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Executive Summary
Introduction
AECOM was commissioned on behalf of the Glenlee Consortium to provide a water cycle and riparian corridor
management strategy for the proposed rezoning of the Glenlee Precinct (The Precinct) for employment and
related purpose.  The Precinct is located approximately 6km from Campbelltown as well as 3.5km and 5km from
Narellan Town Centre and Camden Town Centre respectively.

The Precinct is the principal focus of the environmental investigations constituting the Local Environmental Study
(LES) as established in the relevant Council resolutions and described in the Project Plan.  The Precinct refers to
the site comprising the land associated with the Sada former coal washery, Camden Soil Mix (CSM) and TRN
Group Earthmoving (TRN).  The area covers approximately 107ha of land bounded by the Nepean River to the
west, Waste Services NSW (WSN) Macarthur Resource Recovery Park to the north various other Landcom’s
Spring Farm and Menangle Park land releases areas to the east and south.

As part of Glenlee rezoning process, it was necessary to undertake a water cycle management assessment and
prepare a strategy to satisfy the following issues with respect to the Proposal:

- Establish a comprehensive total water cycle management strategy based upon contemporary water
management principles

- Minimise the use of potable water and maximise water reuse / recycling opportunities

- Define water quality and quantity targets appropriate for the receiving streams and demonstrate how they
can be met

- Ensure the proposed development of the Precinct will not exacerbate flooding impacts upon
upstream/downstream communities

- Assess potential impacts on adjoining/adjacent land and develop strategies to manage potential conflict

- Identify needs issues that S94 developer contributions plans must address.

Correspondence with Councils
During the development of this report there has been ongoing correspondence with Campbelltown and Camden
Council to discuss and resolve various aspects of the proposed water cycle management strategy for The
Precinct.  Following the submission of Version B a list of consolidated comments were provided by Council to
AECOM which have since been the focus of further meetings, phone calls and emails.   This list together with
respective actions is provided in Appendix D.

Water Management Objectives and Targets
Based upon review of various State and Local planning documents, development guidelines that address water
cycle management and under direction from Council, the following table provides water management targets and
objectives that have been adopted for the Precinct.
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Table 1 Adopted Water Management Targets and Objectives for the Glenlee Precinct

IWCM Component Performance Measure and Target

1. Water
Conservation

Combination of water efficiency and reuse options to be considered including:
Rainwater tanks to be provided on all buildings with a roof area > 100m2
Rainwater tanks to be used to supply toilets and for other non-potable uses where
practicable (i.e. irrigation and wash down)

2. Stormwater
Pollution
Control

55% reduction in the mean annual load of Total Nitrogen (TN).
70% reduction in the mean annual load of Total Phosphorus (TP).
85% reduction in the mean annual load of Total Suspended Solids (TSS).

3. Flow
Management

Stream Erosion Index (SEI) 1 – 2 through maintaining the 1.5 year ARI peak
discharge to pre-development magnitude and inclusion of stormwater treatment for
frequent storm events.
Maintain 100 year ARI peak discharge to existing magnitude

4. Flood
Protection

Determine flood levels for the Nepean River for the 1 in 100 year ARI and Probable
Maximum Flood (PMF) events and set minimum building levels accordingly.

The above targets and objectives were used to determine water management options and strategies for the
Precinct.

Constraints, Opportunities and Issues
There are various issues, constraints and opportunities on the Precinct development that determine the
developable area and the water cycle management strategy that can be developed.  These are outlined below.

Opportunities

The opportunities to be considered in the preparation of the water management strategy for the Precinct include:

- Storage and re-use of stormwater for industrial areas including non-potable use such as toilets, process,
wash-down and irrigation using either rainwater tanks, ponds or wetlands; and

- Utilise the existing emplacement area to provide freeboard above the 100 year ARI flood event for the
development area

Constraints

The constraints to be considered in the preparation of the water management strategy for the Precinct include:

- Water quality targets for the site and the Nepean River will require allocation of land for water quality control
measures either on lot or end of line or a combination;

- Stormwater detention is required to reduce post development peak flows to pre-development peak flows;

- All development would need to be designed to minimise infiltration to prevent potentially contaminated
surface waters (or accidental spills of pollutants) generated on the Precinct entering the underlying
groundwater system;

- Natural ground slopes in the north of the site are relatively steep with existing grades ranging from 4% to 8%
in places; and

- Limited areas to implement water quality and quantity controls within the upper levels and lower areas of the
site (i.e. Nepean floodplain) due to flooding and riparian constraints – Camden Council directive not to
provide water quality treatment within the floodplain.
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Water Cycle Management Strategy
Based on the above review of WSUD treatment and water management options for the Precinct, the preferred
strategy options are provided below.

Water Conservation and Reuse

- BASIX requirements do not apply to industrial estates, however rainwater tanks are required and will be
used to supply water to meet toilet flushing, irrigation and wash-down demands. It is estimated that rainwater
tanks can save 7.0 ML/year of potable water that would typically be used for non-potable uses.

- Further potable water savings can be made through the use of water efficient fittings, and the use of
landscapes that require little or no irrigation. Where irrigation is required, drip irrigation systems can be
installed.

Water Quantity - Flow Management

- Suitable OSD storages are to be used to reduce peak flows (either above and/or below ground) either on lot,
end of line or a combination depending on catchment and final development arrangement. OSD storages
are not to be located within the Nepean floodplain (lower portion of the Precinct).

- Opportunities to offset OSD volume requirements with a portion of rainwater tanks volume and extended
detention volume within bioretention systems should be discussed with Council

- OSD storages can be used to maintain 100 year ARI peak discharge to pre-development magnitude. When
sufficient storage for the 100 year ARI is provided, the 1.5 year ARI peak discharge can be controlled to the
pre-development magnitude, but designed at the detailed design stage. The Inclusion of stormwater
treatment for frequent storm events (typically up to the 3 month ARI) such as those proposed for this
development will ensure that runoff meets the requirements of the target for the Stream Erosion Index (SEI)
1 - 2.

Water Quality – Stormwater Treatment

- The water quality of stormwater runoff will be managed in the following ways:

· On-lot bioretention systems for all industrial lots

· Streetscape bioretention systems for internal roads in Catchment A

· Swale and bioretention systems for the perimeter road in Catchment A

· End of line bioretention basins to treat road runoff for Catchments B, C and D

These treatment systems have been sized to be consistent with and meet the stringent targets that have been
met by the neighbouring Menangle Park Development. These targets ensure water quality measures are sufficient
to meet the water quality objectives appropriate for the Hawkesbury Nepean River System consistent with
investigations by the Healthy Rivers Commission (HRC) and the commitments of the Statement of Joint Intent
(SOJI), 2001.
The above preferred water management strategy was assessed using hydrological (XP_RAFTS) and water
quality (MUSIC) modelling to provide an increased level of confidence that the water cycle management system
will meet the adopted water management targets and objectives that have been adopted for the Precinct in terms
of water conservation, water quality and flow management.

Adoption of the proposed water management measures will provide an integrated, sustainable approach to water
cycle management in the context of the ILP by meeting the required performance objectives and targets set in this
document.  The strategies proposed are consistent with those adopted in adjacent development areas such as
the Spring Farm and Menangle Park land releases.
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1.0 Introduction
AECOM was commissioned on behalf of the Glenlee Consortium1 to provide a number of sub-studies including
water cycle management strategy associated with the Industrial rezoning of the Glenlee Precinct for employment
and related purposes.

During the development of this report there has been ongoing correspondence with Campbelltown and Camden
Council to discuss and resolve various aspects of the proposed water cycle management strategy for The
Precinct.  Following the submission of Version B a list of consolidated comments were provided by Council to
AECOM which have since been the focus of further meetings, phone calls and emails.   This list together with
respective actions is provided in Appendix D.

The Glenlee PrecinctGlenlee is located near Narellan, approximately 50 km south-west of Sydney, within
the Camden and Campbelltown Local Government Areas (LGAs). The regional context of the Precinct is shown in
Figure 1 below.

Figure 1 – Regional Context of Glenlee (Source: Sada Services Pty Ltd, 2008)

The location of Glenlee in relation to major local centres and features is as follows:
- 6 km west of Campbelltown;

1 Sada Services, Glenlee Properties Pty Ltd and J & W Tripodi Holdings Pty Ltd
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- 3.5 km south of Narellan Town Centre;

- 5 km east of Camden Town Centre;

- Immediately west of the South Western Freeway and Main Southern Railway;

- South-west of Australian Botanic Gardens;

- Immediately south-east of the proposed Spring Farm Residential Release Area;

- South of Mount Annan residential area;

- Adjacent to Macarthur Resource Recovery Park (formerly Jacks Gully Waste and Recycling Centre (WRC));

- North of Menangle Park Residential Release Area; and

- North and east of the Nepean River and its expansive flood plain.

The Precinct is situated to the west of the South Western Freeway and Main Southern Railway, southwest of
Australian Botanic Gardens (ABG) and to the southeast of Spring Farm, with the SITA land essentially creating a
buffer to lands to the north and northwest. Further, it is located south of the Mount Annan residential area and the
Macarthur Resource Recovery Park (MRRP), northwest of the proposed Menangle Park Residential Release
Area and north and east of the Nepean River and its expansive flood plain. The Precinct is shown Figure 2 below.

The Local Government boundary between Camden Council and Campbelltown City Council traverses the Study,
Area.

The Precinct comprises the following holdings and respective ownerships, as shown in Table 2 below:
Table 2: The Site – Property Descriptions

Owner Property Description Size

Sada Services Lot 38 DP 1098588 71.04 Ha

Lot 1 DP 250033 3,071 m2

Part Lot 1 DP 405624 2,800 m2

J&W Tripodi Holdings Pty Ltd (Camden Soil Mix) Lot 1102 DP 883495 27.16 Ha

Glenlee Properties Pty Ltd (TRN Group) Lot 54 DP 864754 8.836 Ha
Source: Planning Proposal – Glenlee Precinct, October 2012

The Precinct to a greater extent has been used for industrial related purposes, notwithstanding the current rural
zoning of the land for a number of years. These industrial uses include the Sada Services landholding (truck
maintenance and depot, coal washery and reject coal emplacement), Camden Soil Mix (truck maintenance and
depot, greenwaste and recycling facility), and TRN (truck maintenance and depot).
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Figure 2 – Location of Precinct – Aerial Photo (Source: Planning Proposal – Glenlee Precinct, October 2012)

1.1 Background
The continually evolving nature of activities in the Precinct and evolution and planning for the locality and service
infrastructure provision occasioned a need to review the prevailing planning controls.

In December 2006, Camden Council and Campbelltown City Council resolved to prepare a Local Environmental
Study (LES) and Draft Local Environmental Plan (DLEP) for the rezoning of the subject site. A draft LES was
submitted to both Councils in February 2009, which included a number of technical support studies. These studies
included:

- Land Capability – AECOM

- Ecology – Hayes Environmental Services

- Noise – AECOM

- Air Quality/Odour - AECOM

- Water Cycle Management – AECOM

- European and Aboriginal Heritage – Historyworks and Cultural Heritage Connections

- Transport/Traffic/Accessibility – AECOM

- Landscape and Visual – Musecape
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- Bushfire – Eco Logical

- Civil Infrastructure/Servicing – AECOM

- Masterplanning/Urban Design – Geolyse

- Human Service – BBC Consulting

In addition to these studies, a draft Local Environmental Plan (LEP), draft Development Control Plan (DCP), was
prepared for each Council area, including an Infrastructure Strategy/Section 94 Contributions Plan.

The LES, LEP and DCP were not placed on public exhibition due to a number of issues arising from the technical
studies, which required additional information to be provided to Councils.  Since that time, the key issues
pertaining to the development have been progressively resolved to the extent which would satisfy the
requirements of the Planning Proposal (PP) to gain a Gateway Determination.  On 28 February and 23 April 2013
Campbelltown City Council and Camden Council respectively resolved to provide ‘in principle’ support to the
intentions of the PP.  The PP received a Gateway Determination on July 3rd, 2013 to proceed with the rezoning of
the Glenlee area subject to various conditions including additional/updated information for a number of specialist
technical studies.

A number of these specialist studies were prepared for the rezoning application lodged with the Local
Environmental Study in 2008. However since then legislation has changed in respect of a number of studies and
therefore there is a need for these studies to be reviewed and revised, particularly as the SITA lands no longer
form part of the PP.

In August 2013 a Preliminary Draft Project Plan was submitted to Council’s including an outline of the various
specialist technical study requirements.  Camden responded with comments addressing these requirements,
therefore forming the basis of the sub-consultant’s brief for the various specialist technical studies. AECOM has
since responded to confirm requirement expectation.

1.2 The Proposal
The zoning request is generally in accordance with the proposed zoning map shown in Figure 3, highlighting
General Industrial, Infrastructure and Environmental Conservation zones. Measured zone areas are shown in
Figure 4.  The proposed zones and stated objectives are as follows:

Zone IN1   General Industrial

Objectives of zone

- To provide a wide range of industrial and warehouse land uses.

- To encourage employment opportunities.

- To minimise any adverse effect of industry on other land uses.

- To support and protect industrial land for industrial uses.

- To enable other land uses that provides facilities or services to meet the day to day needs of workers in the
area.

- To enable non-industrial land uses that are compatible with and do not detract from the surrounding
industrial and warehouse land uses.

Zone SP2   Infrastructure

Objectives of zone

- To provide for infrastructure and related uses.

- To prevent development that is not compatible with or that may detract from the provision of infrastructure.
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Zone E2 Environmental Conservation

Objectives of zone

- To protect, manage and restore areas with special ecological, scientific, cultural or aesthetic values.

-       To prevent development that could destroy, damage or otherwise have an adverse effect on those values.  

-       To provide for land uses compatible with the high ecological, scientific, cultural or aesthetic values of this zone.  

-       To foster the protection, enhancement and creation of natural systems corridors.  

.

Figure 3 – Proposed Zoning Map (Source: Geolyse, 11/03/16)
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Figure 4 – Measured Zone Areas

An Indicative Layout Plan (ILP) has been prepared for the Precinct shown in Figure 5.

Figure 5 –Indicative Layout Plan 
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1.3 Report Framework
The report has been structured in the following sections:

- Section 2 reviews the strategic context in terms of water management objectives and targets for any
proposed development of the Precinct

- Section 3 provides a site overview, details land use and catchment hydrology and highlights key
opportunities and issues for any proposed development

- Section 4 provides the details of the proposed development of the Precinct

- Section 5 provides a water quantity and quality impact assessment of the proposed development

- Section 6 provides a summary of water management options and recommends a strategy

- Section 7 outlines the water management strategy assessment

- Section 8 contains a summary of the recommendations and conclusions of the report

- Section 9 provides a list of references used in the report
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2.0 Strategic Context for Water Cycle Management

2.1 Integrated Water Cycle Management
Integrated Water Cycle Management (IWCM) for new urban release areas and urban renewal developments is
based on three key principles:

- potable water reduction - through water efficient fittings and appliances, rainwater harvesting and
wastewater reuse

- wastewater minimisation - and treatment of wastewater to a standard suitable for effluent reuse opportunities
and/or to release to receiving waters

- stormwater (quality and quantity) management - treating urban stormwater to meet water quality/quantity
objectives for reuse and/or discharge to receiving waters.

2.2 Relevant Standards, Guidelines and Reports
State and Local planning documents and development guidelines that address water cycle management.
Relevant to the project are as follows:

- Campbelltown (Sustainable City) Development Control Plan (2012)

- Camden Development Control Plan 2011 - current

- Healthy Rivers Commission Investigation into the Hawkesbury Nepean (1998)

- Sydney Regional Environmental Plan No.20 – Hawkesbury-Nepean River (No.2-1997) (SREP 20)

- Stormwater Management Plan – Upper Nepean River Catchment, Camden Council (2000)

- Managing Urban Stormwater: Environmental Targets, Department of Environment and Climate Change,
Consultation Draft, October 2007

- ANZECC Water Quality Guidelines (2000)

- Australian Rainfall & Runoff (current edition)

- Australian Runoff Quality (2005)

- BASIX (DIPNR).

A number of earlier studies of water management strategies for the surrounding development land are also
relevant including:

- Spring Farm Release Area Water Cycle Master Plan, October 2002

- Menangle Park WSUD Strategy, June 2010

- Spring Farm WSUD Principles and Options Report, June 2007.
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2.3 Objectives
Based on review of the above planning documents and development, the following table provides water
management targets and objectives that have been adopted for the Glenlee Precinct.
Table 3 – IWCM Objectives for the Precinct

IWCM Component Performance Measure and Target

1. Water Conservation1

Combination of water efficiency and reuse options to be considered
including:
Rainwater tanks to be provided on all buildings with a roof area > 100m2
Rainwater tanks to be used to supply toilets and for other non-potable
uses where practicable (i.e. irrigation and wash down)

2. Stormwater Pollution
Control2

55% reduction in the mean annual load of Total Nitrogen (TN).

70% reduction in the mean annual load of Total Phosphorus (TP).

85% reduction in the mean annual load of Total Suspended Solids (TSS).

3. Flow Management3

Stream Erosion Index (SEI) 1 – 2 through maintaining the 1.5 year ARI
peak discharge to pre-development magnitude and inclusion of
stormwater treatment for frequent storm events.
Maintain 100 year ARI peak discharge to existing magnitude

4. Flood Protection
Determine flood levels for the Nepean River for 1 in 100 year ARI and
Probable Maximum Flood (PMF) events and set minimum building levels
accordingly.

Notes:

1. Rainwater tanks to be sized in accordance with Campbelltown’s Sustainable Building Design Objectives for industrial developments.

2. As per discussion with Councils the stormwater pollution control targets adopted are the same for the neighbouring Menangle Park Release Area and
reflect the recommendations of a report (AECOM 2009) into water quality measures required to meet water quality objectives appropriate for the
Hawkesbury Nepean River System consistent with investigations by the Healthy Rivers Commission (HRC) and the commitments of the Statement of
Joint Intent (SOJI), 2001.

3. In NSW, the Department of Environment, Climate Change and Water (now Office of Environment and Heritage) has set an objective for waterway
geomorphic protection which has been adopted by the Growth Centre Commission for urban developments within designated ‘growth centres’ of
greater Sydney. The recommended method by DECCW is based upon computing the pre- and post-development erosion potential of the receiving
waterway. The measures of erosion potential during pre- and post-development conditions are based on calculating the magnitude and duration in
which flows exceeds the “channel forming flow”. It is anticipated that post-development will result in more frequent occurrence of conditions where
stream flow exceeds the channel forming flow of the natural waterway. The NSW objective stipulates this to correspond to 50% in magnitude of the 2-
year ARI peak discharge for the catchment in its natural (pre-development) condition.

The SEI is calculated as the ratio of the stream erosion potential of a waterway post-catchment development to the stream erosion potential
corresponding to a waterway in an undeveloped natural catchment. The stormwater management objective is for the SEI to range between 1 to 2.
This implies that post-development stormwater management must limit the increase in erosion potential of urban waterways to no more than twice
pre-development erosion potential, and ideally should match the predevelopment erosion potential.  The combination of maintaining the 1.5 year ARI
peak discharge to predevelopment magnitude and inclusion of stormwater treatment of frequent storm events (typically up to the 3 month ARI) will
limit the SEI to between 1 – 2 and is consistent with the objectives set in the Menangle Park Release Area.
It is noted that flows for all storms up to and including 100 year ARI should be considered however for the purposes of the Proposal modelling the 100
year ARI event will determine the maximum on-site detention requirement.  Higher frequency events would be managed using suitable stage-
discharge outlet arrangements to be refined at a Development Application/Detailed Design Phase.

2.4 Section 94 Contributions Plan
Both Councils Section 94 plans are comprehensive in addressing a wide range of facilities, including land
acquisition, parking, community facilities, roads and open space and recreation needs. The plan seeks to:

- Meet Council’s statutory obligations in relation to section 94

- Demonstrate the nexus between forecast growth and various facilities

- Provide a works program

- Indicate apportionment of costs

- Provide a schedule of contribution rates and information relating to the timing of payment.
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The majority of the proposed water detention/quality control measures will be located within the Glenlee site and
used exclusively by the proposed development.  As a result, no S94 contributions to Council is expected for these
on-site facilities or any required contributions towards district/subregional level facilities which may be located off-
site.

Any proposed relocation of the southern creek alignment (and possible wetland construction works) may be
undertaken by an agreed shared cost arrangement between the Glenlee owners and Landcom.
It is expected that the operation and maintenance (O&M) responsibility of the proposed for water quantity and
quality control treatments / systems will be managed by means of Community Title.
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3.0 Existing Environment

3.1 Land Uses
The Precinct consists of a number of different land uses as follows:

Sada occupies a total of approximately 72ha area in the south-western portion of the Precinct.  Sada is the
current owner and operator of the former Glenlee Washery site and the current emplacement area.  Coal was
imported, and after being processed through the coal washery was loaded onto trains for transport to a coal
loader.  In September 1973, development consent was issued for the emplacement of large particle size reject to
construct dam walls to retain coal slurry and this emplacement has continued across the site.  The coal washery
reject is generally between 15 and 20 m in depth but is reported as up to 26m in depth (Coffey Geosciences,
2005).

In the 1980s, recycling of the coarse reject material commenced in order to recover coal fines from the large
particle reject, a process which may not have been previously considered economical.  Current site operations
include the receipt of reject from other producers and emplacement, together with the operation of a transport
fleet.

TRN occupies approximately 9 ha in the central portion of the site. TRN operate a truck depot, and has facilities
for service and maintenance, administration and parking and storage of plant and equipment.  The depot has
been built over coal washery reject.  While a range of plant is located onsite, this is for temporary storage between
jobs offsite or for maintenance.  TRN also operate a significant fuel store at the entry to the site, adjacent to WSN.

Camden Soil Mix occupies a total area of approximately 27ha area in the south eastern portion of the site.  CSM
is located within the historic boundary of the Coal Washery, and has been built over coal washery reject.  The
CSM is a soil mixing and embellishing facility that processes and treats a range of materials including green waste
and manure to produce compost and soils.

3.2 Climate
Rainfall Data

Daily rainfall data for the Precinct area was sourced from the Bureau of Meteorology.  One of the nearest rainfall
stations to the Precinct with a long term daily rainfall record (over 100 year) is Brownlow Hill located in Camden
(station number 68007).  The period of record examined was from 1882 to 2012 with a mean annual rainfall for
this period is approximately 700mm.

Rainfall Intensity

Rainfall intensity-frequency-duration (IFD) data for the site were obtained using the Bureau of Metrology IFD
AR&R87 Tool.

3.3 Topography
Due to the coal washery reject emplacement works the topography of the Precinct is continuously changing as
site surface levels below design levels are raised.  The emplacement activity is generally contained within the
sites embankments.  The maximum height of the embankment is around 18 - 23 m with average side slopes
measured to be in the range 4.5:1 (H:V) on the eastern side, 3.2 - 3.7:1 (H:V) on the southern side and 2.8:1
(H:V) on the western side (Douglas Partners, 2013).  A number of internal embankments/stock piles are also
present, refer Figure 6.
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Figure 6 – Looking south over the Emplacement area within the Precinct

3.4 Soils
The following information was taken from the Summary Report on Geotechnical Assessments, Douglas Partners,
2013.
- Based on the results of the intrusive investigations undertaken across the whole of the emplacement site,

the subsurface conditions encountered were variable and included coal reject filling comprising loosely to
moderately compacted coarse rejects, soft/saturated fine grained coal tailings and clay capping layers to
depths of up to about 25 m overlying alluvial and residual soil, typically increasing in strength with depth then
weathered rock at depths of up to 40 m.

- Future construction and rectification works will include a capping layer of controlled granular filling at least 2
metres thick over the site to assist in mitigating the effects of the variable filling that has been placed over
many years.

3.5 Surface Drainage
Regional

Surface drainage from the entire Precinct ultimately discharges into the Nepean River system, located on the
western boundary of the site.  The Nepean River is classified as a Class P (Protected) Waters under the Clean
Water Act 1970 (CWA).

Local

Watercourses draining runoff from the Precinct include:

- A small part of a 1st order watercourse that cuts across the north-east corner of the Precinct.

- A “man-made” drainage channel running adjacent to the southern boundary.  This channel is a result of the
re-direction of Caleys Creek over 50 years ago which had an original alignment across the SADA owned
portion of the site. From the southern boundary the drain is then directed north along the toe of the western
embankment (parallel to the Nepean River) and discharges into an existing water storage dam before
overflowing into the Nepean River.

- A 3rd order watercourse runs immediately adjacent to the north-west Precinct boundary, emanating from the
Macarthur Resource Recovery Park.

Refer to Figure 7 below for watercourses in proximity to the Precinct.
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Figure 7 Existing Stormwater Drainage and Flooding Plan
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Due to the ongoing works it is difficult to define the site grades and therefore runoff direction and flow paths
particularly in the emplacement areas, however the following generally describes the Precincts current surface
drainage behaviour.

- The catchment area to the north west drains to the lower end of Jacks Gully generally via the existing road;

- The majority of the northern portion of the Precinct drains east to Caleys Creek.  Caleys Creek runs north to
south outside the eastern boundary  and ultimately drains north to the Nepean River; and

- The emplacement catchment area generally drains in a southerly direction to the drainage channel at the toe
of the emplacement embankments.

Refer to Figure 8 below for existing Precinct catchment plan.  It is noted that there are embankments within the
Precinct and that several of the presented catchment areas could be broken down further.  It should be noted that
these embankment areas are relatively small and the same approach to catchment breakdown has been applied
pre and post development.  Therefore the current approach is considered sufficient at this current Precinct
Rezoning phase.  In addition the flexibility in the proposed water cycle management strategy allows for further
refinement of quick response catchments at Development Application (DA) phase.

Peak flow estimates for existing catchment areas were undertaken using XP-RAFTS™, a rainfall/runoff routing
model that is used to develop runoff hydrographs at defined points throughout a catchment for a set of given
catchment parameters and specific rainfall events.

The parameters for each sub-catchment were estimated by undertaking an on-site assessment and a desktop
analysis to determine area, roughness and slope.  These are summarised in Table 4 below.  The following
assumptions were adopted:

- Roughness (Mannings ‘n’) value of 0.1 for forested catchments

- Roughness (Mannings ‘n’) value of 0.05 for grassed catchments

- Roughness (Mannings ‘n’) value of 0.025 for impervious catchments containing paved roads and roofs

- Roughness (Mannings ‘n’) value of 0.035 for the emplacement areas to represent compacted coals fines

- Initial loss of 10 mm/hr and continuing loss of 2.5 mm/hr for vegetated areas

- Initial loss 10 mm/hr and continuing loss of 1 mm/hr for emplacement areas (These value are conservative
as  ongoing construction and rectification works in this area tinclude a capping layer of controlled granular
filling at least 2 m thick to assist in mitigating the effects of the variable filling over many years.  Filling is to
be compacted to a dry density of ratio of 98% relative to standard compaction (Douglas Partners, 2013 –
Refer Appendix C).

- Initial loss 2.5 mm/hr and continuing loss of 0 mm/hr for impervious areas (paved roads and roofs)

- Intensity, frequency and duration data for this area was determined using the Bureau of Meteorology IFD
Data system.
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Table 4 Existing Peak Flows

Sub-
catchment Existing land use Area

(Ha)
%

impervious
Average
slope (%)

100 year ARI
Peak Flow (m3/s)

A –
Emplacement
area

Exiting roads and buildings +
emplacement of coal material
(SADA) and stockpiling of soil,

green waste and manure (CSM)

55 10% 0.6% 3.4

B – Middle tier Truck Depot, storage of plant and
equipment (TRN) 10 70% 2.8% 4.1

C – Upper tier Offices, carpark, step vegetated
areas 7 40% 4.4% 1.7

D – North
western

Site access roads, steep
vegetated areas 7 25% 7.9% 1.6

E – Batter and
Floodplain

Vegetated emplacement batters,
toe drain and western vegetated

area (including dam)
25 0% 1.5% 1.5

Discharge to the Nepean River downstream of existing dam** 9.0 (120min ARI)
**Note this does not include catchment D which discharges further North within the Nepean

Total runoff for the site for the 100 year ARI (120 minute storm) based on the initial and continuing losses are in
the order of 80ML.
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Figure 8 Existing Precinct Catchment Plan

Discharge to the Nepean River (Contributing catchments A, B C and E)

Discharge to the Nepean River (Contributing catchments D)
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3.6 Existing Dams
The various existing water dams located within and adjacent to the Glenlee Precinct are described below:

- Existing large water storage dam located on the western extent of the site. The dam collects runoff from the
catchments south and east of the site prior to release to the adjacent Nepean River (refer Figure 7).  The dam
has a volume of approximately 24ML and has been used in the past for the supply of non-potable wash
water to the coal washery but is now used primarily for water quality purposes. The dam has a total
catchment of approximately 340ha, of which approximately 265ha is located upstream of the coal washery.
This dam will remain unchanged as part of precinct development.

- Two existing (northern and southern) water dams located to the north east of the site (near the route of the
future Link Road). These dams are located outside the site boundary and are owned (and operated) by SITA
for water supply for their operations (refer Figure 7).  Currently, any overflows from the northern dam would
enter the southern dam, and any overflows from the southern dam would discharge through the north
eastern corner of the site and drain to existing culverts beneath the existing rail line.

- Campbelltown Council have expressed concern about these dams and the potential risks of a potential
breach/failure of the dam embankments and potential impacts to the downstream precinct development.  To
address these concerns, the following is provided the southern dam has been recently breached by SITA
and no longer contains water (refer photos in Figure 9). It is understood that SITA has no known plans to
reinstate the dam. If the southern dam was to be reinstated in the future, then a dam failure risk assessment
may then be warranted, however based on the current breached status of the dam, there is no potential risk
to the downstream precinct.

- The northern dam is located in close proximity to the new proposed link road and is approximately 100m
upstream of the southern dam. It is likely that the dam will be filled in (ie. removed) in the future as part of
the Spring Farm Parkway road construction works. However, in the short-term, any overflows from the dam
(as a result of breach/failure of the dam embankments) would currently discharge through the north eastern
corner of the site. The existing dam has an embankment length of approximately 70m and varies in height
up to 8m maximum (based on visual inspection) and is heavily vegetated (refer photos in Figure 10).. The
estimated total storage capacity of the dam is approximately 35ML. In the unlikely event that dam failure will
occur, the potential flooding risk to the proposed Glenlee development will be effectively mitigated by the
following:

· Providing a culvert beneath the future Link Road (downstream of the breached southern dam – refer
Figure 11) to allow the discharge of flood waters to be diverted away from the proposed development
and into the existing watercourse downstream;

· Raising the adjacent development land (by filling above ground) to ensure the proposed development
is located above the floodplain and immune if a dam break and subsequent flood was to occur. The
flood waters would therefore be temporarily detained within the storage area of breached southern dam
prior to dissipating through the outlet culvert.

Note that development levels and culvert size would be determined at DA stage.
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Northern end of Southern Dam Southern end of Southern Dam

View of breached area on Southern dam taken from
inside dam

View of breached area on Southern dam taken from
outside dam

Figure 9 – Photographs of breached Southern Dam located to the north east of the Precinct
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Northern Dam Northern Dam embankment with grass and vegetation

Northern Dam embankment – overland flow paths Northern Dam embankment

Figure 10 – Photographs of Northern Dam located to the north east of the Precinct

3.7 Flooding
Existing land directly to the east and south of the Precinct (i.e. Menangle Park and Equestrian Centre) is subject
to inundation by the Nepean River.

A number of studies have been undertaken in relation to flooding in this region.

· Based on the “Upper Nepean Floodplain Management Study and Plan” undertaken by SMEC for
Camden Council, the 100 year ARI and the Probable maximum Flood (PMF) flood levels at the eastern
perimeter of the site is approximately RL75.3m and RL78.7m respectively (Camden Soil Mix LES,
2003)

· Based on the “Menangle Park Flood Study” (GHD, 2008), the 100 year ARI flood levels on the flood
plain immediately south of the Precinct is approximately 75.6m.

Given that the proposed finished surface level of the proposed development land above the stockpile area is
approximately RL110m, then the estimated flood freeboard would be approximately 34m and 31m for the 100
year ARI and PMF events respectively. The 100 year ARI and Probable Maximum Flood (PMF) flood extents in
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the vicinity of the Precinct are shown in existing surface drainage plan provided in

Figure 7 (Source: GHD, 2008).  Based on this plan, the 100 year ARI (and PMF) flood is confined to the Nepean
River overflow banks on the western boundary, the outer toe of existing coal stockpile along the southern and
eastern boundaries, and up to the existing Glenlee Siding (railway spur line) to the site.  Therefore the entire
Precinct developable footprint area is located outside the existing 100 year ARI flood extent.  Note, however that
the existing southern drain and water supply dam located at the toe of existing coal stockpile along the southern
boundary would be inundated by the 100 year ARI flood.

Mine Subsidence

The Precinct is located in the north of the South Campbelltown Mine Subsidence District, adjacent to the Wilton
Mine Subsidence District. The area is underlain by deep coal seams over which mining leases have been issued.
We understand that no coal extraction has taken place in the Precinct nor is it planned for several decades. A
potential conflict exists between the proposed urban land use of the area and the potential for future coal mining.
Future developments in the Precinct will require approval of the Mine Subsidence Board (MSB) which has advised
that approval would not necessarily be withheld. Approval would be subject to the proposed development
accounting for a number of engineering constraints related to the potential impact of mine subsidence. The
primary constraints include allowable height of structures, types of building materials and methods of construction.

Items that will require MSB approval include: (a) subdivision of land; (b) multi-storey developments; (c) extensions
to homes: and (d) building applications for new homes and structures.
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Mine subsidence within The Precinct will be primarily managed and mitigated through engineering solutions or by
the selective exclusion of mining. On the basis of well-established subsidence mitigation practices, engineering
solutions will likely consist of:

- Selection of appropriate types of development;

- Selection of building materials and building styles that would best cope with subsidence; and

- Ongoing monitoring and maintenance.

Given that the finished surface level of the proposed development land located in the southern portion of Precinct
has an estimated flood freeboard of approximately 35m and 31m for the predicted 100 year ARI and PMF events
respectively (refer above) then it is expected that there would be no flooding impact due to future post mine
subsidence in this area. Similarly in the northern portion of the Precinct, the predicted 100 year ARI and PMF
flood does not extent north of existing Glenlee Siding, and therefore proposed development land in this area
would also not be impacted due to future post mine subsidence.

For further information regarding mine subsidence issues and discussions with the NSW MSB refer to the Land
Capability Assessment, 2014 prepared by AECOM.

3.8 Salinity
Soil salinity is the accumulation of soluble salts in the soil, surface waters or near surface groundwater which can
lead to serious land degradation, damage to building and paving materials, or a decline in water quality.

Based the Salinity Potential in Western Sydney 2002 Map (refer Maunsell AECOM Land Capability Assessment)
the Precinct has a “moderate to high salinity potential” and this is confirmed by a review of the local groundwater
conditions.  It is unknown if residual salts from the coal wash reject contributes to salinity within soil, groundwater
or surface water within the Precinct.

A salinity investigation was undertaken by GHD Longmac (2002) at the Garden Gates South Development on the
north east slope of Mt Annan, approximately 1.5 km north east of CSM.  This investigation concluded the
following:

- A permanent groundwater table lies within the underlying bedrock (Wianamatta Group shales).

- The groundwater is saline and is likely to form the major salt storage in the landscape;

- Saline groundwater affects lower slope areas as it rises close to the ground surface during rain periods;

- Areas of salt-impacted ground, including dispersive erosion gullies and salt-tolerant vegetation, were evident
on the investigation site; and

- Lower slopes and alluvium have a greater potential than the higher slopes for saline influence due to the
proximity of the saline groundwater table to the ground surface.

Given that the proposed finished surface level of the proposed development land above the stockpile area is
approximately 30m above the existing adjacent land, then the salinity of the existing groundwater table will not
impact on the proposed development.

3.9 Groundwater
Geotechnical investigations by Douglas Partners (Douglas Partners, 2008) conducted in the coal washery fill area
encountered a perched water table sitting above the sandy silts.  The perched water table shows a gradual fall
towards the tributary to the south of the Precinct.  No natural groundwater table was encountered in any of the
boreholes but it can be expected to be present at around the level of the Nepean River at approximately RL50m
AHD.

Given that the proposed finished surface level of the proposed development land above the stockpile area is
approximately RL110m, then the existing natural groundwater table will not impact on the proposed development.
In addition, a capping layer of controlled granular filling at least 2 m thick is currently being constructed over the
development land above the coal washery stockpiles which will substantially reduce surface infiltration and
occurrence of a shallow (perched) groundwater table within the site (Douglas Partners, 2013 – Refer Appendix C).

It is also proposed to provide stormwater quality treatment systems that do not promote infiltration (refer Section
5.3) that will reduce the likelihood of shallow groundwater occurring beneath the proposed development site.
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Groundwater Protection Requirements

The Precinct is identified on the Hawkesbury – Nepean Catchment Groundwater Vulnerability map prepared by
the former DLWC as having a high vulnerability classification.  Groundwater vulnerability map assesses the
susceptibility of the underlying groundwater resource to contamination from surface activities.  For the mapping,
aquifer media and vadose zone impacts were considered most important, followed by hydraulic conductivity and
depth of water table, then recharge and soil type and, finally topography.

Based on initial discussions with the DWE and the Groundwater Management Handbook (September, 2006) for a
high vulnerability classification, the level of assessment required of all proposed developments within the Precinct
would include all of the following tasks:

- Groundwater Contamination Assessment Report – desk study to identify concerns and potential risks to
groundwater or the environment and the need for any further action to be presented in the Development
Application.

- Site Investigation and Monitoring – detailed groundwater investigation including an on-going monitoring
program, details on the protection design factors (natural attenuation, physical barriers etc).

- Demonstrated Groundwater Protection System – a protection design system incorporating natural
attenuation, hydraulic barriers, physical barriers etc need to be demonstrated to be effective, and include a
feasibility plan for a clean-up, in addition to a detailed monitoring and ongoing assessment program.

- Demonstrated Remedial Action Plan – analysis on the effectiveness of the remediation approach in
achieving designated water quality criteria including the financial capacity of the responsible party to enact
the plan.  In the event that the risk to groundwater is unacceptable, an activity/development may be banned
by the responsible authority.

The level groundwater assessment and remedial action required for the site will be dictated by the type of
development, particularly within any commercial/industrial areas.  On this basis, any development would need to
be designed to have a stormwater system designed to prevent runoff from infiltrating below the topsoil to minimise
potentially contaminated surface waters (or accidental spills of pollutants) generated on the Precinct entering the
underlying groundwater system. As a result, It is proposed to provide stormwater quality treatment systems that
do not promote infiltration (refer Section 5.3) that will reduce the likelihood of shallow groundwater occurring
beneath the proposed development site.

3.10 Surface Water Quality
Nepean River

Water quality monitoring of the Nepean River by the Environment Protection Authority (EPA) was undertaken from
1984 to 1989 and 1990 to 1991. Records from this monitoring period were examined for the nearest upstream site
(Menangle Bridge) and two downstream sites Thurns Weir and Cowpasture Bridge / Camden Weir.

Comparison of the upstream and downstream readings can be used to indicate if any significant degradation of
water quality has resulted from overflow discharges from the site. Average pH, conductivity, and turbidity levels for
the three sites are shown in the table below.
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Table 5 Water Quality Results for the Nepean River (1)

Site
pH Turbidity (NTU) Conductivity (uS/cm)

’84-‘89 ’90-‘91 ’84-‘89 ’90-‘91 ’84-‘89 ’90-‘91
Menangle Bridge 6.9 7.0 6.0 5.4 160 139
Thurns Weir 6.9 6.9 6.5 5.9 175 168
Cowpasture Bridge /
Camden Weir 6.9 6.9 8.2 6.9 255 218

Water Quality
Objective 6.5-8.5 (2) 5 (3) 1500 (2)

Note: (1) EPA 1991, 1992

(2) Based on Australian Water Quality Guidelines (ANZECC, 1990)

(3) Based on EPA Guidelines (1991)

Results from the above table indicate that pH values are similar for all stations and fall within the objective range
of 6.5 to 8.5.  Turbidity levels increase progressively downstream of the site. This increase may be due to inputs
from general land uses including sand mining and soil extraction operations and stormwater discharges from
Camden.

Coal Washery Stockpiles

Surface runoff from the coal washery site percolates through the underlying coal stockpile material and is
expressed along the stockpile toe and collected within the existing “man-made” perimeter drain surrounding the
stockpile area (refer Section 3.5). This drain discharges into the existing online dam which is used as a water
supply for coal washery operation.

Recent surface water sampling undertaken for the Ecological Assessment (Hayes, 2008) collected along the
existing drain along the southern coal washery stockpile (and within the dams) concluded the following water
quality results:

- There are sources of elevated conductivity (1200µs/cm) within the drain draining into the existing water
storage dam which includes seepages from the coal washery stockpiles.  The drain water conductivity is
elevated with respect to the adjacent Nepean River levels (600µs/cm).

- The variability in dissolved oxygen levels indicates that there are elevated plant nutrients in the drain system.

- Whilst the drain and dam waters have elevated alkalinity (pH ranging 8 to 10), overall values are similar to
the adjacent river alkalinity levels.

3.11 Riparian Corridors
The Glenlee Precinct Rezoning Riparian Corridor Study, 2014 by AECOM includes a restoration strategy. This
report presents the sites stream classifications in accordance with the NSW Office of Water – Guidelines for
Riparian Corridors on Waterfront Land, July 2012.

3.12 Constraints, Opportunities and Issues
There are various issues, constraints and opportunities on the Precinct development that determine the
developable area and the water cycle management strategy that can be developed.  These are outlined below.

Opportunities

The opportunities to be considered in the preparation of the water management strategy for the Precinct include:

- Storage and re-use of stormwater for industrial areas including non-potable use such as toilets, process,
wash-down and irrigation using either rainwater tanks, ponds or wetlands; and

- Utilise the existing emplacement area to provide freeboard above the 100 year ARI regional flood event for
the development area.
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Constraints

The constraints to be considered in the preparation of the water management strategy for the Precinct include:

- Water quality targets for the site and the Nepean River will require allocation of land for water quality control
measures either on lot or end of line or a combination;

- Stormwater detention is required to reduce post development peak flows to pre-development peak flows;

- Uncontrolled fill and potential for contamination preclude stormwater management measures involving
infiltration;

- Natural ground slopes in the north of the site are relatively steep with existing grades ranging from 4% to 8%
in places; and

- Limited areas to implement water quality and quantity controls on the lower areas of the site (i.e. Nepean
floodplain) due to flooding and riparian constraints – Camden Council directive not to provide water quality
treatment within the floodplain.
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4.0 Assessment of Potential Impacts
Based on the proposed ILP for the Precinct provided in Section 1.2, the impact of this development with respect to
mains water demands, flows and water quantity and quality is summarised below.

4.1 Impacts to Mains Water Demands
Mains water demands for an industrial development can vary greatly depending on the type and density of the
development.  At this stage it is not possible to accurately quantify the expected water demands due to
uncertainties with the ultimate site occupants however it is anticipated mains water demands for general industrial
development may include:

- Toilets (non-potable demand)

- Kitchens (potable)

- Laundry (potable and non-potable demand)

- Industrial processes, i.e. cooling, washing (potable and/or non-potable demand)

- Washdown i.e. hardstand, vehicle (non-potable demand)

- Irrigation (non-potable demand).

Non-potable demands have the potential to be supplied from harvested roof water or recycled wastewater.
Generic demands for water have been estimated as described in Table 6:
Table 6 Assumptions used for calculating water demands per hectare of lot area (* indicates non-potable demands)

Demand Assumptions/hectare lot Subtotal Volume
L/day

Average occupancy 10 people/day

Toilets* 10 people per day. 4 flushes each at
6L/flush 240

Washdown, cleaning, industrial process, or
irrigation* 1 hour’s use at 12L/minute 720

Cooling* Not considered -
Kitchen 10 people x 2L/person 20

Showers 5 people/day at 5 mins/shower 12
L/minute. 300

Hand Washing 10 people, 2L/wash, 4 times/day 80
Drinking 10 people x 2L 20
Total 1380
Potable 420 (30%)
Non-potable* 960 (70%)

The water demands in Table 6 are calculated on a per hectare of lot basis. When this is scaled up to include all
the proposed lot-developable area, the total water demand is 0.504 ML/ha/yr x 58 ha (representing developed
area of site) = 29 ML/yr.
Non-potable demands make up 70 % of predicted water demands (approximately 20 ML/yr). All of these non-
potable demands could be supplied with harvested rainwater from a rainwater tank.
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4.2 Impacts to Peak Runoff and Total Volume
It is anticipated that stormwater within the site will be managed with standard pits, pipes and overland flow paths
in accordance with Councils requirements.  Further details of this arrangement will be developed at the
Development Application stage.  For this precinct rezoning phase, peak flow estimates were determined using
XP-RAFTS modelling based proposed Precinct as illustrated in ILP.  The percentage impervious and roughness
values were modified to reflect the proposed industrial land use.  Sub-catchments are outlined in Figure 11 and
sub-catchment assumptions are summarised in Table 7 below.
Table 7 Summary of potential Peak Flows without Mitigation

Sub-catchment Proposed Development
or Landuse Type

Area
(Ha)

%
impervious

Average
slope (%)

100 year ARI Peak
Flow (m3/s)

A – Emplacement
area General Industrial 55 88% 0.6% 24

B – Middle tier
General Industrial and

Environmental
 Conservation zoning

10 58% 2.8% 3.5

C – Upper tier
General Industrial and

Environmental
 Conservation zoning

7 50% 4.4% 2.2

D – North western Environmental
Conservation zoning 7 15% 7.9% 1.4

E – Batter and
Floodplain

Environmental
Conservation zoning 25 0% 1.5% 1.6

A comparison of existing and unmitigated peak flows is shown in Table 8.
Table 8 Existing and Proposed Peak Flow Comparison

Sub-catchment

100 year ARI Peak Flow
(m3/s)

Existing (refer Section
3.5) Proposed with no mitigation Proposed

A – Emplacement area 3.4 24
B – Middle tier 4.0 3.5
C – Upper tier 1.7 2.2
D – North western 1.6 1.4
E – Batter and Floodplain 1.6 1.6
Discharge to the Nepean River
downstream of existing dam** 9.0 24.5

**Note this does not include catchment D which discharges further north within the Nepean

The above results indicate that proposed 100 year ARI peak flows will generally only increase in the emplacement
area (catchment A) and the upper tier of the site (catchment C).  This is primarily due to change of landuse from
compacted coal washery material to roofs, hardstand and paved roads.

The remaining catchment areas (catchments B, D and E) will generally experience similar or reduced peak flows
as the change in land use will be minimal or result in less impervious areas.

The peak 100 year ARI discharge to the Nepean River (immediately downstream of the existing western dam)
would be expected to be 2.7 times existing peak flows if no mitigation measures were adopted.

Total runoff for the proposed site for the 100 year ARI (120 minute storm) based on the initial and continuing
losses are in the order of 83ML.
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Figure 11 Indicative layout plan for proposed development

Discharge to the Nepean River (Contributing catchments A, B C and E)

Discharge to the Nepean River (Contributing catchments D)



AECOM Glenlee Precinct Rezoning – Water Cycle Management Strategy

P:\603X\60301834\4. Tech work area\4.6 Civil\WSUD\20160412_Glenlee_Water Cycle  Management Strategy Rev D Draft.docx
Revision D – 13-May-2015
Prepared for – Sada Services Pty Ltd – ABN: 48 002 984 447

28

4.3 Impact to Runoff Quality
MUSIC Modelling

The impact of the proposed development on water quality was undertaken using the computer program MUSIC
(Model for Urban Stormwater Improvement Conceptualisation) which was developed by CRC for Catchment
Hydrology (CRCCH) Version 6.  MUSIC uses a continuous simulation approach to model water quality and is
suitable for simulating catchment areas up to 100km2.

Climatic Data

There are no pluviograph records for the site, however Richmond RAAF is considered a suitable pluviograph
station to use for modelling purposes as it provides a gap free record of at least 40 years of a consecutive data
and is close to the long term average annual rainfall of 700mm (refer Section 3.2) at around 800mm per year.
Using a slightly higher mean annual rainfall usually results in sizing treatment measures larger than exactly
necessary and is therefore a conservative estimate. Prospect Reservoir evaporation data is considered
appropriate for water quality modelling for the site.

MUSIC Parameters and inputs

WBN NSW Draft MUSIC guideline parameters for total suspended solids (TSS), total phosphorus (TP) and total
nitrogen (TN) event mean concentrations and associated standard deviations were adopted based on the existing
and proposed sub-catchment conditions.  Catchment properties for the existing and proposed scenario are
outlined in Table 9.
Table 9 – Sub-Catchment properties

Sub-catchment
Existing Proposed

Area (Ha) % impervious Area (Ha) % impervious
A – Emplacement area 55 10% 55 88%

B – Middle tier 10 70% 10 58%
C – Upper tier 7 40% 7 50%

D – North western 7 25% 7 15%
E – Batter and

Floodplain
Catchment E was not assessed because no development will take place in this
catchment

Total 79 79

MUSIC Modelling Results

The MUSIC modelling results for the existing and proposed industrial scenario are provided in Table 10 below.
Pollutant loads are expressed in total kilograms per year.
Table 10 Existing and Proposed (no mitigation) Pollutant Load Comparison

Existing Case Proposed Case % Increase

Catchment TSS TP TN TSS TP TN TSS TP TN

A 8790 24.4 195 47500 95.1 801 440% 290% 311%
B 9680 15.6 116 5700 11.7 103 -41% -25% -11%
C 3640 6.16 45.6 3460 7.01 59.3 -5% 14% 30%
D 2410 4.09 30.9 2740 4.83 22.4 14% 18% -28%

The above results indicate that the proposed development will generate pollutant loads that are expected to
increase from the emplacement area (catchment A) and the upper tier (catchment C) by approximately 5 and 1.2
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times respectively.  Other sub-catchments (catchments B and D) pollutant loads are expected to remain the same
or reduce as impervious percentages are maintained or diminish compared to the existing scenario.

MUSIC schematics

Screen shots of the existing and proposed Precinct MUSIC models shown below.
Figure 12 MUSIC modelling screen shots – Existing
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Figure 13 MUSIC modelling screen shots – Existing



AECOM Glenlee Precinct Rezoning – Water Cycle Management Strategy

P:\603X\60301834\4. Tech work area\4.6 Civil\WSUD\20160412_Glenlee_Water Cycle  Management Strategy Rev D Draft.docx
Revision D – 13-May-2015
Prepared for – Sada Services Pty Ltd – ABN: 48 002 984 447

31

4.4 Impact to Annual Runoff Volumes
Annual

MUSIC was used to determine an annual average runoff quantity (volume) for the existing and proposed industrial
scenario. The details of model inputs and assumptions are outlined in the Section 4.3.  The annual average runoff
volume results are shown in Table 11.
Table 11 Existing and Proposed (no mitigation) Runoff Quantity Comparison

Sub-catchment
Annual Runoff volume (ML/yr)

% Increase
Existing Proposed (no mitigation)

A – Emplacement area 121 368 304%

B – Middle tier 57 52 -9%
C – Upper tier 26 31 18%
D – North western 21 17 -19%
Total 225 468 208%

The above results indicate that for the proposed scenario annual runoff volumes are expected to increase from
the emplacement area (catchment A) and the upper tier (catchment C) by approximately 3 and 1.2 times
respectively.  This is due to the relative increase in impervious surfaces within these catchments.  Runoff quantity
is expected to be maintained or reduced for remaining catchments (catchments B and D) as the relative
imperviousness is either maintained or reduced.

4.5 Impact to 100 year ARI Runoff Volumes
Total runoff for the 100 year ARI 120 minute duration for pre and post development was determined based on the
100 year ARI 120 minute intensity (from the IFD) table less the initial and continuing losses adopted.
Table 12 Existing and Proposed 100 year ARI Runoff Volumes

100 year ARI – 120 min Runoff Volume (ML) based on
Adopted Initial and Continuing Losses

Existing (pre development) 80 ML

Proposed (post development) 83 ML

Increase 3 ML

% increase 4%

Camden Council has indicated that this is a relatively small volume within the Nepean Catchment and is
acceptable provided that a maximum Permissible Site Discharge (PSD) of 170 L/s/Ha (Urban Growth Policy as
advised by Camden Council) is not exceeded for the site.  This has been demonstrated in Section 6.2.
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5.0 Management Options
The impact assessment outlined in Section 4.0 has identified a number of impacts in terms of water conservation,
flow rates, runoff quantity and water quality.

The following section provides a review of potential WSUD options to mitigate these impacts and recommends a
preferred strategy to provide an Integrated Water Cycle Management (IWCM) approach for water management
for the Precinct.

Note: The preferred water management options outlined in this report assumes that the responsibility for
water quantity and quality control treatments / systems will be managed by means of Community Title.

5.1 Mains Water Demand Management Options
The NSW Government’s BASIX (the Building Sustainability Index) requires that all new single residential and
multi-unit dwellings be constructed in order to reduce potable water consumption by up to 40% (compared to the
metropolitan average), however there are no set requirements for commercial and industrial developments.

The Campbelltown DCP 2012 states that a rain water tank shall be provided for all new buildings containing a roof
area greater than 100sqm for all development not specified by BASIX and have a minimum capacity in
accordance with Table 13.
Table 13 Required rainwater tank capacity per roof area (source: Campbelltown DCP 2012)

The Campbelltown DCP 2012 also states that the rainwater tank incorporated in new commercial and industrial
development exceeding 5,000sqm shall be connected to the plumbing in the building to provide water for toilets.

Other rainwater reuse applications (potential mains water savings) for industrial development may include:

- Laundry

- Industrial processes (i.e. cooling, washing)

- Washdown (i.e. hardstand, vehicle)

- Irrigation

Demand management options that can also be adopted by any future development within the Precinct include:

- Using water efficient fixtures such bas taps, shower heads and toilets and water efficient appliances

- Using indigenous/low water demand plant species in landscaping

- Using water efficient irrigation systems

5.2 Peak Runoff Flow Management Options
The flow management objective is based on the need to prevent erosion in natural waterways after development
and prevent flooding impacts both downstream and upstream of the development.  As a result, the objective is for
post-development storm discharge to match pre-development storm discharges for the 1.5 year and 100 year ARI
peak flows.

A range of stormwater management techniques are available for managing the discharge of peak flows from the
Precinct development and are summarised as follows:

Roof Area Capacity of Rainwater Tank

101 m² to 200 m² 3,000L

201 m² to 1,000 m² 5,000L

1,001 m² to 5,000 m² 10,000L

5,001 m² to 10,000 m² 20,000L

10,001 m² to 20,000 m² 50,000L

above 20,000 m² 100,000L
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- Harvesting and reuse – usually in the form of rainwater tanks.  As water is used (tank draw down) volume
becomes available to retain a portion of runoff volume

- On-site detention (OSD) – Can be in the form of above or below ground storage tanks or landscaped
depressions (including bio-retention systems extended detention volume) and are usually located on
individual lots

- End-of-Line Detention storage – Either a dedicated stand-alone storage or integrated with a water quality
storage

For the industrial development areas, OSD tanks (either above or below ground) are often chosen due to typical
space constraints associated with such developments (i.e. lack of open space/park areas available for large
detention storages).  OSD on a lot basis have the advantage of reducing the size of downstream drainage and
water treatment infrastructure. Consideration should be given to the different ownership and maintenance
requirements for a large number of small OSD systems verses large end of line systems.

Open space on the outskirts of the emplacement batters is located in flood prone land and therefore not
considered suitable for floodwater detention.

5.3 Runoff Quality Management Options
As discussed in Section 3.12, there are a number of constraints within the Precinct that will affect the options
available for incorporating WSUD measures.  A summary of the site and development constraints are outlined
below.

- The salinity investigation undertaken by GHD Longmac (2002) at the Garden Gates South Development on
the north east slope of Mt Annan, approximately 1.5 km north east of CSM generally found that the lower
slopes and alluvium have a greater potential than the higher slopes for saline influence due to the proximity
of the saline groundwater table to the ground surface.  Although the Site is largely elevated (25-30m of fill)
WSUD options that promote or rely on infiltration may influence salinity and groundwater problems in the
long term.

- Areas of the site are relatively steep and may not be able to accommodate swales or vegetated systems due
to runoff velocities and potential scour.

- Areas of the site that are prone to flooding (i.e. the outskirts of the emplacement batters) and are exposed to
frequent inundation, sediment deposition and high velocities.

Based on the above constraints, the implications with regard to WSUD measures are as follows:

- WSUD options such as bioretention systems, basins and wetlands should be lined to prevent infiltration.

- The use of infiltration devices such as permeable pavements, infiltration trenches etc. are not recommended.

- Grass swales or vegetated filter strips are not recommended on slopes greater than 4%.

- The use of end-of line controls such as wetlands, ponds or bioretention may be limited in the lower areas of
the site that are prone to flooding.

Other general considerations regarding the assessment of WSUD options include:

- Economic - Rainwater tanks provide economic value to the landowner in terms of potable water savings, and
therefore would be preferable to infiltration systems on this basis alone. Conveyance controls such as
grassed swales reduce the need for costly stormwater infrastructure, add to the landscape character of the
development, are easy to maintain and reduce the need for expensive end of line controls. The relative
economics of end of line systems is likely to be a function of the size and composition of the catchment,
although end of line systems are often cheaper to build than multiple at source devices distributed
throughout the catchment.

- Social - WSUD treatment measures such as vegetated swales and bioretention trenches provide additional
green space and add to the landscape character of the development.

- Maintenance - All WSUD treatment measures considered operate by gravity and therefore no additional
energy will be required during their operation.  All measures will require some form of maintenance such as



AECOM Glenlee Precinct Rezoning – Water Cycle Management Strategy

P:\603X\60301834\4. Tech work area\4.6 Civil\WSUD\20160412_Glenlee_Water Cycle  Management Strategy Rev D Draft.docx
Revision D – 13-May-2015
Prepared for – Sada Services Pty Ltd – ABN: 48 002 984 447

34

mowing, weeding and sediment removal however provided best practice design measures are adopted
these systems are relatively robust and smart plant selection will result in low ongoing maintenance.

In view of the above the stormwater management techniques and options that are suitable for managing the water
quality from the Precinct are summarised as follows:

- Vegetated filter strips/swales to remove suspended solids and nutrients from road runoff on perimeter road
with no driveways

- Bioretention systems to remove suspended solids and nutrients from industrial lot runoff and roads

Examples of bioretention systems

Bioretention systems are vegetated filter systems designed to allow water to pool temporarily before percolating
through the filter media.  The filter media controls the flow rate of water through the system, as well as providing a
growing media for the plants.  The filtered water is directed via perforated pipes to the existing stormwater system,
natural waterway or a detention basin for reuse. Bioretention systems are a very flexible and effective treatment
measure for dissolved nutrients.

Figure 14 – Typical configuration of a bioretention system

Bioretention systems can be designed to many forms to accommodate various opportunities in the landscape.
Some examples follow.

Streetscape systems can be designed to treat runoff from both road surfaces, and from lot areas (downpipe
connection to rain garden). The size of streetscape raingardens can vary from small tree pits (2 – 5 m2) to larger
bioretention basins (>100 m2) extending into large verge areas or adjoining open spaces. Various configurations
are illustrated in Figure 15, Figure 16, Figure 17, and Figure 18.
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Figure 15 Indicative streetscape section illustrating bioretention systems within verge areas

Figure 16 Bioretention in the street verge within residential estate (Photo A.Cook)

Figure 17 Bioretention in the street verge, clustered at the entry to a local access street. (Image from SEQ  HWP, 2009, Concept Design
Guidelines for WSUD)

Bioretention width

(varies)

Path width

(varies)

Set back from kerb

(varies)
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Figure 18 Section illustrating a bioretention basin

Bioretention systems can be integrated within lot areas.  This area could be in the lot frontage where observations
could be made of these distributed systems to ensure their continuing effective operation as vegetated filtration
systems.

Figure 19 Bioretention Systems within lots (front setback to house). Photos S.Boer
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Figure 20 Bioretention Systems within lots (front setback to house). Photos S.Boer

Vegetated swales are both a stormwater conveyance and treatment mechanism.  The key to their operation, is an
even and shallow flow over a wide vegetated area. They are effective for removal of suspended solids, particularly
coarse sediments, and will also reduce some phosphorus and nitrogen loads.  Vegetated swales can be used
instead of pipes to convey stormwater and provide a ‘buffer’ between the receiving water and the impervious
areas of a catchment.  They can be integrated with landscape features into parks and gardens and also into
streetscape designs adding aesthetic character to an area.

Figure 21 Typical swale configuration

In addition to the above, existing / natural drainage channels and open water ponds (i.e. along the southern and
western perimeters) can be rehabilitated to reduce sediment loads from exposed banks and improve water quality
to downstream Nepean River.

5.4 Annual Runoff Volume Management Options
Annual runoff volume reduction will be directly related to options outlined in Section 5.1.
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5.5 Preferred Strategy Options for Further Assessment
Based on the above review of WSUD treatment and water management options for the Precinct, the preferred
strategy options are provided below.

Water Conservation and Reuse

- Use water efficient fittings (i.e. AAA rated as a minimum) such as taps, shower heads and toilets.

- Use indigenous/low water use plant species in site landscaping.

- Use rainwater tanks for each building and use for toilet flushing and irrigation.

- Use rainwater and/or recycled water to supply non-potable demands specific to industrial development type.

- Where irrigation is proposed install a water efficient drip irrigation system.

Flow Management

- Suitable OSD storages are to be used to reduce peak flows (either above and/or below ground) and can be
located on a per lot basis or end of line depending on the final arrangement of future development.  However
OSD storages are not to be located within the Nepean floodplain (lower portion of the Precinct).

- Opportunities to offset OSD volume requirements with a portion of rainwater tanks volume and extended
detention volume within bioretention systems should be discussed with Council

Water Quality

- Vegetated filter strips/swales or bioretention to treat road runoff- located adjacent to roads where flush kerb
is adopted and longitudinal slopes and lot access allow

- Bioretention systems to treat lot and road runoff – located on lots and within streetscape and end of line

The above preferred water management options have been further assessed in Section 6.0 below to provide an
increased level of confidence that the water cycle management system will meet the adopted water management
targets and objectives for the Precinct.
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6.0 Preferred Options Assessment
The preferred water management strategy (provided in Section 5.5) was assessed to ensure that it meets the
adopted water management targets and objectives that have been adopted for the Precinct in terms of water
conservation, water quality and flow management.

6.1 Mains Water Preferred Options Assessment
The preferred WSUD water conservation management strategy for the Precinct (refer Section 5.5) includes
rainwater tanks for each lot to harvest and reuse rainwater for toilet flushing and other non-potable demands.

In order to provide an indicative estimate of water savings a MUSIC model was developed for the proposed
Precinct based on an average of one 10kL rainwater tank per hectare (assuming 40% roof area) with the following
reuse demands:
Table 14 Estimate of Industrial non-potable demands

Non-potable water demands Assumptions
Total Daily Demand

(L/day)

Toilets
10 people per day

24L/person/day
240

Washdown, Industrial Process
and irrigation

1 hour washdown or irrigation

Washdown/irrigation at 12L/minute
720

Industrial Process / Cooling Not considered Not considered

Total 960

The results of the MUSIC model indicate that such an arrangement would on average meet 82% of demand and
save up to 7ML of potable water per annum. This equates to 57 % of the total non-potable demand (7ML /
12.2ML), or a reduction of 40 % of the total water demand (7ML / 17.5ML). The volume of non-potable demands
met with rainwater could be much higher if industrial processes or cooling have high water demands. This is
because the assumed non-potable demands are very small compared to the size of the tank and the large roof
area that drains to it. The sizing of rainwater tanks should be refined based on the final land use (roof area) and
demands.

6.2 Runoff Peak Flow Preferred Options Assessment
The existing and proposed peak flow estimates for the proposed Precinct (Section 4.2) indicate that some form of
stormwater detention for the proposed development would be required to maintain the existing 100 year ARI peak
discharge under proposed conditions.

XP-RAFTS was used to determine an approximate lot based on-site detention (OSD) volume required to reduce
proposed development peak flows to existing peak flow magnitudes for the 100 year ARI and also meet the
requirements of Camden Council regarding maximum permissible site discharge (PSD) of 170 L/s/Ha (Urban
Growth Policy as advised by Camden Council).

The results of the modelling provided the following:

· For Catchment A - Approximately 400m3 OSD would be used to manage runoff from lots only and road
runoff would be discharged without attenuation requirements

· For Catchment B, C and D - Approximately 300m3 OSD would be required to manage runoff from the
whole of these catchments

Assessment of these OSD volumes using the ILP showed a proposed 100 year ARI peak flow from the Precinct to
the Nepean River (downstream of existing dam) of 8.8m3/s compared to 9.0m3/s under existing conditions (refer
hydrograph comparison in Appendix B).

Note that flow estimates for the proposed or existing scenarios are from the Precinct catchments A, B, C and E
only and do not include external flows from adjacent catchments.
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This peak flow also meets the requirements of Camden Council regarding maximum permissible site discharge
(PSD) of 170 L/s/Ha– equating to 16.5m3/s for the 97.4 ha from catchments A, B C and E.

This indicative attenuation volumes demonstrates that OSD is capable of managing stormwater flows to meet the
objective of maintaining 100 year ARI peak discharge to pre-development magnitude.  However this should be
refined at a detailed design of development application level to ensure it reflects the final Precinct layout and
arrangements.  Other management measures including the use of a Precinct wide stormwater detention basin
may also be capable of meeting the objective.

WSUD elements such as rain tanks and bioretention can also contribute a proportion of stormwater detention
requirements subject to Council approval.

6.3 Runoff Quality Preferred Options Assessment
Preferred WSUD water quality management

The preferred WSUD water quality management strategy for the proposed Precinct is outlined in Section 5.4.

WSUD measures were refined for each catchment as follows:

Catchment Treatment Measures

Catchment A: · One way cross fall perimeter road treated by perimeter swale
· Internal roads treated by streetscape bioretention
· Lots treated by on lot bioretention

Catchment B: · Roads treated by end of line bioretention
· Lots treated with on lot bioretention

Catchment C: · Roads treated by end of line bioretention
· Lots treated  with on lot bioretention

Catchment D: · Roads treated by end of line bioretention

The above options are illustrated in Figure 23 and are further assessed below.

Note: The preferred water management options outlined in this report assumes that the responsibility for
water quantity and quality control treatments / systems will be managed by means of Community Title.

MUSIC model assumptions

Catchments were further divided into sub-catchments for the purposes of modelling stormwater treatment and
refining sizes to meet targets. Sub-catchment breakdown and respective treatment measures are outlined in
Table 15 below.
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Table 15  Sub-catchments used for the modelling of stormwater treatment

Catchment Sub-catchment Area ha Imperviousness
% Stormwater Treatment Device

A On-lot roof 19.3 100 Rainwater tanks
A On-lot hardstand 24.1 100 On-lot bioretention system
A On-lot pervious 4.8 0 On-lot bioretention system
A Internal roads 3.4 70 streetscape bioretention system
A Perimeter roads 3.4 70 Swale
B On-lot roof 2.6 100 Rainwater tanks
B On-lot hardstand 3.2 100 On-lot bioretention system
B On-lot pervious 0.6 0 On-lot bioretention system
B Forest 3.6 0 End of line bioretention system
B Roads 0.5 70 End of line bioretention system
C On-lot roof 1.4 100 Rainwater tanks
C On-lot hardstand 1.7 100 On-lot bioretention system
C On-lot pervious 0.3 0 On-lot bioretention system
C Forest 3.0 0 End of line bioretention system
C Roads 0.5 70 End of line bioretention system
D Forest 5.6 0 End of line bioretention system
D Roads 1.5 70 End of line bioretention system

Lot based bioretention MUSIC inputs and assumptions:

- 40% roof

- 50% hardstand

- 10% impervious landscaped area

- 100% roof directed to rainwater tank (demands in accordance with Section 6.1)

- Tank overflows to bioretention

- 100% hardstand and pervious area to bioretention

Streetscape bioretention MUSIC inputs and assumptions:

- Road 70% pavement

- Road 30% pervious (verge)

- 100% pavement directed to bioretention

- 100% pervious area to bioretention

The parameters used for based bioretention and swale node in the modelling are listed in Table 16 and Table 17.
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Table 16 Modelling parameters for on-lot, end-of-line and streetscape bioretention treatment devices

Bioretention Design parameter Value
Surface Area Varies for different catchments

Extended detention 0.3 m for on-lot or end of line systems, 0.2m for
streetscape systems

Filter Area same as surface area
Unlined Filter Media Perimeter 0.1 m

Saturated Hydraulic Conductivity 100 mm/h
Filter Depth 0.8 m

TN content of filter media 800 mg/kg
Orthophosphate content < 30 mg/kg

Base lined Yes
Underdrain present Yes

Submerged zone with carbon No
Exfiltration rate 0 mm/h

Table 17 Modelling parameters for perimeter road swale devices

Swale Design parameter Value
Length 1600 m

Bed Slope 1%
Base Width 1 m
Top Width 3 m

Depth 0.2 m
Vegetation Height 0.2 m

Exfiltration rate 0 mm/h

MUSIC model Results

Using on the above design parameters, the resultant mean annual load concentrations for TSS, TP and TN from
MUSIC showing the comparison of the treatment effectiveness of the bioretention pond (pre and post-
development) and percentage reductions with and without the bioretention controls are summarised in Table 18.
Table 18 Mean Annual Pollutant Loads and Reductions for Residential Bioretention Ponds

Pollutant

Type

Pre-Development

(kg/yr)

Post-Development

(kg/yr)
Reduction in

Load resulting
from proposed

stormwater
treatment

Target
ReductionsWithout

Bioretention
Controls

With
Bioretention

Controls

TSS 24,520 59,400 6,099 90% 85%
TP 66 118.6 26.2 78% 70%
TN 498 986 426 57% 55%

The MUSIC modelling demonstrates that the following treatment areas are able to meet the water quality targets:

· Lot based bioretention filter media area corresponding to 1.2% of contributing Lot area (with 0.3m
extended detention);

· Streetscape bioretention filter media area corresponding to 1.1% of contributing road area (with 0.2m
extended detention) = approximately 22 m2 of bioretention for every 100 linear metres of road; and

· End of line bioretention filter media area varies depending on impervious makeup of contributing
catchment.
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Note sediment protection for the bioretention system will be provided as sediment forebays. The sediment
forebays are to be easily maintained and allow energy of the inflowing water to dissipate, and the sediments to fall
out of suspension, refer Figure 22.

Figure 22 Recommendations for sediment forebay design for streetscape bioretention systems. The forebay should be additional to the
required footprint of the bioretention system, and it is recommended that this be at least 10% of the size of the bioretention
system, to prolong the interval required before cleanout.
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6.4 Annual Runoff Volumes Preferred Options Assessment
In order to assess the water conservation principles and the overall impact on stormwater discharge from the
Precinct theoretical rain tank sizing and reuse demands were adopted in outlined in Section 6.1. The results of the
MUSIC model with regard to annual runoff volumes are outlined in Table 19.
Table 19 Annual runoff volumes for existing and proposed Precinct scenarios

Sub-catchment

Annual Runoff volume (ML/yr)

Existing Proposed (no
mitigation)

Proposed (no
mitigation)
% Increase

Proposed
(with

mitigation)

Proposed
(with

mitigation)
% Increase

A – Emplacement area 121 368 304% 345.0 285%

B – Middle tier 57 52 91% 48.2 85%

C – Upper tier 26 31 118% 28.5 110%

D – North western 21 17 81% 15.0 72%

Total 270 468 173% 436.7 162%

Based on the assumption of relatively low reuse demands the annual runoff does not significantly decrease as
much of the roof water that essentially falls into the tank will simply pass through the system unused.  Further
opportunities will be examined at the detailed design phase when potential land users would be defined and
therefore possible water reuse and recycling quantities can be better determined. These include:

- Employment numbers – toilet flushing, washing etc

- Industrial / manufacturing types – water processing demands, cooling towers etc.

With such information, an overall water balance could be determined to maximise reuse from the precinct
development and therefore reduce overall discharge volumes from the site.
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6.5 Summary of Proposed Water Management Measures
Based on a preliminary assessment, a summary of the proposed management measures for mains water conservation, runoff peak flow, runoff quality and runoff volume within
the Precinct is provided in Table 20 below.  The proposed stormwater runoff quality management strategy is illustrated in Figure 23.

These measures/controls have been addressed for each catchment within the development based on the proposed development type/s identified in the ILP for the Precinct.
Table 20 Summary of Proposed Water Management Measures for Glenlee Precinct

Catchment
Number

Area
(ha)

Proposed
Zoning

Mains Water
Management

Measures

Runoff Management
Measures Runoff Quality Management Measures

A –
Emplacement
area

55 General
Industrial

Rainwater tanks,
low water plants
and water efficient
fittings.

Lot based on-site
detention (400m3/ha
of lot)

- 100 % of roof to rainwater tanks for reuse
- Lot based bioretention (1.2 % catchment area + batters = ~1.5 %)
- Internal roads treated by streetscape bioretention (1.1 % catchment area

+ batters = ~1.4 % or 22 m2 bioretention for every 100 linear m of road)
- Perimeter road treated by roadside swales (3 m wide)

B – Middle tier 10

General
Industrial and
Environmental
Conservation
zoning

Rainwater tanks,
low water plants
and water efficient
fittings.

Lot based on-site
detention (300m3/ha
of lot)

- 100 % of roof to rainwater tanks for reuse
- Lot based bioretention (1.2 % catchment area + batters = ~1.5 %)
- Roads treated by streetscape bioretention (1.1 % catchment area +

batters = ~1.4 % or 22 m2 bioretention for every 100 linear m of road)

C – Upper tier 7

General
Industrial and
Environmental
Conservation
zoning

Rainwater tanks,
low water plants
and water efficient
fittings.

Lot based on-site
detention (300m3/ha
of lot)

- 100 % of roof to rainwater tanks for reuse
- Lot based bioretention (1.2 % catchment area + batters = ~1.5 %)
- Roads treated by end of line bioretention system ~300 m2 + batters

D – North
western 7

Environmental
Conservation
zoning

Not Applicable

Not required however
on-line water quality
elements will provide
some detention

- Roads treated by end of line bioretention system ~750 m2 + batters. N.B.
Bioretention systems bigger than 400m2 require special consideration for
flow distribution to ensure that the filter surface is evenly watered.

E – Batter and
Floodplain 25

Environmental
Conservation
zoning

Not Applicable Not required Not required however rehabilitation of southern drain would improve water
quality
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Figure 23 Proposed Runoff Quality Management Measures
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7.0 Recommendations and Conclusions

7.1 Water Cycle Management
The proposed Precinct requires water management measures to meet adopted mains water conservation, runoff
peak flow, runoff quality and runoff volume management targets and objectives.  These objectives were
developed from relevant State and Local planning documents and development guidelines that address water
cycle management.

Based on the review and preliminary assessment of WSUD treatment and management options, the preferred
water cycle management strategy for the Precinct is summarised below.

Water Conservation and Reuse

- BASIX requirements do not apply to industrial estates, however rainwater tanks are required and will be
used to supply water to meet toilet flushing, irrigation and wash-down demands. It is estimated that rainwater
tanks can save 7 ML/year of potable water that would typically be used for non-potable uses. This equates
to 57 % of the total non-potable demand (7ML / 12.2ML), or a reduction of 40 % of the total water demand
(7ML / 17.5ML).

- Further potable water savings can be made through the use of water efficient fittings, and the use of
landscapes that require little or no irrigation. Where irrigation is required, drip irrigation systems can be
installed.

Flow Management

- Peak flows from industrial lots can be managed with on-lot OSD storages. These can be integrated with
water quality (bioretention) treatment systems, or as OSD tanks.

OSD storages can be used to maintain 100 year ARI peak discharge to pre-development magnitude. When
sufficient storage for the 100 year ARI is provided, the 1.5 year ARI peak discharge can be controlled to the pre-
development magnitude, but designed at the detailed design stage. The Inclusion of stormwater treatment for
frequent storm events (typically up to the 3 month ARI) such as those proposed for this development will ensure
that runoff meets the requirements of the target for the Stream Erosion Index (SEI) 1 - 2.

Water Quality

- The water quality of stormwater runoff will be managed in the following ways:

· On-lot bioretention systems for all industrial lots

· Streetscape bioretention systems for internal roads in Catchment A

· Swale and bioretention systems for the perimeter road in Catchment A

· End of line bioretention basins to treat road runoff for Catchments B, C and D

These treatment systems have been sized to be consistent with and meet the stringent targets that have been
met by the neighbouring Menangle Park Development. These targets ensure water quality measures are sufficient
to meet the water quality objectives appropriate for the Hawkesbury Nepean River System consistent with
investigations by the Healthy Rivers Commission (HRC) and the commitments of the Statement of Joint Intent
(SOJI), 2001.
The proposed water quality treatment measures operate by gravity and therefore no additional energy will be
required during their operation.  All measures will require some form of maintenance such as mowing, weeding
and sediment removal.  It is acknowledged that there is a range of issues that may lead to failure or excessive
maintenance burdens (Henderson, C., Pester, C. (2014). Common flaws of existing bioretention systems, and
recommendations to improve function and visual amenity, and to reduce maintenance requirements.) however
provided best practice design measures are adopted these systems are relatively robust and smart plant selection
will result in low ongoing maintenance.
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Appendix A Compliance Checklist with Project Brief
The following objectives and tasks are taken from Section 3.8 Water cycle management of
the Glenlee Project Plan Specialist Studies Requirements

Objectives Chapters/Sectio
ns in Report

To establish a comprehensive total water cycle management strategy based upon
contemporary water management principles.

6.5

To minimise use of potable water and maximise water reuse / recycling
opportunities.

6.1

To observe water quality and quantity targets in the receiving streams. 2.3
Identify strategies to rehabilitate existing riparian corridors. 3.11
To establish the extent of flooding impacts on the study area and ensure the
proposed development of the study area will not exacerbate flooding impacts upon
upstream/downstream communities.

6.2

Assess potential impacts on adjoining/adjacent land and develop strategies to
manage potential conflict.

6.0

The water quality targets should be the ‘stretch’ target used for the Menangle Park
Release Area due to the P Class waters classification in the Nepean River adjoining
the site.

2.3

To identify “need” issues that s94 developer contributions plans must address. 2.4

Tasks Chapters/Sectio
ns in Report

Document the nature of the existing catchment including identification of local
natural drainage systems and influence of man-made drainage systems.

3.5

Assess the cumulative impacts of proposed development with regards to existing
hydrology.  Identify feasible stormwater management strategies to maintain existing
peak flow and total flow hydrology matching pre and post developed hydrographs at
the site boundary discharge points using suitable hydrologic modelling software (i.e.
XP RAFTS). Hydraulic modelling is required at detailed design stage.

6.2

Document the water management objectives and strategies including the
Government endorsed water quality and river flow objectives for the catchment to
establish water quality and quantity targets for the receiving streams.

2.3

Understand the groundwater regime and its role in total water cycle management. 3.9
Develop a water balance equation for the site, which optimises reuse and minimises
potable use, taking into account the findings of other relevant sub-studies such as
land capability.

6.1

Identify riparian enhancement initiatives. 3.11
Proceed to develop the principles of a total water cycle management strategy. 5.0
Flood liability studies the extent and nature of which will be determined having
regard to the assessment work already completed for Menangle Park including sub-
catchment size and discharge rates for peak events including 1 in 20, 1 in 50, 1 in
100 year Average Recurrence Interval (ARI) and Probable Maximum Flood (PMF)
events.

3.7

Identify potentially feasible stormwater management strategies, which may
comprise stormwater reuse options, best planning practices, stormwater treatment
measures (in both the public and private domain) and indicative maintenance
principles.

5.0

Provide a suitably detailed description of the preferred water sensitive urban design
(WSUD) strategy, in the form of documents, plans and conceptual diagrams (as
appropriate).

6.5

To incorporate the principles of Water Sensitive Urban Design and Managing Urban
Stormwater as outlined in the OEH General Guidelines for Strategic Planning.

5.3
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bAppendix B

Runoff Peak Flow (100
Year ARI) Hydrographs
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The flowing hydrographs represent the 100 year ARI peak flows from the Precinct to the Nepean River
(downstream of existing dam)

100 Year ARI (Existing)

100 Year ARI (Proposed with no mitigation)
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100 Year ARI (Proposed with mitigation)
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cAppendix C

Geotechnical Report
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Appendix C Summary Report on Geotechnical Assessments –
Proposed Redevelopment of the Glenlee
Emplacement Area Springs Road, Spring Road
(Douglas Partners)

Note: Included as Separate Report
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dAppendix D

Consolidated comments
between Campbelltown &
Camden Councils –
Water Cycle Management
Assessment
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Water Cycle Management Assessment

Glenlee: Consolidated Comments between Campbelltown & Camden Councils Raised Issues & the Recommendations to be undertaken

Reference: Glenlee Precinct Rezoning - Water Cycle Management Strategy prepared by AECOM
dated 7 Mar 2014  - Revision B

Issue Recommendations Agreed approach/outcome following discussions with Councils

1. The stated objective of the study needs to be:
-Assess the cumulative impacts of proposed development

with regards to existing hydrology.

-Identify feasible stormwater management strategies to
maintain existing peak flow and total flow hydrology
matching pre and post developed hydrographs at the
site boundary discharge points using suitable
hydrologic modelling software (i.e. XP-Rafts).

- Hydraulic modelling is required at detailed design stage,
however sufficient assessment of the hydrology to
determine land required for any hydraulic structures
will be required for the rezoning assessment.”

1. Revise Strategy with stated objective as
per Comment -1.

1. Cathy Kinsey (Stormwater Coordinator for Campbelltown Council) advised that
managing peak flows only was acceptable.
Maria Pinto (Senior Engineer, Stormwater & Floodplain for Camden Council)
advised that examination of total flow hydrology was required for the 100 year
ARI.

Calculations to estimate the additional flow volume (difference between pre &
post total flow volume) for the 100 year ARI event have been undertaken and
discussed with Camden Council.  Refer Section 4.5.

Camden Council has indicated that this is a relatively small volume within the
Nepean Catchment and is acceptable provided that a maximum Permissible
Site Discharge (PSD) of 170 L/s/Ha (Urban Growth Policy as advised by
Camden Council) is not exceeded for the site.  This has been demonstrated in
Section 6.2.

2. Throughout the submitted study, the focus is on peak
flows and does not address the total flow hydrograph
(refer pp I, ii, iii, 9, 22, 36). This is not acceptable.

2. Revise Strategy to address the total flow
hydrograph and refer to the following
references on pages I, ii, iii, 9, 22 and
36.

2. Refer comment 1 above.

3. The full range of storm events and durations is to be
considered from small events (required for water
quality assessment) through to 1% AEP as the flood
planning event and including assessment up to the
PMF.

3. Assessment is to include the full range
of storm events and durations is to be
considered from small events (required
for water quality assessment) through to
1% AEP as the flood planning event and
including assessment up to the PMF.

3. Local flood extent mapping of the site up to the 1% AEP and including the
PMF is provided in Section 3.5.

Refer to additional wording in Section 4.2 regarding the intention for drainage
to include pits, pipes and designated overland flows in accordance with
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Council requirements.

4. All computer models are to be provided to Council for
assessment.  Once the models are received,
additional comments may be required.

4. The relevant computer models are to be
provided for assessment by Council.

4. Attached with this report.

5. While reserving judgement on the output results from
the water quality modelling, it is noted that the
proposal recommends multiple separate water quality
control locations. This will impose a very high
maintenance requirement on Council to maintain.

5. Address the high maintenance
requirements on Councils due to the
proposed multiple separate water
quality control locations.

5. Councils have indicated that the proposed water quality approach is
acceptable provided the management responsibility for water quantity and
quality control treatments / systems will be managed by means of Community
Title.

The development will be under Community Title (Refer Section 5.0)

6. The suitability of the water quality treatment system
needs to take into account site salinity and perched
water table issues and locations. This will need to be
demonstrated.

6. Address and demonstrate the suitability
of the water quality treatment system
with regards to site salinity and perched
water table issues and their locations.

6. The salinity investigation undertaken by GHD Longmac (2002) at the Garden
Gates South Development on the north east slope of Mt Annan, approximately
1.5 km north east of CSM generally found that the lower slopes and alluvium
have a greater potential than the higher slopes for saline influence due to the
proximity of the saline groundwater table to the ground surface. Although the
Site is largely elevated (25-30m of fill) WSUD options that promote or rely on
infiltration may influence salinity and groundwater problems in the long term
therefore:
· WSUD options such as bioretention systems, basins and wetlands

should be lined to prevent infiltration;
· The use of infiltration devices such as permeable pavements, infiltration

trenches etc. are not recommended;
Refer Section 5.3.

7. The water quality targets GP/TSS/TP/TN 90/85/70/55
appear to be considerably lower than the current
stretch targets identified in Landcom’s WSUD Policy
which appears to reflect best practice for Growth
Centre areas. The current stretch targets are shown in
the table below.

7. Revise Strategy and address the water
quality targets GP/TSS/TP/TN
90/85/70/55 which appear to be
considerably lower than the current
stretch targets identified in the table
below in Landcom’s WSUD Policy,
which reflects best practice for Growth
Centre areas.

7. Both Councils acknowledge that there was prior agreement to use the
Menangle Park water quality targets (refer email from Ilyas Karaman Monday
9th December 2013). No further action required.
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8. Section 3.5 - The percentages impervious
identified in Table 4 for the existing catchment are
not appropriate. The coal emplacement is not 25%
impervious and the rainfall losses identified above
the table will account for the relatively impervious
nature of this material.

8. Revise Strategy regarding the percentages
identified as impervious in the existing
catchment and recalculate and address the
impervious percentage in the coal
emplacement with regard to rainfall losses
as identified above the table.

8. The % impervious area has been reduced and justification added for losses.
Refer Section 3.5.

Geotechnical Report added – Refer Appendix C.

9. The footnote to Table 4 refers to a Douglas
Partners report (Douglas Partners, 2013) which
may have some relevant geotechnical information.
Could a copy of this report be provided for

9. Include in the appendices a copy of
Douglas Partners report (Douglas Partners,
2013), which may have some relevant

9. Geotechnical Report added – Refer Appendix C.
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consideration? geotechnical information for further
consideration by Council.

10. Section 3.6 As previously discussed, there is an
existing farm dam upslope from the development
site. Figure 7 indicates that this dam is breached
which is inconsistent with the text in Section 3.6.
As is clearly evident from the October 2013 Aerial
photograph (below), the upper dam is still intact.
The lower dam has been breached (some time
between October 2011 and April 2012).

10. Revise document with regard to Comment -
10 and provide further quantitative analysis
as required to demonstrate what impact
dams may have on the development
potential of the proposal and address
whether  additional requirements will be
included for planning controls on this
portion of the site.

10. Refer to additional wording in Section 3.6
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The overland flow path, should the upper dam fail,
would cross the top corner of the proposed
development site. As such, City Works previous
comments that the impacts of dam failure require
assessment is confirmed. While Section 3.6
indicates that the northern dam will be filled in the
future, until that occurs, it will be necessary to
consider the impact of dam failure. The report still
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does not address this issue. Whilst we
acknowledge that the breached downstream dam
may mitigate impacts from a failure of the northern
dam, and the future road may redirect such flow,
some quantitative analysis is required to
demonstrate what impact this may have on the
development potential of this proposal or the need
to include any planning controls on this portion of
the site.

11. Section 3.6 discusses the existing dams. This has
not been assessed for structural stability. This will
need to occur if this is to be handed over to
Council.

11. Assess the structural stability of the dam on
the western side of the site (existing water
quality pond).

11. Refer comment 11 above.

12. The slopes identified in Table 4 are indicated to be
average slope. This may not be appropriate. XP-
Rafts uses a vector averaged slope and in areas
such as this where there is a large variation in
slope between the developed flat areas and the
steep embankments between these terraces, it is
more appropriate to break the catchments up in
finer sub-catchments to more accurately represent
the catchment response.

12. Revise methodology by dividing the
catchments up in finer sub-catchments to
more accurately represent the catchment
response, given that “the average slope”
may not be an appropriate indicator where
there is a large variation in slope between
the developed flat areas and the steep
embankments between these terraces.

12. It is noted that there are embankments within the Precinct and that several of
the presented catchment areas could be broken down further.  It should be
noted that these embankment areas are relatively small and the same
approach to catchment breakdown has been applied pre and post
development.  Therefore the current approach is considered sufficient at this
Planning Proposal phase.  In addition the flexibility in the proposed water cycle
management strategy allows for further refinement of quick response
catchments at DA.

Refer Section 3.5.

13. Section 3.7 discusses mine subsidence with
respect to flood levels. There will be no impact on
this development from this aspect of mine
subsidence. It may be necessary, however to
consider the impacts of mine subsidence on the
coal chitter fill. This particular situation may not
occur anywhere else and warrants additional
investigation to ensure that development will not
be at risk in the future if the area is mined. It may
be prudent to seek confirmation from the Mine
Subsidence Board regarding building construction
requirements on the coal chitter.

13. Investigate and address the impacts of
mine subsidence on the coal chitter fill to
ensure that development will not be at risk
in the future if the area is mined and seek
further  confirmation from the Mine
Subsidence Board regarding building
construction requirements.

13. Refer to additional wording in Section 3.7 regarding reference to the Land
Capability Statement – Geotechnical Report prepared by AECOM.
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14. Section 3.8 As the area is identified to be of
moderate to high salinity potential and this is
confirmed by geotechnical investigations on an
adjoining property, it will be necessary at
development stage to prepare a salinity
management plan for the site.

14. No current action required. However note at
development stage, a salinity management
plan will be required for the site as the area
is identified in Section 3.8 to be of moderate
to high salinity potential as confirmed by
geotechnical investigations on an adjoining
property.

14. No action required. Refer Comment 15 below.

15. Section 3.9 identifies a perched water table, but
does not indicate the depth at which this occurs.
This needs to be clarified so that any impact on
vegetation or construction works can be identified
and managed.

15. Determine the depth of the perched water
table in Section 3.9 and address any
potential impacts on vegetation or
construction works.

15. Refer to additional wording in Section 3.9. Given that the proposed finished
surface level of the proposed development land above the stockpile area is
approximately RL110m, then the existing natural groundwater table will not
impact on the proposed development.

16. Section 3.9 considers groundwater contamination.
It may be necessary to consider the risk posed by
the existing landuse of the site, then further
considering what impacts development may have
on the groundwater. It is possible that
development could reduce groundwater impacts if
the site is effectively capped by impervious
surfaces

16. Address in Section 3.9 the risk posed by the
existing land use of the site and what
impacts the development may have on the
groundwater.
Further address whether development could
reduce groundwater impacts if the site is
effectively capped by impervious surfaces.

16. As noted in Section 3.9 ceasing the current coal washery land use may lower
the perched water table levels and could potentially allow it to completely
dissipate. However, if an enclosed drainage system is not installed there is a
risk of the perched water table reoccurring during rainfall events.
Additional wording added to Section 3.9. It is also proposed to provide
stormwater quality treatment systems that do not promote infiltration (refer
Section 5.3) that will reduce the likelihood of shallow groundwater occurring
beneath the proposed development site.

17. Section 4.3 A draft set of MUSIC guidelines for
Campbelltown has been prepared. This has not
been incorporated into the Campbelltown
Sustainable City DCP Volume 3 as yet. A copy of
these is attached and should be used in the
assessment. It is recommended that this
information is not provided to the
consultant/applicant until a review of the electronic
models has been carried out so that a
comprehensive list of comments can be
addressed.

17. No action required. 17. No action required.

18. Section 6.2 discusses the Runoff Peak Flow
Preferred Options Assessment. It should be noted
that Menangle Park achieved a reduction in the
mitigation required by discussion with the NSW
Office of Water. As this site is similarly located
with respect to the Nepean River, there may be
some merit in similar discussions taking place with

18. Noted. No action required. 18. No action required.
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a view to reducing detention requirements for the
site.

19. WSUD elements including rainwater tanks and
bio-retention are identified as providing a
proportion of the stormwater detention required.
The use of rainwater tanks for detention is not
supported. The use of water quality treatment
devices for this purpose is not supported without
significant demonstration of how this will be
achieved. It will be necessary to demonstrate that
the useful life of these structures will not be
reduced and that both the vegetation and the
structure will be resilient enough to withstand this
function.

19. Revise the Strategy regarding the use of
WSUD elements for the purpose of
detention or alternatively demonstrate the
use of water quality treatment devices for
this purpose and how this will be achieved
without the useful life of these structures
being reduced and ensure that both the
vegetation and the structure will be resilient
enough to withstand this function.

19. Councils prefer designated OSD facilities as opposed to combined water
quality and OSD systems.  However Councils have stated that this may be
acceptable provided the management responsibility for water quantity and
quality control treatments / systems will be managed by means of Community
Title.

It is noted that the development will be under Community Title (Refer Section
5.0).

Additional wording added to Section 6.2 - WSUD elements such as rain tanks
and bioretention can also contribute a proportion of stormwater detention
requirements only subject to Council approval.

20. The ILP does not appear to have any land set
aside for stormwater detention purposes. If all
detention is to be provided within the lots this is
not an issue. If, however, a regional facility is
found to be required, land will need to be set aside
for this purpose.

20. Address whether all detention is to be
provided within the lots or whether a
regional facility is to be required, given
that the ILP does not appear to have any
land set aside for stormwater detention
purposes.

20. The proposed water management strategy provides sufficient flexibility to
develop solutions within lots or as a regional facility.

Councils have stated that they do not have a preference for one or the other
provided the management responsibility for water quantity and quality control
treatments / systems will be managed by means of Community Title.

It is noted that the development will be under Community Title (Refer Section
5.0).

21. Section 6.3 identifies perimeter swales,
streetscape bioretention and on lot bioretention for
the area of the site located in Campbelltown.
Perimeter swales and streetscape bioretention
systems would presumably be dedicated to
Council. To date, we have not had any successful
systems of these types constructed in the LGA.
Careful consideration regarding the operation and
maintenance of these systems will be required. It

21. Address the issues as identified in
Comment 21 or provide alternative systems.

21. Refer Comment 20 above.
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is also recommended that a long developer
maintenance period should apply to these
systems to ensure they will operate and perform
as designed and not be a future problem for
Council. Careful design will also be required to
ensure that vehicles cannot access these areas
and cause damage and that Council can carry out
maintenance without any WHS issues. If these
issues cannot be satisfactorily addressed, it is
recommended that an alternative treatment is
utilised.

22. In Appendix B the runoff peak flow (100 year ARI)
hydrographs for existing and proposed with
mitigation have been plotted to different scales are
do not allow easy comparison of the total flow
(area under the hydrograph).

22. Revise Appendix B with the same , scales
for the runoff peak flow (100 year ARI)
hydrographs for existing and proposed with
mitigation to allow easy comparison of the
total flow (area under the hydrograph).

22. Scale for the Pre Development and Post Development with mitigation  has
been modified (Refer Appendix B)




