall outcomes for
the EMC corridor.

Table 2: Summary of external stakeholder consultation

Date Location External Purpose
Stakeholders in
Attendance @
3 July 2015 Sydney Water, THSC, BCC, DPE, Project inception meeting
Parramatta TINSW, UG
12 August Sydney Water, RMS RMS/SW coordination meeting regarding proposed
2015 Parramatta Memorial Avenue Upgrade.
11 September | The Hills Shire THSC Project coordination meeting, including discussion of
2015 Council, Baulkham opportunities/issues Council would like to see addressed by
Hills the trunk drainage works.
16 September | UNSW Water TINSW, UG, THSC, Full day forum for presentations and discussion of
2015 Research Laboratory, | BCC, CoS, MU, Uni stormwater management in the context of stream health and
Manly Vale SA, NWS management, and in particular the relevance of at-source

controls and use of onsite stormwater retention (OSR) as a
strategy to provide both water quality and quantity benefits.
The EMC project was put up as a case study in this context.
The day also involved a tour of the WRL lab and
demonstration of hydraulic pit testing being undertaken by
WRL on behalf of Sydney Water.

30 September | Sydney Water, TINSW, UG Project coordination meeting, including discussion of

2015 Parramatta opportunities/issues to integrate trunk drainage works with
adjacent development and road/rail infrastructure planning
by UG and TfNSW.
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Date Location External Purpose
Stakeholders in
Attendance
15 December | AECOM, Sydney TINSW, UG Project coordination meeting, including SW/AAJV progress
2015 update and discussion of opportunities to integrate trunk
drainage works with adjacent open space planning.
19 February Sydney Water, TINSW, UG, DPE Project coordination meeting, including SW/AAJV progress
2016 Parramatta update and various discussion points relating to:
. review of preliminary concept plans for trunk
drainage works tabled by SW/AAJV
e  site specific planning/design issues
7 April 2016 Sydney Water, TINSW, UG, DPE, Project coordination meeting, including SW/AAJV progress
Parramatta THSC update and various discussion points relating to:
e further development of concept plans for trunk
drainage works
e review of DP&E rezoning plan and outstanding
issues
e review of SW proposed land ownership and land
acquisitions
e  proposed public domain areas and potential
integration with trunk drainage corridor
e  proposed DCP controls for priority precincts
3 May 2016 Sydney Water, TINSW, UG, DPE, Project coordination meeting, including SW/AAJV progress
Parramatta THSC update and various discussion points relating to:
. refinement of concept plans for trunk drainage
works as well as proposed TDL boundary
e review of DP&E rezoning plan and outstanding
issues
e future bridge crossing locations
e  proposed DCP controls for priority precincts
including fill specification

(1) Abbreviations:

o '
THSC - The Hills Shire Council CoS - City of Sydney Counci

. . LCC - Liverpool City Council
DPE - NSW Department of Planning and Environment

MU - Melbourne University
TFNSW - Transport for NSW

Uni SA - University of South Australia
UG - UrbanGrowth NSW

- . NWS - North Western Survey
RMS - Roads and Maritime Services

BCC - Blacktown City Council

The discussion and outcomes of the various activities formed inputs to constraints and opportunities
that were assessed as part of the concept design development.

1.4.2 ISEPP Consultation

It is noted that formal consultation with THSC was also undertaken under the provisions of State
Environmental Planning Policy (Infrastructure) (ISEPP). Under ISEPP, public authorities such as
Sydney Water are required to consult with local councils and other public authorities prior to the
commencement of certain types of development. The proposed trunk drainage works were considered
to trigger this requirement. Further details in relation to the ISEPP consultation process are
documented in the Review of Environmental Factors (REF) (AAJV, 2016a).
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1.4.3 Internal consultation

Consultation with several internal departments of Sydney Water occurred during the concept design
process, including:

Land and Waterways

Delivery Management
Community Relations
Environmental Representatives
Asset Planning

This generally involved progress meetings and informal design planning workshops.

A CHAIR (Construction Hazard Assessment and Implications Review) workshop was also held in May
2016 as part of the safe design process (refer Chapter 4 for details).

144 Community consultation

Community consultation did not form part of the concept design process.

The purpose of this document is to provide a consolidated reporting of the concept design process.
The following chapters describe:

existing conditions (Chapter 2);

rationale and description of the trunk drainage concept design (Chapter 3);
safety in design (Chapter 4);

future implementation (Chapter 5); and

references (Chapter 6).

Several appendices provide supporting documentation and mapping including:

Constraint Mapping (Appendix A).

Site Photographs (Appendix B).

Desktop Geotechnical Assessment (Appendix C).

Phase 1 and Targeted Phase 2 Contamination Investigation (Appendix D).
Preliminary Planning Advice (Appendix E).

Review of Bushfire Protection and Hazard Reduction Zone Creation Assessment and
implications for trunk drainage planning (Appendix F).

Safe Design Risk Register (Appendix G).

Superseded concept designs for future bridge crossings, representing initial/unoptimised
designs (Appendix H).

Selected flood maps at high resolution (Appendix I).

This report should be read in conjunction with the following other key project deliverables:

Trunk Drainage Concept Design Drawings
Technical Specification
REF

Other related project deliverables comprise:

AA

Guidelines for Release Area Floodplain Development Strategy
Stormwater Retention At-Source Guidelines
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An understanding of existing conditions within the Study Area was developed from review of available
information (refer Section 1.3), visual inspections undertaken at various times between October 2015
and April 2016, and more detailed site investigations undertaken for selected discipline areas. Table 3
provides a summary of the inspections undertaken over the course of the project.

Table 3: Site inspection summary

Date Description

16 October 2015 Full day site walkover to identify, where accessible and visible, the condition
of the creek and any opportunities and/or constraints. This rapid visual
assessment included:

- land use and instream / floodplain structures
- vegetation

- heritage

- channel form and stability

- flooding

- water quality

- geotechnical / contamination

3 November 2015 Follow-up geomorphic and drainage/flooding assessment
2 December 2015 Briefing of SW Environmental Representatives

27 January 2016 Contamination investigation (targeted Phase 2)

4 May 2016 Terrestrial and aquatic habitat assessment (Part 1)

plus follow-up geomorphic assessment

25 May 2016 Terrestrial and aquatic habitat assessment (Part 2)

The following sections provide an overview of existing conditions, opportunities and constraints.
Appendix A contains a range of constraint mapping that was produced as part of the initial phase of
investigations.

Table 4 provides a summary of the general characteristics and features of the project site.
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Table 4: General Site Features

Study Area

The Study Area runs generally parallel to Old Windsor Road from
Celebration Drive in the south to Clovelly Circuit in the north, over a distance
of approximately 2.5 km (refer Figure 1). All of the maps in Appendix A
show the Study Area boundary.

Topography

The topography of the study area is generally flat. The surrounding
landscape comprises broad rounded crests and ridges with gently inclined
slopes, usually less than 5% as generally represent by the Wianamatta
Group shales. Refer to Map W012 in Appendix A.

Geology

The study area generally contains sandstone geology and shale geology.
The site lies in an area underlain by Triassic aged Annan Shale of the
Wianamatta Group. This comprises shale with thin sandstone lenses. In
addition, the upper reaches of EMC in the north-west portion (north of
Wenden Place) comprises Quaternary aged alluvial soils — generally
comprising fine grained sand, silt and/or clay. Refer Map WO010 in
Appendix A.

Further discussion regarding geotechnical conditions and potential
subsurface contamination is provided below.

Soil

The study area generally contains Clay, Silty Clay or Sandy Clay overlaid by
topsoil. The majority of the site is comprised of the Blacktown soil landscape,
with approximately 400 m of the lower southern reach consisting of the South
Creek soil landscape. Refer to Map W009 in Appendix A.

Available salinity mapping (refer Map WO033 in Appendix A) indicates that
the majority of the Study Area is categorised as typically having a high
salinity potential. Known salinity is identified in the northern section of EMC
around Samantha Riley Drive.

The potential for occurrence of acid sulfate soils within the Study Area is low.

Catchment and
drainage

EMC is a tributary of Caddies Creek, which forms part of the Cattai Creek
catchment eventually joining the Hawkesbury River.

The creek is predominantly fed by stormwater runoff from a catchment
comprised of natural bushland, maintained parkland and mixed urban land
use adjacent to the Creek. Flows are typically low to discontinuous, however
the rapid urbanisation is altering the hydrology accordingly. Map WO0O07 in
Appendix A provides an overview of existing surface water drainage
features and stormwater infrastructure.

The creek has been subject to significant modification as part of the previous
agricultural, market gardens land use activities and in more recent years due
to the commercial and urban development of the surrounding area. This
modification has included establishment of several online dams, channel
altering / straightening, road crossings and other structures.

Apart from the online dams, the upper reaches of the creek are relatively
narrow and shallow. As the creek progresses downstream the channel
deepens and widens as a result.

The creek is exhibiting signs of active erosion including creek bank scouring,
undercutting, slumping, rilling/gullying and creek bed incision and headcut
(headward erosion) migration upstream.

Vegetation

Prior to the 1950’s much of the remnant vegetation was cleared for grazing
and as a result the upper reaches of the creek are heavily modified with no
remnant bushland and limited stands of mature trees. Cleared grassed
paddocks often extend to the creek bank (PoM). Downstream the vegetation
can be described as modified remnant woodland or open / scattered
woodland (PoM). Generally, the vegetation within the creek corridor is
characteristic of a mixture of remnant and/or regrowth vegetation (mainly
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stands of Eucalypts or Casuarinas, over mixed shrubs or weedy understory),
pasture and introduced grasses, weeds as well as areas of mass plantings
and recent rehabilitation works. Vegetation types include two EEC’s of
Sydney Coastal River-flat Forest and Cumberland Plain Woodland.

Mapping of vegetation types and condition was undertaken by Travers
(2013) for the whole of the RHDA. Existing vegetation type is shown on Map
WO019 in Appendix A, whilst existing vegetation condition is shown on Map
WO018. This mapping is superseded to some extent by later ground-truthed
mapping produced by ELA (2016), however was found by ELA to be
generally spatially and descriptively accurate — refer Section 2.3 for further
details.

Several noxious weed species were identified within the study area. Eight of
these were identified as Weeds of National Significance (WoNS). Generally,
the majority of the study area had a moderate to high level of weed invasion
(refer Map WO019 for indicative extent of high priority ‘target’ weeds), likely
from stormwater disturbance, vegetation clearance and development edge
effects.

Heritage

An Aboriginal archaeological due diligence assessment was undertaken as
part of the concept design process. While the gently undulating topography
adjacent to EMC would have been amenable to past Aboriginal activity, the
level of past disturbance in the area is likely to have significantly impacted on
cultural deposits across the area. Whilst the Aboriginal Heritage Information
Management System (AHIMS) database identifies several sites in close
proximity to the creekline (refer Map WO020 in Appendix A), no artefacts
were able to be located on site inspection. Furthermore no additional sites
were identified.

Due to levels of past disturbance, most of the creekline is considered of low
archaeological sensitivity, however the reach between Minorca Avenue and
Samantha Riley Drive was considered of relatively higher sensitivity.

Land use

Land use has changed significantly over the years (Refer to historical photos
contained in the Contamination Report in Appendix D). Pre 1960’s it was
prominently cleared grazing land. In the 1970’s to 90’s the area consisted of
small agricultural holdings and is now characterised by rural residential land
that is currently transitioning into low and medium/high density urban
development and associated urban land uses.

Land ownership

Existing land ownership is shown on Map W028 in Appendix A. Sydney
Water owns substantial parcels of land along EMC. Large areas north of
Memorial Avenue and south of Balmoral Road are in State Government
ownership, in particular along the alignment of and adjacent to the Sydney
Metro North West, whilst several parcels remain in private ownership.

Land zoning

Existing land zoning is shown on Map WO011 in Appendix A. A review of
existing statutory planning arrangements is documented in the Preliminary
Planning Advice Memo in Appendix E.

Infrastructure and
utilities

Map WO008 in Appendix A provides an overview of existing (and under
construction) transport infrastructure in the vicinity of the Study Area.

There are also numerous existing utilities/services within the Study Area, the
location of which are shown on Map WO015 in Appendix A. The utilities have
been mapped from the following sources:

e Hard copy and/or pdf plans received via DBYD and subsequently
digitised by AAJV.

e GIS data extracted from Hydra (Sydney Water assets only).
e GIS data received from THSC (stormwater assets only).

AA
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Subsequent to initial desktop assessment that relied on the previous work of Travers (2013) (refer
Table 4), Eco Logical Australia (ELA) were engaged to undertake field assessment and ground-
truthing of Travers (2013) vegetation mapping to assist in understanding potential impacts on
threatened species and ecological communities, and to assist in refining the proposed scope of works.
ELA’s work also included assessments of significance under State and Commonwealth legislation and
development of a comprehensive suite of mitigation measures to ensure that the proposed trunk
drainage works can avoid any adverse ecological impacts. It is noted this included several specific
measures in regards future vegetation management requirements for the TDL.

ELA confirmed that two EEC’s, Cumberland Plain Woodland and River-flat Eucalypt Forest, listed
under the Threatened Species Conservation Act 1995 are present along EMC. These communities
occur along the riparian corridor of the creek, predominately in a disturbed state due to the dominance
of exotic species and weeds.

No threatened flora species were observed or considered as having a potential occurrence along
EMC. Whilst no fauna species were observed, or have previously been observed within the subject
site, the following species were considered as having a potential to occur, and thus could potentially
be affected by the proposed works; Meridolum corneovirens (Cumberland Plain Land Snail),
Mormopterus norfolkensis (Eastern Free-tail Bat), Myotis macropus (Southern Myotis), Saccolaimus
flaviventris (Yellow Sheathtailed-bat), Scoteanax rueppellii (Greater Broad-nosed Bat).

No threatened ecological communities, threatened flora or fauna listed under the Commonwealth
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) or Fishers Management
Act 1994 were observed within the study area or considered has as having a potential to be adversely
impacted by the proposed works.

Further details, in particular related to impacts, assessments of significance and proposed mitigation
measures that should form part of the overall scope of trunk drainage works and future vegetation
management within the TDL, are provided in the REF.

24.1 Contamination

A Phase 1 and targeted Phase 2 contamination investigation (AAJV, 2016b) was undertaken as part
of the concept design process (refer Appendix D).

Desktop soil contamination investigation was undertaken and included a review of the NSW EPA
contaminated land record. These investigations did not identify any recorded sites of contamination
within the study area.

During the first site investigation for the contamination investigation in October 2015, six areas of
environmental concern (AoECs) were identified within the study area. These areas where
characteristic of uncontrolled fill material. No visual or olfactory signs of soil contamination or asbestos
containing material (ACM) were observed during this site inspection. Subsequently ten soil samples
were collected from the AOECs and analysed for contamination. Fill material was encountered from all
boreholes to maximum depth of 2.1 m. Groundwater and bedrock was not encountered in any of the
boreholes.

Based on the soil analytical results, soils excavated generally along the creekline are likely to be
suitable for reuse on site, or for disposed off-site at a NSW EPA licensed landfill as General Solid
Waste, with the exception of some isolated areas where visual observations identified potential ACM.

Further investigations will be required during detailed design to confirm the potential or otherwise for
contamination once the extent and scope of ground disturbance is further refined and confirmed.
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242 Geotechnical conditions

A desktop geotechnical assessment (AAJV, 2016c) was undertaken as part of the concept design
process (refer Appendix C). Assessment was based on existing geotechnical investigation
information available generally within 200 m of the creekline, and developed preliminary geotechnical
design parameters and recommendations for measures to mitigate constraints and risks for the
proposed trunk drainage design.

In general terms the typical subsurface profile comprises up to 2 m thick fill underlain by 1.5 to 4 m
thick alluvium deposits of medium to high plasticity sandy/silty clay of stiff consistency. Residual soils
encountered below the alluvium deposits generally comprise high plasticity silty clays of very stiff
consistency and are typically 0.5 to 1.5 m thick over the weathered bedrock profile. The weathered
bedrock profile comprise extremely to highly weathered Siltstone, estimated to be very low to low
strength.

Particular constraints for the trunk drainage works are likely to include:

- Low slope stability requiring flat battering or otherwise support / retaining structures.

- Residual soils or clay origin are susceptible to erosion requiring protection and management.

- Potential low strength of residual soils may require removal or other suitable ground
improvement works.

- Potentially unsuitable and saturated materials lining the invert of the various existing online
dams.

It is noted that further investigations will be required during detailed design to confirm design
parameters as well as proposed geotechnical design and ground improvement measures, once the
extent and scope of proposed works is further refined and confirmed.

A site assessment of EMC was undertaken on 16 October 2015. The assessment was in the form of a
site walkover, identifying (where accessible and visible) the condition of the creek, including:

- channel form
- channel stability (bed or bank erosion), and
- vegetation.

251 Review of Historical Aerial Photographs

A review of historical aerial photographs reveals that EMC has changed significantly over the last 70
odd years. A brief summary is outlined below: (Note that several of the referenced aerial photos are
included in the Contamination Report in Appendix D.)

- 1947 (January 1947, Run 37) — much of the site has been cleared of vegetation for grazing
purposes. The reach between the now present-day Balmoral Road to Memorial Avenue
contains the only reasonable stand of riparian vegetation. It appears the remaining reaches
have been significantly cleared. Erosion appears to be present in numerous locations with bed
incision (deepening) evident. The reach between Memorial Avenue downstream to the
confluence of Caddies Creek looks to have significant in-channel and riparian erosion.

- 1955 (October 1955, Run 13) — Riparian vegetation similar to 1947. It appears that the erosion
between Memorial Avenue and Caddies Creek isn't as severe with grasses now covering
some of the erosion area.

- 1970 (July 1970, Run 11) — Presence of the roads: Memorial Ave, Balmoral Rd and
Celebration Drive running east — west. It appears that an increased patrtitioning of land block
size and change in land use from broadacre stock grazing to market gardens with the
construction of a number of online and offline dams for irrigation purposes. The 1970 image
contains a small dam at the confluence of an unnamed tributary approximately 130 m
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downstream of the Celebration Drive. Additionally a major dam is present from the start of the
present day second dam upstream of Balmoral Rd, continuing approximately 300 m
downstream along the side of the driveway for 20 Memorial Ave. The creek has now altered to
enter a new significant third dam between Balmoral Rd and Memorial Ave to likely service the
market gardens. The creek line had visible channel incision (bed deepening) and channel
expansion in some locations.

- 1978 (March 1978, Run 10) — Increased development along Old Windsor Rd. Expansion of
market gardens and small acre farming practices. It appears further channelisation between
Celebration Drive and Balmoral Rd with a new dam present where the creek takes a sharp 90
degree right-hand bend under the driveway at 40 Balmoral Rd. A constructed dam exists
immediately downstream of Memorial Ave and another large dam just offline approximately
350 downstream on the west of the creek. It also appears to be a drought or low-rainfall
period.

- 1982 (November 1982, Run 18) (North of Balmoral Rd not present) — Increased development
particularly between Balmoral Rd and Samantha Riley Drive. Subdivision of Arnold Ave and
Thomas Boulton Circuit area. It appears that there was significant erosion upstream and
downstream of Memorial Ave.

- 1986 (August 1986, Run 16) — The block along and straddling the creek immediately
downstream from Celebration Drive appears disturbed with bare earth and erosion prior to the
small dam at the first confluence of the unnamed tributary. A levee appears to be present in
this location. The second major dam has now reduced in size to its current size and the creek
is channelized along the western side of the driveway. The creek between Balmoral Rd and
Memorial Ave appears to be further straightened to facilitate a series of eight tennis courts on
the western side of the creek. There is further clearing of vegetation around an online dam
downstream of Memorial Ave.

- 1991 (August 1991, Run 6) — increased development of the area. It appears further erosion
has occurred downstream of the present day Samantha Riley Drive.

- 2004 (February 2004, Google Earth) — The area immediately upstream of the site, 4
Celebration Drive and Norwest Business Park, and the residential area (Bella Vista Waters) to
the east of this is being developed. Samantha Riley Drive is constructed and the adjacent
housing developments are established.

- 2009 (October 2009, Nearmap) — Upstream extent of site contains two concrete causeways,
culvert, creek hard lining and other creek structures (adjacent path and pedestrian crossing).
Land parcels appear to house horses and stable yards in this reach. An ephemeral drainage
line and horse yards connect the two online dams. Erosion appears present downstream of
the second dam to where it takes a hard right-hand bend under the driveway of 40 Balmoral
Rd. A western lateral overland drainage line intercepts where the creek passes under the
driveway. The present day Balmoral Rd culvert system is present. A low depression area in
front of the large off-line dam associated with the market dams exists. The creek line in front of
41 Memorial Ave illustrates signs of shaping and hardening, including two concrete
causeways. Upper western bank erosion is present opposite 13 Landy Place.

252 Current Creek Condition

As highlighted above, EMC has changed significantly over the last 70 odd years. The creek has been
modified in numerous locations through the clearing of vegetation, construction of online and adjacent
dams, straightening and/or construction of new channel associated with development and changing
land use practices.

Based on the findings of a geotechnical desktop assessment (refer Appendix C), a generalised
subsurface level profile along the creekline is shown in Table 5.
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Table 5: Generalised subsurface profile

Geotechnical Depth below | Thickness Description
Unit existing
ground level | (M
(m)
Topsoil 0to 0.2 0.2 Clayey silt
Residual Soil 0.2to 1.2 1.0 firm clay of high plasticity
1.2t02.6 1.4 stiff / very stiff to hard silty clay
Bedrock 2.6t04.0 1.4 extremely weathered to moderately weathered
siltstone, low to medium strength
extremely weathered to highly weathered shale, low
>4.0 to medium strength

Even since the 2009 aerial photograph, the present day condition of the creek has also changed
significantly. A brief summary of the current condition is outlined below and in Table 6.

Reach 1: Celebration Drive to Balmoral Road

The upstream section of this reach is highly modified and constrained, containing a concrete culvert
and two concrete causeways at the start of the site. Immediately downstream the channel has been
straightened and hardened, upon where it meets a constructed lateral channel and levee system. The
channel bed in this locality is showing signs of bed incision (deepening) and lateral expansion
(widening) where the channel is laterally unconstrained. Downstream of the levee area the creek has
been significantly altered by the construction of two large online dams. Additionally the construction of
the Sydney Metro Northwest tunnel dive and adjacent Bella Vista station has significantly changed the
floodplain area. Immediately downstream of the second dam there is an approximate 1 m differential
erosion headcut that has previously had dumped rock to try and reduce any erosion impact. The
channel adjacent to the driveway of 40 Balmoral Rd has been straightened and is illustrating signs of
channel incision and lateral expansion, particularly on the steeper eastern bank. The driveway culvert
system is undersized causing overbank flows. The subsequent approximate 100 m of creek appears
to be in its natural channel location however, it is affected by horses accessing the creek line and
significant rabbit infestation and from dumping of anthropogenic material. This creek section also
shows signs of erosion on the upper western bank and minor bed incision prior to entering the
upstream Balmoral Rd culvert dissipation area.

Reach 2: Balmoral Road to Memorial Avenue

The culverts downstream of Balmoral Road are drowned out, creating a completely submerged culvert
system. The adjacent stand of good riparian (EEC) vegetation on 38 Balmoral Ave had been cleared
during the project period, leaving little mature vegetation downstream of the culverts. The creek and
adjacent area are low-lying and the floodplain appears to have been regularly engaged. A modified
straightened creek channel flows downstream into a low bunded depression area adjacent to a large
semi off-line dam. Historically the creek entered and drained from this dam, however a constructed
straightened channel now appears on the western edge of this depression area. This section
illustrates signs of channel incision and expansion. Adjacent to the dam appears to be an old tip with
numerous car bodies and other litter/waste items present or partially buried. The majority of the
depression area and adjacent banks is dominated by blackberry and other weeds species.
Downstream of the depression / blackberry area the creek remerges into a defined channel passing
through a small stand of mature casuarinas. Beyond this stand of trees the channel becomes ill
defined into a broad flat discontinuous ephemeral channel, prior to entering an elongated pool
immediately upstream of Memorial Ave.
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Reach 3: Memorial Avenue to Samantha Riley Drive

Immediately downstream of the Memorial Ave concrete apron there is a small series of headcuts
present. The channel passes through a shallow, narrow channel between a dense stand of
casuarinas. The western floodplain is constrained by historic fill material and a fence line. The creek
bed has minor incision occurring, currently being limited by the casuarinas, and where devoid of any
root system the creek morphs into a deeper narrow pool. A concrete bed slab has been constructed
along some of this reach prior to entering a series of three constructed online dams. A concrete
causeway exists between the first two dams with an additional concrete causeway downstream of the
second dam in this locality. The third dam is choked with Typha (cumbungi) species and contains a
number of willow (Salix) trees on the fringe. An incised narrow channel between a dense stand of
casuarinas joins the third constructed dam and the fourth dam. A series of large fill material / spoil
mounds are present in this location. Immediately downstream of the dam the creek channel contains a
number of headcuts. The channel and floodplain in this vicinity contain a dense closed-forest canopy
of casuarinas, no mid-storey, with a weed infested understory of tradescantia. The dense casuarina
trunks and root-wads have caused the channel to meander and avulse throughout this area. The
channel is ill-formed, almost braided, with flood-runners, scour holes and headcuts throughout.
Headcuts and channel incision occur where the root systems have failed or are missing. A compound
channel starts to emerge once the creek passes the closed forest of casuarinas with evidence of a
series of incision events. The channel generally becomes deeper and wider from this point. Active bed
incision and channel expansion is present throughout. Further downstream close to Wenden Av the
channel is approximately 2.5 to 3 m deep and 12 m wide. Within this locality a historic gully and newly
constructed drain / ditch are present on the eastern bank. Active channel migration appears to be
occurring in the vicinity of the gully in the direction of 14 Wenden Av. Sedimentation and accumulation
has occurred on a number of the inside meanders as part of a cut and fill process. Historic bank
revetment works have occurred downstream of this section, particularly on the right-hand bank, prior
to entering a series of box culverts under Samantha Riley Drive.

Reach 4: Downstream (north) of Samantha Riley Drive

The channel section downstream of Samantha Riley Drive and adjoining floodplain have been cleared
and modified in this locality. The creek illustrates signs of historic erosion with some minor active
erosion still present. A number of stormwater pipes outlet into the creek and contain rock bank and
channel bed protection. There is minor bed and bank erosion associated with these outlets as well as
dislodgement of rock protection. The creek then enters into a minor constructed pool area near
downstream extent of the project. Trenching through a meander to straighten the channel was
present.

2.6.1 Background

Various hydrologic and hydraulic models have been used to develop an understanding of flooding
conditions along EMC. The present investigation uses the most recent work undertaken as part of the
Rouse Hill Flood Study, which was prepared by WMAwater for Sydney Water in 2014.

In summary, the Rouse Hill Flood Study developed a new TUFLOW hydraulic model (herein referred
to as the ‘WMA TUFLOW Model’) covering all of the major waterways and associated floodplains
located within the RHDA, including EMC. Flood behaviour was defined for a range of design flood
events with average recurrence intervals (ARIs) between 2 and 100 yearsl. The TUFLOW model uses

' WMAwater, 2014 adopts flood terminology that is consistent with the current Australian Rainfall and Runoff
Revision Project (Ball et al, 2016). This involves use of the terms Annual Exceedance Probability (AEP) and
Exceedances per Year (EY) to describe flood probabilities, in preference to use of the term Average Recurrence
Interval (ARI). In this report, use of ARI has been adopted for consistency with the project background and typical
internal Sydney Water usage.
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inflow hydrographs derived from an XP-RAFTS model previously developed by SKM (2009). Further
details of this work, as well as a summary of earlier flooding investigations undertaken in the Study
Area and other relevant background information, are documented in WMAwater (2014).

Brief review of the WMA TUFLOW Model for suitability was undertaken as one of the initial projects
tasks. The following sections provide a summary of the outcomes of this review, minor adjustments
that were subsequently made to the TUFLOW model, and an overview of baseline flooding conditions
within the Study Area.

It is relevant to note that baseline conditions do not equate to existing conditions in this case, as the
Rouse Hill Flood Study adopts ultimate catchment development conditions to define hydrologic inputs
to the TUFLOW model. As the contributing catchment areas upstream of the Study Area are not yet
fully developed, the WMA TUFLOW Model is expected to slightly overestimate the resulting catchment
runoff potential, and therefore flow rates along EMC, when compared to existing conditions. However,
the adoption of ultimate catchment development conditions for the purposes of this study is consistent
with all previous and ongoing trunk drainage and flood management planning throughout the RHDA.

2.6.2 Review of WMA TUFLOW Model

On review of the WMA TUFLOW Model it was found that several aspects of the model structure and
schematisation required adjustment to more accurately simulate flooding conditions within the Study
Area. The key issues noted were as follows:

Model inflow boundaries

The location of model inflow boundaries along EMC were considered unrepresentative, and in
particular did not correctly distribute inflows across the detention basins located upstream of the Study
Area.

This issue was addressed by making adjustments to the inflow boundary locations and extents.

The impact on peak 100 year ARI flood levels was to increase flood levels upstream of Balmoral Road
generally, typically in the range 0.05-0.1 m up to a maximum of about 0.2 m. Downstream of Balmoral
Road there was no substantial change.

Hydraulic roughness

Hydraulic roughness was considered to be underestimated within the inbank section of the creek for
selected reaches (e.g. between Balmoral Road and Hodges Road). The roughness of immediate
overbank areas that are densely vegetated was also considered to be underestimated in various
areas, owing largely to the 1D schematisation of the creek channel which included adjacent floodplain
areas above top of bank level.

The typical increase in Mannings n value that was applied to improve hydraulic roughness definition
under existing conditions on account of the above issues was from 0.06 to 0.08. It is noted that
Mannings n values were also locally adjusted in other areas where appropriate to represent variations
in vegetation extent and/or density, as well as to apply a consistent approach to the way other land
uses (e.g. residential properties) were represented in the TUFLOW model.

The impact on peak 100 year ARI flood levels was to generally increase flood levels throughout the
Study Area, typically in the order of 0.05-0.1 m up to a maximum of about 0.3 m in some isolated
locations.

1D schematisation of creek channel

EMC and its immediate floodplain were represented in the WMA TUFLOW Model using a series of 1D
cross sections. On review this was found to be problematic in particular along the 1D-2D interface
boundary as spill levels were not well defined and resulted in poor connectivity, with flows entering
and leaving the 1D domain at unrepresentative locations. This also contributed to some model
instability, which was considered problematic for future impact assessment purposes.
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This issue was resolved by removing the 1D schematisation so that the entire floodplain including
creek channel is represented fully in 2D. The creek channel topography was defined using a separate
digital terrain model that was developed using the previous cross section data, and was ‘stamped’ on
top of the LiDAR-based topography that informs the whole of the 2D domain. Additionally, the model
grid resolution was increased from the original 5 m to 2 m. Comparisons of the modelled waterway
area, channel conveyance and floodplain storage between the previous 1D and revised 2D definitions
showed sufficiently close agreement.

The impact on peak 100 year ARI flood levels varied along the length of EMC. Whilst some isolated
reductions were noted, typically flood levels were increased throughout the Study Area, typically in the
range 0.1-0.2 m up to a maximum of approximately 0.3 m in selected locations.

2.6.3 TUFLOW Model Refinement

The WMA TUFLOW Model was modified to include the adjustments described above. In addition, a
series of further refinements were made as described below. The modified TUFLOW model is herein
referred to as the ‘AAJV TUFLOW Model’, the structure of which is shown on Figure 2.

*  The model was trimmed to suit the Study Area, which enabled faster model run times and
provided the opportunity to increase the 2D model resolution.

¢ The 2D model grid size was reduced from 5 m to 2 m, which enabled increased topographic
resolution to represent finer scale elements that influence local flooding conditions within the
Study Area.

¢ Inclusion of twin 1200 mm diameter pipes that convey EMC under the driveway upstream of
Balmoral Road.

¢ Definition of floodplain features either not defined or poorly defined by LiDAR data, including:

o Existing solid colorbond fence on the left (west) creek overbank immediately
downstream of Memorial Avenue.

o Existing raised soil stockpiles and other filling in various locations along EMC.
o Existing embankment crest levels downstream of existing online dams.

Definition of these features was achieved using topographic modifiers (e.g. zshapes or zlines
as appropriate), the location of which are shown on Figure 2.

Patches in various locations to fix issues/errors with the underlying LIiDAR data.
¢ Inclusion of approved / committed works that are soon to be constructed, including:

o Upgrade of Memorial Avenue by RMS. This will include widening and raising the
road where it crosses EMC as well as a major upgrade of the existing transverse
drainage structure. Details of the proposed road and drainage upgrade works
were adopted from information supplied by Beca on behalf of RMS in August
2015. The existing 3 off 3000 x 900 RCBC’s will be upgraded to 4 off 3000 x 1800
RCBC'’s, and will achieve 100 year ARI flood immunity for the upgraded road.

o Extension of Lewis Jones Drive to the north to connect to Gainsford Drive. Road
crown levels taken from approved subdivision plans (and based on previous flood
levels advised by Sydney Water to the developer) were enforced in the TUFLOW
model.

The modified TUFLOW model (herein referred to as the ‘AAJV TUFLOW Model’) was then used to
define baseline flooding conditions within the Study Area. The 2 hour storm duration was used for all
models runs. Whilst WMAwater (2014) produced a peak envelope of results for storm durations of 2, 6
and 9 hours to define design flood levels for each ARI, there is insufficient difference between results
along EMC to warrant this approach.

It is noted that blockage factors as applied to major culvert structures in the WMA TUFLOW Model
were adopted, as follows:
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¢ Samantha Riley Drive — 10% blockage
¢ Memorial Avenue — 20% blockage
¢ Balmoral Road — 50% blockage

These factors were derived with reference to recent guidance developed as part of the current
Australian Rainfall and Runoff Revision Project (Ball et al, 2016).

2.6.4 Baseline Flooding Conditions

Figure 3 and Figure 4 show baseline flooding conditions in terms of extents and depths of inundation
for the 2 and 100 year ARI events, respectively.

The approximate hydrologic standards achieved for the major road crossings in the Study Area are as
follows:

¢ Samantha Riley Drive — exceeds 100 year ARI
¢ Memorial Avenue — exceeds 100 year ARI (once proposed road upgrade is implemented)
¢ Balmoral Road - less than 2 year ARI

It is also relevant to note that Landy Place and the future extension of Lewis Jones Drive are both
overtopped by shallow flooding in a 100 year ARI event (refer Figure 4). This is in contrast to previous
flood investigations which showed that both roads were located above peak 100 year ARI flood levels.
The change in modelled flood behaviour at Landy Place is attributed to the change from 1D to 2D
definition of the adjacent creek channel, along with a change in definition of crest levels along the right
(east) top of bank which now more accurately reflects available LIDAR data. Increases in peak 100
year ARI flood levels further upstream at the future extension of Lewis Jones Drive are primarily driven
by the relatively higher hydraulic roughness that has been assessed as part of the present
investigation.

The greatest flood risk to existing development within the Study Area is in the reach of EMC extending
upstream from Samantha Riley Drive to Wenden Avenue. Whilst Landy Place properties are above
peak 100 year ARI flood levels, the backyards of two properties located at the western end of Wenden
Av (i.e. Nos. 14 and 16) are shown to be affected by shallow flooding less than 0.15 m deep for a flood
of this magnitude (refer Figure 4).

To the north of Samantha Riley Drive, and to the south of Wenden Avenue, existing development is
indicated to be situated above peak 100 year ARI flood levels.

2.6.5 Flood Management Priorities

Based on an understanding of baseline flooding conditions, the following specific flood management
priorities were identified for further investigation during the concept design development, which
expand on Sydney Water’s general objectives for the project:

*  Ensure peak 100 year ARI flood levels in the vicinity of Nos. 14 and 16 Wenden Avenue are
not increased. If practical the trunk drainage works should seek to provide some reduction in
flood levels at this location.

¢ Ensure peak 100 year ARI flood levels in the vicinity of Landy Place, and at Brunner Court
and No. 10 Colonial Street, are not increased such that floodwaters would encroach into
existing residential properties in these areas.

*  Ensure peak 100 year ARI flood levels in the vicinity of No. 21 Balmoral Road are consistent
with the approved Development Application (DA) for this property. In particular, changes to
flood levels should ensure that freeboard to approved habitable floor levels is not reduced
below 500 mm, and that any additional property flooding does not create conditions that are
hazardous to future residents. It is noted that the property is subject to shallow inundation for
the 100 year ARI under baseline conditions.
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Investigate measures that could reduce peak flood levels in the vicinity of Landy Place and
the future extension of Lewis Jones Drive, to prevent overtopping of these roads for events

up to and including 100 year ARI.

In particular, overtopping of the future extension of Lewis Jones Drive should be prevented if
possible given approved future road levels in this area were previously advised by Sydney
Water (albeit on the basis of now superseded flood modelling).
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Figure 2: AAJV TUFLOW Model Structure — Baseline Conditions
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Figure 3: Baseline Flooding Conditions — 2 year ARI
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Figure 4: Baseline Flooding Conditions — 100 year ARI
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The rehabilitation of EMC is to incorporate design measures that contribute to the liveability of the
local neighbourhood and the provision of ecosystem services. The design template for the stream is
based on the Sydney Water project objectives, PoM priorities and the existing environment. It is
proposed to allow the stream to naturally adjust to the changing flow regime wherever possible, with
enhancements in order to maximise floodplain engagement within the TDL. The rehabilitation
objectives for EMC include:

Conveyance — in line with Sydney Waters’ mandate for the TDL to provide flood conveyance, one
of the primary focuses for the project is the provision of sufficient capacity to convey stream flows
without allowing flood waters to cause damage to property or risk to life in adjacent existing
developments.

Flood storage — to use the TDL to engage the floodplain as much as possible without impacting
surrounding properties. Using local road crossings as flow constrictions. Using revegetation to
create surface roughness.

Redundant infrastructure — to remove redundant assets from past residential / rural land uses that
impede flows and/or impact the surrounding environment.

Minimise disturbance / allow natural adjustment — to allow the creek to evolve and adjust naturally
with inter-annual variations in runoff and changes to the vegetation community wherever possible,
and where sufficient floodplain buffer is present within the TDL.

Stream alteration / erosion control — intervention to occur where a naturally adjusting creek may
significantly impact the environment and/or adjacent anthropogenic assets. Intervention will limit
the use of rock where possible. Rock use to be limited to arresting headward erosion (i.e.
headcuts), for bed and grade control (e.g. chutes and riffle) and on outer banks and in the low
flow channel where warranted due to high shear stresses. Stability created with increases in
capacity and/or flatter longitudinal bed grades at specific locations, use of soil bioengineering
incorporating vegetation, natural biodegradable erosion control measures (e.g. Jute matting and
coir logs) and large wood.

Riparian cover — along the full length of the project that is consistent with the requirements of the
NSW Office of Water. Fully structured native vegetation community including canopy cover, mid-
stratum (shrubs), ground cover and aquatic.

Habitat — rehabilitation of the riparian corridor with species from the Endangered Ecological
Communities (EEC’s) (Sydney Coastal River-flat Forest (Alluvial Woodland) and Cumberland
Plain Woodland) of plants appropriate to the site. Rehabilitation would extend the cover of these
communities from the existing pockets to the full extent possible, given other limited site uses.
Rehabilitation of plant communities should be based on bush regeneration principles. Aquatic
habitat diversity such as pools and riffles can be created in association with in-stream works that
are required for stability or infrastructure.
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- Water quality improvement — to use the riparian corridor and floodplain to provide opportunities to
improve the quality of water within EMC. Opportunities considered include engaging the
floodplain, vegetated channels, and stormwater harvesting to treat runoff from adjacent
developments.

- Alternative water supplies — stormwater harvesting and/or stream flows can be harvested to
provide an alternative water supply for non-potable water demands. This could be done by
harvesting treated local catchment runoff via a parallel pipeline, disconnecting existing and new
pipe outlets from the creek and re-directing into the low flow pipeline with controlled discharge at
bridge abutments.

- Amenity — Provision of high value public open space through the provision of many features that
contribute to the recreational opportunities of the adjacent developments: greenery, shade,
comfortable microclimate, diversity of vegetation, access tracks, water features (stream and
ponds) and formal active or passive recreation areas.

- Low maintenance — Features within the trunk drainage lands should be designed to minimise the
effort required for on-going maintenance in the long-term. Key principles include:

o Robust communities of native plants that are weed resistant and resilient to or can adapt to
changes in climate between seasons, el Nifio cycles and longer term changes.

¢  Monitoring — timely intervention for erosion and weed infestations is cost effective

e Leasing — Where trunk drainage lands may be used for compatible uses by other parties, the
maintenance of those areas can be transferred from Sydney Water to the other parties for
the duration of the lease.

EMC has been significantly disturbed / altered over recent years by vegetation clearing, channel
alterations and online infrastructure. The upper reach (Celebration Drive to Memorial Ave) of the
project site has prominently been cleared of native vegetation except for isolated patches and/or
scattered native tress. The lower reach, (Memorial Ave to Samantha Riley Drive) of the study site
contains reasonable riparian canopy species from the two EEC’s: Cumberland Plain Woodland and
River-flat Eucalypt Forest, however a dense groundcover of weed species is generally present through
the project site. As a result of this disturbance the creeks’ current form in some locations doesn’t
represent the structure of a resilient, naturally functioning creek system. The creek is adjusting to a
change in flow regime associated with the urbanisation of the catchment. This adjustment is in the
form of channel deepening and widening in many locations. Creek erosion is a natural process and
the philosophy of letting the creek self-adjust can be accommodated where sufficient space is present
and where threats to the environment, water quality, habitat, public safety and infrastructure are
minimal. Generally the whole site requires significant weed control and the installation of a native
riparian and floodplain vegetation corridor. In some locations the creek needs stabilisation or alteration
to meet the Sydney Water objectives.

General constraints and opportunities are identified in Figure 5 and listed below.

3.2.1 Constraints to stream rehabilitation works
Stream rehabilitation works would be constrained in the following ways:
- Cost and value for money of undertaking rehabilitation works.

- EEC’s must be protected from damage and in some locations these EEC’s surround sites of
erosion.

- Declared weed infestations occur within the corridor and these must be removed and managed.

- Construction within the stream requires specialised skills and machinery, and many areas
requiring stabilisation measures are located within areas of protected vegetation.
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Existing stream crossings such as driveways, culverts and other crossings impair stream
connectivity.

There are many locations where expansion of the local road network to support future
development will require new creek crossings.

Utilities (e.g. sewer, water, power, etc.) occur in proximity to the creek.
Fences cross the creek.

The impacts of the existing and proposed stormwater outlets, and stormwater networks required
consideration.

Suspected land-fill and contaminated fill occurs in some places in the project site.

Dispersive or sodic soils may occur in places. These may need to be capped with engineering
clay, with topsoil placed on top and anchored.

Heritage features.

3.2.2 Opportunities with stream rehabilitation works

Stream rehabilitation works offer the following opportunities:

Stream / floodplain connectivity — reinstatement of stream / floodplain connectivity through the
removal of existing anthropogenic structures such as fences, culverts, concrete creek crossings,
driveways and other infrastructure that impair stream / floodplain connectivity.

Vegetation communities and connectivity — opportunity to protect and expand the existing
fragmented EEC'’s present. Additional opportunity to install a connected riparian corridor with an
appropriate ground, mid and canopy structure that provides a resilient, biodiverse ecosystem to
the TDL and surrounding developments.

Amenity - Where access must be made to undertake in-stream works, the path that would be
created could become part of a future public access track. Rock riffles and pools are features of
interest.

Maintenance access - Access will be required for maintenance, and this could be facilitated by
the in-stream works.

Bush restoration — Works areas would create access nodes that could be a focal point for
restoration or bushcare work. Typical areas that are models of stable banks and successful
stabilisation works can be used as reference sites.

3.2.3 Site specific creek conditions, constraints and opportunities

Refer to Figure 5 for site-specific opportunities and constraints. The figure contains ‘Works Identifier’
labels that are cross-referenced to relevant discussion in the following Table 6.
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Figure 5: Plan of existing conditions
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Table 6: Creek Condition, Constraints and Opportunities

Reach 1-Zone A

confluence with
unnamed tributary

Levee and associated landfill / spoil mound are approximately 1 m high.

Unnamed tributary approximately 1-2 m wide with sub-vertical banks
and shows signs of incision.

Weed trees and occasional Casuarina tree present on levee.
Refer to Figure 11 in Appendix B.

the tributary.

1 Upstream extent | Small altered channel with 1-2 m wide low-flow channel and 3-5 m wide | Source water coming from a | Few native vegetation species present at upstream extent that
of project site at | bank-full channel). Channel erosion present with incised bed and | urbanised upper catchment area. will likely impede construction activity.
TDL boundary. eroding banks. Concrete culvert located in close | Space to include a GPT or similar water quality treatment
Disturbed environment from prior land use and residential / farming | proximity to TDL boundary, therefore | measure.
facilities previously located at site. works  required within adjacent | channel relatively small to facilitate floodplain engagement.
Well vegetated with many weeds. Downstream of the road crossing | Property to south. Utilise the existing top of bank Casuarina trees to stabilise
contains thin stand of native Casuarina trees running along the top of Sewgr'and power service§ in close | channel and assist in regeneration.
bank zone. proximity. Redundant services near |, Reinstate an appropriate local native vegetation structure
; . ; ; road crossing to be removed.
Construction debris in waterway (i.e. bricks) o 9 within the channel, riparian and floodplain zones. Create a
Culvert and 2 x concrete causeway associated with legacy driveway | Significant concrete assets to be | yiparian / habitat corridor.
crossings removed / remediated. . . . . )
gs. * Facilitate public access, interaction with waterway and the
Redundant services. natural environment.
Very large Willow tree on northern bank. Potential construction compound and stockpile location.
Refer to Figure 4 to 9 in Appendix B.
* Applicable opportunity for all areas
2 Levee and Lateral levee runs adjacent to the unnamed tributary. Levee slope runs directly down to | Remove levee and landfill / spoil mound blockages to flood

flows

3 Potential future
bridge crossing #1

As for (2).

A bridge crossing is proposed as
part of an expansion of the local
road network.

The bridge will be designed and constructed by others.

The bridge structure will be required to satisfy the desired
flooding and riparian corridor outcomes for the creek line.

Development of design criteria for bridge and culvert structures
for flooding and riparian corridor outcomes

AA
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Reach 1-Zone B

downstream of
Dam #2

Lateral overland flow path adjoins creek at outside meander.
Refer to Figure 17 and 18 in Appendix B.

overhead transmission line in close
proximity to meander and driveway

4 Two large online | Two large online constructed dams. Very large online dams with | Few native vegetation species present around the dams that
dams (Dam 1 and | pam #1 approximately 45m long and 28m wide. unknown depth and deposition | will likely impede construction activity.
Dam 2 material. q f
) Dam #2 approximately 68m long and 25m wide. . Create a public open wa}ter body for adjacent‘ Ie}nd
Dam #1 appears shallower or more sediment deposition than Dam #2 Dam extends outside the TDL. development; or, a meandering creek channel and riparian
il i i vegetation system that allows engagement of the floodplain.
which appears deeper. Bank height varies but generally steep bank and Remgval of dams will likely require a 2 v e .
approx. 0.5m high above water surface level. Water depth various but | Significant amount of earthworks and
estimate it’s between 0.5-1m in depth. fill material.
Small constructed channel connecting the two dams.
Vegetation within and around dam is mainly weed species. The
scattered large mature native trees are located adjacent on the
floodplain, some with fauna habitat boxes.
Headcut immediately downstream of Dam 2.
Refer to Figure 12 to Figure 16 in Appendix B.
5 Potential future | As for (4) A bridge crossing is proposed as | The bridge will be designed and constructed by others.
bridge crossing #2 part of an expansion of the local | A pridge structure will be required to satisfy the desired
at Balmoral Road road network. flooding and riparian corridor outcomes for the creek line.
Development of design criteria for bridge and culvert structures
for flooding and riparian corridor outcomes.
6 Existing The existing creek appears to have been straightened and has steep, | Historic residential driveway with row | removal of redundant road infrastructure.
straightened. minirpal topsoil, e}nd poorly vegetated banks that are susceptible to | Of large date palms on either side. Reinstate an improved channel geometry and planform that
channel adjacent | erosion and scouring. Adjacent property boundary is close | can support appropriate native vegetation and engage the
to dential historic | |ncreased erosion present on inside meander as channel flows towards | to eastern bank floodplain.
residential ;
- the road crossing. Sewer line and high voltage | Realign channel meander at a more suitable axis to reduce

erosion potential.

AA
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7 Concrete piped Duel concrete pipe culvert under driveway hardstand. Adjacent pgopcla(rty boundary is close | Removal of redundant road and culvert infrastructure to create
; to eastern bank. ;
culvert crossing Pipe diameters appear undersized for the channel size. This undersized amore natural like channel.
under driveway culvert and the 90 degree meander are contributing to an overland flow Reinstate an improved channel geometry and planform that
path in high flow events. Close proximity to downstream EEC. can support appropriate native vegetation and engage the
Erosion present around headwall. floodplain.
Refer to Figure 20 in Appendix B.
8 Driveway/hardstan | The driveway (residential access) has become redundant following | TDL boundary cuts across driveway. | Removal of redundant road and associated infrastructure to
d and date palms Sydney Water’s acquisition of land within the proposed trunk drainage | Works required outside the TDL | create a more natural landscape.
corridor. boundary.
Approximately 3.5m wide and 140m long redundant residential | Sewer, water and electricity services
driveway off Balmoral Road present. Large date palm trees exist along | in close proximity.
either side of the driveway. Total width of driveway corridor is ~20m.
Driveway and hardstand extend beyond the TDL (total length is around
350m).
Refer to Figure 19 in Appendix B.
9 Overland flood Low depression zone on western side of driveway containing weedy | Outside the TDL boundary. Potential flood relief channel or off-line wetland area.
channel pasture with some native tree species. Sewer, water and electricity services
in close proximity.
10 Future bridge Balmoral Road culvert crossing appears poorly designed / constructed. | Balmoral Road is a local road | The bridge will be designed and constructed by others.

crossing #3 at
Balmoral Road

Culvert pipe are permanently submerged. Downstream pool and
channel are flat and continuously contain ponded water. Road appears
to be regularly overtopped.

Refer to Figure 23 to 29 in Appendix B.

maintained by THSC.

The bridge structure will be required to satisfy the desired
flooding and riparian corridor outcomes for the creek line.

Development of design criteria for bridge and culvert structures
for flooding and riparian corridor outcomes.

AA
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Reach 2
11 Modified, Creek flows into a low bunded depression area dominated by | Existing straight channel planform | Channel could be re-aligned into a more natural meandering
straightened blackberry and other weed species. means significant earthworks would | form. Reconstructed channel to have improved channel
creek. Channel shows signs of incision and expansion with intermittent steep be requireo_i to realign the channel to | geometry, .stabilised with vegeFation. Rock riffle grade control
banks. a meandering planform. structures incorporated as required to flatten grade.

Refer to Figure 30, 32 and 33 in Appendix B. To reduce the amount of earthworks, the channel alignment
could be retained and the upper banks regraded to a more
stable gradient.

12 Dam 3 — Offline Large semi offline dam. Majority of the dam is outside the | Removal of dam and dam embankments to surrounding
Dam Dam embankments dominated by Blackberry and other weeds species. TDL boundary. surface level and infill of dam to provide flood storage and
L . ) ) Dam located within proposed road | conveyance.
Assumed old tip with numerous car bodies and other litter/waste items . . . .
: A ) footprint. Dam could potentially be used for disposal of spoil from other
present or partially buried adjacent to the dam.
i ) _ works areas.
?ZZZSarriE:ZhonV\:'lithhti:c;ndegasli]annel COERE (9 & ey SEi) O Dam removal, filling and rehabilitation would likely be
9 ’ undertaken as part of the adjacent land development.
Refer to Figure 31 in Appendix B.
13 Future bridge As for (11). The crossing location is identified in | The bridge will be designed and constructed by others.
crossing #4 at THSC DCP for the Balmoral Road | The pridge structure will be required to satisfy the desired
Hodges Road Release Area flooding and riparian corridor outcomes for the creek line.
Development of design criteria for bridge and culvert structures
for flooding and riparian corridor outcomes.
14 Memorial Avenue Online pool immediately upstream of Memorial Avenue. The existing culvert crossing will | Scour protection works design (to be undertaken by RMS) for
culvert Minor bed erosion and series of small headcuts downstream of | Seon be upgraded as part of the | new culvert to give consideration to the control of the bed

Memorial Avenue Memorial Avenue Upgrade, to be | erosion and headcuts within close proximity to the culvert.

) . . undertaken by RMS.

Refer to Figure 37, 38 and 40 in Appendix B.

AA
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Reach 3-Zone A

15 Spoil / Landfill Landfill within floodplain on left hand side of channel. Lowering landfill zone to surrounding | Remove spoil/landfill down to surrounding surface.
downstream of Colourbond fence runs along crest of landfill. surface level would require works | remove fence.
Memorial Avenue ) . . outside the TDL boundary. . ) . .
Refer to Figure 42 in Appendix B. Rehabilitate with native vegetation.
16 Concrete base to Channel currently has a concrete base which extends into the | Existing stormwater tailout drains | Removal of instream structures.
channel downstream online Dam 4. into channel upstream of concrete | Reconstruction of channel. Channel to be stabilised with rock
A stand of mature casuarinas is situated on right hand bank. channel. riprap and/or vegetation.
A metal gate has been installed across the channel blocking debris.
Refer to Figure 41 to 46 in Appendix B.
17 Three online dams | Highly modified environment with concrete causeway structure | Large online dams with unknown | Remove unsuitable material and causeways and create a
(Dam 4, Dam 5, controlling water levels between Dam 4 and Dam 5 and at the | depth and deposition material. meandering creek channel to reduce waterway area, with
Dam 6) downstream end of Dam 5. Removal of dams will likely require a remaining parts of the dams partiglly infilled and revegetaFed
Typha species in Dam 6 and a number of Willow trees on fringe of Dam | significant amount of earthworks and | for flood engagement. Opportunity to extend meandering
6. fill material. channel continuously to downstream of Dam 7; or
Refer to Figure 46 to 54 in Appendix B. Structural integrity of inline
structures (causeways) is unknown. Maintain existing dams and replace concrete causeways on
Dam 4 and 5 with rock riffle system.
18 Future bridge At Colonial Street the creek is currently in poor condition. It has an on- | A future bridge crossing is required | The bridge will be designed and constructed by others.

crossing #5 at
Colonial Street.

line dam, areas of incised channel and weedy growth.
Refer to Figure 54 in Appendix B.

as part of an expansion of the local
road network. The crossing location
is identified in THSC DCP for the
Balmoral Road Release Area.

The bridge structure will be required to satisfy the desired
flooding and riparian corridor outcomes for the creek line.

Development of design criteria for bridge and culvert structures
for flooding and riparian corridor outcomes.

AA
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Reach 3-Zone B

Installation of bed control structures to control further channel

19 Creek between | Relatively steep graded creek invert with narrow incised channel. High value riparian corridor and | ">
; . incision.
Dam 6 and Dam 7 | penge stand of casuarinas and weed growth either side of channel. Fhrigtened ecological communities
in this area
Refer to Figure 54 and 55 in Appendix B.
20 Dam 7 Historic spoil/landfill occurs within the floodplain either side of the creek | Stormwater  outlet immediately | Removal of landfil to surrounding surface level and
downstream of Dam 7. downstream of Online Dam 7 and | revegetation of area.
Dam 7 has a minor headcut at its outflow point. right hand bank spoil.
Refer to Figure 57 to 61 in Appendix B.
21 Various head cuts | The channel is ill-formed, almost braided, with headcuts, flood runners | High value riparian corridor and | nstallation of bed control structures to control head cuts.

and creek incision
downstream of
Dam 7

and scour holes throughout.
Dense Casuarina (EEC) forest surrounding channel.

Once the creek passes the closed-forest of Casuarinas a compound
channel starts to emerge, with evidence of a series of incision events.

Refer to Figure 62 to 84 in Appendix B.

threatened ecological communities
in this area

Installation of erosion treatments to control further erosion
within the floodplain scour holes.

Reach 3-Zone C

22

Future bridge
crossing #6

As for (22)

A future bridge crossing is required
as part of an expansion of the local
road network. The crossing location
is identified in THSC DCP for the
Balmoral Road Release Area.

The bridge will be designed and constructed by others.

The bridge structure will be required to satisfy the desired
flooding and riparian corridor outcomes for the creek line.

Development of design criteria for bridge and culvert structures
for flooding and riparian corridor outcomes.

AA
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23

Stream erosion
near Wenden
Avenue

Scour/erosion threatens the vegetation, many utilities and property in
this area, including:

Active bed scouring, bed incision and bank slumping threatens the
western boundary of the residential property (No. 16 Wenden Avenue).
Overhead power and sewer utilities are at risk from scour/erosion.

A large tree (eucalyptus spp.) located at top of the western bank is at
risk of being undermined from scour/erosion. This tree may fall in the

direction of No. 16 Wenden Avenue and is sufficiently tall to extend into
the property.

Floodwaters in this area for the 100 year ARI are shown to extend into
No. 16 Wenden Avenue and adjacent properties.

Refer to Figures 88 to 100 in Appendix B.

Overhead and underground power
utilities and sewer utilities present.

Close proximity to residents.

Layback banks at a stable grade construct rock rip rap
treatments.

western, outer
bend near Landy
Place

Compound channel form with two stage bed incision erosion. Active
upper sub-vertical bank erosion and low flow channel bed incision.

Refer to Figure 100 in Appendix B.

24 Erosion resulting Localised gully erosion and bank slumping is evident in several | Gully location near apex of outside | Stabilise erosion associated with lateral overland flows.
from lateral locations where lateral overland flows approach the creek line. meander. Tie inflow points into bank protection works.
overland flows Refer to Figure 93 in Appendix B. Close proximity to services
near Wenden
Avenue
25 Future bridge Relatively straight short reach in front of existing road. Low-flow | A future bridge crossing is required | The bridge will be designed and constructed by others.
crossing #7 channel approx. 2m wide and high flow approx. 9m. Erosion present. as part of an expansion of the local | Tne bridge structure will be required to satisfy the desired
road network. The crossing location | fi5oging and riparian corridor outcomes for the creek line.
is identified in THSC DCP for the . L .
Development of design criteria for bridge and culvert structures
Balmoral Road Release Area. . s .
for flooding and riparian corridor outcomes.
26 Upper bank 2009 aerial photograph illustrates excess fill material placed at top of | Close proximity to residents. Regrade upper banks at a stable grade and revegetate.
erosion on bank.
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27 Priority vegetation

This section of the reach comprises a reasonably scattered native

Close proximity to road, house and

Vegetation management to protect and enhance the existing

under footpath

existing footpath along the eastern side of the creek immediately
upstream (south) of Samantha Riley Drive.

Refer to Figure 111 in Appendix B.

maintained by THSC.

management canopy species (EEC (Sydney Coastal River-flat Forest (Alluvial | services. riparian environment through weed removal and bush
between Wenden Woodlang) and Cumberland Plain .Woodland) with some bush | pqock revetments present. regeneration
Avenue and regeneration scattered shrubs and dominate weedy understorey. . .
s tha Rile o ) ) Established native trees.
aman Yy Compound channel from staged incision. Minor active bed and bank Difficult
Drive. erosion. Historic lateral gullies and bench scour. Iicult access.
Historic bank rock revetment present on both banks.
Sediment deposition area.
Rocklined stormwater outlet channel near Samantha Riley Drive.
Refer to Figure 101 to 110 in Appendix B.
28 Local scouring Loss of bedding material / structural support was noted under the | It is understood that the footpath is | Stabilisation works to arrest the scour.

It is recommended that Sydney Water undertake further
consultation with THSC to confirm responsibility and scope of
rectification works required. At this stage the works will be
undertaken separately to the trunk drainage works.

Wire fencing across the creek.

29 Earth mounds at Earth mounds along either side of Samantha Riley Drive, located within | Whilst not influencing flooding for | Removal of the mounds back to surrounding ground levels.
ngantha Riley the rogd rgserve, appear to be left from previous road construction | events up to 100 year ARI, the | 1t is recommended that Sydney Water undertake further
Drive works in this area. mounds represent a barrier t0 | consultation with THSC and TINSW. At this stage the works
floodwaters which would overtop the | il pe undertaken separately to the trunk drainage works.
road in larger less frequent floods or ) - .
) . . It is noted that TINSW have indicated previously that the works
during high blockage incidents, and A
. . to remove the mounds could potentially be undertaken as part
would increase the risk of property ¢ their fut il ks in the vicinity of Kellwville Stafi
flooding and evacuation difficulties of their future civil works in the vicinity of Kellyville Station.
for residents in Landy Place.
It is understood that the road reserve
is maintained by THSC. 1
Earth mound immediately behind kerbline along southern side
of Samantha Riley Drive
Reach 4
30 Downstream This reach of creek is relatively stable with only minor active scouring. Minor maintenance works (e.g. removal of existing wire
(north) of Two stormwater pipe outlets discharge to the creek. Minor scour / fencing across the creek, repair of handrail above existing
Samantha Riley erosion within creek at outlet locations. stormwater outlet) have been identified however this will be
Drive. undertaken as routine maintenance.

Ongoing monitoring (e.g. of active scour locations) and
vegetation management activities is required in this reach.

AA
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3.3.1 Minimising Works

Sydney Water’'s objective was to minimise in-stream works, and in particular disturbance of the
existing creek invert, wherever possible and to allow the creek to evolve and adjust naturally with inter-
annual variations in runoff and changes to vegetation communities over time.

Areas where the existing creek channel position / future channel migration was in close proximity to
the TDL boundary and over time could present a risk to adjacent assets (e.g. near Wenden Ave) were
considered high risk and required intervention. However, it is noted that for the majority of the
proposed TDL corridor provided sufficient area to contain the 100 year ARI flood extent and for the
creek channel to meander and evolve over time.

In-stream works were also considered necessary where legacy assets are to be removed or the
erosion and channel feature caused (or had the potential to cause) a significant ecological impact, or
was a potential safety and/or maintenance concern.

The design approach was to work with nature, through weed control and extensive planting of local
native vegetation to stabilise and improve the TDL.

3.3.2 Removal of Legacy Assets

In-stream structures

Existing redundant in-stream structures (culverts, concrete causeways, concrete channel works,
fences, redundant services / infrastructure) are to be removed. These pose the following constraints to
the desired outcomes of stream rehabilitation:

- Creek channel disconnection.

- May constrict and alter instream flows.

- In some locations are causing increased erosion.

- May act as a fauna barrier.

- Provide no environmental benefit and restrict an improved environmental outcome.

The design approach is to replace these legacy assets with a more natural-like channel system,
replicating or improving the upstream and/or downstream channel geometry. Where bed slope, shear
stress or flow control warrants the intervention of a harder engineering approach, this may be required
to reduce increased erosion / maintenance requirements.

Online Dams

A number of old farm dams exist along the creek line. The first two (Dam 1 and Dam 2) are of
significant size and pose the following constraints to the desired outcomes of stream rehabilitation:

- Ongoing maintenance for the trunk drainage lands may be simplified by reducing the area of
open water.

- Potential drowning risk to the public.
- Weeds within the ponds acting as weed seedbank for the creek and riparian areas.

The design approach is to replace the two online dams with a more natural-like channel system,
replicating or improving the upstream and/or downstream channel geometry. Where bed slope, shear
stress or flow control warrants the intervention of a harder engineering approach, this may be required
to reduce increased erosion and maintenance requirements.

It is noted that, due to the significant size of the dams and unknown depth and sediment/subgrade
materials, the concept may need to be altered to achieve the most cost effective outcome at these
locations.
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3.3.3 Removal of Previous Unauthorised Earthworks / Filling

Previous filling or other unauthorised earthworks (e.g. construction of earth levees) that have been
placed within the proposed TDL, either as part of historic land management practices or more recent
subdivision earthworks, will be removed in several locations along the creekline. Removal of fill is
desirable to:

- reduce ground levels that currently act to impede floodwaters, and thereby increase the width
of TDL required for flood conveyance; and

- create landforms that are compatible with the desired aesthetic and vegetation management
outcomes for the TDL

The design approach is typically to reduce finished levels in these areas to match that of the
surrounding floodplain. Re-establishment of vegetation will form a key aspect of these works to ensure
that disturbed areas are appropriately stabilised to minimise the potential for erosion in the short-term
whilst also consistent with the longer-term TDL vegetation management objectives.

3.34 Increase Channel and Floodplain Hydraulic Roughness

Flow velocity and thus shear stress was reduced as much as possible by increasing channel hydraulic
roughness. Roughness was also introduced into the design through dense in-stream planting in
vegetated channels, and dense riparian planting where appropriate. Dense riparian planting would
include groundcover and mid-storey species.

Increasing channel roughness is also encouraged through the use of in-stream woody debris in
locations where creek intervention works are proposed. This aids the overall objective of floodplain
engagement by effectively reducing the channel capacity and promoting more frequent overbank
flows.

The combined effect of increasing channel and floodplain hydraulic roughness forms a key enabler in
achieving the broader project objectives of driving more efficient use of the TDL through conversion of
existing horizontal floodplain storage to vertical storage, whilst preserving the storage-discharge
function of the floodplain. Further discussion of flood management outcomes and in particular the
impact of the concept design on the storage-discharge function of the floodplain is provided in
Section 3.6.

It is noted that during the establishment phase, a lower roughness and subsequently higher velocities
are likely to occur compared to the ultimate design objectives and outcomes.

3.35 Riparian Rehabilitation

Vegetation management and the design of an appropriate vegetation strategy and landscape is an
integral part of creek and floodplain design process. However, it should be noted that this was
excluded from the scope of concept design and therefore this component has not been
comprehensively addressed. Given its importance to overall creek rehabilitation outcomes, it is
recommended that this additional work including preparation of a Vegetation Management Plan (VMP)
be completed as a priority.

The approach to riparian rehabilitation would incorporate:
- Extensive weed control throughout the project site.

- Identifying pockets of resilience (intact vegetation communities) and revegetating with weeding to
focus on these areas initially, and expanding from there. Areas of resilient pockets would be
identified as reference sites, for monitoring and comparison.

- Soil testing will be required for specific locations where substantial works are required, and where
the quality of topsoil may compromise rehabilitation efforts.
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- Installing a fully structured native vegetation community, including canopy cover, mid-stratum
(shrubs), ground cover and aquatic, along the whole project site. The vegetation management
works are to protect and extend the existing EEC’s within the Study Area.

- Establishing riparian tree cover as soon as possible. This has the following benefits:

e  Tree cover reduces weed growth by shading.
e Shading allows algae to grow on the stream banks, helping to protect the cohesive clays of
the stream bank from erosion.
- Introduction of riparian and habitat corridors and additional habitat features in-stream and on the
floodplain throughout.

- Consideration of the requirements of bushfire hazard reduction zones (HRZs) and asset
protection zones (APZs) in the planning of riparian revegetation and vegetation maintenance.

In regards the last dot point above, it is noted that preliminary advice was provided to Sydney Water
on this issue and the implications for trunk drainage planning in March 2016 (refer Appendix F).
Resolution of the issues identified will need to be addressed as part of the future VMP preparation and
detailed design of the trunk drainage works.

3.3.6 Stream Stability
Stream stability will be provided differently through the establishment phase and in the long term.

The establishment phase poses the greatest risk to the stability of the channel works and retention of
newly planted vegetation due to unsettled soils, less established plants and subsequent weaker root
system and lower roughness (resulting in higher flow velocities).

Plant establishment is therefore a key factor in stabilising the stream. To help in providing a growth
medium for plant establishment, erosion control matting, coir logs and brush matting would be used to
assist in soil retention and sediment trapping.

Establishment phase: Until vegetation is established, stability will be provided with the following:

- Biodegradable erosion control matting (ECM) would be used to cover all areas of exposed soll
that are likely to be exposed to flow during the vegetation establishment phase. The life span of
erosion control matting (refer to Figure 6) can vary greatly (generally less than 2 years) during
which time the groundcover vegetation will have matured sufficiently to cover and protect the soil
from erosion. It is noted that erosion control matting could potentially disintegrate when subjected
to constant flow conditions (for instance within the low flow channel). The erosion control matting
specification should be selected to reduce risk of the ECM failing rapidly within the low flow
channel.

Figure 6: Example of erosion control matting with densely planted tubestock within riparian zone

(Source: Winmalee Creek Erosion Protection Works, AAJV 2016)
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- Temporary dewatering of the creek is required to enable initial plant growth and material
settlement before planting zones are subjected to flows.

- Soil bioengineering — the use of coir logs (refer to Figure 7), logs and brush matting that would be
anchored into the bed and banks of the stream in places to reduce scour and encourage
sediment deposition.

Figure 7: Example of coir logs within channel

(Source: Winmalee Creek Erosion Protection Works, AAJV 2016)
Long-term:
Vegetated zones:

- Stability will be provided through vegetative cover where possible, with vegetation performing the
following roles:
e  Groundcover protecting and holding surface soils in place
e  Mid-stratum species and tufted vegetation providing roughness to slow flows and reduce
shear stresses
e  Trees, whose roots provide structural soil stability and resistance to bank erosion.

Rock zones:

- Where it is identified that shear stresses would exceed those typically permissible for bare sall,
then rock linings will be used to protect against erosion.

3.3.7 Minimise Use of Rock

Where possible, the channel has been designed to reduce shear stresses and the need for rock. The
requirement for rock armour for the stream bed and banks was determined by comparing predicted
shear stresses and velocities with reference to typical allowable shear stresses and velocities for
different channel surface coverings and soil types (based on BCC 2003, and USDT 2005). Shear
stress calculations were based on estimated bankfull flows for the relevant reach.

3.3.8 Public Amenity

The design approach is to facilitate public amenity, liveability, access and interaction with the
waterway and natural environment where possible. The design should provide high value public open
space through the provision of many features that contribute to the recreational opportunities of the
adjacent developments: greenery, shade, comfortable microclimate, diversity of vegetation, access
tracks, water features and formal active or passive recreation areas.
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Allowance for the installation of a shared path near Wenden Ave has been included, to be confirmed
at detailed design. However, public access and the public domain / landscape were not part of this
particular scope of works.

3.3.9 Approach to Flood Management

The AAJV TUFLOW model (refer Section 2.6 for background) was the primary tool used to test and
confirm the impact of proposed creek works, as well as specific flood management works, on flooding
conditions along EMC.

The general design approach adopted to develop an overall flood management strategy that best
achieved the project objectives was to:

1. Incorporate the necessary in-stream works outlined above in Section 3.3.

It is noted these works were considered to be necessary, regardless of their potential impact
on flood behaviour, on the basis of maintaining stream stability and reducing the risk of future
scouring and erosion that could potentially cause damage to properties and infrastructure.
However, some refinement of the proposed in-stream works was assessed using the
TUFLOW model to ensure these worked towards the overall flood management objectives.

2. Incorporate future landfill to facilitate urban development up to the proposed TDL boundary.

Note this landfill would extend to an elevation of at least peak 100 year ARI flood levels, and
allow for some minor encroachment of fill into the TDL to afford an element of conservatism
should developers overreach in future.

3. Increase hydraulic roughness within the proposed TDL to reflect Sydney Water's desired
vegetation management outcomes.

Typical increases in Mannings n values were as follows:
- Creek channel: from 0.06-0.08 (existing conditions) to 0.10 (future conditions)
- Overbank/floodplain: from 0.04-0.08 (existing conditions) to 0.08 (future conditions)

Specific areas of the TDL where it was considered necessary to limit future increases in
hydraulic roughness, so as to not exacerbate flooding adjacent to existing development, were
also identified.

4. Incorporate future bridge crossings to facilitate road/pedestrian access through adjacent future
urban development areas.

The hydraulic performance of the bridge crossings were then optimised to either increase or
reduce the resulting afflux as appropriate.

Seven future bridge crossings were identified by both THSC and UrbanGrowth/TfNSW to
support their future development plans. Generally downstream of Memorial Avenue it is
desirable to reduce afflux as far as possible to avoid adverse flood impacts on existing
development. Upstream of Memorial Avenue there is more scope to increase peak flood levels
as there is little development adjacent to EMC, and future development can be set (through
specification of fill levels) at the appropriate elevation.

5. Incorporate local flood management works as necessary to limit flood impacts or otherwise
optimise flood outcomes.

6. Review changes to floodplain storage-discharge function and seek to improve where practical.

Some iteration was generally required both within each numbered item above and more holistically
across all items to best address the various flood-related objectives whilst not compromising other
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relevant objectives (e.g. environmental, ecological, property impacts, etc.). Design iterations also
weighed up a balanced outcome for future landfill requirements, with the implications in terms of fill
heights and extents considered at all locations where the need for filling was identified along the
length of the creek corridor.

Further discussion on the approach and methodology, description of key flood management works,
and flood management outcomes is provided in Section 3.6.

3.3.10 Regional Stormwater Harvesting Pipelines and Related Drainage
Works

3.3.10.1 Background

Sydney Water has previously developed a high-level strategy for regional stormwater harvesting (see
for example Parsell, 2015) that involves large diameter interceptor pipelines constructed generally
parallel to and along both sides of creeklines, and which would accept piped stormwater discharges
from adjacent urban development. The interceptor pipelines would be designed with the potential to be
operated as a series of cascading storages, controlled by weirs/gates located within junction pits, to
allow captured stormwater to be transferred by gravity to the most useful location. Offtakes and/or
offline storages would also be able to be incorporated in close proximity to demand nodes to establish
harvesting schemes at a range of spatial scales to suit. Figure 8 shows the intended strategy and its
key components at a conceptual level.

Figure 8: Conceptual stormwater harvesting strategy

HIGH DEMAND REUSE
MORE USE = BETTER CREEK / STREETSCAPE
/ COUNCIL STANDARD / ‘AT SOURCE' WSUD

CAPACITY DRAINAGE,
, L /— SMALL ‘CONNECTION
b PIPE BETWEEN PRIMARY
7 OVERFLOW POINTS

INSTALL EXTRA —=—=
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WHEN REQUIRED B2,
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v -~. PRIMARY —
STORMWATER HARVESTING —/ "~ s
AND LOW FLOW PIPELINE o /o OVERELOW BRIDGE

3 MONTH ARI CAPACITY SEOOERR /
OVERFLOWS CREEK / \

Source: Parsell (2015)

Stormwater harvesting in this way could potentially play a large role towards the overall objective of
increasing stormwater retention within developed catchments. Whilst best achieved ‘at-source’,
retention devices can be difficult to retrofit within developed lots, and the approach relies upon Council
support for implementation at both lot and streetscape scales. Where this support is lacking, of which
EMC is a prime example, stormwater harvesting pipelines located downstream of development are
likely to be one of very few viable measures that could produce meaningful reductions in the volume of
stormwater otherwise entering the creek. It is noted this strategy potentially serves several other
related purposes, including:

e Improvements in water quality. For example, gross pollutant traps (GPT’s) (and potentially
other treatment devices) could be incorporated into stormwater harvesting pipelines at
suitable/accessible locations.
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e Removing the physical dominance of large piped outlets into natural waterways, particularly for
creeks of low-incision and with broad flat floodplains that are common in western Sydney.
Whilst piped outlets into waterways cannot be avoided altogether for stormwater harvesting
pipelines, they can be consolidated and located at appropriate, stabilised locations (eg. bridge
crossings).

3.3.10.2 Preliminary concept design of stormwater harvesting pipelines

As part of the current concept design process, this strategy has been applied to the EMC study area.
The outcome of this exercise is a preliminary concept design and grading for a stormwater pipeline
along each side of EMC. This is presented in the Concept Design Drawings as a series of plans and
long-sections.

The main objective of this work was to establish proof-of-concept that large diameter pipelines could
feasibly be constructed along the majority of the creek corridor, whilst achieving minimum cover,
intercepting existing piped stormwater outlets, and being positively drained to the creek.

The WEST pipeline runs from the southern limit of works near Celebration Drive to Samantha Riley
Drive. The EAST pipeline runs from Celebration Drive to a location just south of Wenden Avenue,
avoiding the reach from Wenden Avenue to Samantha Riley Drive where it would be impractical to
undertake works without significant disturbance to the creek given existing development and its close
proximity.

A pipe diameter of 1800 mm was nominally adopted in general. This was reduced to twin 1200 mm
diameter pipes (i.e. approximate equivalent waterway area) for selected reaches where cover was
otherwise limited.

The horizontal alignment of each pipeline was notionally set along the proposed TDL boundary.
Recommendations for future refinement of this alignment are noted below.

The vertical alignment was developed on the following basis:

e Ensure positive drainage to the creek at the pipeline outlet.

e Ensure pipeline can accept existing piped stormwater outlets (i.e. that are currently discharging
direct to creek).

e Target minimum cover of 1m.

e Absolute minimum grade of 0.2%, with 0.5% preferred.

e Avoid clashes with known utilities, in particular those that are grade-sensitive (e.g. sewer).

e Where possible grade to locate the pipeline obvert below creek invert level, to assist in
reducing the risk of potential seepage of stored water and associated waterlogging/salinity
issues.

3.3.10.3 Future design development

Further design development is required to firm up the preliminary concept design, and in particular
(though not limited) to:

e Consider potential demands for recycled stormwater and associated implications for pipeline
alignments, pipeline sizing and offtake locations.

e ldentify the preferred pipeline type/material and any specific requirements for special
treatments (e.g. road and creek crossings).

e Identify operational infrastructure requirements to meet identified demands (eg. weir/gates,
surcharge/relief points, offtakes/offline storages). This should also consider incorporation of
GPT'’s at pipeline outlets. Design of these elements will also need to be undertaken.

¢ Refine the horizontal alignment to:
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o Consider whether piped crossings under the creek at strategic locations could
remove the need for pipelines along both sides of the TDL.

o Rationalise the number of junctions/manholes required. This will require some
minor departures from the TDL boundary. This will also need to consider
manhole locations required for operational needs (e.g. for locating weir/gates
and surcharge/relief points) and maintenance access requirements.

o Determine the preferred alignment relative to the TDL boundary.

¢ Refine the vertical alignment to:

o Suit changes in horizontal alignment.

o Review cover requirements to suit the preferred pipeline type/material and
potential loading.

o Consider lifting the pipeline above creek invert level following more detailed
consideration of potential risks related to waterlogging and salinity.

The concept design for the creek works is summarised in Figure 9 and Table 7. Note that Figure 9
shows Works Identifiers that are cross-referenced in Table 7.

Key design features are outlined in Section 3.5. Refer to the Concept Design Drawings for further
details.
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Figure 9: Concept Design Reach Summary Overview Maps
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Table 7: Concept Design Summary

Works Description / Location Concept Design Key Assumptions Justification Further Consideration for | Outcome
Identifier Detailed Design
Reach 1 - Zone A
Upstream extent of project | Within TDL removal of: !—iDAR_ contours - appear  to _be The driveway crossings in this location are redundant. | Detailed survey required to | Improved
site at TDL boundary. - 1 x concrete culvert inconsistent with Oonsite | These structures impair environmental values and | confirm levels. Design to be | environment
- 2 x concrete causeway observations and aerial | constrict the channel. modified accordingly.
; photography at upstream interface. ) ) ) . )
- 1 x Willow tree Reinstate a more natural-like channel to improve | Detailed TDL Vegetation

- Removal of redundant services

Channel alignment upstream of

environmental outcomes.

Management Plan and planting

TDL boundary indicative only,
Reinstatement of ~35 m of creek channel. based on onsite observations. Willow a non-native species. schedule.
Rock riffle transitioning to a vegetated channel. Works can occur in upstream Comprehensive TDL community
. . access and amenity plan.
Undertake a comprehensive weed management strategy throughout the TDL and install a grop.erty. dund o/ yp
full, dense, native riparian vegetation structure consisting of local species from the Sydney bervmesdare redundant and/or can
e moved.

Coastal River-flat Forest and Cumberland Plain Woodland communities.

All works extents have based on
aerial photography.

Levee and confluence with
unnamed tributary

Removal of the existing levee bund from the trunk drainage lands, with the final surface
lowered to surrounding surface levels.

Revegetation with native species.

No environmental constraints

present

Levee reduces flood conveyance, elevating local peak
flood levels.

Consideration to how levee
removal works are integrated with
bridge design.

Flood mitigation

removal guidance for adjacent developable land.

In order to reduce the length of the
rock riffles, the rock riffle slope was
set at a steeper slope than that
recommended for fish passage
(creek is not within key fish habitat).

maintain.

modified accordingly.

Potential future bridge | Development of design criteria for bridge and culvert structures for flooding and riparian | Bridge to be designed by others. The bridge will be designed and constructed by others, the | Bridges may compromise the trunk | Future success
crossing #1 corridor outcomes. timing of which is currently unknown. drainage strategy if not designed | trunk drainage works
A bridge crossing is proposed as part of an expansion of the local road network. A bridge No works capital works required. in a,ccordt';mce with  Sydney
structure will be required to satisfy the desired flooding and riparian corridor outcomes for Water's desired outcomes.
the creek line.
—Zone B
Two large online dams | Construction of a new meandering channel comprising: Existing dam base level was | The dam embankments elevate local peak flood levels and | Geotechnical investigations | Improved
(Dam 1 and Dam 2) o intermittent sections of a shallow graded vegetated channel and steep graded rock | a@ssumed to be 0.5 m below the | increase the extent of floodplain currently required to | required to understand the level of | environment/habitat.
riffles with energy dissipation pools; indicative water surface level (as | convey floodwaters, as well as future fill levels required for | risk and scope of required | | o risk asset.
e partial infill of online dams to create a wide high-flow bench zone; indicated by LiDAR). development purposes. remedial works. )
. . . o . . . Low maintenance
Landfill / spoil adjacent (west) of first online dam to removed. Works to extend outside trunk | Suitable subgrade material present | The resulting waterway and riparian corridor would | Detailed survey required to
drainage corridor to facilitate smooth transition to local surface level. Specification of landfill | near invert level. however provide Sydney Water with a lower risk asset to | confirm levels. Design to be

No  environmental  constraints
present.
Potential future bridge | Development of design criteria for bridge and culvert structures for flooding and riparian | Bridge to be designed by others. The bridge will be designed and constructed by others, the | Bridges may compromise the trunk | Future success
crossing #2 corridor outcomes. timing of which is currently unknown. drainage strategy if not designed | trunk drainage works
A bridge crossing is proposed as part of an expansion of the local road network. A bridge No works capital works required. In accordgnce with  Sydney
structure will be required to satisfy the desired flooding and riparian corridor outcomes for Water's desired outcomes.
the creek line.
Existing straightened | Reconstruction of the creek channel (as per 4) will allow the existing excavated channel and Driveway no longer in use. The existing creek is an excavated channel, with steep | Detailed survey required to | Low risk asset
channel  adjacent  to adjacent landform to be rehabilitated (filled in and revegetated). Services are sitable distance away | and poorly vegetated banks that are highly susceptible to | confirm levels. Design o be | | ow maintenance
historic residential | | ocal rock riprap armouring of low flow channel and left hand (outer) bank on bend where | not to impede works. erosion and scouring. modified accordingly.

driveway downstream of
Dam #2

shear stresses exceed acceptable limits for a vegetated channel.

No environmental constraints

Provide a low risk, low maintenance asset of high habitat
value.

Improved

environment/habitat

Infill of existing channel where new channel has changed alignment. present.
Concrete piped culvert | Removal of existing piped crossing under driveway As above. The driveway (residential access) will become redundant | Detailed survey required to | Lower risk asset
crossing under driveway Reconstruction of the creek channel (as per 4 & 6). following Sydney Water's acquisition of land within the | confirm levels. Design to be Simplified
proposed trunk drainage corridor. modified accordingly. maintenance
Provide a low risk, low maintenance asset of high habitat Improved
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Works Description / Location Concept Design Key Assumptions Justification Further Consideration for | Outcome
Identifier Detailed Design
value. environment/habitat
The driveway crossing poses a barrier to fish migration
and impairs habitat values
8 Driveway/hardstand and | Removal of hardstand and date palm trees. Driveway no longer in use. Driveway impairs floodplain habitat values Detailed survey required to | Improved
date paims Revegetate with local native vegetation from the Sydney Coastal River-flat Forest and | Services are suitable distance away confirm levels. Design to be | environment/habitat
Cumberland Plain Woodland communities. not to impede works. modified accordingly.
Works outside the TDL boundary
required where driveway spans
across the boundary.
Works extent based on aerial
photography.
10 Future bridge crossing #3 | The trunk drainage strategy will accommodate a future upgrade of the Balmoral Road | The bridge will be designed and | The bridge will be designed and constructed by others, the | Bridges may compromise the trunk | Future success of
at Balmoral Road crossing. Balmoral Road is a local road maintained by The Hills Shire Council. constructed by others. timing of which is currently unknown. drainage strategy if not designed | trunk drainage works
Development of design criteria for bridge and culvert structures for flooding and riparian The existing piped crossing has multiple failings, including: | i~ accordance  with  Sydney
corridor outcomes . Water’s desired outcomes.
: e  Permanent submergence at both the inlet and outlet
creating maintenance difficulties and public safety
risks
e  Extensive fencing (for safety) increases the risk of
blockage and potential upstream flood impacts.
e  Low flood immunity afforded to the road.
. Low habitat and amenity value.
Reach 2
11 Modified, straightened Re?rade uppebrl sebction oflchannel where steep unstgblehl?anks oceur. ia”:(s to be/ rggr?dﬁd LIDAR contours did not pick up | Provide a low risk, low maintenance asset. Detailed survey required to | Low risk asset
to form a stable batter slope (minimum 1V:2H) and whilst retaining the lower 1/3™ of the i q
creek. channel e ( ) e steep banks observed onsite. | garthworks may be required to remove noxious weeds | Confirm extent of steep banks to | | oy maintenance
. Therefore extent of works indicative (blackberries) from this zone. Therefore creek works could be -regraded. . Design to be s
only. potentially be conducted in conjunction with these works. modified accordingly. aviiETTEriE
Significant earthworks would be required to realign the
straight sections of channel into a meandering form.
Existing channel alignment was therefore retained.
To avoid potential establishment issues and the need for
rock, no works are proposed within lower 1/3™ of channel.
12 Dam 3 - Offline Dam Dam to be removed/filled and rehabilitated as part of adjacent land development and road | Works to be undertaken by others. The dam is located within the proposed road alignment. Rehabilitation may compromise | Simplified
construction. Works to include full removal of existing embankments. No capital works required as apart from vegetation the trunk drainage strategy if not | maintenance
Rehabilitation to be undertaken in accordance with Sydney Water's desired outcomes management. designed in accordance with
Sydney Water's desired outcomes.
13 Future bridge crossing #4 | The trunk drainage strategy will accommodate a future bridge crossing required as part of an | The bridge will be designed and | The bridge will be designed and constructed by others, the | Bridges may compromise the trunk | Future success of
at extension of Hodges | expansion of the local road network. The crossing location is identified in THSC DCP for the | constructed by others. timing of which is currently unknown. drainage strategy if not designed | trunk drainage works
Road Balmoral Road Release Area. in accordance with Sydney
Development of design criteria for bridge and culvert structures for flooding and riparian Water's desired outcomes.
corridor outcomes.
14 Memorial Avenue culvert Raising road levels and installation of larger box culverts to improve the flood immunity of | No further works will be undertaken | The existing culvert crossing will soon be upgraded as part | Culvert may compromise the trunk | Culvert upgrade to
the road to 100 year ARI. by Sydney Water at this location | of the Memorial Avenue Upgrade, to be undertaken by | drainage strategy if not designed | Memorial Avenue
(apart from vegetation | RMS, the timing of which is unknown. in accordance with  Sydney | crossing (by RMS)
management). Water’s desired outcomes.
Reach 3 -Zone A
15 Spoil / Landfill | Spoil / landfill material to be removed down to surrounding surface level and area | No environmental or access | Landfillimpacts on flood conveyance and storage. Detailed survey required to | Flood mitigation
downstream of Memorial | revegetated with native vegetation. constraints present. Colour bond fence redundant. confirm extent of landfill to be
Avenue Works to extend outside corridor to enable smooth transition to local ground surface. Removing landfill will assist in creating additional flood remO\(/fd.IDesign to be modified
accordingly.
Removal of Colourbond fence and rehabilitation of area with native vegetation. conveyance / storage. e
16 Concrete channel base Removal of existing concrete base slab in channel. Depth of online dam at upstream | Reinstate a more natural-ike channel to improve | Detailed survey required to | Improved
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Works Description / Location Concept Design Key Assumptions Justification Further Consideration for | Outcome
Identifier Detailed Design
Removal of concrete which has spilled into dam. point assumed to be 0.3 m below | environmental outcomes. confirm depth and extent of the | environment
Construction of a low flow rock riffle to replace the concrete channel section with ephemeral Lr;dl;astlevr:eteévitelr_lguAr;a;ce level (@s | pue FO existing channel grade, vegetated low flow channel gs(r:).rdir?elggn to be modified
vegetated bench on left bank. Right bank to be retained in order for the existing stand of P Y ’ unsuitable. gy
Casuarinas to be retained. No environmental or access
Riffle to cease at toe of online dam embankment to avoid need for removal of unsuitable | constraints present.
sediments within dam.
17 Three online dams (Dam | Dams to be retained. Depth of dam unknown. Extensive works would be required to fill dam and | Detailed survey required to | Lower risk asset
4, Dam 5, Dam 6) Removal of existing concrete causeway between Dam 4 and 5 and at the downstream end | No  environmental or access | feconstruct channel through dam. confirm upstream and downstream
of Dam 5. constraints present. Riffle to maintain hydraulic control to minimise reduction in | dam depth and riffle tl)ocatlond ?ng
i extent. Design to be modifie
Replacement of concrete causeways with rock riffles. Rock riffles to replicate the existing Wate.r. Ieyel and subs.equent potential for scour and ecardinal
: 07 mobilisation of dam sediments. aly.
hydraulic control within the dams. ) ) o
Structural integrity of existing causeway unknown. Geot-echnlcal s
required to understand potential
unsuitable material within dam.
18 Future bridge crossing #5 | The trunk drainage strategy will accommodate a future bridge crossing required as part of an | As for (3) As for (3) As for (3) As for (3)
at Lewis Jones Drive expansion of the local road network. The crossing location is identified in THSC DCP for the
Balmoral Road Release Area.
Development of design criteria for bridge and culvert structures for flooding and riparian
corridor outcomes.
Reach 3 —Zone B
19 Creek between Dam 6 and | !NStallation of bed control structures at one location to control headcut. Headcut location and profile unable | Intervention in this reach of creek is warranted due to the | Detailed survey required to
Dam 7 Bed control structures to comprise either a rock riprap or log bundle to be confirmed from LIDAR | relatively high value of the riparian corridor and threatened | confirm headcut location and
contours or aerial photograph. ecological communities in this area. Left unattended the | profile. Design to be modified
Headcut treatment location and | headcuts will continue to move upstream and lead to | accordingly. Or works to be
extent indicative only. further bed incision, bank slumping and lateral expansion | directed onsite by an appropriate
No environmental of access of the creek channel. qualified and experienced creek
constraints present. It is proposed to use plant and materials that can avoid the | rehabilitation designer.
need for heavy machinery to access the creek channel as
far as possible, or at least limit the number of locations at
which access through the riparian corridor is required to
minimise the required footprint for construction works and
damage to the existing vegetation.
20 Dam 7 Removal of landfill to surrounding surface level within the proposed TDL. Landfill unable to be identified by | Removing landfill will assist in creating additional flood | Detailed survey required to | Flood mitigation
Revegetation of area where landfill removed. LiDAR contours. conveyance / storage. confirm extent of landfill to be
Excavation  within  the  trunk removed.
drainage corridor will not be
preferred where the existing creek
form is stable where there is high
value remnant riparian vegetation.
21 Various head cuts and | Installation of bed control structures at about 8 locations along the creek. Bed control | Leadcut and scour hole locations | Intervention in this reach of creek is warranted due to the | Detailed survey required to | Low risk asset
creek incision downstream | Structures to comprise either a rock riprap or log bundle. and profile unable to be confirmed | relatively high value of the riparian corridor and threatened | confirm headcut location and | | ow maintenance
of Dam 7 Installation of floodplain scour hole/erosion treatment at approximately seven locations. | from LIDAR contours or aerial | ecological communities in this area. Left unattended the | profile. Design to be modified e
Treatment to include coir logs, rock riprap, brush matting and dense native vegetation | Photograph. sl Wl euulile v wiose Wesileein 2l Jeel b ] eeeelll, Bl oweis e be e el
plantings. Headcut treatment location and | further bed incision, bank slumping and lateral expansion | directed onsite by an appropriate
extent indicative only. of the creek channel. qualified and experienced creek
It is proposed to use plant and materials that can avoid the | rehabilitation designer.
need for heavy machinery to access the creek channel as
far as possible, or at least limit the number of locations at
which access through the riparian corridor is required to
minimise the required footprint for construction works and
damage to the existing vegetation.
Reach 3 - Zone C
31 New flood protection levee | New flood protection levee to be constructed along the western side of Lewis Jones Drive, 0 | _nderstanding of existing ground | Design road levels in this area are based on previous | Detailed survey required to | Flood mitigation

along western
Lewis Jones Drive

side of

prevent overtopping of the road for floods up to 100 year ARI.

levels based on LiDAR. Road levels
based on WAE and approved

advice from Sydney Water. Flood modelling undertaken as
part of the present study estimates higher peak flood

confirm extent, tie in points, and
crest level for levee.
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Works Description / Location Concept Design Key Assumptions Justification Further Consideration for | Outcome
Identifier Detailed Design
subdivision plans. levels that overtop the road. There is limited opportunity to
raise the road as it is partially constructed with houses
located along its eastern side. The proposed levee would
provide an equivalent level of protection to the road and
existing residences consistent with the intent of the original
road design.
22 Future bridge crossing #6 The trunk drainage strategy will accommodate a future bridge crossing required as part of an | Bridge to be designed by others. Bridges may compromise the trunk drainage strategy if not Future success of
expansion of the local road network. The crossing location is identified in The Hills Shire designed in accordance with Sydney Water's desired trunk drainage works
Council’'s Development Control Plan for the Balmoral Road Release Area. outcomes.
Development of design criteria for bridge and culvert structures for flooding and riparian A bridge structure will be required to satisfy the desired
corridor outcomes. flooding and riparian corridor outcomes for the creek.
Sydney Water will identify key hydraulic parameters to
inform future design of the bridge and associated creek
stabilisation works. The bridge will be designed and
constructed by others, the timing of which is currently
unknown.
23 Stream  erosion  near | Rock riprap batter on eastern bank around bend, adjacent to property and downstream of | Assumed that TDL boundary is | Protection of private property from erosion. LIiDAR contours may | Substantial avoided
Wenden Avenue property (approximate 90 m length of works). Retain western bank where slope is a stable | located on the edge of the property. Stop erosion that will be more costly to address if left underestimate the depth of the | future costs
grade. unchecked. channel  invert  which  may | | o risk asset
; ; compromise the use of a stable
Large wood to be embedded into rock riprap. Improvements to the level of flood protection afforded to rockprip rap batter (1V-2H) within Low maintenance
Incorpor.ate prqvmon for .a future pedestrian and cycle path along the eastern bank nearby properties. confined areas (e.g. adjacent to | Improved
connecting Lewis Jones Drive and Landy Place. A pedestrian/cycle path would add significant value to | the proposed footpath). In this | environment/habitat
Development of performance requirements for the future bridge crossing envisaged by recreational/transport links along the trunk drainage | instance a sandstone block wall
THSC at Wenden Avenue (refer 25), including the extent of required creek bed or bank corridor. should be adopted.
protection works that would be associated with those works. Works to be integrated with future
Large undercut tree with roots exposed to be removed by an arborist. bridge crossings (refer to 23 and
25).
. - . Location of TDL boundary to be
Existing power pole to be relocated and adjoining overhead and underground services to be ) . v
confirmed adjacent to the property.
reconnected.
24 Erosion resulting from | Remediate existing gully headcut with rock riprap. Area to be topsoiled and revegetated. Extent of erosion unable to be | Stop erosion that will be more costly to address if left | Detailed survey required to | Substantial avoided
lateral overland flows near confirmed from LIDAR contours or | unchecked. confirm gully headcut extent. | future costs
Wenden Avenue aerial photography. Design to be modified accordingly. | | ow risk asset
Low maintenance
Improved
environment/habitat
25 Future bridge crossing #7 The trunk drainage strategy will accommodate a future bridge crossing required as part of an | Bridge to be designed by others. Bridges may compromise the trunk drainage strategy if not Future success of
expansion of the local road network. The crossing location is identified in THSC DCP for the designed in accordance with Sydney Water's desired trunk drainage works
Balmoral Road Release Area. outcomes.
Development of design criteria for bridge and culvert structures for flooding and riparian Sydney Water will identify key hydraulic parameters to
corridor outcomes. inform future design of the bridge and associated creek
stabilisation works. The bridge will be designed and
constructed by others, the timing of which is currently
unknown.
26 Upper bank erosion on | Upper bank erosion to be controlled with coir logs, brush matting and native vegetation. Extent of erosion unable to be | Stop erosion that will be more costly to address if left | Detailed survey required to | Substantial avoided
western, outer bend near confirmed from LIDAR contours or | unchecked. confirm erosion extent. Design to | future costs
Landy Place aerial photography. It is proposed to use plant and materials that can avoid the | P& modified accordingly. Lower risk asset
need for heavy machinery to access the creek channel as Lower maintenance
far as possible, to minimise the required footprint for
. L . Improved
construction works and damage to the existing vegetation. ) .
environment/habitat
Retain lower portion of channel to avoid establishment
issues within low flow zone.
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30

Downstream  (north)
Samantha Riley Drive.

of

Minor maintenance works, ongoing monitoring and vegetation management.

Flood mitigation measures not required.
Reach relatively stable with only minor active scouring

Improved
environment/habitat

AA
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Design features common to all stream interventions:

- Batters: Batter slopes to be typically shaped to 1V:3H grade or less steep (flatter) where
possible. 1V:2H the steepest permissible in constrained locations. Stacked sandstone walls could
be utilised where steeper batter is required.

- Deposited material/silts: must be removed to provide geotechnically suitable material for
rehabilitation works.

- Low flow channel: This creates a discrete wet zone that can be planted with moisture
preferring/wetland species. Robust plantings help to exclude weed establishment and control
erosion. The low flow channel incorporates rock protection where erosive velocities exceed the
allowable velocity for the given soil conditions. The low flow channel was designed to convey
between 1 to 10 times the estimated trickle flow rate (trickle flow rate estimated based upon
Figure 3.12 of the BCC Natural Channel Design Guidelines).

- Vegetation: Dense planting and high biodiversity required to ensure establishment of a robust
plant community. Plant species to be appropriate to location in channel and expected hydrology.

- Large wood: Large woody debris should be used on site as much as possible to increase
roughness where required and to provide habitat. Increasing roughness protects the stream bed
and banks by reducing flow velocities and encouraging sedimentation. Buried wood helps to
protect the stream bed and banks during the establishment phase of the vegetation.

- Erosion control matting: Erosion control matting (e.g. jute mat) would be used as bank
protection material for all groundcover vegetation during the establishment phase. Erosion control
matting is also proposed for vegetated sections of the low flow channel. The risks associated with
the use of erosion control matting within constant flow environment are discussed in Section
3.3.8.

- Clay liner: Saline, sodic and dispersive sub soils may occur within the creek and floodplain.
Should these be encountered during geotechnical investigations (as part of detailed design) then
a clay liner (nominally 500 mm) may need to be incorporated into the design where earthworks
are proposed. Clay liner to be scarified at the interface between the topsoil and clay - clay
roughened to hold topsoil in place. The concept designs do not include a clay liner.

The following sections describe design features developed for specific conditions within the site.

3.5.1 Vegetated channel through existing online dams

It is proposed to provide a vegetated channel through the existing large dams upstream of Balmoral
Road between rock riffle and pool sections. The channel grade has been reduced to approximately
0.5% through the vegetated channel sections to reduce local shear stresses and the likelihood of
erosion impacts.

A summary of this design feature is outlined in Table 8 and shown in Figure 10.

Figure 10: Vegetated channel through existing online dams
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Note: Refer to Concept Design Drawings for full details
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Table 8: Vegetated channel through existing online dams

Section Type Vegetated channel through existing online dam

Purpose Low shear stress environments

Constraints Large volume of unsuitable deposited silts expected in existing dams needs
to be removed, therefore channel invert could potentially be constructed on
fill material.

Where existing grade is steep (nominally >0.5%) rock riffle grade control
structures are required to enable a flatter grade to be provided within
vegetated channel zones.

Opportunity Shallow, confined channel and wide high flow / floodplain bench allows flow
depth to be kept shallow and floodplain to be engaged regularly.

Installation of native vegetation.

Key Design Features | Material to be layered to improve stability. Fill or in-situ material (if suitable)
shall be overlain by a layer of ameliorated roughened fill followed by
ameliorated B horizon subsoil and a topsoil layer at the surface. The layering
of soils will help to bind the soils together, increase soil stability and reduce
the risk of erosion.

Low flow channel dimensions to provide conveyance for baseflows.

Low flow channel to be densely vegetated with fast growing local native
mature aquatic vegetation to reduce the risk of erosion during the
establishment period.

Coir logs, planted with ephemeral vegetation to be installed within the batter
of the low flow channel to provide protection during the establishment period.

Low flow channel likely to meander over time. Erosion and sediment
deposition will be features of an actively meandering stream.

Construction Issues | Large online dams with unknown depth, sediment / subgrade material.
Dewatering and water management for the works duration.
Significant depth / fill may have settlement issues.

Erosion and sediment control (ESC) — situation specific ESC design required
for construction of on-line with persistent baseflows.

Establishment Infill/replacement planting critical during establishment phase to replace any
Issues failed plantings.

3.5.2 Upper bank erosion control by bank regrading

Some areas of eroding banks can be laid back to a shallower bank slope (1V:3H preferred, minimum
1V:2H) to improve conveyance and bank stability. A summary of this design feature is outlined in
Table 9 and shown in Figure 11.

Figure 11: Upper bank erosion treatment

\I'\El'l's'ﬂ'ﬂ HAKHEL FROAILE RSN CORTEOL HATTIHG

SE
- = / DATTER BAYKS AT STABLE ARADE MK Vi lHL
e : FLAE TopsoL, WSTALL ERodlon CanTRAL
MATTING AKD REVEGETATE WITH METIVE YEGETATEM.

LEAYE BOTTUr 14 0F EXISTING CHARKEL WTACT
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Table 9: Upper bank erosion treatment

Section Type Upper bank erosion treatment
Purpose Low shear stress environments
Constraints Access.

Established native trees; or EEC’s; or high value environmental values,
present could impair access / works.

Opportunity Shallow low-flow channel and wide floodplain allows flow depth to be kept
shallow, eliminating the need for rock armour.

Installation of native vegetation and EEC'’s.

Key Design Features | Bank to be battered back at stable grade and revegetated.

The lower 1/3rd of the channel to be retained to prevent potential
establishment issues associated with baseflows.

Low flow channel likely to meander over time. Erosion and sediment
deposition will be features of an actively meandering stream.

Construction Issues | Erosion and sediment control (ESC) — situation specific ESC design required
for construction on-line with persistent baseflows.

Access due to surrounding established native vegetation.

Establishment Infill/replacement planting critical during establishment phase to replace any
Issues failed plantings.

3.5.3 Rock lining on bed and banks

Rock-lined channels are required where shear stresses are high (for instance on sharp bends) and the
channel is constrained or cannot be readily modified to reduce shear stresses. A summary is provided
in Table 10 and shown in Figure 12.

Figure 12: Rock lining on bed and banks
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(Figure continued)
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Table 10: Rock lined channel

Section Type

Rock lined channel

Purpose

High shear stress environments

Constraints

High shear stress environment requires rock armour to protect soil.
Established native vegetation.

Opportunity

Ephemeral bench incorporated into the channel where space available.

Key Design Features

Rock graded to resist expected shear stresses.

Rock backfilled with soil to support extensive planting within ephemeral
zones.

Pocket planting in low flow channel where suitable.

Erosion control matting to be installed to protect topsoil within ephemeral and
high flow portions of the channel.

Non-woven geotextile to be installed between rock rip rap and in-situ material
to prevent underlying material from being washed out.

Where a bedding layer is specified below the rock rip rap, bedding material is
to be protected by wrapping in geotextile.

Construction Issues

Rock riprap characteristics (shape, type) and placement (final surface grade
and need for interlocking mass) have a significant impact on the stability of
the bed and bank.

Access due to surrounding established native vegetation.

Establishment
Issues

Infill/replacement planting during establishment phase to replace any failed
plantings within planting zones.

Where opportunistic pocket planting is proposed within the low flow channel,
flows may need to be diverted during initial establishment. Alternative
planting methods (for example ecoblanket) may be required where plants are
unable to establish.

Features requiring
special attention.

In-situ or imported foundation material to provide sufficient bearing capacity
(in accordance with Technical Specifications).

AA

3.54

Grade control structures —rock riffles and pools

Rock riffles and pools are required where:
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of the riffle; and

the channel grade needs to be controlled to facilitate a flatter vegetated channel downstream

in channel works to remove existing infrastructure (concrete base slab or road crossing) is

required and site constraints prohibit the use of vegetated channel.

A summary is provided in Table 11 and shown in Figure 13.

Figure 13: Grade control structures - rock riffles and pools

Note: Refer to Concept Design Drawings for full details

Table 11: Grade control structures - rock riffles and pools

Section Type

Rock riffle and pool

Purpose

High shear stress environments

Constraints

High shear-stress environment requires rock armour to protect soil.
Access - Established native (EEC) vegetation.

Opportunity

Where specified, pools will provide ecological habitat as well as providing an
energy dissipation function.

Key Design Features

Rock graded to resist expected shear stresses.
Pocket planting within ephemeral bench zone.

Low flow channel and interspersed large boulders to be incorporated into
riffle design to improve.

Non-woven geotextile to be installed between rock rip rap and in-situ material
to prevent underlying material from being washed out.

Construction Issues

Rock rip rap characteristics (shape, type) and placement (final surface grade
and need for interlocking mass) have a significant impact on the stability of
the rock riffle. Rock rip rap to be constructed in accordance with technical
specifications.

Access due to surrounding established native vegetation.

Establishment
Issues

Infill/replacement planting during establishment phase to replace any failed
plantings within ephemeral planting zones.

Features requiring
special attention.

In-situ or imported foundation material to provide sufficient bearing capacity
(in accordance with Technical Specifications).

AA

3.5.5

Head-cut controls

A variety of treatments can be used to prevent headcuts from propagating upstream depending on site
specific head cut dimensions. The proposed treatment should be selected and adjusted to suit the
specific site conditions. Proposed treatments include a log bundle and rock riprap. A summary of the
proposed treatments are provided in Table 12 and shown in Figure 14.
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Figure 14: Head cut controls
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Note: Refer to Concept Design Drawings for full details

Table 12: Head cut controls

Control Type Log bundle
Purpose To prevent headcut erosion from propagating upstream
Constraints Access due to surrounding established native vegetation.

Head-cuts vary in size and form and will require site specific treatment.
High scour potential upstream and downstream of log bundle.

Opportunity Large wood provides ecological habitat benefits.

Key Design Features | Large wood / log bundle to be staked at head-cut location.

Rock riprap armour to surround log bundle to protect the surrounding soils at
log bundle interface from scour.

Non woven geotextile to protect underlying soils from being washed out.

Dense aquatic vegetation to be planted within channel to rehabilitate local
disturbance and increase roughness to reduce local flow velocities.

Brush matting to be used to protect plants during establishment.

Construction Issues | Access due to surrounding established native vegetation.

Stakes require adequate purchase into in-situ material to keep coir logs in

place.
Establishment Infill/replacement planting during establishment phase to replace any failed
issues plantings within planting zones.
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(Table continued)

Control Type

Rock riprap

Purpose

To prevent headcuts from propagating upstream

Constraints

Head cuts vary in size and form and will require site specific treatment.
High scour potential upstream and downstream of rock.

Key Design Features

Graded rock rip rap to fill scour area and enable sharp drop in bed level
across head cut. Rock armour to extend (nominally 2 x Dsp) upstream and
downstream of head-cut location.

Rock grading to be selected based upon head-cut conditions
Rock riprap to be densely pocket planted.

Construction Issues

Rock riprap characteristics (shape, type) and placement (final surface grade
and need for interlocking mass) have a significant impact on the stability of
the rock formation. Rock riprap to be constructed in accordance with
technical specifications.

Access due to surrounding established native vegetation.

Establishment
issues

Infill/replacement planting during establishment phase to replace any failed
plantings within planting zones.

3.5.6

Floodplain scour hole treatment

Coir logs can be used in scour holes on the floodplain where scour results from sporadic overland and
flood flows. A summary of this treatment method is provided in Table 13 and shown in Figure 15.
Rock riprap can also be used if larger floodplain scour holes are identified (refer to Section 3.5.5).

Figure 15: Scour hole treatment
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Table 13: Scour hole treatment

Control Type

Coir Logs with rock riprap and brush matting

Purpose

To prevent headcuts from propagating upstream

Constraints

Scour holes vary in size and form and will require site specific treatments.
Established native vegetation.

Opportunity

Vegetation can be established in coir logs.

Key Design Features

Coir logs to wrap around scour hole. Coir logs to be staked in place.
Rock riprap armour to be placed downstream of coir logs to control scour.
Area to be planted out with native vegetation.

Brush matting to be used to protect plants during establishment.

Construction Issues

Stakes require adequate purchase into in-situ material to keep coir logs in
place.

Access due to surrounding established native vegetation.

A

3.5.7

Sandstone block wall

Sandstone block walls are used in highly constrained, high energy environments. They are needed
when batter slopes need to be built at grades greater than 1V:2H, usually to protect property of
utilities. Based on the LIDAR contours, it is unlikely that sandstone block walls will be required within
the study area, however, in the instance that detailed survey at detailed design indicates the need for
a steeper bank treatment, a sandstone block wall can be adopted. A summary of this alternative
treatment is provided in Table 14 and shown in Figure 16.

Figure 16: Sandstone block wall treatment
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Table 14: Sandstone block wall treatment

Section Type Sandstone block wall and rock bed protection

Purpose High shear stress environments where undercutting present near private
property or infrastructure (highly space constrained).

Constraints High shear-stress environment requires rock armour to protect soil.
Sandstone blocks do not support growth of vegetation.

Access

Services

Key Design Features | Block wall to be embedded on granular material. Granular material to be
used to backfill behind wall.

Double layer of geotextile to protect granular bedding and backfill material
from being washed out.

Rock rip rap to be placed on channel bed to protect the wall from scour and
potential undermining.

Construction Issues | Earthmoving equipment needed in a tightly confined space close to private
property.

Access due to surrounding established native vegetation.

Close proximity to residential houses.

Services present.

3.5.8 Earthworks quantities
Bulk earthworks quantities for the creek works were estimated as follows:

e Total Cut 3,400 m*
e Total Fil 900 m®

Assuming fill material can be sourced from cut, this leaves a balance of 2,500 m? in excess material
potentially requiring removal/disposal. There is considerable uncertainty in these figures that could be
reduced through additional survey (eg. to determine the invert level of existing dams) and geotechnical
investigation (eg. to improve understanding of ground conditions and likely extent of unsuitable
material).

Given the requirements for landfill identified as part of the concept design process, as well as other
development in the area, Sydney Water may find opportunities to dispose of suitable clean fill in
relatively close proximity to the study area. There may also be opportunities to dispose of fill within the
TDL where already in Sydney Water ownership.

3.6.1 Key design features

Brief descriptions of key flood management features and their representation in the AAJV TUFLOW
Model are provided below. The structure of the AAJV TUFLOW Model as modified to include the
various design components is shown on Figure 17.
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Figure 17: AAJV TUFLOW Model Structure — Design Conditions
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Representation of in-stream works

Design of the proposed in-stream creek works was undertaken using the 12d model software. A 3D
representation of the design surface incorporating the various design elements was generated in 12d
and then read directly by TUFLOW to modify the flood model topography.

The Concept Design Drawings present a series of plans, longsections, cross sections and typical
details associated with the in-stream works.

Representation of future landfill to facilitate development

Future landfill was represented in the TUFLOW model by raising land outside the proposed TDL to an
elevation above peak 100 year ARI flood levels throughout the Study Area. As mentioned previously a
minor encroachment of 2 m into the TDL was also allowed for.

The Concept Design Drawings include design flood profiles that define peak 100 year ARI flood levels
along both eastern and western sides of the proposed TDL. The flood levels defined in these profiles
were subsequently used to develop an indicative landfill design to guide future urban development in
areas adjacent to the TDL. The landfill design is presented on the Concept Design Drawings by way of
indicative finished ground level contours where filling will be necessary to elevate ground levels above
design peak 100 year ARI flood levels.

The Concept Design Drawings also show delineation of preferred edge treatments at the TDL
boundary where future landfill abuts the TDL. Typical details of either a vegetated batter (for a fill
height up to 1 m) or retaining wall (fill height of greater than 1 m) are also included in the Drawings.
Whilst conceptual in nature and subject to detailed design, the design intent shown and in particular
encroachment into the TDL, would be considered by Sydney Water as acceptable outcomes and
consistent with the flood modelling methodology adopted here.

Impact of vegetation management on hydraulic roughness

Typical increases in Mannings n values applied throughout the Study Area within the proposed TDL
were as follows:

- Creek channel: from 0.06-0.08 (existing conditions) to 0.1 (future conditions)
- Overbank/floodplain: from 0.04-0.08 (existing conditions) to 0.08 (future conditions)

The values for future conditions are representative of the intended vegetation management outcomes
for the TDL, key principles of which include:

- Generally low maintenance, in particular within the creek channel. A high degree of vegetation
build-up has therefore been allowed for. This build-up within the creek channel will be further
enhanced by promoting woody debris and other in-stream habitat throughout.

- Bushland restoration for floodplain areas, again with generally low maintenance so that relatively
dense vegetation will be encouraged over the longer term.

Photos showing examples of representative creek channel and overbank/floodplain areas are shown
in Figure 18.

The reach of EMC between Samantha Riley Drive and Wenden Avenue runs adjacent to existing
development that lies only marginally above peak 100 year ARI flood levels. In this specific area
(highlighted as Priority Vegetation Management Reach on Figure 9) it is desirable to limit the build-up
of vegetation within the TDL such that hydraulic roughness remains essentially at present day levels.
Refer Figure 19 for photos showing examples of the current creek condition in this area for reference.
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Figure 18: Representative channel and overbank/floodplain vegetation for future conditions

Representative channel vegetation for future conditions (Mannings n value = 0.1):

\ iy

Highly sinuous, vegetated, with woody debris Highly sinuous, vegetated, with woody debris

N ELSE ' i

oodplain vegetatio

Typical vegetation structure to comprise mix of mature canopy with intact mid-storey and groundcover species resistant to flow.
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Figure 19:. Existing channel and overbank/floodplain vegetation for Priority Vegetation Management
Reach

Looking upstream near Landy Place Looking upstream from Samantha Riley Drive

Future bridge crossings

Conceptual design of the seven future bridge crossings was undertaken using the TUFLOW model,
with various bridge span configurations and waterway openings tested for each crossing site. The
bridge crossings were represented in TUFLOW in 2D with appropriate form loss coefficients and
reductions in waterway area used to represent solid features such as abutments and piers. No
blockage factors were applied on account of the relatively large waterway openings of the proposed
structures.

In the case of Balmoral Road, substantial creek works will also be required to reinstate EMC across
the road corridor beneath a future bridge structure. Other crossing locations will not require such
substantial creek intervention. It is however noted that all future crossings will require appropriate
erosion and scour protection measures that protect not only the integrity of the bridge structures but
that of the creekline and riparian environment as well.

The ability to use the future bridge crossings to induce afflux as a potential means of translating
existing horizontal floodplain storage to vertical storage was generally found to be limited.
Downstream (north) of Memorial Avenue it is desirable to reduce afflux as far as possible to avoid
adverse flood impacts on existing development.
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Upstream of Memorial Avenue there is more scope to increase peak flood levels as there is little
existing development adjacent to EMC and future development can be set (through specification of fill
levels) at an appropriate elevation above peak 100 year ARI flood levels. However, it was found that
allowing for future increases in Mannings n values generally achieved the result of lifting peak flood
levels, such that further significant increases were not required to engage the full width of the TDL, nor
warranted from a floodplain storage-discharge performance perspective (refer Section 3.6.2 for
presentation and further discussion of flood management outcomes for the concept design).

Bridge design optimisation process

Initial concept designs for the future bridge crossings were prepared on the basis of identifying clear
spans that did not contemplate any (or minimal) earthworks within the creek channel or floodplain. An
optimisation process was subsequently undertaken to investigate whether more efficient designs, in
the form of shorter bridge spans, were possible at the cost of some relatively minor compensatory
earthworks on the floodplain. The earthworks were considered generally in the form of a high-level
bench adjacent to the creek channel to add waterway area under a shortened bridge span, and were
considered only in locations where disturbance of the creek invert could be avoided. The geometry of
the benches responded to existing landforms as far as practicable to minimise disturbance footprints,
and were contoured to grade toward the creek at 1% to promote drainage, with transitions back to
existing surface levels typically at 1V:6H (max.).

Table 15 provides a summary of the initial and optimised bridge designs.

The Concept Design Drawings present a plan and elevation for each future bridge structure, as well as
a table of key bridge design parameters that relate to minimum bridge waterway area, span and soffit
levels, as well as modelled flow and flood level. It is noted these reflect the optimised designs where
relevant. Appendix H contains several initial bridge designs that were superseded by the optimisation
process, which may be useful for future reference.

It is expected that future detailed design of all bridges, as well as the adjacent road approaches, will
develop designs that are consistent with the intent of the concept designs. It is acknowledged that
further refinement opportunities (eg. shorter spans with additional compensatory earthworks) likely
exist and may be explored further as part of the detailed design process. This will need to demonstrate
and document to Sydney Water’s satisfaction that an equivalent flood performance can be achieved.
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Table 15: Summary of bridge optimisation outcomes

Bridge Type Initial (Unoptimised) Concept Design Final (Optimised) Concept Design
Bridge Structure Floodplain Works Bridge Structure Floodplain Works
Wenden Pedestrian/ | Single span bridge Nil Single span bridge Nil
Avenue cycle only Total span length = 23 m Total span length = 14 m
Future Road Twin-span bridge Nil Single span bridge Bench on left (west) overbank. Up to
Road E Total span length = 30 m Total span length = 18 m 1.0m reduction in ground levels required.
Colonial Road Three-span bridge Nil Twin-span bridge Bench on right (east) overbank under
Street Total span length =54 m Total span length = 36 m eastern span. Up to 0.3m reduction in
Extension ground levels required.
Hodges Road Single span bridge Nil Single span bridge Bench on left (west) overbank. Up to
Road Total span length = 18 m Total span length = 14 m 0.3m reduction in ground levels required
Extension
Balmoral Road Single span bridge Major works required to remove existing Single span bridge Major works required to remove existing
Road Total span length = 18 m culverts and reinstate creek Total span length = 18 m culverts and reinstate creek.
Bridge shifted slightly west away Crgek_alignmen? shifted sl_ig_htl_y We_st t_o
from future intersection. suit bridge location and minimise riparian
disturbance as far as practicable.
Future Road Single span bridge Nil Single span bridge Nil
Road B Total span length = 18 m (Note: creek to be reconstructed by SW at | Total span length = 18 m (Note: creek to be reconstructed by SW
this location as part of initial trunk drainage at this location as part of initial trunk
works) drainage works)
Allowance for minor flood control
structure in the form of signage, raised
boardwalk, etc on right (east) floodplain.
Refer Section 3.6.1 for details.
Future Road Single span bridge Existing informal levee on right (east) Single span bridge Existing informal levee on right (east)
Road A overbank to be removed. overbank to be removed.

Total span length = 18 m

Total span length =12 m
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Local flood management works

The following additional local flood management works were also investigated and incorporated into
the overall flood management strategy.

Flood control levee at Lewis Jones Drive

Two design options were considered for the proposed levee:

1. Vegetated earth bund, or
2. Reinforced concrete/block wall

Planting of an earth bund would be limited to grasses only to ensure the integrity of the
structure over time. A reinforced concrete/block wall type structure was therefore considered a
better outcome in terms of complementing the desired vegetation management outcomes for
the TDL, since the overall footprint is minimised, allowing planting of trees/shrubs closer to the
TDL boundary.

Proposed crest elevations for the levee range from 51.0 m AHD (downstream extent) to
51.6 m AHD (upstream extent), which correspond to peak 100 year ARI flood levels under
design conditions (i.e. account for future implementation of the trunk drainage works and long-
term vegetation management within the TDL). This would provide an equivalent level of flood
protection to the full length of Lewis Jones Drive and adjoining properties consistent with the
intent of the original/approved road design.

The levee was represented in the TUFLOW model by raising ground levels along the line of
the levee above peak 100 year ARI flood levels.

The Concept Design Drawings show the intended location and extent of levee required to
prevent outflanking, with the levee tied into future back-of-footpath levels. A typical section is
also provided to illustrate the proposed relativity to the TDL boundary (refer Figure 20).

Figure 20: Proposed levee at Lewis Jones Drive
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Note: Refer to Concept Design Drawings for full details

Future detailed design will need to confirm the required length, tie in points and crest levels for
the levee with the benefit of detailed survey to confirm existing ground levels in this area.

Minor flood control structures upstream of Future Road (B)

The incorporation of additional minor flood control structures within the TDL was considered
beneficial within the reach of EMC upstream of Future Road (B), which is located towards the
southern end of the study area. In other creek reaches, increases in peak design flood levels
as a result of floodplain roughening (i.e. due to longer term vegetation management) and
allowance for future bridge crossings was sufficient to achieve desired flood management
outcomes and result in reasonable floodplain storage outcomes (refer Section 3.6.2 for further
discussion). However, the removal of existing dams and associated creek reinstatement works
upstream of Future Road (B) will result in more substantial reductions in existing floodplain
storage that is not easily recovered without significant floodplain reshaping/earthworks.
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Furthermore, incorporation of additional afflux at the Future Road (B) bridge to assist in
offsetting this reduction in floodplain storage is not desirable as the intended future waterway
opening is well-matched to the proposed creek section and profile.

Various structure types, configurations and locations were tested using the TUFLOW model.
Ultimately an array of five interpretive signs (each sign nominally 5m wide by 1.5m wide and
elevated 0.2m off the ground, with adjacent signs offset to increase the blocking effect on out-
of-bank flows) was selected for inclusion in the concept design. The Concept Design Drawings
show the intended location and configuration of the signage array, along with a typical detail
(refer Figure 21). These works are estimated to result in additional afflux of approximately
0.07m, which assists in offsetting the loss of storage associated with the dam removal and
creek reinstatement works.

Figure 21: Proposed signage array as minor flood control structure
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Note: Refer to Concept Design Drawings for full details
It is noted that this minor flood control structure could be readily adapted to take the form of an
alternative structure (eg. raised section of boardwalk with solid railings, observation/look out

deck, etc), with the ultimate form requiring further consideration as part of future detailed
design in conjunction with proposed landscaping and revegetation plans.

3.6.2 Flood management outcomes

Design Flooding Conditions and Impacts

Figure 22 and Figure 23 show design flooding conditions in terms of extents and depths of inundation
for the 2 and 100 year ARI events, respectively. Figure 24 shows the combined impact of the
proposed trunk drainage works and future works (i.e. landfill to facilitate development, future bridge
crossings, future vegetation management) on peak 100 year ARI flood levels. Figure 25 shows design
100 year ARI flood profiles for both existing and design conditions.

The approximate hydrologic standards achieved for the major road crossings in the Study Area are as
follows:

e Samantha Riley Drive — exceeds 100 year ARI (existing condition)
¢ Memorial Avenue — exceeds 100 year ARI (once proposed RMS road upgrade is completed)

¢ Balmoral Road — exceeds 100 year ARI (once future road upgrade is implemented)
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Figure 22:
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Figure 23: Design Flooding Conditions — 100 year ARI
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Figure 24: Impact of Combined Trunk Drainage Works and Future Works on Baseline Flooding Conditions — 100 year ARI
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Figure 25: Design flood profiles — 100 year ARI
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As shown on Figure 23, floodwaters will generally be contained within the proposed TDL for events up
to 100 year ARI with only a few minor exceptions where existing or future roads adjoin the TDL (e.g.
Free Settlers Drive, Lewis Jones Drive, Landy Place). In these cases shallow inundation of the
roadway may occur, but would not impact on adjacent existing development.

Figure 21 more clearly identifies those areas outside the TDL where future landfill to facilitate
development will push floodwaters back into the TDL (refer pink regions bordering the TDL denoted
“was wet now dry”).

Figure 24 also shows that peak 100 year ARI flood levels are generally increased throughout the TDL,
typically in the order of 0.2-0.3 m but up to approximately 0.5 m in isolated areas. Reductions in peak
flood levels do occur but are generally associated with proposed removal of existing hydraulic controls
(e.g. Balmoral Road, embankments around existing online dams, minor channel widening in the
vicinity of Wenden Avenue).

With reference to the flood management priorities identified in Section 2.6.5 it should be noted that:

¢ Peak 100 year ARI flood levels in the vicinity of Nos. 14 and 16 Wenden Avenue are reduced
such that property flooding is avoided.

e Peak 100 year ARI flood levels in the vicinity of Landy Place, and Brunner Court and No. 10
Colonial Street, are increased slightly (by less than 0.05 m) but not to the point where
floodwaters would encroach into existing residential properties in these areas.

e Peak 100 year ARI flood levels at the upstream (southern) end of the approved Stage 1
dwelling on No. 21 Balmoral Road are approximately RL 60.8 m AHD, which is 0.5m below
the approved ground floor level of RL 61.3 m AHD. Whilst Stages 2 and 3 located further to
north adopt a slightly lower floor level of RL 61.2 m AHD, peak flood levels are shown to be at
least 0.5m lower here due to the prevailing flood slope from south to north along EMC.

Peak 100 year ARI flood levels within the property are increased by up to approximately 0.1m
along its eastern boundary (i.e. adjacent to EMC). However there is no appreciable change in
flood hazard within the property.

It is recommended that review of design flood levels against proposed floor levels and
basement carpark protection levels is undertaken prior to future issue of construction
certificates to reconcile any minor residual level differences.

¢ The proposed flood control levee at Lewis Jones Drive prevents overtopping of the road for
events up to 100 year ARI.

Future detailed design of the trunk drainage works (by Sydney Water) and future bridge crossings (by
others) will need to review flooding conditions and impacts throughout the study area, but in particular
should pay close attention to the locations identified above and the related flooding issues and
concept design objectives.

Change to Floodplain Storage-Discharge Function

To examine the impact of the proposed trunk drainage works on the storage-discharge function of the
floodplain required a customised methodology to post-process TUFLOW results and present results,
as this is not a typical output or consideration applied to trunk drainage or floodplain management.

Essentially the TDL was split up into eight discrete floodplain compartments defined by both existing
road crossings and future bridge crossings. This extended downstream as far as Wenden Avenue,
below which no trunk drainage works are proposed. Compartment boundaries are shown on Figure
26 at the end of this section. Characteristic discharge and storage were then assessed for each
compartment under existing and design conditions, where:

¢ Discharge was defined as the outflow from a given compartment, extracted as a flow
hydrograph over the duration of the flood of interest.
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e Storage was defined as the stored volume of floodwaters in a given compartment, calculated
from the difference between the flood surface and ground surface at each model time step
over the duration of the flood of interest.

Figure 27 at the end of this section presents the resulting discharge and storage time series for each
floodplain compartment for the 100 year ARI design flood event. Discharge results are shown on the
left hand side whilst storage results are on the right hand side. Baseline conditions are shown in blue
whilst design conditions are shown in orange.

Consideration was given to plotting discharge against storage for each model time step to simplify the
analysis, however the resulting relationships were no more useful to help understand changes in
floodplain dynamics in this case. For this reason separate plots of discharge and storage were
maintained. [It is however noted that combined discharge-storage plots could be of value to
other/future projects, in particular where a broad flow range and highly variable floodplain storage
characteristics are being considered. Some further details of this approach are intended to be
documented in the accompanying Guidelines for Release Area Floodplain Development Strategy.]

Reviewing the results presented in Figure 27 in terms of discharge, there is little change in modelled
flows that can be attributed to the proposed trunk drainage works, both in terms of peak flow rate and
overall shape and timing of the flood hydrographs. This finding applies to all locations along EMC.

In terms of storage, little change is again observed for Compartments 1, 3 and 8. However more
substantial differences are evident for the remaining compartments which are further discussed below.

e Compartment 2 (Future Bridge A to Future Bridge B)

- Loss of storage associated with proposed removal of existing online dams and
associated creek reinstatement works.

- Interpretive signage array incorporated into this compartment to assist in offsetting the
loss of storage for 100 year ARI flood, with peak flood levels for this event increased by
up to 0.07m.

- The proposed creek works already give consideration to minimising earthworks and
maximising use of the existing dam landforms where possible. Further refinement of the
concept design is not warranted, but could be further considered at detailed design with
the benefit of detailed survey information.

e Compartments 4 (Balmoral Road to Future Hodges Road Extension) and 5 (Future Hodges
Road Extension to to Memorial Avenue)

- Gain in storage associated with increased peak flood levels, which can be attributed to
the combined effect of increasing hydraulic roughness generally within the TDL and
afflux associated with future bridge crossings.

- Lowering design peak flood levels to gain a better match to existing floodplain storage
would work against other design principles such as maximising floodplain engagement
and vegetation management objectives.

¢ Compartment 6 (Memorial Avenue to Future Colonial Street Extension)

- Gain in storage associated with increased peak flood levels, which can be attributed to
the combined effect of increasing hydraulic roughness generally within the TDL and
afflux associated with future bridge crossings.

- Design peak flood levels already maintained as low as possible, whilst allowing for
downstream bridge crossings and vegetation management objectives, in order to
minimise property impacts. Further reductions in peak flood levels to reduce storage are
not practical without compromise on these objectives or substantial earthworks.

¢ Compartment 7 (Future Colonial Street Extension to Future Bridge E)

- Gain in storage associated with increased peak flood levels, which can be attributed to
the combined effect of increasing hydraulic roughness generally within the TDL and
afflux associated with future bridge crossings.
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- Design peak flood levels already maintained as low as possible, whilst allowing for
downstream bridge crossings and vegetation management objectives, in order to
minimise property impacts. Further reductions in peak flood levels to reduce storage are
not practical without compromise on these objectives or substantial earthworks. The
presence of EEC’s in this area also make floodplain works undesirable.

In general, it is considered that the proposed trunk drainage works strike a reasonable balance
between the various competing design objectives. There are no clear refinements available that can
readily and significantly improve the ability of the concept design to preserve the existing storage-
discharge function of the floodplain.
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Figure 26 Floodplain storage compartment boundaries
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Figure 27: Floodplain discharge-storage results — 100 year ARI flood
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(Figure continued)

Compartment 5 — Future Hodges Road Extension to Memorial Avenue:

Compartment 6 — Memorial Avenue to Future Colonial Street Extension:
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AAJV is committed to maximising the opportunity for safer delivery and use of our environmental and
planning services for the EMC Trunk Drainage Concept Design project. The key goal is to provide
safer designs for construction and operation / maintenance phases throughout the project’s life cycle.

The Safe Design process used on this project is based on systematic risk assessment that includes
identification of alternative mitigation arrangements to be incorporated into the design, or if
appropriate, incorporated during construction, operations/maintenance and demolition phases. The
Safe Design process is intended to maximise the likelihood of project safety objectives being achieved
and to document the Safe Design work undertaken and record associated outcomes.

AAJV’s Safe Design process is intended to comply with relevant occupational health and safety
legislation in Australia.

Safety objectives relevant to the concept design phase include:

e To identify hazards and assess the risks that might be realised in the construction and
operation/maintenance of the project life cycle, and associated mitigation arrangements
through the design process, preferably by designing them out (eliminate).

e To communicate to Sydney Water risks that have not been eliminated in the design and need
to be managed during the construction and operation / maintenance phases.

Current groups potentially affected by the Project are:
¢ Sydney Water
¢ Head delivery contractor (and its subcontractors)
*  Maintenance contractors
¢ The Hills Shire Council (and its subcontractors).
* Roads and Maritime Services (and its subcontractors).
¢ Transport for NSW (and its subcontractors).
¢ Utility owners and related service providers.
¢ Land owners adjoining or in close proximity to the TDL.

¢ General public, including local residents.

45.1 Overview

The Safe Design process requires identification of hazards and assessment of risks in the context of
the design proposed at the time of assessment known as the current mitigation arrangement. Any
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further control measures to mitigate risks (identified during the process) will be applied in a future
mitigation arrangement.

45.2 Safe Designh Workshop

In May 2016 AAJV convened a CHAIR 1 (Construction Hazard Assessment and Implication Review)
workshop. The workshop involved key members of the AAJV project team plus representatives of
several internal departments of Sydney Water including:

¢ Land and Waterways

¢ Delivery Management

¢ Community Relations

¢ Environmental Representatives
¢ Asset Planning

The emphasis of the workshop was to identify the hazards and assess the associated risks, i.e.
construction and operation/maintenance that could be addressed during the concept design phase.
The workshop also established appropriate mitigation measures for the identified risks, or marked
these for further action by AAJV.

4.5.3 Outputs
Key outputs of the Safe Design process are:

* Risk register (refer to Appendix G).

e Safe Design report (this report chapter).

4.6.1 AAJV Responsibilities

AAJV’s overall responsibility in regard to Safe Design is to ensure, so far as is reasonably practicable,
that the design of the product, including incorporation of Sydney Water’s requirements, does not
create a risk to the health and safety of persons involved in the construction or use of the product.
AAJV is required to consider the reasonably foreseeable risks pertinent to construction, use of and
demolition of the product. The potential risks have ideally been designed out (eliminated), however
where this has not been possible, risks need to be controlled to a level, as low as reasonably
practicable.

The AAJV has a responsibility to:

* Advise Sydney Water of identified hazards, assessed risks and proposed risk mitigation
arrangements (through this report chapter and the risk register in Appendix G).

* Incorporate agreed risk mitigation arrangements into the concept design.

4.6.2 Sydney Water Responsibilities
Sydney Water has a responsibility to:

¢ Communicate this report including the Safe Design risk register (refer Appendix G)
submitted separately to key stakeholders, contractors and owners of control measures.

4.7.1 Assumptions

The following assumptions were made during the Safe Design process:
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This Safe Design risk assessment was completed based on current industry good practice
and knowledge.

A competent and experienced Delivery Contractor will employ competent and experienced
Delivery Sub-contractors to carry out the works.

The Delivery Contractor will review and update/incorporate any new risks in the contract risk
register(s) as required.

The Delivery Contractor will communicate to the appropriate Consultant and the Client
when/if they need any amendments to the design relating to improved safety.

The process considers reasonably foreseeable risks pertinent to the construction and use of
the asset (i.e. the creek and TDL). The risks have ideally been designed out (eliminated),
however where this has not been possible, risks need to be controlled to a level, as low as
reasonably practicable.

4.7.2 Constraints

The following constraints were identified during the Safe Design process:

AAJV has only identified foreseeable risks at this stage of the design at this site and its
immediate vicinity.

Limited access / egress points to certain parts of the site (in the event of an emergency)
Site within natural/restored bushland prone to natural hazards (e.qg. fire, flood, etc.)
Working within a waterway or adjacent to a waterway

Limited space to conduct construction activities (due to environmental constraints)

The use of large machinery that would be required to import and place materials (e.g. rock
work, large woody debris, etc.)

4.7.3 Dependencies

The achievement of project health and safety objectives is dependent upon:

Consultant, Client and Stakeholder commitment to the safety management process.

Communication of this report, risk rating matrix and risk register to those parties with
nominated actions.

Incorporation of recommended actions by nominated parties.
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51.1 Land Acquisition

Sydney Water intends to ultimately own all land within the TDL, and has commenced an acquisitions
process to purchase land portions not currently owned. GIS-based mapping and figures identifying
the subject land portions has been provided to Sydney Water under separate cover to support the
acquisitions process.

It is noted that several properties already owned by Sydney Water extend beyond the proposed TDL.
The portions of these properties that are located outside the Proposed TDL Boundary are surplus to
long-term requirements for trunk drainage purposes, and therefore represent a potential divestment
opportunity. However, in the short term these sites may prove useful during construction of the trunk
drainage works (e.g. as site compounds, layover areas, for site access, etc.). It is recommended
Sydney Water review the divestment potential of these surplus areas following completion of the trunk
drainage works.

5.1.2 Temporary Construction-Phase Property Access

It is understood that acquisition of parcels not currently owned by Sydney Water will occur prior to the
commencement of trunk drainage works, which generally avoids the need to negotiate with land
owners for site access and to undertake works.

The trunk drainage concept design has, to the extent possible, attempted to limit the permanent works
footprint to land within the proposed TDL. However, there are several locations where works may be
required outside the proposed TDL in order to produce a satisfactory landform outcome. In particular
this includes the following locations shown on Figure 8 — Sheet 1.

*  Works Identifier 1 — the subject land is drainage reserve administered by THSC.
¢ Works Identifier 4 — the subject land is State Government owned.
¢ Works Identifier 12 — the subject land is privately owned.

The design of works in the above locations in particular should be reviewed during detailed design
with the benefit of detailed survey to consider whether local adjustments could be made to fully
accommodate the permanent works footprint, as well as the required construction footprint, within the
TDL. If such adjustment is not possible then Sydney Water will be required to negotiate with the
affected land owners to gain permission to undertake works.

It may also be desirable to gain temporary vehicle access to intermediate locations along the TDL (i.e.
remote from existing road crossings) for ease of construction. Such requirements, as well as
agreement with affected land owners, will need to be confirmed as part of future construction planning.
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Sydney Water originally understood that a separate rezoning process would be required to facilitate
rezoning of all land within the proposed TDL to a suitable under THSC LEP 2012. As part of the
concept design process, allowance was made for preparation of a planning proposal to THSC to
support such a rezoning application.

However, through consultation with DP&E undertaken over the course of the concept design process
the proposed trunk drainage rezoning was incorporated into a concurrent rezoning process being
driven by DP&E for the priority precincts of Bella Vista and Kellyville Stations. The priority precincts
are intended to support delivery of the Sydney Metro Northwest, which has been deemed a Priority
Urban Renewal Corridor by the State Government. The full extent of rezoning for trunk drainage
purposes that is required along EMC falls within the boundaries of the Bella Vista and Kellyville
Stations precincts.

To facilitate this process, GIS-based mapping and figures identifying the extent of the proposed TDL
(i.e. the extent of land to be zoned for trunk drainage purposes) was supplied to DP&E for
incorporation into their precinct proposals. Further Sydney Water input to the precinct proposal was
also provided by way of written submission to DP&E following exhibition over the period December
2015 to February 2016.

It is recommended that Sydney Water continue consultation with DP&E as required through to
finalisation of the precinct proposals and their subsequent adoption/gazettal.

As noted in Section 3.3.5, preparation of a VMP should be completed as a priority component (or in
advance of) the future D&C delivery contract to support the proposed trunk drainage works given its
importance to overall creek rehabilitation outcomes. Various linkages, assumptions and
recommendations have been made during preparation of the trunk drainage concept design, as
documented in this report and in the accompanying REF, which will need to be addressed.

It is noted that flood modelling undertaken to develop the current concept design assumes ultimate
catchment conditions including completion of the initial trunk drainage works (by Sydney Water), future
filing, bridge crossings and related works (by others), plus longer term increases in floodplain
roughness as a result of Sydney Water’s desired vegetation management practices. Whilst no specific
staging implications are foreseen, this should be reviewed as part of the next stage of design with the
benefit of any improved understanding of the relative timing of works within the study area.
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Appendix A

Constraint Mapping

WO007 Existing drainage features

W008 Existing infrastructure

W009 Soil Landscapes

W010 Geology

W011 Existing land zoning

w012 Terrain

W015 Existing underground utilities
w018 Existing vegetation condition

W019 Existing vegetation types

W020 Sensitive heritage and AHIMS sites
W026 Proposed Future Priority Precinct Development
W028 Land ownership

W033 Salinity potential

AA

Project 0234 File AAJV-0234_Concept_Design_Report_Rev-C.docx



i

ey S

gty

o

Watercourses_150827.mxd

h/$

- 3

A3P_01

ps\W007

et 2 =
' T

: Ve o 4
= AL ‘fh 3
I;Il' ri"!‘ F

ts1602X\60286134\4. Tech work area\SW0234 - Elizabeth Macarthur Creek\4. Tech work area\4.99_GIS\02_Ma

:15/02/2016  \\ausyd1fp0

I sStudy area 18,000 Is

SHEET COORDINATE SYSTEM

—— SWC Proposed Land Boundary Adjustments 01 of 01 GDA 1994 MGA Zone 56

TITLE

— Named watercourse Existing drainage features
“ Waterbody —

Stormwater pit 0 50 100 200 ELIZABETH MACARTHUR CREEK
— Stormwater pipe BN M SYDNEY WATER

Disclaimer Spatial data used under licence from Land and Property Management DRAWN REV Project

DATE
Authority, NSW © 2015. SC 15/02/2016

i i i CHECK DATE
AECOM makes no representations or warranties of any kind, about the accuracy,
reliability, completeness, suitability or fitness for purpose in relation to the map content. WO007 01 60286134




s__-.l S S
- ;"..ﬁ?";';if-'j.f%ﬁ},' R
o e e A
L4l

150827.mxd

2
E
g
2
| %
g
£
I
S
I
o
]
<

‘.m?

et L

: " Plane

" ---.*J ~ {r\l!’

tﬂ“.'w._.' e

& ﬂ;‘

‘ ..',! !I;._!;_! <
; - b/
{" -ff.*,_-.c.. 2 4

YN8/

AEbOM GIS Printed:Date: 15/02/2016 \ausyd1fp001\Projects\602X\60286134\4. Tech work area\SW0234 B Elizabeth Macarthur Creek\4. Tech work -area\4,99_G 1S\02_Maps\W008

I Study area 1,000 I8

SHEET COORDINATE SYSTEM

—— SWC Proposed Land Boundary Adjustments 01 of 01 GDA 1994 MGA Zone 56

TITLE

— Primary road Existing infrastructure
— Local road —

== Sydney Metro Northwest (under construction) 0 50 100 200 ELIZABETH MACARTHUR CREEK
— Named watercourse N I M SYDNEY WATER

’ Wate rbody Disclaimer Spatial data used under licence from Land and Property Management DRAWN DATE MAP # REV Project
Authority, NSW © 2015. SC 15/02/2016

CHECK DATE
AECOM makes no representations or warranties of any kind, about the accuracy,
reliability, completeness, suitability or fitness for purpose in relation to the map content. WO 07 0 1 60 2 8 6 1 3 4




g,

A

L
LNTET

I Study area

—— SWC Proposed Land Boundary Adjustments
Blacktown
Luddenham
South Creek

— Named watercourse

2> Waterbody

0 50 100 200
N T M

Disclaimer Spatial data used under licence from Land and Property Management
Authority, NSW © 2015.

AECOM makes no representations or warranties of any kind, about the accuracy,
reliability, completeness, suitability or fitness for purpose in relation to the map content.

CONFIDENTIAL SKETCH

SCALE SIZE

1:8,000 A3

SHEET COORDINATE SYSTEM

TITLE

Soil landscapes

PROJECT

ELIZABETH MACARTHUR CREEK

CLIENT
SYDNEY WATER

DRAWN Project

DATE
C [15/02/2016

W009 01 60286134

AECOM GIS Printed:Date: 15/02/2016 \\ausyd1fp601\Projects\GOZX\GOZSG134\4‘ Tech work area\SW0234 - Elizabeth Macarthur Creek\4. Tech work area\4.99

°
2
E

~
I
@
g
3
|
o
3
a
k53
3
2
B
2
5
=
+
@
{
S
|
o
5
5
@
3
s
@
2

GIS\02_Ma




ISl S B RN | | [ e = N =N\ e =
. el » ) fen \ LY\ [ = — - _ /,/JC \ [/ ~ =)
s ST e - — —W\ N £
c (o J : 2 < N % , 3 o S (Y= — . W/L& \ . 2
= 3 = \ - —~_ 2 \ \ ,/ ) \ N |8 ( ‘/ : = — ,,, — — ,‘ = w
) o » C = | \ D \ { N : N — N R
‘\ J ) \ /“\ \\ \ : . \ ) = ~ : : S m
¥y §or :
) o [
{ T
mﬁz ) OAQA\V m
180 / <
#&WD // <
=5 s
e,\ A T
|- C >
¥ 2
©° N
o) ]
S L

200
I T M

0 50 100

y
0

\MYNWREBHI{I9:

““ \

fa

a
v,
a5
{a1)
1
e
(=)
77
(32)
= /)
=)
,,H )
g3
> —
z Q
A
'y
a
v,

a

)

is.Jones.Drive
- e
Al/s‘f .

"

kAv \ —|
(o ‘
|

Ythe

/)
[

\\
W ,/fjﬂ/ 4

g
|

Glenwood Park:Drj

\(( z %;
- ’ I

/

I
= M=

Rwa
Rwb
Rwm

Regional 1:100000 scale mapping
Qal

(

NWRZTR0 8!

@

~ T P -
: — }usdsaiyiemes|

$ /
e

D)

T

U .. /,
/(/v\ jo_m_‘%z‘—u@\ _

>\\\\H~ MNO - / ,\)/u e Ow =
- =) .
~ g\/ - S ~
O 7 \\\w\\ [ 2 /g
. / . Y~
7 / p > 0

NWRETPO 1729

NWRIBH 059%"

—_—— e —

N e \\/,JH/MW\MHW —— _——u dlow-
. ~%%eug  gugsaniod T
\{ ¢ U VY BN \f 2/

[AY,
~
S~ N

Tr
\\
\//

Named watercourse
% Borehole (Source: NWRL investigations)

— 1m contour

—— SWC Proposed Land Boundary Adjustments

j
/ / /
"
|/ 7
J /) / = 55
ne ee?ﬂv& 107
5/ )
/ //
/ =~ )

KEY
I Study area



ieAeIne z2ieg

°
2
€

N

N

8

3

3

"1
o

£
5
g

S

o

|

S

|

o

S

<

|

g

@
2
s

2

o

2

@

o

>

<
=
©
<4
&
b4
5
B
=
3

°

=

<
]
4

5}
5

£
]
8
]

=

s
]

2
S

N

i

3

3

&

H

12}
©
<
&

b4
5
=

=
3

@

=

3

3

o

8

&

S

]

4

3

S

©

2
3

2
3

L

S

3

e

3
S
@
3

=

©

S

N

S

14

I

5
©

a

=

2

=

o

@

[}

=

Q

o

pr

<

2
&

CONFIDENTIAL SKETCH

[ Study area I R4 High Density Residential 18,000 ¥

SHEET COORDINATE SYSTEM

— SWC Proposed Land Boundary Adjustments [0 RE1 Public Recreation 01 of 01 GDA 1994 MGA Zone 56

TITLE

The Hills Shire Local Environmental Plan 2012 RE2 Private Recreation Existing land zoning
[ B5 Business Development SP1 Special Activities —

I B7 Business Park SP2 Infrastructure 0 50 100 200 ELIZABETH MACARTHUR CREEK

R1 General Residential W1 Natural Waterways I M CUDNEY WATER

- R2 Low Densi ty Residential Disclaimer Spatial data used under licence from Land and Property Management DRAWN

DATE REV Project
Authority, NSW © 2015. SC 18/12/2015

- R3 Medium DenSity Residential AECOM makes no representations or warranties of any kind, about the accuracy, cHEcK DATE WO011 01 60286134

reliability, completeness, suitability or fitness for purpose in relation to the map content.




i1,

- - v- -‘-Ia

1m 7 ) 4
& # 4

V9 4

-
2
€
c
5
g
B
g
=
g
5
2
5
o
<
N
B
2
=
=3
o
2
2]
[}
2
8
3
5
o
P
=
5
=
z
z
8
8
p:4
3
5
<

‘_.I .}w.;-'..:

ey
{1
/7

\\ausyd1fp001\Projects\602X\60286134\4. Tech work area\SW0234 - Elizabeth Macar

AECOM GIS Printed:Date: 15/02/2016

_ A .
CONFIDENTIAL SKETCH

3 Study area 1:8,000 A3

SHEET

—— SWC Proposed Land Boundary Adjustments 01 of 01 GDA 1994 MGA Zone 56

TITLE

— 1m contour Terrain

TE SYSTEM

Named watercourse
Waterbody

PROJECT

0 50 100 200

Disclaimer Sp: MAP # REV Project

a used under licence frol Manage ) DATE
Authority, NSW SC 27/08/2015

DATE

W01201 60286134




[ Study area

—NBN

Named watercourse —— Optus

Waterbody

—— Jemena Gas

— Hills Shire Council Stormwater

— Sydney Water wastewater
Uecomm

— Sydney Water watermain

— — Recycled watermain

0 50 100 200
N T M

Disclaimer Spatial data used under licence from Land and Property Management
Authority, NSW © 2015.

AECOM makes no representations or warranties of any kind, about the accuracy,
reliability, completeness, suitability or fitness for purpose in relation to the map content.

A3P_03_EMC_Col

°
x
| E
©
Y
=}
)
c
o
o
@

ps\W015

SCALE SIZE
1:8,000 A3
SHEET COORDINATE SYSTEM
01 of 01 GDA 1994 MGA Zone 56
TITLE

Existing underground utilities

PROJECT

ELIZABETH MACARTHUR CREEK

CLIENT
SYDNEY WATER
DRAWN MAP # REV Project

DATE
SG |16/02/2016

oHeck oare 015 03 60286134

lizabeth Macarthur Creek\d. Tech work area\d.99_GIS\02_Ma




Vegetation Condition - Overall Class === Railway

[T ] currently unclassified e Waterway

[ | Class 0 - No vegetation present/cleared [__] Study zones

I class 1 - Good D Target weeds

[ Iclass2-Fair Biometric quadrat

[ |class 3 - Poor Cadastre lot boundary
I cClass 4 - Very Poor [ study Zone (S2) boundary

0 50 100

200

ST N s T
CONFIDENTIAL SKETCH

SCALE
1:8,000

SHEE COORDINATE SYSTEM
01 of 01 GDA 1994 MGA Zone 56
TITLE

Existing vegetation condition

PROJECT

ELIZABETH MACARTHUR CREEK

CLIENT
SYDNEY WATER

DRAWN REV Project

DATE
G | 2/12/2015

R W018 03 60286134




lan_160120.mxd

_IConst

.
3
&
'_I
-
°
5
5}
H
>

A3P_05_EMC_!

2_Maps\W019._

abeth Macarthur Creek\4. Tech work area\4.99_GI

L el A

Existing Vegetation Types

Aquatic - 2no. dams

Cleared - majority of area

Revegetation - narrow strip at southern end |

ects\602X\60286134\4. Tech work area\SW0234 -

nted:Date: 15/02/2016  \\ausyd1fp00

AECOM GIS

¥ ..
NTIAL SKE

. . SCALE SIZE
[ Project area boundary Cumberland Plain Woodland 1:8,000 A3

Named watercourse ¢ ¢ Riverflat Eucalypt Forest on Coastal Floodplains 01 of 01 GDA 1994 MGA Zone 56

TITLE

Waterbody Il Aguatic Endangered ecological vegetation
communities identified along the creek
[ Cleared

PROJECT

@& Cumberland Plain Woodland 0 50 100 200 ELIZABETH MACARTHUR CREEK

. - - Riverflat Eucalypt Forest on Coastal Floodplains N M ey s

- Revegetation . 2&?‘;’?;&2’3@?23?? used under licence from Land and Property Management DRAWN o 1D§T/502/201 . MAP#  REV Project
= Undl ified Source: Travers Bushfire and o .
AECOM makes no representations or warranties of any kind, about th: racy,
nclassitie Ecology 2013; Study ZONes 33-36  reiusiiy completensas cutanity ar nee for purmoss i relation 1o che map canten. W019 05 60286134




12}
o
8
53
T,
[$)
=
[}

A3P_01

ps\W020

60‘2)(\60286134\4 Tec.f.\ work area\SW0234 - Elizabeth Macarthur Creek\4. Tech work area\d.99_GIS\02_Ma

$15/02/2016  \\ausyd11p001

B 575725 7,70

.. o - ¥k 45
: _?‘:“’-‘(':;5=2876);.<
-y 45,5

AECOM GIS Printed:D

CONFIDENTIAL SKETCH

SCALE SIZE

[ Study area 18,000 A3

SHEET COORDINATE SYSTEM

I AHIMS sites 01 of 01 GDA 1994 MGA Zone 56

=== Railway Sensitive heritage and AHIMS sites
Cadastre lot boundary EE;ABETH MACARTHUR CREEK

- . .

Archaeological sensitivity area 0 50100 200 -

I Named watercourse | mm  J SYDNEY WATER

’ Waterbod Disclaimer Spatial data used under licence from Land and Property Management DRAWN DATE
4 Authority, NSW © 2015. SG |15/02/2016

MAP #
oM make 1 rarsaststionsar waranio of nyin, vt theacurey, owecx ot W020 01 60286134

reliability, completeness, suitability or fitness for purpose in relation to the map content. NB 15/02/2016

REV Project




aF
KEY
== Railway
L_1Study area
Cadastre lot boundary

— Bellyville Concept Plan (Preliminary Only)
Il Bellyville Concept Plan Open Space

—— Memorial Avenue upgrade

0 50 100 200
B I M

and and Prope

SHEET
01 of 01
TITLE

Future development

PROJECT

ELIZABETH MACARTHUR CREEK

CLIENT
SYDNEY WATER

MAP # REV Project

W02 02 60286134




[ Study area
Proposed Sydney Water Trunk Drainage Lands
[ Sydney Water land
" Private land
7777 Local government land
State government land

—— Named watercourse

& Waterbody

0 50100 200
I T M

Disclaimer Spatial data used under licence from Land and Property Management Authority,
NSW © 2015.

AECOM makes no representations or warranties of any kind, about the accuracy, reliability,
completeness, suitability or fitness for purpose in relation to the map content.

J:.‘ s e
CONFIDENTIAL SKETC

SCALE SIZE
1:8,000 A3

SHEET CCOORDINATE SYSTEM

01 of 01 GDA 1994 MGA Zone 56

TITLE .
Land ownership

PROJECT

ELIZABETH MACARTHUR CREEK

CLIENT
SYDNEY WATER
DRAWN DATE MAP#  REV Project

SC | 14/03/2016

CHECK DATE W028 01 60286134

work area\4.99_GIS\02_Ma

o
1 E
<
o
=1
©

ps\\/‘VOZSAASPAO 1_LandOwnership_

Creek\4. Tech

- o - .~ 1
4/03/2016  P:\602X\60286134\4. Tech work area\SW0234 - Elizabeth Macartt

AECOM GIS Pri




1 N ) 3 oy |
@5 "f‘ %',ﬁg’:"ﬁ P g io )
il o : g YN

- - P e
AL

'\" :\,\' '..’ 3G

\r} ™

= -

T

"kl
X

E
)
N
o
©

(i Drivel ] o o
JPianeilieelDiVel g ©

15\602X\60286134\4. Tech work area\SW0234 - Elizabeth Macarthur Creek\4. Tech work area\d.99_GIS\02_N

6 \au ;yd 1fpO!

[ Study area 18,000 F

SHEET COORDINATE SYSTEM

Named watercourse 01 of 01 GDA 1994 MGA Zone 56

TITLE

Waterbody Salinity potential
- H Igh PROJECT

1 Moderate 0 50100 200 ELIZABETH MACARTHUR CREEK

B Known salinity T M ey waren

Source: Office of Environment and Heritage (OEH) Disclaimer S used under licence from Land and Property Management DRAWN DATE
Authority, NS 3 SC 29/01/2016

MAP # REV Project

akes 1o Stions or warra . . I CHECK DATE
AECOM makes no representations or warranties of any kind, about the accuracy, ©
ity completoness, sutabiity or tnees fo purpose i reation o the ma content. WO033 01 60286134




Appendix B

Site Photographs
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Desktop Geotechnical Assessment
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Phase 1 and Targeted Phase 2 Contamination
Investigation
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Subi Preliminary Planning Advice — Elizabeth Macarthur Creek Corridor, Kellyville/
ubject .
Bella Vista
1 Introduction

The following provides preliminary planning advice relating to the future development of part of the
Elizabeth Macarthur Creek (EMC) riparian corridor located in parts of Kellyville and Bella Vista, and
which is located within the Local Government Area (LGA) of The Hills Shire.

1.1 Elizabeth Macarthur Creek Corridor

As shown in Figure 1, Sydney Water currently owns much of the land within this portion of the EMC
corridor (shown in green), with other landowners including UrbanGrowth NSW, Department of
Planning and Environment (DP&E) and private entities as other respective owners of smaller portions
of the corridor.
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Figure 1 Land ownership along Elizabeth Macarthur Creek Corridor as currently required by Sydney Water for the
purposes of implementing the Trunk Drainage Strategy
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2 Planning Overview

Currently under The Hills Local Environment Plan 2012 (LEP 2012) a corridor of land for drainage
purposes is zoned SP2 (Stormwater Management System) along the EMC corridor (see Figure 2).
Portions of this land are also nominated under clause 5.1 of the LEP 2012 to be acquired by Sydney
Water (see Figure 3).

In accordance with the SP2 zoning only roads are permitted development without consent.
Additionally the only development permitted with consent is that for the purposes shown in the map
(being Stormwater Management System) or that is ‘ordinarily incidental or ancillary’ to that
development. It should be noted that ‘Stormwater Management Systems’ are not specifically defined
under LEP 2012.

Pursuant to clause 111 of State Environmental Planning Policy (Infrastructure) 2007 (ISEPP)
stormwater management development for the purpose of stormwater management systems is
‘development permitted without consent’ on any land regardless of its underlining land use zoning.
This includes provision permits for construction works, routine maintenance works and environmental
management works in association within stormwater management systems.

Clause 110 of the ISEPP defines stormwater management systems as:

“(a) works for the collection, detention, distribution or discharge of stormwater (such as channels,
aqueducts, pipes, drainage works, embankments, detention basins and pumping stations), and

(b) stormwater quality control devices (such as waste entrapment facilities, artificial wetlands,
sediment ponds and riparian management), and

(c) stormwater reuse schemes.”

Following environmental impact assessment, if the proposed works are unlikely to pose significant
environmental impacts; the activity can be assessed and determined by Sydney Water under Part 5 of
the Environmental Planning and Assessment Act 1979 (EP&A Act) in accordance with clause 11 of
the ISEPP.

Alternatively, if the works are likely to cause significant environmental impacts, Part 5.1 State
Significant Infrastructure provisions are triggered and preparation of an Environmental Impact
Statement (EIS) and approval from the Minister (or their delegate) is required. It is noted that a
rezoning will not be required to enable the proposed activity, whether it is undertaken under Part 5 or
Part 5.1.

The EMC corridor is also situated adjacent to the proposed Sydney Metro Northwest Station Precincts
of Kellyville and Bella Vista. DP&E has recently placed the draft Precinct Plans for these station
precinct areas on public exhibition. Principally these draft plans propose to amend the current zonings
to increase development densities and permit for additional land uses in and around the future rail
stations of Kellyville and Bella Vista. The proposals also alter the extent to which the SP2 zoned land
is configured along the EMC corridor (see Figure 4). On comparison with the current zoning under
LEP 2012 and that proposed by the draft precinct planning for the stations, it would appear the zoning
along the corridor has been widened in places and edges of the boundaries of the SP2 zone have
been sought to be smoothed out. It is understood that this altered SP2 zone boundary along the EMC
corridor generally reflects the proposed boundaries for the corridor as previously provided to DP&E by
Sydney Water.

The draft plans for the Bella Vista and Kellyville Station Precincts will be on public exhibition until 28
February 2016.
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Figure 2 Current zoning
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Figure 3 Land Reservation Acquisition map (Hills Shire LEP 2012)
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Figure 4 Proposed Zoning — Kellyville Station and Bella Vista Station Precincts
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3 Current and Proposed Trunk Drainage Strategy

Sydney Water in collaboration with the AECOM Aurecon Joint Venture (AAJV) is currently reviewing
the overall design for the trunk drainage strategy for the subject portion of the EMC corridor. The
consequence of this work may or may not mean that the land required to implement the strategy
aligns with the zoning boundaries now proposed by DP&E for the station precincts. Upon completion
of the initial concept planning stage of this work it is expected that the Provisional Land Take
Boundary previously identified by Sydney Water as required to implement the strategy (refer Figure 4)
will be able to be confirmed or otherwise adjusted. This initial work is anticipated to be completed by
end of February 2016.

4 Preliminary Planning Advice

Based on the above and given the timing for the trunk drainage strategy and the exhibition of the
Station Precinct Planning Proposals, it is considered that there is an opportunity to negotiate post
exhibition refinements with DP&E to alter the extent of SP2 zoned EMC corridor land to align with the
trunk drainage strategy that is currently being developed.

In the scenario where DP&E does not wish to alter the extent of the SP2 zone boundaries to suit the
revised drainage strategy, Sydney Water still has the ability to rely upon clause 111 of the ISEPP to
obtain development approval for carry out trunk drainage works in the corridor, irrespective of the
land’s zoning.

Because of this provision of the ISEPP there is strictly no planning reason to rezone land required for
the purposes of the drainage strategy if not already zoned SP2 (Stormwater Management Systems)
under LEP 2012. However, a planning proposal to adjust the boundaries of the SP2 zone could be
prepared and submitted before, during or after development approval is obtained for the trunk
drainage works in the EMC corridor to ensure that the zoning boundaries align with the land needed to
implement the strategy.

Given that this advice is based on a preliminary review of the planning provision and the exhibited
documents for the relevant station precincts it is recommended that the exhibition documentation that
accompanies the draft planning proposals be reviewed in more detail and further advice provided by
AAJV to Sydney Water as the consequences of the proposals for future works, especially as the
development of the precincts is expected to be intensified which may have consequences for the trunk
drainage strategy.

Additionally we recommend Sydney Water seeks to continue consultation with DP&E to make them
aware of the forthcoming strategy, potential boundary changes and the timing for this. This
engagement will help Sydney Water to gauge DP&E'’s likely willingness to alter the SP2 zoning to
accommodate the revised drainage strategy post exhibition (if required). A written submission should
also be prepared and issued to DP&E to formerly register any issues and/or recommendations to the
DP&E for amendments to the zoning and relevant provisions under LEP 2012 (if relevant and required
also).
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Appendix F

Review of Bushfire Protection and Hazard Reduction Zone Creation
Assessment
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Appendix G

Safe Design Risk Register
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Appendix H

Superseded Concept Designs for Future Bridge Crossings
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Appendix |

Flood Mapping (High Resolution)
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Appendix D - Elizabeth Macarthur Creek
— Trunk Drainage Concept Drawings

Kellyville Station Precinct
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NOTES: LEGEND: (CONCEPT DESIGN ONLY)
ENERAL EXISTING FEATURES
GENER UTILITIES EXISTING FEATURES
A 1. CONCEPT DESIGN PLANS PREPARED BY AAJV, 2 PALMER STREET, PARRAMATTA, NSW 2124, TELEPHONE: (02) 1. EXISTING SERVICES SHOWN ON THE BRAWINGS ARE NOT GUARANTEED COMPLETE NOR CORRECT AND HAVE EXISTING ELIZABETH MACARTHUR CREEK CENTRELINE
88964100, BEEN SOURCED FROM INFORMATIGN SUPPLIED BY THE RELEVANT AUTHORITIES AND/OR FIELD
TGOS O o O o o L LT s o e
SPECIFICATIONS AND WRITTEN INSTRUCTIONS ISSUED BY SYDNEY WATER OR IT'S REPRESENTATIVE.
RELOCATE OR ADJUST IF NECESSARY. —————— EXISTING FENCE
3. ALL CONDITIONS CONTAINED WITHIN THE REVIEW OF ENVIRONMENTAL FACTORS AND ALL OTHER PLANNING
APPROVAL DOCUMENTS FOR THIS PROJECT MUST BE COMPLIED WITH. s EXISTING SEWER
4. ALL CONSTRUCTION MATERIALS AND WORKMANSHIP SHALL BE IN ACCORDANCE WITH THE RELEVANT SURVEY
SPECIFICATION FOR THE WORKS TOGETHER WITH THE REQUIREMENTS OF ALL RELEVANT CODES OF PRACTICE 1. CADASTRAL INFORMATION IS FROM SYDNEY WATER'S HYDRA DATABASE AND IS APPROXIMATE ONLY. NO Vi EXISTING WATER
REFERRED TO THEREIN AND THE REQUIREMENTS OF STATUTORY AUTHORITIES WHERE APPLICABLE. BOUNDARIES HAVE BEEN SURVEYED. .
— — EXISTING GAS
5. ALL LOCATIONS, ORIENTATION AND LEVELS SHALL BE VERIFIED ON SITE BEFORE CGMMENCING ANY 2. SURFACE LEVELS SHOWN ON THE DRAWINGS AND USED TO INFORM THE DESIGN OF WORKS ARE BASED ON ‘ ‘
CONSTRUCTION OR FABRICATION WORK. REFER DISCREPANCIES TO THE PRINCIPAL FOR CLARIFICATION BEFORE LIDAR DATA AND WILL NEED TO BE CONFIRMED WITH DETAILED SURVEY AS PART OF FUTURE DETAILED . L EXISTING ELECTRICTY
B PROCEEDING WITH WORK. DO NOT OBTAIN DIMENSIONS FROM SCALING. EXISTING SURFACE LEVELS SHOWN ON DESIGN.
THE DRAWINGS ARE INDICATIVE ONLY.
— EXISTING TELECOMMUNICATIONS
6. THE DOCUMENTED DESIGN IS DETAILED ONLY FOR THE PERMANENT WORKS CONFIGURATION. UNLESS NOTED FENCING
OTHERWISE ANY TEMPORARY/CONSTRUCTION REQUIREMENTS SHALL BE THE RESPONSIBILITY GF THE - EXISTING TELECOMMUNICATIONS
CONTRACTOR. 1. ALL EXISTING FENCES WITHIN THE TRUNK DRAINAGE CORRIDOR TO BE REMOVED UNLESS NOTED OTHERWISE.
- 7. UNLESS NOTED OTHERWISE: 2. EXISTING SAFETY RAILINGS AROUND STORMWATER OUTLET STRUCTURES TO BE RETAINED, AND REPAIRED sw EXISTING STORMWATER
WHERE NECESSARY.
ALL DIMENSIONS ARE IN MILLIMETRES
3. NEW SAFETY RAILING TO BE PROVIDED WHERE SHOWN ON THE DRAWINGS. 4 LOT NUMBER
ALL CHAINAGES, STATIONS AND CO-ORDINATES ARE IN METRES 11872446
ALL REDUCED LEVELS ARE QUOTED RELATIVE TO AUSTRALIAN HEIGHT DATUM (AHD) FUTURE ROAD RESERVE BOUNDARY (PER
c SAFETY IN DESIGN BALMGRAL RGAD RELEASE AREA DCP)
1. THESE DRAWINGS ARE TO BE READ IN CONJUNCTION WITH THE PROJECT SAFETY IN DESIGN REPGRT, WHICH
CREEK WORKS IBENTIFIES DESIGN RELATED HEALTH AND SAFETY HAZARDS ASSOCIATED WITH THE PROJECT DESIGN, BELLYVILLE CONCEPT LAYOUT
1 MAKE SMOOTH TRANSITIONS THROUGHOUT. CONSTRUCTION AND OPERATION, AND PROPOSED AND ADOPTED CONTROL MEASURES (BELLYVILLE CONCEPT LAYOUT )
INDICATIVE, SUBJECT TO CONFIRMATION
2. LOCATIONS AND EXTENT OF CHANNEL AND FLGODPLAIN FEATURES ARE INDICATIVE ONLY AND SHOULD BE
CONFIRMED DURING DETAILED DESIGN AND BEFORE COMMENCING ANY CONSTRUCTION WORK. VEGETATION MANAGEMENT 56.2 EXISTING CONTGURS
3. AT SOME ISOLATED LOCATIONS CREEK WORKS MAY NEED TO EXTEND OUTSIDE THE SW PROPOSED LAND 1. ALL TRUNK DRAINAGE WORKS TO BE COORDINATED WITH ASSOCIATED VEGETATION MANAGEMENT WORKS AS
BOUNDARY ADJUSTMENT AREA TO PHYSICALLY ENABLE CONSTRUCTION AND ACCESS. DOCUMENTED IN APPROVED VEGETATION MANAGEMENT PLAN (YET TO BE DEVELGPED AT CONCEPT DESIGN ( )
4. RIPARIAN AND FLOODPLAIN HABITAT FEATURES [E.G. LARGE WOOD) TO BE INCORPORATED THROUGHOUT THE STAGE). IT IS ANTICIPATED THE VEGETATION MANAGEMENT WORKS WILL INCLUDE WEED CONTROL/REMOVAL, PROPOSED TRUNK DRAINAGE WORKS (BY SYDNEY WATER):
TRUNK DRAINAGE LANDS WHERE WORKS ARE PROPOSED. LOCAL NATIVE VEGETATION PLANTING AND BUSH REGENERATION THROUGHOUT THE PROJECT SITE. PROPOSED TRUNK DRAINAGE LAND (TDL) BOUNDARY
D 5. FLOODPLAIN AND RIPARIAN WORKS FINAL SURFACE TO INCORPGRATE A NOMINAL GRADE TO PROMGTE
DRAINAGE TOWARDS CREEK AND INHIBIT PONDING. EXISTING OVERLAND FLOW PATHS TO BE RETAINED. EROSION AND SEDIMENT CONTROL —— PROPGSED EXTENT OF DESIGN SURFACE
6. CONCEPT DESIGN INCLUDES THE USE OF EROSION CONTROL MATTING AND DENSELY PLANTED NATIVE 1. THE CONTRACTOR SHALL CONTROL ERGSION AND THE TRANSPORT OF SEBIMENT OFF-SITE DURING J-H—r%%% NEW FLOGD LEVEE
VEGETATION TO STABILISE THE BED AND BANKS WITHIN SECTIONS OF THE CHANNEL. THE USE GF EROSION CONSTRUCTION IN ACCORDANCE WITH THE REQUIREMENTS OF THE REF, THE CONTRACTOR'S APPROVED CEMP
CONTROL MATTING AND VEGETATION FOR STABILISATION IS RELIANT ON CORRECT INSTALLATION AND AND THE CURRENT EBITIGN OF THE 'SOILS AND CONSTRUCTION - MANAGING URBAN STGRMWATER' HANDBOOK —_ LOW FLOW CHANNEL CENTRE LINE
TEMPORARY DEWATERING OF THE CREEK TO ENABLE PLANT GROWTH AND MATERIAL SETTLEMENT. EROSION (OTHERWISE REFERRED TO AS THE ‘BLUE BOOK".
— CONTROL MATTING PERFORMANCE AND SPECIFICATION AND THE REQUIRED DEWATERING TIME PERIGD ARE TO T VEGETATED CHANNEL
BE CONFIRMED DURING THE DETAILED DESIGN PHASE.
FUTURE BRIDGE CROSSINGS YW DAM FILL
HEAD CUT AND SCOUR HOLES, 1. PURPOSE OF DRAWINGS IS TO SHOW WATERWAY CROSSING DESIGN PARAMETERS THAT WOULD BE
I — CONSIDERED A ‘DEEMED TO COMPLY SOLUTION BY SYDNEY WATER, SUBJECT TO CONFIRMATION AS PART OF |:| HISTORIC SPOIL/LANDFILL MATERIAL REMOVAL
E 1. THE LOCATION AND EXTENT OF ALL HEADCUT AND FLOODPLAIN SCOUR HOLE TREATMENTS ARE INDICATIVE FUTURE DETAILED DESIGN.
ONLY. 2. BRIDGE CROSSING LOCATIONS AND CONFIGURATIONS BASED ON INFORMATION AVAILABLE AT JUNE 2016 AND ] ueeerBank works
2. HEADCUT AND FLOODPLAIN SCOUR HOLE TREATMENT LOCATION, EXTENT AND TYPE TO BE CONFIRMED AT SUBJECT TO CONFIRMATION WITH THE RELEVANT AUTHORITY PRIOR TO COMMENCEMENT OF DESIGN. :} LARGE ROCK RIPRAP
DETAILED DESIGN WITH THE BENEFIT OF DETAILED SURVEY. 3. ALL BRIDGE AND BENCHING DETAILS SHOWN ARE INDICATIVE ONLY AND SUBJECT TO CONFIRMATION AS PART
OF THE FUTURE DETAILED DESIGN. l:| SMALL ROCK RIPRAP
— DESIGN FLOGD PROFILES 4. EXISTING SURFACE LEVELS SHOWN ARE APPROXIMATE ONLY (SOURCED FROM LIDAR) AND MUST BE
1 DESIGN FLOOD PROFILES SHOW ESTIMATED 100 YEAR ARI PEAK FLOOD LEVELS UNDER ULTIMATE CATCHMENT CONFIRMED BY DETAILED SURVEY TO ENSURE THE WATERWAY DESIGN INTENT SHOWN ON THE DRAWINGS IS [ | sepconTRoL STRUCTURES
DEVELGPMENT CONDITIONS. ABLE TO BE ACHIEVED TO THE SATISFACTION OF SYDNEY WATER.
FLOOD PLAIN SCOUR HOLE TREATMENT
2. DESIGN FLOOD PROFILES DG NOT INCORPORATE FREEBOARD, REQUIREMENTS FOR WHICH SHALL BE CONFIRMED 5- REQUIREMENTS FOR CREEK BED AND BANK SCOUR PROTECTION MEASURES NOT SHOWN. THE EXTENT AND
WITH SYDNEY WATER PRIOR TO ADOPTION OF DESIGN FLOOD PROFILES FOR DEVELOPMENT PURPOSES. SCOPE OF SUCH WORKS IS T BE DETERMINED AS PART OF THE DESIGN PROCESS AND IS SUBJECT TO ] concmere
‘ APPROVAL BY SYDNEY WATER. _
CONTROL AND MANAGEMENT OF STORMWATER |:| HARDSTAND REMOVAL
FUTURE LANDFILL AND EDGE TREATMENTS
1. THE CONTROL AND MANAGEMENT OF EXISTING STORMWATER FLOWS THROUGH AND AROUND ALL WORK SITES 6.2 PROPGSED CREEK CONTOURS
DURING CONSTRUCTION SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR. 1. CONCEPT DESIGN OF FUTURE LANDFILL ADOPTS PEAK 100 YEAR ARI FLOGD LEVELS AT THE TRUNK DRAINAGE
CORRIDOR BOUNDARY AND GRADES AWAY FROM BOUNDARY AT APPROX. 2%. CONTOURING REMOTE FROM
L 2. ZANY REQUIRED PERMITS FOR DEWATERING, DIVERSION WORKS OR RELEASE GF WATERS DURING BOUNDARY IS THEREFORE INDICATIVE GNLY AND SUBJECT TO CONFIRMATION AS PART GF FUTURE DETAILED
CONSTRUCTION SHALL BE OBTAINED BY THE CONTRACTOR. DESIGN. FUTURE WORKS (BY OTHERS
FRL 61.75
2. REFER TYPICAL DETAILS FOR CONCEPTUAL BATTER AND RETAINING WALL TREATMENTS. P e RoAD LEVEL
56.2 PROPGSED LANDFILL CONTOURS
G 56.2 PROPGSED BRIDGE EARTHWORKS CONTOURS
PROPGSED BRIDGE STRUCTURE
WARNING:
PROPGSED BATTER - EBGE TREATMENT SERVICES SHOWN ARE INDICATIVE ONLY.  CURRENCY AND ACCURACY
ARE_NOT T0 BE PRESUMED. A CURRENT SERVICES SEARCH INCLUDING
| PROPGSED RETAINING WALL - EDGE TREATMENT DIAL BEFORE YOU DIG SERVICES PLANS AND SITE CHECKING OF ALL
EXISTING SERVICES WILL BE NECESSARY PRIOR TO COMMENCING ANY
WORK. APPROPRIATE PROCEDURES, PRECAUTIONS AND CARE TO BE
TAKEN WHEN IN CLOSE PROXIMITY TO ANY SERVICE.
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Appendix E - Sydney Water Response to
Feasibility Application

Kellyville Station Precinct



Sydney

WAT<R

Case Number: 175809
14 May 2019

LANDCOM
c/- Rose Atkins Rimmer

FEASIBILITY LETTER

ROUSE HILL DEVELOPMENT AREA - Stage 3 Service Area

Developer: LANDCOM
Your reference: 4/25564
Development: 27 Old Windsor Rd, Kellyville

Development Description: Mixed residential and commercial development being
delivered as part of the Kellyville and Bella Vista Station
Precinct project.

Your application date: 16 January 2019

Dear Applicant

This Feasibility Letter (Letter) is a guide only. It provides general information about what Sydney
Water’s requirements could be if you applied to us for a Section 73 Certificate (Certificate) for
your proposed development. The information is accurate at today’s date only.

If you obtain development consent for that development from your consent authority (this is
usually your local Council) they will require you to apply to us for a Section 73 Certificate. You
will need to submit a new application (and pay another application fee) to us for that Certificate
by using your current or another Water Servicing Coordinator (Coordinator).

Sydney Water will then send you either a:
» Notice of Requirements (Notice) and Developer Works Deed (Deed); or
 Certificate.

These documents will be the definitive statement of Sydney Water’s requirements.

There may be changes in Sydney Water’'s requirements between the issue dates of this Letter
and the Notice or Certificate. The changes may be:

1. Developer Charges
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(@ Adjustment of charges due to the Consumer Price Index (CPI);

(b) Adjustment of charges because of a scheduled review by the Independent Pricing and
Review Tribunal (IPART). After that review and registration of the new charges, Sydney
Water has to apply those charges; or

(c) If there is rezoning of any land within the development proposal, then new charges will

apply.
2. Changing the Proposed Development

« If you change your proposed development, e.g. the development description or the plan/
site layout, after today, the requirements in this Letter could change when you submit
your new application; and

- if you decide to do your development in stages then you must submit a new application
(and pay another application fee) for each stage.

No warranties or assurances can be given about the suitability of this document or
any of its provisions for any specific transaction. It does not constitute an approval
from Sydney Water and to the extent that it is able, Sydney Water limits its liability to
the reissue of this Letter or the return of your application fee. You should rely on your
own independent professional advice.
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What You Must Do To Get A Section 73 Certificate in the Future

To get a Section 73 Certificate in the future you must do the following things. You can also find
out about this process by visiting www.sydneywater.com.au > Plumbing, building & developing >
Developing > Land Development.

1. Obtain Development Consent from the consent authority for your development
proposal.

2. Engage a Water Servicing Coordinator (Coordinator).

You must engage your current or another authorised Coordinator to manage the design
and construction of works that you must provide, at your cost, to service your development. If
you wish to engage another Coordinator (at any point in this process) you must write and tell
Sydney Water.

For a list of authorised Coordinators, either visit www.sydneywater.com.au > Plumbing,
building & developing > Developing > Providers > Lists or call 13 20 92.

The Coordinator will be your point of contact with Sydney Water. They can answer most
guestions that you might have about the process and developer charges and can give you a
guote or information about costs for services/works (including Sydney Water costs).

3. Developer Works Deed

After the Coordinator has submitted your new application, they will receive the Sydney
Water Notice and Developer Works Deed. You and your accredited Developer
Infrastructure Providers (Providers) will need to sign and lodge both copies of the Deed with
your nominated Coordinator. After Sydney Water has signed the documents, one copy will
be returned to the Coordinator.

The Deed sets out for this project:

« your responsibilities;

» Sydney Water’s responsibilities; and

» the Provider’s responsibilities.

You must do all the things that we ask you to do in that Deed. This is because your
development does not have water, recycled water, sewer and storm water services and you

must construct and pay for the following works extensions under this Deed to provide these
services.

Note: The Coordinator must be fully authorised by us for the whole time of the agreement.

4. Drinking Water, Recycled Water, Sewer and Stormwater Works

« Information supplied with your application is very similar to that which was used to create
the scheme plans and we will need to confirm in more detail, when known, building
heights, densities etc in the proposed precincts to ensure the scheme plans are still
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appropriate.

« Based our understanding of information supplied, it appears that these precincts will
have customised servicing arrangements with unique demand and discharge levels and
patterns. A refresh of our existing scheme plans may be required once further details are
known.

« Zoning, FSR and building heights are consistent with the current zoning on the Planning
website. And scheme plans have been developed in conjunction with this information
https://www.planningportal.nsw.gov.au/find-a-property/4053327__101__DP1084481

4.1 Drinking Water

Your development must have a frontage to a water main that is the right size and can be
used for connection.

Sydney Water has assessed your application and found that:
The proposed development is within a known high growth area along the North West Metro
line.

« Drinking water and recycled water scheme plans have been created based on predicted
development types, at the time the Metro rail project was instigated circa 2015.

« You must construct drinking water main extensions to serve your development. They
must comply with the standards for Dual Water Reticulation Systems talked about in
section 4.2.1 below.

* A service connection and property service must be provided for your development off the
drinking water mains to be constructed.
They must comply with the standards for Dual Water Reticulation Systems talked
about in section 4.2.1 below.

4.2 Recycled Water

Your development must have a frontage to a recycled water main that is the right size and
can be used for connection.

Sydney Water has assessed your application and found that:
The proposed development is within a known high growth area along the North West Metro
line.

« Drinking water and recycled water scheme plans have been created based on predicted
development types, at the time the Metro rail project was instigated circa 2015.

« You must construct recycled water main extensions to serve your development. They
must comply with the standards for Dual Water Reticulation Systems talked about in
section 4.2.1 below.

» A service connection and property service must be provided for your development off the
recycled water mains to be constructed.
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They must comply with the standards for Dual Water Reticulation Systems talked
about in section 4.2.1 below.

4.2.1 Sydney Water’s Standards for Dual Water Reticulation

Your development is in an area where both drinking and recycled water systems are
available. The drinking and recycled water works required above must comply with the
standards for Dual Water Reticulation Systems that are set down in the Water Supply Code
of Australia (Sydney Water Edition) (the Code).

These standards require that service connections and property services be provided for both
drinking and recycled water for your development. The installation of these services must
either be carried out or supervised by a licensed plumber. It must meet the:

@ Administrative requirements of the Plumbing Code of Australia; and Technical
requirements of the Dual Water Drawings Set within the Code.

4.3 Sewer

Your development must have a sewer main that is the right size and can be used for
connection. That sewer must also have a connection point within your development's
boundaries.

Sydney Water has assessed your application and found that:
The proposed development is within a known high growth area along the North West Metro
line.

« A wastewater scheme plan has not been created but an assessment of the Carrier has
been undertaken. Lead-ins will need to be sized from the Carrier for each sub-catchment.

* You must construct waste water main extensions to serve your development. The
terms of the Deed define this extension as ‘Major Works'.

4.4 Stormwater Connection

Any stormwater design is to be carried out according to the current guidelines title “Stormwater
connections to natural waterways in the Rouse Hill Development Area” dated 31 July 2014.
Copies of the stormwater plans are to be attached in the eDeveloper system.

Stormwater drawings below 1 in 100-year flood limit are to be drawn in AutoCad format and
given to the Water Servicing Coordinator. Water Servicing Coordinator is required to transfer
these drawings on to the Sydney Water template, prior to submit as design drawings. No works
within the 100-year flood level are to be carried out without Sydney Water approval and the
payment of the appropriate bond money.

Landscaping / Road Work
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Any filling carried out as part of the development will need to be contained wholly within the
boundaries of the proposed lots and roads, and not encroach onto the 100-year flood boundary
or Sydney Water land. Also, any fill will need to be stabilised in such a way so as to prevent any
collapse or intrusion onto the trunk drainage lands over time. Details of the work adjacent to the
Creek are to be submitted to ensure that these requirements are met.

« Minor batter spill into the trunk drainage corridor is acceptable
o desirable maximum spill 1.5 metres @ 3H:1V

o absolute maximum spill 2.0 metres @ 3H:1V for short occasional isolated
sections

Vegetation Management Plan

All the disturbed area below the 100-year flood limits and within Sydney Water land are to be
revegetated according to the current guidelines. A site-specific Vegetation Management Plan is
to be prepared according to the guidelines in the “Stormwater connections to waterways in the
Rouse Hill Development Area” and submitted to Sydney Water for approval. Toe, Middle and
Upper zones are to be identified within the disturbed area and the specific plants that are
proposed on each zone and its density are to be tabulated in the Vegetation Management Plan.

The restoration work is to be according to the approved Vegetation Management Plan and need
to maintain for a minimum period of 12 months. Bond money is required for connection,
revegetation and maintenance.

Bond Money

Bond money is required for revegetation of the disturb land and maintaining this revegetation for
a period of 12 months. Proponent is required to identify the extent of the land to be disturbed
within Sydney Water land or within 100-year flood limit to carry out any stormwater connection or
sewer work. Estimated cost for the revegetation and 12 months period of maintenance are to be
provided in the Vegetation Management Plan in order to determine the required bond money.

Bond money also would be required for the stormwater connection if the application is not
associated with Section 73 application or Section 73 Certificate is required prior to submit the
Work As Constructed drawings.

The bond money would be refunded to the proponent only after the satisfactory completion of
maintaining the revegetated plants for a period of 12 months.

If the proposed development requires enter into the trunk drainage land for sewer works then
this Vegetation Management Plan should cover both the stormwater and sewer work.

Water Sensitive Urban Design

Stormwater discharge form the site is to be treated to meet the target as specified in the
“Stormwater connections to waterways in the Rouse Hill Development Area”.
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Funding of works

Under Sydney Water’s ‘Funding of infrastructure to service growth’ policy we may agree to
contribute towards a portion of the cost of the works you are required to build. This is done
either by Sydney Waters Schedule of Rates or via the Procurement process. Your Water
Service Coordinator can advise you in relation to this policy, the likelihood of Sydney Water
sharing a portion of the cost and the process you need to satisfy Sydney Water’s probity
requirements.

If you do choose to request a quote through the Schedule of Rates for Sydney Water’s
contribution you will avoid going through the full procurement process. Your WSC can advise
you of this option.

The funding assessment will be made at the detailed design stage, prior to any construction
works commencing. A firm commitment would not be made by Sydney Water until we:

- Have reviewed the detailed design and;

- Have reviewed the detailed construction quotations needed to meet our probity
requirements and,;

. Come to an agreement on the amount.

5. Ancillary Matters
5.1 Asset adjustments

If any Sydney Water drinking water main, recycled water main, sewer or stormwater asset
constructed or under construction is found, after the issue of this Notice, to require
adjustment or deviation as a result of your development; then this work must be undertaken
in conjunction with the abovementioned water, recycled water, sewer and storm water
extension. If this happens, you will need to do this work as well as the extension we have
detailed above at your cost. The work must meet the conditions of this Notice and you will
need to complete it before we can issue the Certificate. Sydney Water will need to see
the completed designs for the work and we will require you to lodge a security. The security
will be refunded once the work is completed.

5.2 Entry onto neighbouring property

If you need to enter a neighbouring property, you must have the written permission of the
relevant property owners and tenants. You must use Sydney Water’'s Permission to Enter
form(s) for this. You can get copies of these forms from your Coordinator or the Sydney
Water website. Your Coordinator can also negotiate on your behalf. Please make sure that
you address all the items on the form(s) including payment of compensation and whether
there are other ways of designing and constructing that could avoid or reduce their impacts.
You will be responsible for all costs of mediation involved in resolving any disputes. Please
allow enough time for entry issues to be resolved.

5.3 Costs
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Construction of these future works will require you to pay project management, survey,
design and construction costs directly to your suppliers. Additional costs payable to
Sydney Water may include:

« water main shutdown and disinfection;
« connection of new water mains to Sydney Water system(s);
» design and construction audit fees;

» contract administration, Operations Area Charge & Customer Redress prior to project
finalisation;

« creation or alteration of easements etc; and

- water usage charges where water has been supplied for building activity purposes prior
to disinfection of a newly constructed water main.

Note: Payment for any Goods and Services (including Customer Redress) provided by
Sydney Water will be required prior to the issue of the Section 73 Certificate or
release of the Bank Guarantee or Cash Bond.

Your Coordinator can tell you about these costs.

6. Developer Charges

Development [Basis of Calculation Charge ($)
Servicing Plan for Applicable
(DSP) Period
(14/05/19-
30/06/19)
Rouse Hill Residential Development Density > 156 lots/dwellings per $7,990,302.00
Recycled ha band

8402 lots/dwellings @ $951 = $7990302
less Credit of $0 for previous use

Rouse Hill Commercial Area 295250 sgm @ $71695 per ha = $2,116,794.00
Recycled $2116794

less Credit of $0

for previous payment/use

DEVELOPER $10,107,096.0
CHARGES 0
TOTAL:

DSP charges are a contribution towards the cost of systems (e.g. pipelines and treatment
plants) which will serve your development. Sydney Water has no power to change these
costs because they are decided by IPART. If you want more information visit the IPART
website www.IPART.nsw.gov.au. If there is a dispute, the cost of arbitration will be shared
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equally by you and Sydney Water (see IPART Act 1992, Section 31).

The amounts shown above are an estimate of charges that would be applicable, as of
today’s date, to your development had you obtained Development Approval for your
proposal. No Payments can be accepted for these estimates. Should you obtain
Development Approval for this proposal and apply for a Section 73 Certificate in the future,
then Sydney Water will advise you of the DSP charges applicable to your Development.

6. Approval of your Building Plans

You must have your building plans approved before the Certificate can be issued.
Building construction work MUST NOT commence until Sydney Water has granted
approval. Approval is needed because construction/building works may affect Sydney
Water's assets (e.g. water and sewer mains).

Your Coordinator can tell you about the approval process including:

* Your provision, if required, of a “Services Protection Report” (also known as a “pegout”).
This is needed to check whether the building and engineering plans show accurately
where Sydney Water’s assets are located in relation to your proposed building work.
Your Coordinator will then either approve the plans or make requirements to protect
those assets before approving the plans;

» Possible requirements;

e Costs; and

* Timeframes.

You can also find information about this process (including technical specifications) if you
either:

* Visit www.sydneywater.com.au > Plumbing, building & developing > Building > Building
over or next to assets. Here you can find Sydney Water’'s Technical guidelines -
Building over and adjacent to pipe assets; or

« Call132092.
Notes:

* The Certificate will not be issued until the plans have been approved and, if
required, Sydney Water’s assets are altered or deviated;

* You can only remove, deviate or replace any of Sydney Water’s pipes using
temporary pipework if you have written approval from Sydney Water’s Urban
Growth Business. You must engage your Coordinator to arrange this approval;
and

* You must obtain our written approval before you do any work on Sydney Water’s
systems. Sydney Water will take action to have work stopped on the site if you
do not have that approval. We will apply Section 44 of the Sydney Water Act
1994.

7. Special Requirements
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Multi-level individual metering requirements

Your development must either allow for or provide individual metering. This means that you
must:

1. comply at all times and in all respects with the requirements of Sydney Water’s “Multi-
level Individual Metering Guide” (version 6 dated 1 July 2015);

2. provide and install plumbing and space for individual metering in accordance with
Sydney Water’s “Multi-level Individual Metering Guide”;

3. if and when you implement a strata/ stratum plan (or strata/ stratum subdivide) you
must:

a engage an Accredited Metering Supplier (“AMS”) to provide individual
metering in accordance with the “Multi-level Individual Metering Guide” and
meet the cost of the meters and metering system;

b. transfer the meters and metering system to Sydney Water once the Testing
Certificate has been issued by Sydney Water to the AMS and the AMS has
confirmed that payment for the meters and metering system has been paid in
full.

Before the Section 73 Certificate can be issued, you will be required to sign an
undertaking to show that you understand and accept these metering requirements and
associated costs.

Visit www.sydneywater.com.au > Plumbing, Building & Developing > Plumbing > Meters &
metered standpipes to see the Multi-level individual metering guide and find out more.

OTHER THINGS YOU NEED TO DO:

Shown below are other things you need to do that are NOT a requirement for the Certificate.
They may well be a requirement of Sydney Water in the future because of the impact of your
development on our assets. You must read them before you go any further.

Disused Sewerage Service Sealing

Please do not forget that you must pay to disconnect all disused private sewerage services and
seal them at the point of connection to a Sydney Water sewer main. This work must meet
Sydney Water’'s standards in the Plumbing Code of Australia (the Code) and be done by a
licensed drainer. The licensed drainer must arrange for an inspection of the work by a NSW Fair
Trading Plumbing Inspection Assurance Services (PIAS) officer. After that officer has looked at
the work, the drainer can issue the Certificate of Compliance. The Code requires this.

Soffit Requirements

Please be aware that floor levels must be able to meet Sydney Water’s soffit requirements for
property connection and drainage.

Requirements for Business Customers for Commercial and Industrial Property
Developments
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If this property is to be developed for Industrial or Commercial operations, it may need to meet
the following requirements:

Trade Wastewater Requirements
If this development is going to generate trade wastewater, the property owner must submit an
application requesting permission to discharge trade wastewater to Sydney Water's sewerage

system. You must wait for approval of this permit before any business activities can commence.

The permit application should be emailed to Sydney Water’'s Business Customer Services at
businesscustomers@sydneywater.com.au

It is illegal to discharge Trade Wastewater into the Sydney Water sewerage system without
permission.

A Boundary Trap is required for all developments that discharge trade wastewater where
arrestors and special units are installed for trade wastewater pre-treatment.

If the property development is for Industrial operations, the wastewater may discharge into a
sewerage area that is subject to wastewater reuse. Find out from Business Customer Services if
this is applicable to your development.

Backflow Prevention Requirements

Backflow is when there is unintentional flow of water in the wrong direction from a potentially
polluted source into the drinking water supply.

All properties connected to Sydney Water's supply must install a testable Backflow Prevention
Containment Device appropriate to the property's hazard rating. Property with a high or
medium hazard rating must have the backflow prevention containment device tested annually.
Properties identified as having a low hazard rating must install a non-testable device, as a
minimum.

Separate hydrant and sprinkler fire services on non-residential properties, require the installation
of a testable double check detector assembly. The device is to be located at the boundary of the

property.

Before you install a backflow prevention device:
1. Get your hydraulic consultant or plumber to check the available water pressure versus
the property’s required pressure and flow requirements.
2. Conduct a site assessment to confirm the hazard rating of the property and its services.
Contact PIAS at NSW Fair Trading on 1300 889 099.

For installation you will need to engage a licensed plumber with backflow accreditation who can
be found on the Sydney Water website:
http://www.sydneywater.com.au/Plumbing/BackflowPrevention/

Water Efficiency Recommendations
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Water is our most precious resource and every customer can play a role in its conservation. By
working together with Sydney Water, business customers are able to reduce their water
consumption. This will help your business save money, improve productivity and protect the
environment.

Some water efficiency measures that can be easily implemented in your business are:

- Install water efficiency fixtures to help increase your water efficiency, refer to WELS
(Water Efficiency Labelling and Standards (WELS) Scheme, http://
www.waterrating.gov.au/

- Consider installing rainwater tanks to capture rainwater runoff, and reusing it, where cost
effective. Refer to http://www.sydneywater.com.au/Water4Life/InYourBusiness/
RWTCalculator.cfm

« Install water-monitoring devices on your meter to identify water usage patterns and leaks.
« Develop a water efficiency plan for your business.

It is cheaper to install water efficiency appliances while you are developing than retrofitting them
later.

Contingency Plan Recommendations

Under Sydney Water's customer contract Sydney Water aims to provide Business Customers
with a continuous supply of clean water at a minimum pressure of 15meters head at the main
tap. This is equivalent to 146.8kpa or 21.29psi to meet reasonable business usage needs.

Sometimes Sydney Water may need to interrupt, postpone or limit the supply of water services
to your property for maintenance or other reasons. These interruptions can be planned or
unplanned.

Water supply is critical to some businesses and Sydney Water will treat vulnerable customers,
such as hospitals, as a high priority.

Have you thought about a contingency plan for your business? Your Business Customer
Representative will help you to develop a plan that is tailored to your business and minimises
productivity losses in the event of a water service disruption.

For further information please visit the Sydney Water website at: http://
www.sydneywater.com.au/OurSystemsandOperations/TradeWaste/ or contact Business
Customer Services on 1300 985 227 or businesscustomers@sydneywater.com.au

Fire Fighting

Your firefighting service must be drawn from the recycled water system.

Definition of fire fighting systems is the responsibility of the developer and is not part of the
Section 73 process. It is recommended that a consultant should advise the developer regarding
the fire fighting flow of the development and the ability of Sydney Water’s system to provide that
flow in an emergency. Sydney Water's Operating Licence directs that Sydney Water’'s mains are
only required to provide domestic supply at a minimum pressure of 15 m head.
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A report supplying modelled pressures called the Statement of Available pressure can be
purchased on-line through Sydney Water Tap in™ and may be of some assistance when
defining the fire fighting system. The Statement of Available pressure, may advise flow limits that
relate to system capacity or diameter of the main and pressure limits according to pressure
management initiatives. If mains are required for fire fighting purposes, the mains shall be
arranged through the water main extension process and not the Section 73 process.

Large Water Service Connections (Dual Water)

A drinking water main and a recycled water main will be available, once you have completed
your drinking and recycled water main construction to serve your development. The size of your
development means that you will need dual water connections larger than the standard domestic
20 mm size.

To get approval for your connection, you will need to lodge an application with Sydney Water
Tap in™. You, or your hydraulic consultant, may need to supply the following:

« A plan of the hydraulic layout;

« Alist of all the fixtures/fittings within the property;

« A copy of the fireflow pressure inquiry issued by Sydney Water;
e A pump application form (if a pump is required);

« All pump details (if a pump is required).

You will have to pay an application fee.
The service connection will need to meet with:

Administrative requirements of the Plumbing Code of Australia; and
Technical requirements of the Dual Water Drawings Set within the Code.

Sydney Water does not consider whether a water main is adequate for fire fighting purposes for
your development. We cannot guarantee that this water supply will meet your Council’s fire
fighting requirements. The Council and your hydraulic consultant can help.

Disused Water Service Sealing

You must pay to disconnect all disused private water services and seal them at the point of
connection to a Sydney Water water main. This work must meet Sydney Water's standards in
the Plumbing Code of Australia (the Code) and be done by a licensed plumber. The licensed
plumber must arrange for an inspection of the work by a NSW Fair Trading Plumbing Inspection
Assurance Services (PIAS) officer. After that officer has looked at the work, the drainer can
issue the Certificate of Compliance. The Code requires this.

Other fees and requirements

The requirements in this Advice Letter relate to your future Certificate application only. Sydney
Water may be involved with other aspects of your development and there may be other fees or
requirements. These include:
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- construction/building plan approval fees;

«  plumbing and drainage inspection costs;

- the installation of backflow prevention devices;
- trade waste requirements;

- large water connections and

e council fire fighting requirements. (It will help you to know what the fire fighting
requirements are for your development as soon as possible. Your hydraulic consultant can
help you here.)

No warranties or assurances can be given about the suitability of this document or any of
its provisions for any specific transaction. It does not constitute an approval from
Sydney Water and to the extent that it is able, Sydney Water limits its liability to the
reissue of this Letter or the return of your application fee. You should rely on your own
independent professional advice.

END



Appendix F — Concept Stormwater
Management Plans

Kellyville Station Precinct
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- MUSIC Modelling Results

Source nodes

Location,Blocks A & B,Existing Carpark and Station Area,75% Proposed Road Areas (Public),Block C,Public Reserves 1 &
2,Regional Park,Blocks D_ E & F,75% Proposed Road Areas (Public),25% Proposed Road Areas (Public),25% Proposed
Road Areas (Public)

1D,1,3,6,7,16,23,26,28,30,31

Node
Type,UrbanSourceNode,UrbanSourceNode,UrbanSourceNode,UrbanSourceNode,UrbanSourceNode,UrbanSourceNode,
UrbanSourceNode,UrbanSourceNode,UrbanSourceNode,UrbanSourceNode

Zoning Surface

Type,Commercial,Sealedroad,Sealedroad,Commercial, Revegetatedland,Revegetatedland,Commercial,Sealedroad,Sealed
road,Sealedroad

Total Area (ha),2.49,2.92,0.55,0.81,0.58,0.668,2.32,1.23,0.18,0.42

Area Impervious
(ha),2.2460171641791,2.77694179104478,0.523054104477612,0.730632089552239,0.0262298507462688,0.030209552
2388061,2.09267462686567,1.16973917910448,0.171181343283582,0.399423134328358

Area Pervious
(ha),0.243982835820896,0.143058208955224,0.0269458955223881,0.0793679104477611,0.553770149253731,0.63779
0447761194,0.227325373134328,0.0602608208955224,0.00881865671641793,0.0205768656716418

Field Capacity (mm),70,70,70,70,70,70,70,70,70,70

Pervious Area Infiltration Capacity coefficient - a,210,210,210,210,210,210,210,210,210,210

Pervious Area Infiltration Capacity exponent - b,4.7,4.7,4.7,4.7,4.7,4.7,4.7,4.7,4.7,4.7

Impervious Area Rainfall Threshold (mm/day),1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4

Pervious Area Soil Storage Capacity (mm),170,170,170,170,170,170,170,170,170,170

Pervious Area Soil Initial Storage (% of Capacity),30,30,30,30,30,30,30,30,30,30

Groundwater Initial Depth (mm),10,10,10,10,10,10,10,10,10,10

Groundwater Daily Recharge Rate (%),50,50,50,50,50,50,50,50,50,50

Groundwater Daily Baseflow Rate (%),4,4,4,4,4,4,4,4,4,4

Groundwater Daily Deep Seepage Rate (%),0,0,0,0,0,0,0,0,0,0

Stormflow Total Suspended Solids Mean (log mg/L),2.15,2.43,2.43,2.15,1.6,1.6,2.15,2.43,2.43,2.43

Stormflow Total Suspended Solids Standard Deviation (log mg/L),0.32,0.32,0.32,0.32,0.32,0.32,0.32,0.32,0.32,0.32
Stormflow Total Suspended Solids Estimation
Method,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic, Stochastic,Stochastic,Stochastic
Stormflow Total Suspended Solids Serial Correlation,0,0,0,0,0,0,0,0,0,0

Stormflow Total Phosphorus Mean (log mg/L),-0.6,-0.3,-0.3,-0.6,-1.1,-1.1,-0.6,-0.3,-0.3,-0.3

Stormflow Total Phosphorus Standard Deviation (log mg/L),0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25

Stormflow Total Phosphorus Estimation
Method,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic
Stormflow Total Phosphorus Serial Correlation,0,0,0,0,0,0,0,0,0,0

Stormflow Total Nitrogen Mean (log mg/L),0.3,0.34,0.34,0.3,-0.05,-0.05,0.3,0.34,0.34,0.34

Stormflow Total Nitrogen Standard Deviation (log mg/L),0.19,0.19,0.19,0.19,0.19,0.19,0.19,0.19,0.19,0.19

Stormflow Total Nitrogen Estimation

Method,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic, Stochastic,Stochastic,Stochastic, Stochastic,Stochastic
Stormflow Total Nitrogen Serial Correlation,0,0,0,0,0,0,0,0,0,0

Baseflow Total Suspended Solids Mean (log mg/L),1.2,1.2,1.2,1.2,0.78,0.78,1.2,1.2,1.2,1.2

Baseflow Total Suspended Solids Standard Deviation (log mg/L),0.17,0.17,0.17,0.17,0.17,0.17,0.17,0.17,0.17,0.17
Baseflow Total Suspended Solids Estimation
Method,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic
Baseflow Total Suspended Solids Serial Correlation,0,0,0,0,0,0,0,0,0,0

Baseflow Total Phosphorus Mean (log mg/L),-0.85,-0.85,-0.85,-0.85,-1.52,-1.52,-0.85,-0.85,-0.85,-0.85

Baseflow Total Phosphorus Standard Deviation (log mg/L),0.19,0.19,0.19,0.19,0.19,0.19,0.19,0.19,0.19,0.19

Baseflow Total Phosphorus Estimation

Method,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic, Stochastic,Stochastic,Stochastic,Stochastic,Stochastic
Baseflow Total Phosphorus Serial Correlation,0,0,0,0,0,0,0,0,0,0

Baseflow Total Nitrogen Mean (log mg/L),0.11,0.11,0.11,0.11,-0.52,-0.52,0.11,0.11,0.11,0.11

Baseflow Total Nitrogen Standard Deviation (log mg/L),0.12,0.12,0.12,0.12,0.12,0.12,0.12,0.12,0.12,0.12

Baseflow Total Nitrogen Estimation
Method,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic,Stochastic, Stochastic,Stochastic
Baseflow Total Nitrogen Serial Correlation,0,0,0,0,0,0,0,0,0,0

Flow based constituent generation - enabled,Off,Off, Off, Off, Off, Off, Off, Off, Off, Off

Flow based constituent generation - flow file, , , ,, ,,,,,
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Flow based constituent generation - base flow column, , ,,,,,,,,

Flow based constituent generation - pervious flow column, , ,,,,,,,,

Flow based constituent generation - impervious flow column, , , ,,,,,,,

Flow based constituent generation - unit, , ,,,,,,,,

OUT - Mean Annual Flow (ML/yr),17.0,20.7,3.89,5.53,1.46,1.68,15.8,8.71,1.27,2.97

OUT - TSS Mean Annual Load (kg/yr),3.12E3,7.18E3,1.36E3,1.00E3,42.5,49.7,2.88E3,3.05E3,448,1.04E3

OUT - TP Mean Annual Load (kg/yr),4.99,12.1,2.29,1.63,95.8E-3,0.109,4.61,5.12,0.742,1.75

OUT - TN Mean Annual Load (kg/yr),37.1,49.5,9.28,12.0,0.954,1.11,34.6,20.8,3.07,7.15

OUT - Gross Pollutant Mean Annual Load (kg/yr),454,547,103,148,8.34,9.61,423,231,33.7,78.7

Rain In (ML/yr),21.2982,24.9764,4.70443,6.92834,4.96106,5.71375,19.8442,10.5208,1.53963,3.5925

ET Loss (ML/yr),4.30506,4.30502,0.810874,1.40043,3.51298,4.04596,4.01109,1.81343,0.265382,0.619215

Deep Seepage Loss (ML/yr),0,0,0,0,0,0,0,0,0,0

Baseflow Out
(ML/yr),0.323772,0.189842,0.0357579,0.105323,0.716458,0.825163,0.301668,0.0799678,0.0117026,0.0273061
Imp. Stormflow Out (ML/yr),16.435,20.3439,3.8319,5.34634,0.21268,0.244948,15.313,8.56953,1.25408,2.92618
Perv. Stormflow Out
(ML/yr),0.24057,0.141057,0.0265689,0.0782576,0.532345,0.613115,0.224145,0.0594178,0.0086953,0.020289
Total Stormflow Out (ML/yr),16.6756,20.485,3.85847,5.42459,0.745025,0.858063,15.5371,8.62895,1.26277,2.94647
Total Outflow (ML/yr),16.9994,20.6748,3.89423,5.52992,1.46148,1.68323,15.8388,8.70891,1.27448,2.97377
Change in Soil Storage (ML/yr),-0.00608202,-0.00356614,-0.000671691,-0.00197847,-0.0134586,-0.0155006,-
0.00566677,-0.00150219,-0.000219834,-0.000512959

TSS Baseflow Out (kg/yr),5.5399,3.24669,0.612812,1.80206,4.66226,5.36848,5.16331,1.3672,0.200177,0.466763
TSS Total Stormflow Out (kg/yr),3118.27,7179.25,1358.47,1002.92,37.8263,44.328,2879.2,3046.98,447.808,1036.98
TSS Total Outflow (kg/yr),3123.81,7182.5,1359.08,1004.72,42.4886,49.6965,2884.36,3048.34,448.008,1037.45

TP Baseflow Out
(kg/yr),0.0503789,0.029493,0.00555939,0.0163771,0.0238051,0.0274313,0.0468694,0.0124305,0.00181848,0.00424467
TP Total Stormflow Out
(kglyr),4.94295,12.0937,2.28023,1.61324,0.0720432,0.0812299,4.55986,5.10436,0.740238,1.74206

TP Total Outflow (kg/yr),4.99333,12.1232,2.28579,1.62961,0.0958482,0.108661,4.60673,5.11679,0.742057,1.7463
TN Baseflow Out
(kg/yr),0.433216,0.254142,0.0478504,0.14093,0.224846,0.258866,0.403784,0.107062,0.0156599,0.0365567

TN Total Stormflow Out (kg/yr),36.6619,49.2275,9.23403,11.8718,0.728761,0.850971,34.152,20.7193,3.05617,7.10974
TN Total Outflow (kg/yr),37.0951,49.4816,9.28188,12.0127,0.953607,1.10984,34.5558,20.8263,3.07183,7.14629
GP Total Outflow (kg/yr),455.249,547.73,103.169,148.093,9.03279,10.4033,424.168,230.722,33.7642,78.7832

No Imported Data Source nodes

USTM treatment nodes

Location,' Dummy' Future Treatment,'Dummy"' Existing Treatment,'Dummy' Future Treatment,Media Filtration,Rainwater
Tank,2x Rainwater tanks,Media Filtration,Media Filtration,'Dummy' Future Treatment,3x Rainwater tanks,Media
Filtration,Rainwater Harvesting

1D,2,4,8,13,14,15,17,24,25,27,29,32

Node
Type,BioRetentionNodeV4,BioRetentionNodeV4,BioRetentionNodeV4,MediaFiltrationNode,RainWaterTankNode,RainWat
erTankNode,MediaFiltrationNode,MediaFiltrationNode,BioRetentionNodeV4,RainWaterTankNode,MediaFiltrationNode,Rai
nWaterTankNode

Lo-flow bypass rate (cum/sec),0,0,0,0,0,0,0,0,0,0,0,0

Hi-flow bypass rate (cum/sec),100,100,100,100,100,100,100,100,100,100,100,100

Inlet pond volume, , ,, ,0,0,,,,0,,0

Area (sqm),250,320,80,115,50,120,5781,6678,220,120,315,550

Initial Volume (m”3), , ,,,100,240, ,, ,240, ,0

Extended detention depth (m),0.3,0.3,0.3,0.05,0.2,0.2,0.03,0.03,0.3,0.2,0.05,0.2

Number of Rainwater tanks, , , , ,1,2,,,,3,.,1

Permanent Pool Volume (cubic metres), , , ,,100,240, , , ,240, ,650

Proportion vegetated, , , , ,0,0,,,,0,,0

Equivalent Pipe Diameter (mm), , , , ,300,424, , , ,520, ,50

Overflow weir width (m),2,2,2,100,10,10,100,100,2,10,100,10

Notional Detention Time (hrs), , , , ,29.6E-3,35.6E-3, , , ,23.7E-3, ,11.7

Orifice Discharge Coefficient, , , , ,0.6,0.6, ,,,0.6, ,0.6

Weir Coefficient,1.7,1.7,1.7,1.7,1.7,1.7,2.7,1.7,1.7,1.7,1.7,1.7

Number of CSTR Cells,3,3,3,3,2,2,3,3,3,2,3,2

Total Suspended Solids - k (m/yr),8000,8000,8000,8000,400,400,8000,8000,8000,400,8000,400

Total Suspended Solids - C* (mg/L),20,20,20,20,12,12,20,20,20,12,20,12

Total Suspended Solids - C** (mg/L), , ,,,12,12,,,,12,,12
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Total Phosphorus - k (m/yr),6000,6000,6000,6000,300,300,6000,6000,6000,300,6000,300
Total Phosphorus - C* (mg/L),0.13,0.13,0.13,0.13,0.13,0.13,0.13,0.13,0.13,0.13,0.13,0.13
Total Phosphorus - C* (mg/L), , ,, ,0.13,0.13,,,,0.13, ,0.13

Total Nitrogen - k (m/yr),500,500,500,500,40,40,500,500,500,40,500,40

Total Nitrogen - C* (mg/L),1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4,1.4

Total Nitrogen - C** (mg/L), , ,,,1.4,1.4,,,,1.4,,1.4

Threshold Hydraulic Loading for C** (m/yr), , , , ,0,0,,,,0, ,0

Horizontal Flow Coefficient,3,3,3, ,,,,.3,,,

Reuse Enabled,Off,Off, Off, Off, On,On,Off, Off, Off, On,Off,On

Max drawdown height (m), , , , ,2,2,,,,2,,1.18181818181818

Annual Demand Enabled,Off,Off, Off, Off, On,On, Off, Off, Off, On,Off,On

Annual Demand Value (ML/year), , ,,,0.323,1.001, ,,,0.921, ,2.6712

Annual Demand Distribution, , , , ,PET,PET, ,, ,PET, ,PET

Annual Demand Monthly Distribution: Jan, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Feb, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Mar, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Apr, ,,,,,,,,, .,

Annual Demand Monthly Distribution: May, , ,,,,,,,,,

Annual Demand Monthly Distribution: Jun, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Jul, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Aug, , ,, 445545,

Annual Demand Monthly Distribution: Sep, , ,,, .+, .,

Annual Demand Monthly Distribution: Oct, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Nov, , ,,,,,,,,,,

Annual Demand Monthly Distribution: Dec, , ,,,,,,,,,,

Daily Demand Enabled,Off,Off,Off,Off,On,On,Off, Off,Off,On,Off, Off

Daily Demand Value (ML/day), , , , ,0.00432,0.01079, , , ,0.01036, ,

Custom Demand Enabled,Off,Off, Off, Off, Off, Off, Off, Off, Off, Off, Off, Off

Custom Demand Time Series File, ,,,,, 1.,

Custom Demand Time Series Units, , , ,, 411141

Filter area (sqm),250,320,80,115, , ,5781,6678,220, ,315,

Filter perimeter (m),0.1,0.1,0.1,,,,,,0.1,,,

Filter depth (m),0.5,0.5,0.5,0.8, , ,0.3,0.3,0.5, ,0.8,

Filter Median Particle Diameter (mm), , , ,0.45,,,0.45,0.45, , ,0.45,

Saturated Hydraulic Conductivity (mm/hr),100,100,100,125, ,,100,100,100, ,125,
Infiltration Media Porosity,0.35,0.35,0.35,0.3, , ,0.3,0.3,0.35, ,0.3,
Length (M), ,,,,,yy, 04,

Bed slope, ,,,yysy 004

Base Width (M), , ,,,, .+,

Topwidth (M), ,,, .,y 004,

Vegetation height (M), , , , ..., .44,

Vegetation Type,Vegetated with Effective Nutrient Removal Plants,Vegetated with Effective Nutrient Removal
Plants,Vegetated with Effective Nutrient Removal Plants, , , , , ,Vegetated with Effective Nutrient Removal Plants, , ,
Total Nitrogen Content in Filter (mg/kg),800,800,800, , , ,, ,800, ,,
Orthophosphate Content in Filter (mg/kg),40,40,40, , ,,, ,40,,,

Is Base Lined?,Yes,Yes,Yes, ,,,,,Yes,,,

Is Underdrain Present?,Yes,Yes,Yes,,,,, ,Yes,,,

Is Submerged Zone Present?,No,No,No, , , , , ,No, , ,

Submerged Zone Depth (M), , , , vy yy 014

B for Media Soil Texture,13,13,13,-9999,-9999,-9999,-9999,-9999,13,-9999,-9999,-9999
Proportion of upstream impervious area treated, , , ,,,,,,,,,

Exfiltration Rate (mm/hr),0,0,0,0,0,0,0,0,0,0,0,0

Evaporative Loss as % of PET,100,100,100, ,0,0, ,,100,0, ,0

Depth in metres below the drain pipe, , , ,0,,,0,0,, ,0,

TSS A Coefficient, , , ,0.52,,,0.52,0.52, , ,0.52,

TSS B Coefficient, , , ,-0.39, , ,-0.39,-0.39, , ,-0.39,

TP A Coefficient, , , ,1.28,,,1.28,1.28, , ,1.28,

TP B Coefficient, , , ,-0.19, , ,-0.19,-0.19, , ,-0.19,

TN A Coefficient, , , ,1.67,,,1.67,1.67, ,,1.67,

TN B Coefficient, , , ,-0.09, , ,-0.09,-0.09, , ,-0.09,

Sfc,0.61,0.61,0.61,,,,,,0.61,,,
$*0.37,0.37,037,,,,,,0.37,,,
Sw,0.11,0.11,0.11,,,,,,0.11,,,
Sh,0.05,0.05,0.05, , ,,,,0.05, ,,
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Emax (m/day),0.008,0.008,0.008, , ,,,, 0.008, , ,

Ew (m/day),0.001,0.001,0.001, ,,,,, 0.001, ,,

IN - Mean Annual Flow (ML/yr),13.0,20.7,4.01,3.89,5.53,17.0,1.46,1.68,12.0,15.8,8.71,1.71

IN - TSS Mean Annual Load (kg/yr),1.88E3,7.18E3,544,1.36E3,1.00E3,3.12E3,42.5,49.7,1.68E3,2.88E3,3.05E3,3.81
IN - TP Mean Annual Load (kg/yr),3.40,12.1,1.03,2.29,1.63,4.99,95.8E-3,0.109,3.08,4.61,5.12,30.9E-3

IN - TN Mean Annual Load (kg/yr),27.8,49.5,8.48,9.28,12.0,37.1,0.954,1.11,25.7,34.6,20.8,0.600

IN - Gross Pollutant Mean Annual Load (kg/yr),0.00,547,0.00,103,148,454,8.34,9.61,0.00,423,231,0.00

OUT - Mean Annual Flow (ML/yr),12.7,20.0,3.91,3.89,4.01,13.0,1.48,1.71,11.7,12.0,8.71,0.380

OUT - TSS Mean Annual Load (kg/yr),454,1.14E3,140,156,544,1.88E3,3.32,3.81,424,1.68E3,296,3.55

OUT - TP Mean Annual Load (kg/yr),1.60,3.30,0.501,0.596,1.03,3.40,27.1E-3,30.9E-3,1.49,3.08,1.27,34.5E-3
OUT - TN Mean Annual Load (kg/yr),17.9,25.5,5.61,5.41,8.48,27.8,0.518,0.600,16.9,25.7,11.8,0.315

OUT - Gross Pollutant Mean Annual Load (kg/yr),0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00
Flow In (ML/yr),13.0396,20.5795,4.01043,3.87713,5.50332,16.9031,1.45605,1.67645,12.029,15.7502,8.67002,1.6986 1
ET Loss (ML/yr),0.355235,0.686164,0.103457,0,0,0,0,0,0.30417,0,0,0

Infiltration Loss (ML/yr),0,0,0,0,0,0,0,0,0,0,0,0

Low Flow Bypass Out (ML/yr),0,0,0,0,0,0,0,0,0,0,0,0

High Flow Bypass Out (ML/yr),0,0,0,0,0,0,0,0,0,0,0,0

Orifice / Filter Out
(ML/yr),7.24272,12.7597,2.14485,2.92178,3.87468,12.2402,1.47492,1.69861,6.46136,11.6821,6.94874,0.20745
Weir Out (ML/yr),5.42945,7.1827,1.75867,0.959393,0.135748,0.79938,0,0,5.25156,0.346942,1.73087,0.173039
Transfer Function Out (ML/yr),0,0,0,0,0,0,0,0,0,0,0,0

Reuse Supplied (ML/yr),0,0,0,0,1.52241,3.91922,0,0,0,3.79744,0,1.32364

Reuse Requested (ML/yr),0,0,0,0,1.92226,4.85546,0,0,0,4.68489,0,2.6868

% Reuse Demand Met,0,0,0,0,79.199,80.7178,0,0,0,81.0572,0,49.2646

% Load Reduction,2.81804,3.09604,2.66598,-0.104292,27.1271,22.8569,-1.29618,-1.32167,2.62783,23.6262,-
0.110701,77.6

TSS Flow In
(kglyr),1881.04,7179.6,543.919,1358.55,1004.72,3123.81,42.2864,49.4301,1684.45,2884.36,3047.13,3.80933
TSS ET Loss (kglyr),0,0,0,0,0,0,0,0,0,0,0,0

TSS Infiltration Loss (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TSS Low Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TSS High Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TSS Oirifice / Filter Out
(kglyr),22.3544,32.6125,6.73106,38.5471,523.147,1756.84,3.29917,3.79133,19.9772,1636.68,96.9281,2.18699
TSS Weir Out (kg/yr),431.65,1103.12,132.785,117.428,20.7747,124.206,0,0,404.485,47.7548,198.678,1.36633
TSS Transfer Function Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TSS Reuse Supplied (kg/yr),0,0,0,0,49.109,139.109,0,0,0,129.749,0,15.8816

TSS Reuse Requested (kglyr),0,0,0,0,0,0,0,0,0,0,0,0

TSS % Reuse Demand Met,0,0,0,0,0,0,0,0,0,0,0,0

TSS % Load
Reduction,75.8642,84.1811,74.3498,88.5189,45.8632,39.7837,92.198,92.3299,74.801,41.6011,90.2989,6.72055
TP Flow In
(kglyr),3.40459,12.1015,1.02981,2.28165,1.62961,4.99331,0.0953967,0.108146,3.0791,4.60672,5.1076,0.0308753
TP ET Loss (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TP Infiltration Loss (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TP Low Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TP High Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TP Oirifice / Filter Out
(kg/yr),0.497648,0.78702,0.148799,0.301188,0.99243,3.18628,0.0269446,0.0307403,0.444342,2.99104,0.746626,0.0223
484

TP Weir Out (kg/yr),1.09833,2.50597,0.352177,0.293799,0.0373737,0.218299,0,0,1.04363,0.0880858,0.51824,0.0121557
TP Transfer Function Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TP Reuse Supplied (kg/yr),0,0,0,0,0.23538,0.624807,0,0,0,0.595899,0,0.171747

TP Reuse Requested (kglyr),0,0,0,0,0,0,0,0,0,0,0,0

TP % Reuse Demand Met,0,0,0,0,0,0,0,0,0,0,0,0

TP % Load Reduction,53.1229,72.7887,51.3527,73.923,36.8066,31.8173,71.7552,71.5752,51.6751,33.1603,75.2356,-
11.7531

TN Flow In
(kglyr),27.8257,49.3279,8.48343,9.25298,12.0127,37.0951,0.949239,1.10484,25.6982,34.5558,20.7618,0.600346
TN ET Loss (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TN Infiltration Loss (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TN Low Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TN High Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0
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TN Orifice / Filter Out
(kglyr),6.62673,8.97284,1.98498,3.24936,8.19453,26.1025,0.516102,0.597836,5.92045,24.916,7.84453,0.198137
TN Weir Out (kg/yr),11.2842,16.5355,3.61975,2.14826,0.288832,1.72321,0,0,10.9788,0.78232,3.91805,0.116955
TN Transfer Function Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TN Reuse Supplied (kg/yr),0,0,0,0,2.78851,7.3676,0,0,0,7.01424,0,1.76977

TN Reuse Requested (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

TN % Reuse Demand Met,0,0,0,0,0,0,0,0,0,0,0,0

TN % Load
Reduction,35.6315,48.2882,33.9332,41.6662,29.3799,24.988,45.6299,45.8896,34.2398,25.6324,43.3451,47.5149
GP Flow In (kg/yr),0,547.3,0,103.083,147.845,454.484,8.34337,9.60923,0,423.457,230.534,0

GP Infiltration Loss (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

GP Low Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0
GP High Flow Bypass Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0
GP Orifice / Filter Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

GP Weir Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

GP Transfer Function Out (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0
GP Reuse Supplied (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

GP Reuse Requested (kg/yr),0,0,0,0,0,0,0,0,0,0,0,0

GP % Reuse Demand Met,0,0,0,0,0,0,0,0,0,0,0,0

GP % Load Reduction,100,100,100,100,100,100,100,100,100,100,100,100
PET Scaling Factor,2.1,2.1,2.1,,,,,,2.1,,,

Generic treatment nodes
Location,Generic GPT (Rocla),Generic GPT (Rocla),Generic GPT (Rocla)
ID,11,19,21

Node Type,GPTNode,GPTNode,GPTNode
Lo-flow bypass rate (cum/sec),0,0,0
Hi-flow bypass rate (cum/sec),10,10,10
Flow Transfer Function

Input (cum/sec),0,0,0

Output (cum/sec),0,0,0

Input (cum/sec),10,10,10

Output (cum/sec),10,10,10

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Input (cum/sec), , ,

Output (cum/sec), , ,

Gross Pollutant Transfer Function
Enabled,True,True, True

Input (kg/ML),0,0,0

Output (kg/ML),0,0,0

Input (kg/ML),100,100,100
Output (kg/ML),2,2,2

Input (kg/ML), , ,

Output (kg/ML), , ,

Input (kg/ML), , ,

Output (kg/ML), , ,

Input (kg/ML), , ,

Output (kg/ML), , ,

Input (kg/ML), , ,

Output (kg/ML), , ,
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Input (kg/ML), , ,

Output (kg/ML), , ,

Input (kg/ML), , ,

Output (kg/ML), , ,

Input (kg/ML), , ,

Output (kg/ML), , ,

Input (kg/ML), , ,

Output (kg/ML), , ,

Total Nitrogen Transfer Function
Enabled, True,True,True
Input (mg/L),0,0,0
Output (mg/L),0,0,0
Input (mg/L),50,50,50
Output (mg/L),50,50,50
Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Total Phosphorus Transfer Function
Enabled, True, True,True
Input (mg/L),0,0,0
Output (mg/L),0,0,0
Input (mg/L),0.5,0.5,0.5
Output (mg/L),0.5,0.5,0.5
Input (mg/L),10,10,10
Output (mg/L),7,7,7
Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Total Suspended Solids Transfer Function
Enabled, True, True,True
Input (mg/L),0,0,0
Output (mg/L),0,0,0
Input (mg/L),75,75,75
Output (mg/L),75,75,75
Input (mg/L),1000,1000,1000
Output (mg/L),300,300,300
Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,
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Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

Input (mg/L), , ,

Output (mg/L), , ,

TSS Flow based Efficiency Enabled,Off,Off,Off

TSS Flow based Efficiency, , ,

TP Flow based Efficiency Enabled,Off,Off,Off

TP Flow based Efficiency, , ,

TN Flow based Efficiency Enabled,Off,Off,Off

TN Flow based Efficiency, , ,

GP Flow based Efficiency Enabled,Off, Off, Off

GP Flow based Efficiency, , ,

IN - Mean Annual Flow (ML/yr),9.08,32.7,23.8

IN - TSS Mean Annual Load (kg/yr),744,1.59E3,1.76E3
IN - TP Mean Annual Load (kg/yr),1.84,4.89,4.54

IN - TN Mean Annual Load (kg/yr),14.1,43.5,36.2

IN - Gross Pollutant Mean Annual Load (kg/yr),33.7,0.00,78.7
OUT - Mean Annual Flow (ML/yr),9.08,32.7,23.8

OUT - TSS Mean Annual Load (kg/yr),517,1.17E3,1.28E3
OUT - TP Mean Annual Load (kg/yr),1.82,4.88,4.50
OUT - TN Mean Annual Load (kg/yr),14.1,43.5,36.2
OUT - Gross Pollutant Mean Annual Load (kg/yr),0.675,0.00,1.57
Flow In (ML/yr),9.04123,32.5655,23.7034

ET Loss (ML/yr),0,0,0

Infiltration Loss (ML/yr),0,0,0

Low Flow Bypass Out (ML/yr),0,0,0

High Flow Bypass Out (ML/yr),0,0,0

Orifice / Filter Out (ML/yr),0,0,0

Weir Out (ML/yr),0,0,0

Transfer Function Out (ML/yr),9.04123,32.5655,23.7034
Reuse Supplied (ML/yr),0,0,0

Reuse Requested (ML/yr),0,0,0

% Reuse Demand Met,0,0,0

% Load Reduction,0,0,0

TSS Flow In (kg/yr),742.988,1587.96,1759.64

TSS ET Loss (kg/yr),0,0,0

TSS Infiltration Loss (kg/yr),0,0,0

TSS Low Flow Bypass Out (kg/yr),0,0,0

TSS High Flow Bypass Out (kg/yr),0,0,0

TSS Orifice / Filter Out (kg/yr),0,0,0

TSS Weir Out (kg/yr),0,0,0

TSS Transfer Function Out (kg/yr),516.502,1166.36,1275.19
TSS Reuse Supplied (kg/yr),0,0,0

TSS Reuse Requested (kg/yr),0,0,0

TSS % Reuse Demand Met,0,0,0

TSS % Load Reduction,30.4831,26.5494,27.5313

TP Flow In (kg/yr),1.83502,4.8806,4.52658

TP ET Loss (kg/yr),0,0,0

TP Infiltration Loss (kg/yr),0,0,0

TP Low Flow Bypass Out (kg/yr),0,0,0

TP High Flow Bypass Out (kg/yr),0,0,0

TP Orifice / Filter Out (kg/yr),0,0,0

TP Weir Out (kg/yr),0,0,0

TP Transfer Function Out (kg/yr),1.81881,4.87314,4.49051
TP Reuse Supplied (kg/yr),0,0,0

TP Reuse Requested (kg/yr),0,0,0

TP % Reuse Demand Met,0,0,0

TP % Load Reduction,0.883492,0.152701,0.796879
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TN Flow In (kg/yr),14.05,43.3472,36.069
TN ET Loss (kg/yr),0,0,0

TN Infiltration Loss (kg/yr),0,0,0

TN Low Flow Bypass Out (kg/yr),0,0,0
TN High Flow Bypass Out (kg/yr),0,0,0
TN Orifice / Filter Out (kg/yr),0,0,0

TN Weir Out (kg/yr),0,0,0

TN Transfer Function Out (kg/yr),14.05,43.3472,36.069
TN Reuse Supplied (kg/yr),0,0,0

TN Reuse Requested (kg/yr),0,0,0

TN % Reuse Demand Met,0,0,0

TN % Load Reduction,0,0,0

GP Flow In (kgl/yr),33.7373,0,78.7192
GP ET Loss (kg/yr),0,0,0

GP Infiltration Loss (kg/yr),0,0,0

GP Low Flow Bypass Out (kg/yr),0,0,0
GP High Flow Bypass Out (kg/yr),0,0,0
GP Oirifice / Filter Out (kg/yr),0,0,0

GP Weir Out (kg/yr),0,0,0

GP Transfer Function Out (kg/yr),0.674736,0,1.57439
GP Reuse Supplied (kg/yr),0,0,0

GP Reuse Requested (kg/yr),0,0,0

GP % Reuse Demand Met,0,0,0

GP % Load Reduction,100,100,100

Other nodes

Location,North 2 Catchment,North 1 Catchment,Junction,Post-Development Node,Junction,South 1 Catchment,Junction
1D,5,9,10,12,18,20,22

Node Type,JunctionNode,JunctionNode,JunctionNode,PostDevelopmentNode,JunctionNode,JunctionNode,JunctionNode
IN - Mean Annual Flow (ML/yr),9.08,34.1,9.08,67.0,32.7,23.8,23.8

IN - TSS Mean Annual Load (kg/yr),517,1.17E3,744,2.96E3,1.59E3,1.28E3,1.76E3

IN - TP Mean Annual Load (kg/yr),1.82,4.91,1.84,11.2,4.89,4.50,4.54

IN - TN Mean Annual Load (kg/yr),14.1,44.0,14.1,94.2,43.5,36.2,36.2

IN - Gross Pollutant Mean Annual Load (kg/yr),0.675,0.00,33.7,2.25,0.00,1.57,78.7

OUT - Mean Annual Flow (ML/yr),9.08,34.1,9.08,67.0,32.7,23.8,23.8

OUT - TSS Mean Annual Load (kg/yr),517,1.17E3,744,2.96E3,1.59E3,1.28E3,1.76E3

OUT - TP Mean Annual Load (kg/yr),1.82,4.91,1.84,11.2,4.89,4.50,4.54

OUT - TN Mean Annual Load (kg/yr),14.1,44.0,14.1,94.2,43.5,36.2,36.2

OUT - Gross Pollutant Mean Annual Load (kg/yr),0.675,0.00,33.7,2.25,0.00,1.57,78.7

% Load Reduction,15.2,12.7,15.2,15.2,13.3,18.5,18.5

TSS % Load Reduction,81.6,88.7,73.6,85.3,84.6,81.8,74.9

TN % Load Reduction,42.2,49.8,42.2,46.3,49.8,43.2,43.2

TP % Load Reduction,60.9,71.5,60.5,66.4,71.4,61.1,60.8

GP % Load Reduction,99.8,100,88.1,99.9,100,99.8,89.4

Links

Location,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage
Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage
Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage
Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link,Drainage Link

Source node 1D,3,8,10,11,5,6,13,7,14,1,15,16,17,4,2,18,19,21,20,22,23,25,26,27,28,29,9,30,31,24,32

Target node 1D,4,10,11,5,12,13,10,14,8,15,2,17,9,18,18,19,9,20,12,21,24,22,27,25,29,22,12,10,22,32,22
Muskingum-Cunge Routing,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not
Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not
Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not Routed,Not
Routed,Not Routed,Not Routed,Not Routed

MUsSKINQUM K, | 4,y s s v ar s s nsassnsssrass

Muskingum theta, , , ,,, 0y s s rrrrarrarrrsrss

IN - Mean Annual Flow
(ML/yr),20.7,3.91,9.08,9.08,9.08,3.89,3.89,5.53,4.01,17.0,13.0,1.46,1.48,20.0,12.7,32.7,32.7,23.8,23.8,23.8,1.68,11.7,15.8
,12.0,8.71,8.71,34.1,1.27,2.97,1.71,0.380

IN - TSS Mean Annual Load
(kglyr),7.18E3,140,744,517,517,1.36E3,156,1.00E3,544,3.12E3,1.88E3,42.5,3.32,1.14E3,454,1.59E3,1.17E3,1.28E3,1.28
E3,1.76E3,49.7,424,2.88E3,1.68E3,3.05E3,296,1.17E3,448,1.04E3,3.81,3.55

Kellyville Station Precinct



IN - TP Mean Annual Load (kg/yr),12.1,0.501,1.84,1.82,1.82,2.29,0.596,1.63,1.03,4.99,3.40,95.8E-3,27.1E-
3,3.30,1.60,4.89,4.88,4.50,4.50,4.54,0.109,1.49,4.61,3.08,5.12,1.27,4.91,0.742,1.75,30.9E-3,34.5E-3

IN - TN Mean Annual Load
(kglyr),49.5,5.61,14.1,14.1,14.1,9.28,5.41,12.0,8.48,37.1,27.8,0.954,0.518,25.5,17.9,43.5,43.5,36.2,36.2,36.2,1.11,16.9,34
.6,25.7,20.8,11.8,44.0,3.07,7.15,0.600,0.315

IN - Gross Pollutant Mean Annual Load
(kglyr),547,0.00,33.7,0.675,0.675,103,0.00,148,0.00,454,0.00,8.34,0.00,0.00,0.00,0.00,0.00,1.57,1.57,78.7,9.61,0.00,423,
0.00,231,0.00,0.00,33.7,78.7,0.00,0.00

OUT - Mean Annual Flow
(ML/yr),20.7,3.91,9.08,9.08,9.08,3.89,3.89,5.53,4.01,17.0,13.0,1.46,1.48,20.0,12.7,32.7,32.7,23.8,23.8,23.8,1.68,11.7,15.8
,12.0,8.71,8.71,34.1,1.27,2.97,1.71,0.380

OUT - TSS Mean Annual Load
(kglyr),7.18E3,140,744,517,517,1.36E3,156,1.00E3,544,3.12E3,1.88E3,42.5,3.32,1.14E3,454,1.59E3,1.17E3,1.28E3,1.28
E3,1.76E3,49.7,424,2.88E3,1.68E3,3.05E3,296,1.17E3,448,1.04E3,3.81,3.55

OUT - TP Mean Annual Load (kg/yr),12.1,0.501,1.84,1.82,1.82,2.29,0.596,1.63,1.03,4.99,3.40,95.8E-3,27.1E-
3,3.30,1.60,4.89,4.88,4.50,4.50,4.54,0.109,1.49,4.61,3.08,5.12,1.27,4.91,0.742,1.75,30.9E-3,34.5E-3

OUT - TN Mean Annual Load
(kglyr),49.5,5.61,14.1,14.1,14.1,9.28,5.41,12.0,8.48,37.1,27.8,0.954,0.518,25.5,17.9,43.5,43.5,36.2,36.2,36.2,1.11,16.9,34
.6,25.7,20.8,11.8,44.0,3.07,7.15,0.600,0.315

OUT - Gross Pollutant Mean Annual Load
(kglyr),547,0.00,33.7,0.675,0.675,103,0.00,148,0.00,454,0.00,8.34,0.00,0.00,0.00,0.00,0.00,1.57,1.57,78.7,9.61,0.00,423,
0.00,231,0.00,0.00,33.7,78.7,0.00,0.00

Catchment Details

Catchment Name,CI-CA-Kellyville (Exc Exist) (GPT+Trees)_20.04.22
Timestep,6 Minutes

Start Date,25/12/1984

End Date,31/05/2010 11:54:00 PM

Rainfall Station, 66124 PARRAMATTA

ET Station,User-defined monthly PET

Mean Annual Rainfall (mm), 856

Mean Annual ET (mm), 1201

Kellyville Station Precinct



Design with
community in mind

Level 6, Building B

207 Pacific Highway

St Leonards NSW 2065

Tel +61 +61 2 8484 7000

E enquiries.ap@stantec.com

For more information please

www.stantec.com

Visit
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