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Jordan Springs East Precinct
Stormwater Quality Management Report

Q’j Cardno

Executive Summary

Cardno is engaged by Maryland Development Corporation to prepare civil works documentation in support of
proposed development within Central Precinct (Jordan Springs East Precinct) which forms part of the former
St Mary’s Australian Defence Industries site (St Mary’s ADI). The Jordan Springs East Precinct covers an
area of approximately 135ha and upon completion the development is anticipated to yield approximately
1,400 residential lots, pocket parks, village centre, water management infrastructure and an employment
hub.

This report provides details of stormwater quality management criteria applicable to the Jordan Springs East
Precinct and how these form part of the broader St Mary’s ADI stormwater quality management strategy to
satisfy the objectives established in the State Regional Environmental Plan 30 (SREP 30). The criteria
established in this report for the Jordan Springs East Precinct is intended to form an overarching stormwater
quality management strategy for the development such that staged applications may be assessed based on
compliance with the overarching strategy as opposed to each stage in isolation against the SREP 30
objectives.

It is proposed that the Jordan Springs East Precinct stormwater quality performance objectives be sourced
from the Penrith City Council Development Control Plan with similar performance objectives as those applied
to the Jordan Springs Precinct and Ropes Crossing Precinct. Based on this framework the Jordan Springs
East Precinct is proposed to consist of:

e Rainwater tanks on all residential lots;
e 7 bio-retention basins strategically located to maximise treated catchment;
e Gross Pollutant Traps at each low flow outlet; and

e A vegetated Riparian corridor from south to north throughout the Precinct.

MUSIC modelling of the stormwater quality management masterplan proposed in this report provides the
following anticipated treatment efficiencies (excludes credits for treating existing upstream catchments):

Pollutant Sources Residual Percentage PCC DCP
Load Reduction Reduction Target

Gross Pollutants (kg/year) 19,200 308 98% 90%

Total Suspended Solids (kg/year) 119,000 15,600 87% 85%

Total Phosphorus (kg/year) 223 81.7 63% 60%

Total Nitrogen (kg/year) 1,460 755 48% 45%

As indicated above, implementation of the proposed stormwater quality management masterplan for the
Jordan Springs East Precinct will comply with PCC’s DCP requirements with details of each treatment
component to be refined during detailed design.

Ultimate compliance with the objectives established in the SREP 30 are to be achieved through the
construction of Regional stormwater quality infrastructure aimed at supplementing the treatment efficiencies
achieved within the smaller Precincts (Jordan Springs Precinct, Ropes Crossing Precinct and Jordan Springs
East Precinct). The Regional stormwater quality infrastructure are located external to the Jordan Springs
East Precinct with details to be addressed in a separate report by others.
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1 Introduction

1.1 Background

Cardno is engaged by Maryland Development Corporation to prepare civil works documentation in support of
proposed development within the Central Precinct (Jordan Springs East Precinct) which forms part of the
former St Mary’s Australian Defence Industries site (St Mary’s ADI). The St Mary’s ADI site is located within
the Penrith City Council (PCC) and Blacktown City Council (BCC) Local Government Areas (LGA) with
existing South Creek forming the boundary between the two Council jurisdictions. The St Mary’s ADI site is
located approximately 45km west of the Sydney CBD, 5km north-east of Penrith City Centre and 12km west
of Blacktown City Centre.

Development within the St Mary’s ADI site is controlled by the framework set out in the State Regional
Environmental Plan 30 (SREP 30) which was gazetted in January 2001. Since gazettal, the Ropes Crossing
Precinct and Jordan Springs Precinct have commenced development with each development largely
complete as of June 2016 (refer Figure 1-1 for locality). Development within Central Precinct has
commenced and will be referred to as Jordan Springs East Precinct for the remainder of this report.

This report provides details of stormwater quality management criteria applicable to the Jordan Springs East
Precinct and how these will form part of the ultimate St Mary’s ADI stormwater quality management strategy
to satisfy the objectives established in SREP 30. The criteria established in this report for the Jordan Springs
East Precinct is intended to form an overarching stormwater quality management strategy for the
development such that staged applications may be assessed based on compliance with the overarching
strategy as opposed to each stage in isolation against the SREP 30 objectives.

1.2 St Mary’s Australian Defence Industries Overview

The former St Mary’s ADI site covers an area of approximately 1,545 hectares and is bounded by The
Northern Road to the west, Werrington Downs to the south, Willmot to the east and Llandilo to the north. The
site consists of existing Jordan Springs residential community on the western boundary, existing Ropes
Crossing residential community on the eastern boundary, Jordan Springs East Precinct central to the site,
Regional Park throughout and pockets of industrial/employment land. Figure 1-1 provides an indicative
illustration of the site configuration.

Figure 1-1 St Mary’s ADI Locality Plan
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1.3 Jordan Springs East Precinct Overview

The Jordan Springs East Precinct covers an area of approximately 135ha and is generally flat. The site is
bound by existing residential properties to the south, regional park to the west and north and South Creek to
the east. Two existing urban catchments discharge through the site from the southern boundary with flows
conveyed via a number of natural and constructed water courses to South Creek. The site is largely clear of
vegetation.

Figure 1-2 provides a Masterplan of the proposed Jordan Springs East Precinct development. Upon
completion the development is anticipated to yield approximately 1,400 residential lots, pocket parks, village
centre, water management infrastructure and an employment hub.

Figure 1-2 Jordan Springs East Precinct Masterplan (Source: JBA)
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2 St Mary’s ADI Precinct Requirements

2.1 Stormwater Quality Control Framework

The former St Mary’s ADI Precinct development is controlled via the framework established in the State
Regional Environmental Plan 30 (refer NSW Legislation). In addition to other development controls, the
legislation contains performance objectives for post development stormwater quality components for the
entire former St Mary’s ADI Precinct. Following gazettal of the SREP 30 a ‘Water Soils and Infrastructure
Report’ 2009, SKM (refer Appendix A) was prepared and details the specific infrastructure required
throughout the site to collectively achieve the objectives of the SREP 30 upon completion of the whole
development. Based on the infrastructure recommendations established in the Water Soils and Infrastructure
Report it is proposed that stormwater quality performance objectives be assessed at a Regional level (the
whole former St Mary’s ADI Precinct) and at a smaller Precinct level (Jordan Springs Precinct, Ropes
Crossing Precinct and Jordan Springs East Precinct). At the smaller Precinct level, it is proposed that each
development is to comply with performance objectives as per the Local Council’s Development Control Plan
(DCP) through the use of localised stormwater quality treatment measures while at the Regional level, SREP
30 performance objectives are to be achieved through the addition of Regional stormwater quality
management infrastructure to supplement those established within the smaller Precincts.

211 State Regional Environmental Plan 30

Table 2-1 below provides select extracts from the SREP 30 that relate to performance objectives for post
development stormwater quality components for the former St Mary’s ADI Precinct. This table has been
prepared based on the gazetted SREP 30 as of the date of this report and shall not be relied upon as a
complete and accurate source of statutory requirements beyond this date.

Table 2-1 SREP 30 Stormwater Quality Performance Objectives

SREP 30 Clause Objective

28.1 During and following construction, impacts upon water quality are to be minimised,
through the utilisation of effective erosion and sediment control measures in
accordance with industry standards.

28.2 The use of the land to which this plan applies is to incorporate stormwater
management measures that ensure there is no net adverse impact upon the water
quality (nutrients & suspended solids) in South Creek and Hawksbury-Nepean
catchments.

28.9 Gross pollutants are to be collected at, or as close as possible to, their source or at
all stormwater outlets, or at both of those places, so that there is no increase in
sediment/litter entering creeks as a result of development.
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2.1.2 Water Soils and Infrastructure Report, 2009 (SKM)

The Water Soils and Infrastructure Report details strategies for the delivery of infrastructure to achieve

objectives of the SREP 30. Section 4.3 of the Water Soils and Infrastructure Report details the stormwater
quality management infrastructure to be adopted to address stormwater quality performance objectives of
the SREP 30 and are summarised below (notes in brackets indicate SREP 30 clause to be complied with):

» Provision of construction management policies to control sediment and erosion (28.1);

» Provision of rainwater tanks on all residential lots for water reuse;

» Provision of Gross Pollutant Traps at stormwater drainage outlets (28.9);

» Construction of local wetlands or infrastructure of similar treatment performance (28.2); and
» Construction of regional wetlands or infrastructure of similar treatment performance (28.2).

Figure 2-1 provides a summary of the proposed stormwater quality management strategy. Additional
infrastructure is detailed in the Water Soils and Infrastructure Report for each of the smaller Precincts and
has been omitted from Figure 2-1 for clarity. Basins B, C2 and | are intended to supplement the stormwater
quality treatment measures implemented for each of the smaller Precincts to achieve the performance
targets of the SREP 30. At a Regional level, stormwater quality performance is assessed at a control point
along South Creek to which all Precinct catchments converge.

Figure 2-1 Regional St Mary’s ADI Stormwater Quality Treatment Strategy
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2.1.3 Proposed Framework

Based on the recommendations established in the Water Soils and Infrastructure Report it is proposed that
the stormwater quality treatment performance of the smaller Precincts be assessed against the objectives of
the Local Council’s DCP and that the performance of Basins B, C2 and | be assessed against the objectives
of the SREP 30 when combined with the resultant pollutant discharge from each of the smaller Precincts.
Table 2-2 provides a summary of the proposed framework.

Table 2-2  Performance Objective Source Summary

Locality Performance Objective Source Performance Control Point
Ropes Crossing Precinct Blacktown City Council DCP Local catchment discharge
Jordan Springs Precinct Penrith City Council DCP Local catchment discharge
Jordan Springs East Precinct | Penrith City Council DCP Local catchment discharge
Dunheved North Precinct Blacktown City Council DCP Local catchment discharge
Dunheved South Precinct Penrith City Council DCP Local catchment discharge
Basin B State Regional Environmental Plan 30 South Creek Control Point
Basin C2 State Regional Environmental Plan 30 South Creek Control Point
Basin | State Regional Environmental Plan 30 South Creek Control Point
St Mary’s ADI Precinct State Regional Environmental Plan 30 | South Creek Control Point

The proposed framework is intended to:

1. Ensure compliance with the SREP 30 performance objectives can be achieved upon completion of
the ultimate St Mary’s ADI Precinct development;

2. Provide clear and unambiguous stormwater quality performance objectives for each of the Localities
in Table 2-2;

3. Simplify the compliance assessment of Development Applications for the smaller Precincts; and

4. Distribute the stormwater quality management infrastructure burden equally among the smaller
Precincts both in cost and land consumption.
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3 Jordan Springs East Precinct Requirements

3.1 Stormwater Quality Control Framework

It is proposed that the Jordan Springs East Precinct stormwater performance objectives be governed by
Penrith City Council’'s Development Control Plan. Specifically PCC’s DCP states:

Performance Criteria
Stormwater quality requirements for all development types are:
a) Pollution load reductions:

i. 90% reduction in the post development mean annual load total gross pollutant (greater than
5mm);

ii. 85% reduction in the post development mean annual load of Total Suspended Solids (TSS);
iii. 60% reduction in the post development mean annual load of Total Phosphorus (TP);

iv. 45% reduction in the post development mean annual load of Total Nitrogen (TN);

V. 90% Free Oils and Grease with no visible discharge.

It is noted that under special circumstances the above criteria can be amended at PCC’s discretion where
the above is not deemed adequate to achieve the governing principles of stormwater quality management
(e.g. where untreated external catchments enter a proposed stormwater system).

3.2 Proposed Stormwater Quality Management Masterplan

The Jordan Springs East Precinct stormwater quality management strategy includes the following
stormwater quality improvement devices:

e Rainwater tanks on all residential lots;

e 7 bio-retention basins strategically located to maximise treated catchment;
e Gross Pollutant Traps at each low flow outlet; and

e A vegetated Riparian corridor from south to north throughout the Precinct.

Figure 3-1 provides a summary overview of the proposed water quality management infrastructure for the
Jordan Springs East Precinct. A copy of the proposed stormwater quality management masterplan is
included in Appendix B. Pollutant control points are also shown on the masterplan and will be referred to in
Section 3.2.5 of the report.
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Figure 3-1 Jordan Springs East Precinct Stormwater Quality Management Masterplan
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3.2.1 Deviations from The Water Soils and Infrastructure Report

It is noted that as part of investigations that informed The Water Soils and Infrastructure Report that
assumptions were made as to the location and quantity of water quality basins within the Jordan Springs
East Precinct that were appropriate at the time of the investigation. Through further design development, the
current proposed stormwater quality masterplan proposes an increase in the number of water quality basins
but an overall reduction in proposed land use area when compared to The Water Soils and Infrastructure
Report. The increase in the number of water quality basins is primarily attributed to the grading constraints of
the site which were not fully understood at the time of the 2009 study. In particular the following basis of
design has been adopted which has influenced water quality basin numbers:

1. Road gutter invert levels to be above 1% AEP flood level;
2 Private lots to be above 1% AEP flood level + 500mm;

3. Minimum road grade of 0.7%;
4

Requirement for generally continuously rising path of travel for evacuation above the Probable
Maximum Flood (PMF) level in accordance with ‘Central Precinct Flood Evacuation Assessment’,
Molino Stewart July 2014;

5. Requirement to match as close as possible existing levels at boundary interfaces especially along
existing residential properties to the south;

6. In accordance with best practice, the design of drainage paths that align as close as possible with
existing flow path regimes;

7. Optimisation of earthworks to balance cost and urban design outcomes;

8. Requirement to manage highly saline soils;

9. Minimisation of level changes within the existing Transgrid easement and the provision of vehicle

access to the Transgrid corridor and pylons.
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Figure 3-2 illustrates the grading strategy adopted that incorporates the above and is consistent with the
original objectives of The Water Soils and Infrastructure Report.

Figure 3-2 Indicative Grading Strategy
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3.2.2 Infrastructure Details

Rainwater tanks are to be provided as part of dwelling construction with sizing to be determined through a
BASIX assessment. For the purposes of this report it has been assumed that each dwelling will provide a
2,500L rainwater tank, modelled at 80% capacity (2000L).

Bio-retention basins are to consist of a layered filter media with extended detention depths controlled via an
overflow weir. Subsoil is to be laid at the base of the filter media layers which will converge at a junction pit
generally located within the weir embankment. Figure 3-2 provides a typical plan and section detail of the
conceptual bio-retention basins. The filter media layer is to range in thickness from 400mm to 800mm, the
transition layer is to range in thickness from 50mm to 100mm and the drainage layer is to range in thickness
from 200mm to 300mm. Layer thicknesses will vary during detailed design to achieve the pollutant reduction
targets of PCC’s DCP and to suit sub catchment conditions (larger catchments will require larger subsoil
pipes and a thicker drainage layer). Additionally, bio-retention basins will generally be designed such that
stormwater flows from large storm events bypass the filter media.

Gross Pollutant Traps (GPTs) are to be specified during detailed design through discussion with PCC
representatives for each stage of development of the Jordan Springs East Precinct. The current PCC
preference is for the utilisation of Rocla CDS® units with concessions provided for the use of alternatives
where site constraints prevent the use of the preferred GPT type.

The Riparian corridor will vary in width and bisect the Jordan Springs East Precinct from south to north. The
corridor is intended to be vegetated throughout to as best as possible replicate a natural watercourse.
Details of the Riparian corridor are to be provided as part of development applications and refined during
detail design phases.
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Figure 3-3 Conceptual Bio-Retention Basin Plan and Section Detail
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A summary of DA approved water quality infrastructure and indicative future infrastructure is provided in
Table 3-1 below.

Table 3-1 Water Quality Infrastructure Summary

Stage 1 Infrastructure Infrastructure Type and Quantity

Gross Pollutant Trap Rocla CDS® - 7 units

Bio-retention Basin Filter media — 7260m?

Stage 2 Infrastructure Infrastructure Type and Quantity

Gross Pollutant Trap Rocla CDS® - 2 units

Humes HumeGard® - 2 units

Bio-retention Basin Filter media —1150m?
Stage 3A Infrastructure Infrastructure Type and Quantity
Gross Pollutant Trap Rocla CDS® - 1 unit
Future Infrastructure Infrastructure Type and Quantity
Gross Pollutant Trap Rocla CDS® - 9 units
Bio-retention Basin Filter media — approx. 9010m?
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3.2.3 Catchment Analysis

A catchment assessment for the precinct results in 19 urban catchments, each requiring treatment before
discharging to receiving water courses. All urban catchments include a GPT device while 13 of the
catchments include treatment via a bio-retention basin. A catchment breakdown is shown in Figure 3-4.

Figure 3-4 Jordan Springs East Precinct Stormwater Catchment Boundaries
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3.231 Stage 1

Stage 1 of the Jordan Springs East Precinct covers an area of approximately 38 hectares. It generally
extends from the centre of the Jordan Springs East Precinct towards the south-eastern boundary, shown in
Figure 3-5. The expected yield is approximately 400 residential lots, split into nine sub-catchments (A, B, C,
D, E, F, G, Rip A and External C ST01) shown in Figure 3-4.

In addition to the infrastructure included in Table 3-1 the stormwater quality management strategy includes:
e Rainwater tanks on each residential lot

e Approximately 960m of riparian corridor
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The treatment strategy for each catchment for Stage 1 is included in Table 3-2.

Table 3-2 Stage 1 relationship between catchments and bio-retention basins

Catchment Area (ha) Comment

External A 24.8 Stormwater runoff from the existing urban development will
drain into the southern extent of the Jordan Springs East
Precinct drainage corridor. The catchment is not included in
the Jordan Springs East Precinct removal target assessment.

External C 13.4 Stormwater runoff from the regional park will drain to the
STO1 Jordan Springs East Precinct drainage corridor via suitably
sized table drains.

Riparian A 6.2 Stormwater runoff from the open spaces and channel within
this catchment will drain to the extent of the Stage 1 drainage
corridor and be dispersed with the use of level spreaders to
South Creek.

Catchment A 10.2 Stormwater runoff from the urban development and open
spaces will drain to bio-retention Basin B. The basin will
provide treatment to meet council’s water quality targets.

Catchment B 12 Stormwater runoff from the urban development and open
and C spaces will drain to bio-retention Basin C. The basin will
provide treatment to meet council’s water quality targets.

Catchment D 6.2 Stormwater runoff from the urban development and open
and E spaces will drain to bio-retention Basin A. The basin will
provide treatment to meet council’s water quality targets.

Catchment F 3.6 Stormwater runoff will be treated by Gross Pollutant Traps
and G before discharging into the drainage corridor.

3.2.3.2 Stage 2

Stage 2 of Jordan Springs East Precinct covers an area of approximately 22 hectares. It generally extends
from the south-western boundary towards Stage 1. The extent of Stage 2 is illustrated in Figure 3-5 and it is
expected that Stage 2 will yield approximately 280 residential lots. The proposed grading of the site divides
Stage 2 into five sub-catchments. This includes one external catchment (External B) and four internal
catchments (Catchment J, K, L and M) as shown in Figure 3-4.

Access to Stage 2 is indicated in Figure 3-5 and will traverse Jordan Springs and Stage 1 of Jordan Springs
East via the Jordan’s Connector Road.

Stage 2 pre-developed site conditions are described in the Civil Engineering & Infrastructure Report, Stage
2: Central Precinct (Cardno, 2015). The site is rural with a high percentage of pervious area and limited
vegetation. An existing stormwater outlet enters the site at the south west boundary, exiting along the
western boundary.
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Figure 3-5 Stage 1 and 2 Extents
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In addition to the infrastructure included in Table 3-1 the stormwater quality management strategy for Stage
2 includes:

e Rainwater tanks on each residential lot
e Approximately 215m of drainage corridor

A summary of the individual catchment treatment is included in Table 3-3.

Table 3-3 Stage 2 relationship between catchments and bio-retention basins

Catchment Area (ha) Comment

External B 23.1 Stormwater runoff from the existing urban development will
drain into Channel 2 with low flows being diverted via bio-
retention Basin D. The catchment is not included in the Jordan
Springs East Precinct removal target assessment.

Catchment J 10.3 Stormwater runoff from the urban development and open
spaces will drain to the Regional Park via the downstream
extent of Channel 2. The catchment will be treated via a
proprietary GPT.
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Catchment Area (ha) Comment

Catchment K 2.9 Stormwater runoff from the urban development will drain to bio-
retention Basin D. The basin will provide treatment to meet
council’s water quality targets.

Catchment L 2.3 Stormwater runoff will be treated by a proprietary GPT before
discharging into Stage 1 riparian corridor.

Catchment M 6.4 Stormwater runoff from the urban development will drain to
Bio-retention Basin A via a connection to Stage 1 drainage.
The basin will provide treatment to meet council’s water quality
targets.

3.2.3.3 Future Stages

The future stages of Jordan Springs East Precinct cover the remaining 75 hectares (approximately). The
future stages include all area north of the Collector road. The proposed grading divides the development into
eleven sub-catchments (N, Q, TC, R, S, T, U, V Riparian B, Riparian C and External C ST05) as shown in
Figure 3-4.

In addition to the infrastructure included in Table 3-1 the stormwater quality management strategy for future
stages include:

¢ Rainwater tanks on each residential lot
e Approximately 660m of drainage corridor

A summary of the individual catchment treatment is included in Table 3-4.

Table 3-4  Future Stages relationship between catchments and bio-retention basins

Catchment INCENGE)) Comment
External C 25.3 Stormwater runoff from the regional park will drain to the
STO05 Jordan Springs East Precinct drainage corridor via overland

flow and drainage networks.

Riparian B 3.6 Stormwater runoff from the open spaces and channel within
this catchment will drain to bio-retention Basin F, low flows will
be treated to meet council’s water quality targets.

Riparian C 5.2 Stormwater runoff from the open spaces and channel within
this catchment will drain to the extent of the drainage corridor
and be dispersed to South Creek.

Catchment N 8.0 Stormwater runoff will be treated by a proprietary GPT before
discharging into the drainage corridor. Low flows will be treated
in bio-retention Basin F.

Catchment Q 8.6 Stormwater runoff from the urban development will drain to bio-
retention Basin E before discharging into Regional Open
Space. The basin will provide treatment to meet council’s
water quality targets.
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Catchment INCENGE)) Comment

Catchment TC 3.8 Stormwater runoff from the town centre catchment will drain to
GPTs. Half the catchment will drain to bio-retention Basin B.
The basin provide treatment to meet council’s water quality
targets.

Catchment R 10.3 Stormwater runoff will be treated by Gross Pollutant Traps
before discharging into the drainage corridor.

Catchment S 3.7 Stormwater runoff will be treated by Gross Pollutant Traps
before discharging into the drainage corridor.

Catchment T 4.8 Stormwater runoff from the urban development will drain to bio-
retention Basin F. The basin will provide treatment to meet
council’s water quality targets.

Catchment U 14.9 Stormwater runoff from the urban development will drain to bio-
retention Basin G. The basin will provide treatment to meet
council’s water quality targets.

Catchment V 20.2 Stormwater runoff from the urban development will drain to bio-
retention Basin G. The basin will provide treatment to meet
council’s water quality targets.

3.2.4 MUSIC Modelling

MUSIC is a continual-run conceptual water quality assessment model developed by the Combined Research
Centre for Catchment Hydrology. MUSIC can be used to estimate the long term annual average stormwater
volume generated by a catchment as well as the expected pollutant loads. It is able to conceptually simulate
the performance of a group of stormwater treatment measures to assess whether a proposed stormwater
guality management strategy is capable of satisfying stormwater quality objectives. MUSIC was chosen to
verify the stormwater quality management strategy for the Jordan Springs East Precinct due to the following
attributes:

e It can account for the temporal variation in storm rainfall throughout the year

¢ Modelling steps can be as low as 6 minutes to allow accurate modelling of treatment device
e It can model a range of treatment devices

e |t can be used to estimate pollutant loads at any location within a catchment

e Itis based upon logical and industry accepted algorithms.

MUSIC modelling requires a series of parameters to be nominated for rainfall data, rainfall/ runoff and
pollutant inputs. Parameters are adopted from Water Sensitive Urban Design (WSUD) Technical Guidelines,
December 2013, Penrith City Council and Draft NSW MUSIC Modelling Guidelines, August 2010, BMT WBM
Pty Ltd. These parameters are summarised in Section 3.2.4.1 to 3.2.4.5.

3.24.1 Rainwater Tanks

As described in Section 3.2.1 rainwater tanks within Jordan Springs East are assumed to have a volume of
2,500L per dwelling modelled as 2000L available storage. The MUSIC model parameters and sources are
outlined in Table 3-5.
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Table 3-5 Rainwater Tank MUSIC model node parameters
MUSIC Model Parameter Input Value Parameter Comment

Tank Volume (mS3) 2,000 80% of rainwater tank volume available (Draft NSW
MUSIC Modelling Guidelines)

Tank Surface Area (m?) 15 1.5m high tank with 0.2m above overflow pipe

Annual demand (kL/year) 50 Non-potable Reuse rates from Penrith City Council
WSUD Technical Guidelines — Between 320m? to
520m? lot size.

Daily demand (kL/year) 0.1 Non-potable Reuse rates from Penrith City Council
WSUD Technical Guidelines — Between 320m? to
520m? ot size.

3.2.4.2 Bio-retention Basins

The MUSIC model node parameters for the seven bio-retention basins vary depending on the catchment
treatment required. The ranges and constant parameters are summarised in Table 3-6.

Table 3-6  Bio-retention MUSIC model node parameters

MUSIC Model Parameter Input Value Parameter Comment

Extended Detention Depth (m) 0.3-0.35 0.3m maximum depth specified in Penrith City

Council WSUD Technical Guidelines. Due to

insufficient storage volume achieved 0.05m of
detention depth has been included.

Filer Depth (m) 0.4-0.8 0.5m minimum depth specified in Penrith City
Council WSUD Technical Guidelines. 0.4m filter
depth adopted in one basin due to site constraints.

TN Content of Filter Media (mg/kg) 800 Penrith City Council WSUD Technical Guidelines
Orthpphosphate S AL 40 Penrith City Council WSUD Technical Guidelines
Media (mg/kg)

3.24.3 GPTs

As described in Section 3.2.2 GPTs throughout Jordan Springs East Precinct are specified as Rocla CDS®
units where achievable. In instances where Rocla CDS® units are not achievable due to site, or hydraulic
constraints the alternative of Humes HumeGard® has been specified. Detailed designs of all GPTs in a
development application are to be approved by PCC prior to a Construction Certificate being issued. Any
proposed changes to the modelled GPT units in future will need to be approved by Penrith City Council prior
to construction. The parameters of these MUSIC nodes are summarised in Table 3-7.
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Table 3-7 GPT MUSIC model node parameters
GPT Type MUSIC Model Parameters Parameter Comment
Total 70% Penrith City Council WSUD Technical Guidelines
Suspended Reduction
Solids (concentration
over 75mg/L)
Total 30% Penrith City Council WSUD Technical Guidelines
Rocla CDS® Phosphorus Reductlop
(concentration
over 0.5mg/L)
Total Nitrogen 0 Penrith City Council WSUD Technical Guidelines
Gross 98% As per Blacktown City Council’s approved water
Pollutants quality node.
Total 41% Field Evaluation of the Nutrient Removal
Suspended Performance of a Gross pollutant Trap (GPT) in
Solids Australia (Refer Appendix E). In accordance with
Section 4.6 Penrith City Council WSUD Technical
Guidelines.
Total 34% Test data for HumeGard — Refer Appendix E. In
Phosphorus accordance with Section 4.6 Penrith City Council
Humes WSUD Technical Guidelines
HumeGard® '
Total Nitrogen 24% Test data for HumeGard — Refer Appendix E. In
accordance with Section 4.6 Penrith City Council
WSUD Technical Guidelines.
Gross 85% Test data for HumeGard — Refer Appendix E. In
Pollutants accordance with Section 4.6 Penrith City Council
WSUD Technical Guidelines.
3.24.4 Riparian corridor

The Riparian corridor described in Section 3.2.2 is modelled within MUSIC as a vegetated swale. The
channel has been segmented into four sections with varying parameters based on location of source
catchments. The constant parameters are specified in Table 3-8.

Table 3-8 Swale MUSIC model node parameters

MUSIC Model Parameter Input Value Parameter Comment
Length Total (m) 1619 Total length of Riparian corridor within Jordan
Springs East boundary.
Bed slope (%) 0.7-1.47 Minimum/ maximum bed slopes within channel.
Vegetation Height (m) 0.2 Based on average plant height specified for
channel.
13 January 2017 Cardno 16
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3.2.4.5

Catchment Nodes

Catchments within MUSIC have been split into six land type nodes per catchment. These are; roof area
captured by rainwater tank, roof bypass, road reserve (including driveways), lots (excluding roof and
driveway), open space and any external undeveloped catchment draining to Jordan Springs East.

Table 3-9 MUSIC model catchment node parameters

MUSIC Node % Parameter Comment Pollutant Input Source
Catchment Type Impervious
Roof 100 Based on Penrith City Council WSUD Roof Area (Penrith City
Technical Guidelines Council WSUD Technical
Guidelines)
Road 85 Assessment of road reserve within Road Area (Penrith City
Jordan Springs Precinct and Council WSUD Technical
proposed typical cross section Guidelines)
Lots 57 Based on lot a breakdown of: 55% Residential (Penrith City
Roof Area, 10% Driveway Area, Council WSUD Technical
Other Impervious Area = 20% and Guidelines)
Pervious Area = 15%. (Developer
Handbook for Water Sensitive Urban
Design: Blacktown City Council)
Open Space 50 Open space type includes Bio- Urban (Penrith City
retention basins, landscaped areas Council WSUD Technical
and play grounds. Guidelines)
Undeveloped 2 External catchment areas are densely | Forest (Using MUSIC in
vegetated National Park indicative of | Sydney’s Drinking Water
little to no impervious area. Catchment)

Figure 3-6 provides an overview of the MUSIC model layout adopted in the assessment of the Jordan
Springs East Precinct stormwater quality management masterplan.
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Figure 3-6 Concept MUSIC Model Layout — Jordan Springs East Precinct
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3.25 Estimated Performance

Stormwater quality objectives are driven by percentage reduction targets for four pollutants, Total
Suspended Solids, Total Phosphorus, Total Nitrogen and Gross Pollutants. Thus the MUSIC model is
required to estimate two things:

1. The average annual pollutant loads generated by sources (i.e., roofs, roads, etc)

2. The effectiveness of the proposed stormwater quality “treatment train” in removing stormwater
pollutants.

The effectiveness of the proposed stormwater quality treatment train in minimising stormwater pollutants
across the Jordan Springs East Precinct is summarised in Table 3-10. For detailed modelling results refer to
Appendix C. The pollutant reduction values for the following sections of the report exclude the treatment of
external upstream catchments as requested by PCC and reflect the residual pollutant loads from treating the
Jordan Springs East Precinct development catchment only.
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Table 3-10 Jordan Springs East Precinct Stormwater Quality Treatment Train Effectiveness

Pollutant Control Point 8

Pollutant Sources Residual Percentage PCC DCP
Load Reduction Reduction Target

Gross Pollutants (kg/year) 19,200 308 98% 90%

Total Suspended Solids (kg/year) 119,000 15,600 87% 85%

Total Phosphorus (kg/year) 223 81.7 63% 60%

Total Nitrogen (kg/year) 1,460 755 48% 45%

While the total pollutant reduction targets are demonstrated to be achievable at Pollutant Control Point (PCP)
8 it is noted that as part of development of the stormwater quality management masterplan that some
catchments are treated beyond the PCC DCP requirements to offset shortfalls in treatment in other
catchments. All reasonable effort has been made to maximise treated catchment areas however for some
minor catchments it is more practical and economical to provide infrastructure that achieves only part of
PCC’s DCP performance targets. Table 3-11 provides a summary of the treatment performance at various
PCPs and the below provides a summary of the key components of the Jordan Springs East Precinct
stormwater quality treatment strategy:

e PCP 2 and PCP 3 contribute to the treatment effectiveness at PCP 6 (outlet of the Riparian
Corridor). The treatment efficiencies achieved in PCP 2 and PCP 3 offset performance shortfalls in
other smaller catchments with the resultant treatment effectiveness at PCP 6 closely matching the
performance targets of PCC’s DCP;

e PCPs 1, 4,5, 6 and 7 contribute to the treatment effectiveness at PCP 8 (Jordan Springs East
Precinct PCP). The performance shortfall at PCP 4 is offset by the treatment efficiencies achieved in
PCPs 1, 5, 6 and 7 with the treatment effectiveness at PCP 8 closely matching the performance
targets of PCC’s DCP;

e External catchments are shown as forming part of the model and have been included only for the
purpose of ensuring flow and storage volumes are accurately modelled however the results shown in
Table 3-10 and Table 3-11 exclude concessions for treating these catchments.
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Table 3-11 Intermediate Stormwater Quality Treatment Train Effectiveness

Pollutant GP Reduction TSS Reduction = TP Reduction TN Reduction
PCC DCP Reduction Target 90% 85% 60% 45%
Pollutant Control Point 1 99% 88% 71% 61%
Pollutant Control Point 2 99% 94% 81% 73%
Pollutant Control Point 3 99% 94% 79% 69%
Pollutant Control Point 4 91% 54% 23% 26%
Pollutant Control Point 5 99% 94% 81% 71%
Pollutant Control Point 6 100% 91% 62% 39%
Pollutant Control Point 7 98% 90% 75% 64%
3.2.6 Delivery

Stormwater quality management assets and infrastructure will generally be delivered in accordance with the
subdivision staging plan for the Jordan Springs East Precinct such that:

e GPTs are installed and operational during civil works;

e GPTs are to be maintained by the developer for a minimum of 1 year following the issue of
Subdivision Certificates;

e Rainwater tanks are installed as part of housing construction;

e Bio-retention basins function as temporary sedimentation basins during civil works and housing
construction until such time as 90% of the total contributing catchment is developed; and

¢ Establishment of fully operational bio-retention basins once 90% of the total contributing catchment
is developed.

e Bio-retention basins are to be maintained for a period of 3 years following completion of construction
works, before being handed over to PCC.

3.2.7 Regional Opportunities

As part of stormwater quality treatment modelling conducted for this report the treatment of external
catchments has not been included in the assessment as requested by PCC. It is noted that there is the
opportunity to consider a concession for treating the external catchments in the context of the achieving the
SREP 30 performance objectives for the Regional stormwater quality strategy.
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4 Conclusion

This report has detailed the stormwater quality management criteria applicable to the Jordan Springs East
Precinct and how these form part of the ultimate St Mary’s ADI stormwater quality management strategy to
satisfy the objectives established in the SREP 30.

It is recommended that the Jordan Springs East Precinct stormwater quality performance objectives be
sourced from the Penrith City Council Development Control Plan with similar performance objectives as
those applied to the Jordan Springs Precinct and Ropes Crossing Precinct. Based on this framework the
Jordan Springs East Precinct will consist of:

e Rainwater tanks on all residential lots;

e 7 bio-retention basins strategically located to maximise treated catchment;
e Gross Pollutant Traps at each low flow outlet; and

e A vegetated Riparian corridor from south to north throughout the Precinct.

MUSIC modelling of the stormwater quality management masterplan provides the following anticipated
treatment efficiencies (excludes credits for treating existing upstream catchments):

Pollutant Control Point 8

Pollutant Sources Residual Percentage PCC DCP
Reduction Reduction Target

Gross Pollutants (kg/year) 19,200 308 98% 90%

Total Suspended Solids (kg/year) 119,000 15,600 87% 85%

Total Phosphorus (kg/year) 223 81.7 63% 60%

Total Nitrogen (kg/year) 1,460 755 48% 45%

As indicated above, implementation of the proposed stormwater quality management masterplan for the
Jordan Springs East Precinct will comply with PCC’s DCP requirements with details of each treatment
component to be refined during detailed design.

Ultimate compliance with the objectives established in the SREP 30 are to be achieved through the
construction of Regional stormwater quality infrastructure aimed at supplementing the treatment efficiencies
achieved within the smaller Precincts (Jordan Springs Precinct, Ropes Crossing Precinct and Jordan Springs
East Precinct). The Regional stormwater quality infrastructure are located external to the Jordan Springs
East Precinct with details to be addressed in a separate report by others.
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Executive Summary

Sinclair Knight Merz (SKM) has prepared this report for Maryland Development Company (MDC)
to provide background information, describe existing and proposed conditions and provide Water,
Soil and Infrastructure Management Strategies for the Central Precinct of the site at St Marys. The
report addresses the following aspects in relation to the Central Precinct of the site at St Marys:

»  Introduction, background and proposed development;

= The existing environment;

= Performance objectives;

* Management strategies for the water cycle and water;

= Management strategies for stormwater trunk drainage system;
=  Management strategies for groundwater and salinity;

= Essential services infrastructure (water, sewer, and electricity);
= Filling of Land; and

=  Flood Evacuation

The proposed stormwater quality management strategy for the Western Precinct is based on the
principles of Ecologically Sustainable Development (ESD) and Water Sensitive Urban Design
(WSUD). This strategy includes the use of water quality controls such as gross pollutant traps,
constructed wetlands and biofiltration basins.

The proposed development involves changes to the local catchments, including an increase in the
amount of impervious area. Stormwater quantity would be managed via the use of detention
basins. Runoff would be conveyed to the detention basins via an underground pipe network and
above-ground overland flow paths. The lots would remain flood-free in events up to and including
the 100 year ARI event. Detention of stormwater runoff would ensure that peak flows do not
increase in storm events up to and including the 100 year ARI event.

Soil bore, groundwater and geophysical investigations in the Central Precinct indicate that shallow
groundwater occurs at depths of 3 - 6 m and is of low salinity. It is concluded that the planned
development is unlikely to result in surface salinisation and that the measures proposed in the
report including raising the ground level by filling and limiting infiltration will further reduce this

possibility.
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Sydney Water and Integral Energy have indicated that they are able to service the Central Precinct
with extensions to their existing networks. In brief, water would be from existing reservoir at
Cranebrook immediately adjacent the site. Sewer would be transferred to existing St Marys
Sewage Treatment Plant via pumping stations, rising mains and carriers. Electricity would be from
existing zone substation at Cambridge Gardens to the south of the site.

The Central Precinct lies to the west of South Creek and the site is at risk of flooding from this
watercourse. The proposed development involves filling the site to a level high enough so that it
would be flood-free in a 100 year ARI event.

The Development Application for the adjoining Dunheved Precinct has recently been approved by
Penrith City Council and this anticipates and reflects a filling scenario over the Central Precinct.
The fill scenario for Central Precinct has been refined however the flood impacts are generally the
same. Mitigation measures and detailed information are further described in the report,

A portion of the Central Precinct would be subject to the Probable Maximum Flood (PMF) event
(1.e. greater than the 100 year ARI event) and evacuation would be necessary. The flood
evacuation sirategy for residents and workers is to evacuate by car, which can be achieved and is
described in the report. The approach taken is consistent with the NSW Floodplain Development

Manual.

These measures proposed would achieve SREP30 and EPS requirements and objectives the details
are further described in the report.

SINCLAIR KNIGHT MERZ
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1. Introduction

1.1 Background
The St Marys Development site was endorsed by the NSW Government for inclusion on the Urban

Development Program (UDP) in 1993. The site is owned by St Marys Land Limited and is being
jointly developed by ComLand Limited and Lend Lease Development Pty Limited through their
joint venture company, Maryiand Development Company.

The site is located approximately 45km west of the Sydney CBD, 5km north-east of the Penrith
City Centre and 12km west of the Blacktown City Centre. The main western railway line is located
approximately 2.5km south of the site. The Great Western Highway is located another 1 km south
and the M4 Motorway a further 1.5km south.

The site has an arca of 1,545 ha and stretches roughly 7km from west to east and 2km from north to
south. It is bounded by Forrester Road and Palmyra Avenue in the cast, The Northern Road in the
west, Ninth Avenue and Palmyra Avenue in the north and the Dunheved Industrial Area, Dunheved
Golf Clun and the suburbs of Cambridge Gardens, Werrington Gardens and Werrington County in

the south.

The overall site, which has been rezoned for a variety of uses, comprises 6 development
“Precincts”, namely the Western Precinct, Central Precinct, North Dunheved Precinct, South
Dunheved Precinct, Ropes Creek Precinct and Eastern Precinct. The boundaries of the Precincts

within the St Marys site are shown in Figure 1-1.

Because the St Marys site straddles the boundary between two local government areas (i.e.
Blacktown and Penrith), the State Government decided that a Regional Environmental Plan should
be prepared to guide and control future development of the land.

Technical investigations into the environmental values and development capability of the land were
commenced in 1994, and State Regional Environmental Plan 30 (SREP30) was subsequently

gazetted in January 2001.

SREP30 is the main statutory planning framework document for the St Marys site. It containsg
planning principles, objectives and provisions to control development. The overarching aim of
SREP30 is to provide a framework for the sustainable development and management of the St
Marys site. The original precinct and zone boundaries of SREP30 were altered by the gazettal of

Amendment No 1 in April 2006.

SINCLAIR KNIGHT MERZ



SREP 30 is accompanied by the St Marys Employment Planning Strategy (EPS) which identifies
the aims for the future use and management of the site and sets out specific performance objectives
and strategies to address key planning issues, including: conservation, cultural heritage, water and
soils, transport, urban form, energy and waste, human services, employment, and remnant
contamination risk.

The St Marys EPS identifies actions to be undertaken by local and State govemnments, as well as
the obligations of developers. A Development Agreement was entered into in December 2002
between the joint venture developer and the NSW Government setting out the developer’s and
State Government’s responsibilities in providing services and Infrastructure. A Development
Agreement has also been entered into between Penrith City Council (PCC) and the joint venture
developer for the Dunheved Precinct and PCC wide transport contributions and will be updated for
other contributions required as a resuit of the development of the Central and Western Precincts,

SREP30 requires the development control strategies contained within the St Marys EPS to be taken
into account in any development proposals for the St Marys site. It also requires that a Precinct
Plan be adopted by Council prior to any development taking place. Planning for any precinct is to
address all of the relevant issues in SREP30 and the St Marys EPS, including preparation of
management plans for a range of key issues.

On 29 September 2006 the Minister for Planning declared the Central Precinct to be a release area
in accordance with the provisions of SREP30.

SINCLAIR KNIGHT MERZ
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1.2 Proposed Development
The Central Precinct is bounded by existing residential development in the suburbs of Werrington

County and Werrington Downs to the south, land zoned for Regional Open Space to the east and
land zoned for Regional Park to the north and west. There is also an area zoned for Drainage that
adjoins the northern boundary of the precinct. The Precinct has a total area of approximately 133.1
ha.

The land within the Precinct is currently zoned part Urban (129.7 ha) and part Employment (3.4
ha). Under a draft amendment to SREP30 currently being prepared, the land zoned Employment in
the Precinct will increase to 38.4 ha, with a corresponding reduction in the land zoned Urban to
94.7 ha, Land zoned Urban is intended to accommodate primarily residential uses, with limited
non-residential uses such as local retail and commercial uses. The Employment zone is intended to
accommodate primarily employment generating land uses which are compatible with surrounding
development and which will complement established employment areas and retail and commercial
centres in the Blacktown and Penrith Local Government Areas,

The proposed development of the Central Precinct, as shown in the Framework Plan at Figure 1-2,

entails:

* Employment and related uses in the northern part of the Precinct;

* A Village Centre zone, comprising a mix of retail, commercial, community, open space and
residential uses, in the ceatral part of the Precinct;

*=  Predominantly residential development in the remainder of the precinct;

*  Areas of open space; and

* Construction of roads, including connections to both the west and east, and stormwater
infrastructure.

1.3 Purpose of this Report
This report has been prepared in accordance with the requirements of SREP30 and the EPS. It

supports the draft Precinct Plan for Central Precinct and has been prepared to assist in determining
the proposals for, and the planning principles, strategies and development controls that will guide
the future development of all land within the Precinct in an integrated manner.

While the focus of the report is on the Central Precinct, the investigations carried out have taken
into account the following:
= Relationship of the future development within the Precinct to the adjoining Regional Park;
and,
* Future integration with the balance of the site and the existing surrounding
neighbourhoods.

SINCLAIR KNIGHT MERZ

PAGE ¢



_SKmM

St Marys Project
Central Precinct Plan
Water. Soils & Infrastructure

Figure 1-2 Framework Plan
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2. Existing Environment

21 Topography

The Central Precinct occupies approximately 170 hectares of the St Marys development site. The
land surface is generally flat. Elevations vary from 29mAHD to 40mAHD within the Precinct area,
The site generally drains via some minor drainage lines to South Creek which lies to the east of the

Precinct.

2.2 Soils
Based on the Penrith 1:100,000 soil landscapes map (Bannerman and Hazelton, 1990) the two soil

units within the site area include the Luddenham (lu) and South Creek (sc) soil landscapes (SLs).
The first is predominant within the southern and western third portion of the site, while the South
Creek SL. covers the remainder. A more detailed description is provided in section 5 of this report,

2.3 Groundwater & Salinity
Two groundwater-bearing systems are present within the St Marys site. These are referred here as

the shailow and deep aquifers, but regolith (soil} and fractured shale bedrock aquifers would be
more accurate titles. Neither would normally be regarded as true aquifers because of their low
permeability, limited storage capacity, inhomogeneity and indefinite boundarics. A more detailed
description is provided in section 5 of this report.

2.4 Hydrology Runoff Quantity
There are two drainage lines in which runoff leaves the Central Precinct. The northern section of

the Precinct drains in a north east direction towards South Creek, while the southern section drains
south east to join South Creek just inside the site boundary.

A RAFTS model was set up to predict existing peak flows from the site for a range of storm events,
Details and results of the RAFTS model are included in Appendix A. Runoff quantities were
determined at key locations points where runoff leaves the Central Precinct.

25 Hydrology Runoff Quality
The Central Precinct has been previously cleared and is currently fenced off to keep macro fauna

(kangaroos and emus) within the site. The assessment of any potential impact on stormwater
quality as a result of the proposed development needs to review existing water quality conditions
and predict developed conditions (with water quality controls). In order to estimate the existing
runoff pollutant loads and determine the effectiveness of the proposed stormwater treatment train, a
water quality model was set up to estimate pollutant loads for existing and proposed (with controls)
conditions. Details and results of the MUSIC water quality model are given in Appendix B.

SINCLAIR KNIGHT MERZ
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2.6 Flooding
The Central Precinct lies to the west of South Creek and currently a portion of the site is below the

100 year ARI event in South Creek and a concurrent 20 year ARI flood in the Hawkesbury Nepean

River.

27 Services
The existing infrastructure in and around the Central Precinct have been identified. The trunk

components such as water reservoirs, sewage treatment plants and zone substations exist in close

proximity to site. Other services such as communications and gas also exist in the area.

SINCLAIR KNIGHT MERZ
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3. Performance Objectives

The performance objectives for water, soils and infrastructure components are detailed in the
SREP30 and the EPS. The objectives are summarised in this section along with an overview of the
proposed management strategies are outlined in Table 3-1. Sections of the report are referenced to

identify where more information can be found.

= Table 3-1 Performance Objectives

SREP 30 Clanse | Requirement Where
Number / EPS Addressed
Clause No

Content of draft precinct plans

10.2.¢ A draft precinct plan is to include proposals for, and Flood
information about, the following, for the land to which it Evacuation
applies:
drainage systems and flooding issues, including an
assessment of the risk of flooding and damage likely to
result

10.2.n A draft precinct plan is to include proposals for, and Services
information about, the following, for the land to which it Infrastructure
applies:
any other major infrastructure, such as above or below
ground trunk electrical systems, trunk sewerage or water
supply lines

Conservation

2447434 Infrastructure is to be designed and located to minimise Services
potential adverse impacts on the conservation values of Infrastructure
land.

EP§ 44.11 Litter and pollution control measures designed to limit the Catchment
entry of waste material into the creeks will be regularly Management
maintained and monitored. Strategy

SINCLAIR KNIGHT MERZ
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SREP 30 Clause | Requirement Where

Number / EPS Addressed

Clause No

Watercycle

28.1/6.3.1 During and following construction, impacts upon water Catchment
quality are to be minimised, through the utilisation of Management
effective erosion and sediment control measures in Strategy
accordance with industry standards.

28.2/6.3.2 The use of the land to which this plan applies is to Catchment
incorporate stormwater management measures that ensure Management
there is no net adverse impact upon the water quality Strategy
(nutrients & suspended solids) in South Creek and
Hawkesbury-Nepean catchments.

283/6.3.3 Water usage on and the importation of potable water onto Catchment
the land to which this plan applies are to be minimised. Management

Strategy

28.4/6.34 Development is to be designed and carried out so as to Soils,
ensure that there is no significant increase in the water table | Groundwater
level and that adverse salinity impacts will not result. & Salinity

28.5/6.3.5 There is to be only minimal impact upon flood levels Filling of
upstream or downstream of the land to which this plan Land
applies as a consequence of its developent,

28.6/6.3.6 Drainage lines are 1o be constructed and vegetated so that Catchment
they approximate as natural a state as possible. Where itis | Management
necessary to modify existing drainage lines to accommodate | Strategy
increased stormwater runoff from urban areas, this should
be done in a manner which maximises the conservation of
indigenous flora in and around the drainage lines.

28.7/63.7 Development is to be carried out in a manner that minimises | Filling of
flood risk to both people and property. Land

28.8/6.3.8 Changes in local flow regimes due to development are to be | Catchment
minimised for rainfall events up to the 50 percent AEP Management
rainfall event. Strategy

28.9/6.3.9 Gross pollutants are to be collected at, or as close as Catchment
possible to, their source or at all stormwater outlets, or at Management
both of those places, so that there is no increase in Strategy
sediment/litter entering creeks as a result of development.
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SREP 30 Clause | Requirement Where
Number / EPS Addressed
Clause No

Soils

29/6.3.10 The development is to have regard to soil constraints to Soiis,
ensure that the risk of adverse environmental and economic | Groundwater
impacts is minimised. & Salinity

Land below the PMF level

49.5 Road systems on land which would be affected by the PMF | F illing of
are to be designed to facilitate safe evacuation during flood | Land
events,

Services

60 Development must not be carried out on any land to which | Services
this plan applies until arrangements have been made for the | Infrastructure
supply of water, sewerage drainage and underground power
that are satisfactory to the consent authority.

EPS - Water & Soils

6.4.3 There will be no formed trunk drainage chanmnels on land Catchment
zoned for the regional park. Management

Strategy

6.4.4 Water and drainage infrastructure through the regional park | Catchment
will be confined to existing established easements agreed Management
with the National Parks Wildlife Service prior to transfer of Strategy
the land with the exception of those drainage basins
identified in the structure plan.

6.4.5 A series of combined wetland/detention basins and wetlands | Catchment
will be provided on the site generally in locations outlined Management
in the structure plan. The total wetland area on the site will Strategy
be between 2% and 4.8% of the development catchment
area.

6.4.6 Additional investigations will be undertaken at the precinct Soils,

plan stage to identify the exact boundaries and Groundwater
development capacity of the identified soil types. & Salinity

64.7 A precinct plan will include sufficient information on Catchment
infrastructure design and management measures to Management
demonstrate that water usage will be managed within the Strategy

constraints of the Sydney Water Corporation service criteria
and obligations.

SINCLAIR KNIGHT MERZ




_SKM

SREP 30 Clause
Number / EPS
Clause No

Requirement

Where
Addressed

EPS - Water & Soils

6.4.8

A watercycle management strategy will be prepared for
¢ach release area and submitted with each precinct plan.
The strategy will identify the detailed actions, measure and
design principles that will be implemented to meet the
performance objectives relating to watercycle management.
The strategy will:

a. include infrastructure design and management measures
which will minimise potable water usage on the site; details
will include:

- incorporating best practice measurc for the reuse of
stormwater for irrigating open space areas

- reducing demand on potable water

- minimising adverse impacts on local groundwater regimes

b. incorporate measure in the infrastructure design, which
ensure that changes in local flow regimes which result from
the proposed development are minimised

¢, identify arrangements for the ongoing maintenance and
monitoring of the watercycle management system

d. ensure constructed trunk drainage channels are designed
to convey the 100 year average recurrence interval (ARI)

e. identify the relationship between staging of development
within the precinct and the timing of provision of
stormwater management measures.

Catchment
Management
Strategy

6.4.9

An electromagnetic induction (EM) survey of the site will
be undertaken and submitted with the first precinct plan.
The survey of all land will identify areas of high recharge as
well as zones of concentration of salts in discharge areas.

Soils,
Groundwater
& Salinity
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SREP 30 Clause
Number / EPS
Clause No

Requirement

Where

Addressed

EPS - Water & Soils

6.4.10

A groundwater management strategy will be prepared for
each release area having regard to the findings of the EM
survey, and be submitted with each precinct plan. The
strategy will deal with:

a)

b)
€)

planning infrastructure such as subdivision layout and
the location of dwellings, roads, wetlands and
stormwater detention basins

the cumulative impacts of development

measures to be incorporated into the development to
ensure the appropriate management of groundwater
resources, such as:

* adopting swmall garden/lawn areas to reduce
irrigation requirements

* planting low water requirements plants

= using mulching cover — this shall not occur in
drainage lines

* including low flow watering facilities to avoid over
watering by residents

= introducing and implementing a tree planting
program (especially in high recharge areas); plant
species  should be native, deep-rooted, large
growing species, which will assist in retention of
the groundwater at existing levels

= retaining existing native tree cover wherever
possible

= not permitting drainage basins, infiltration pits or
tanks to disperse surface water

= promoting the use of drought resistant grasses
within the development area.

Soils,

Groundwater

& Salinity

6.4.11

A flood evacuation plan must be prepared for each precinct
and will be consistent with the regional flood evacuation
plan prepared by the State Emergency Service. The plan
will be submitted with the draft precinct plan. The plan
will:

a)

b)

c)

demonstrate that continuously graded evacuation routes
above the PMF for South Creek and the Hawkesbury-
Nepean River are provided

provide for progressive evacuations of developed areas
within the site

identify temporary evacuation centres on high ground.

Filling of
Land

SINCLAIR KNIGHT MERZ

Nater Sone rreastruciure Cervan Praginet Plar Firalgor



_SKM

it

SREP 30 Clause
Number / EPS
Clause No

Requirement

Where
Addressed

EPS - Water & Soils

64.12

The information available on flooding and evacuation will
be consistent with the education program in place for all
lands similarly affected in the local government area.

Filling of
Land

6.4.13

Precinct plans will incorporate the following trunk drainage
system requirements:

a) stormwater control facilities will be implemented on the
site designed to prevent adverse impact on water quality
as a result of development

b) the stormwater management system for the site will be
designed in accordance with the following
requirements, unless alternative designs or
specifications can meet the performance objectives
outlined in section 6.3 above:

= wetlands and detention basins will be designed to
prevent thermal stratification; applicants will
consider this objective in statements of
environmental  effects  which  accompany
applications for such facilities

=  wetlands may need to be lined with an appropriate
material to guard apainst water infiltzation to the
groundwater system

= wetlands will be regularly cleared of noxious weeds

= detention basins/wetlands will include native
macrophytes and wetland species which will assist
in erosion and sediment control and promote
biodiversity

= basins will meet the relevant Dam Safety
Committee requirements

® all basins and surrounding landscapes will be
designed to allow machinery to undertake
scheduled maintenance work every 1.5 years or
less; the design of basins and surrounding
landscapes will facilitate access for machinery to
undertake less frequent maintenance.

Catchment
Management
Strategy

6.4.14

On land subject to the PMF, precinct plans will ensure that
services such as power, potable water, sewerage and
drainage are located to minimise disruption during floods
and will consider the need for flood proofing (consistent
with the NSW Floodplain Development Manual or its
successor) to guarantee supply.

Services
Infrastructure

SINCLAIR KNIGHT MERZ
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SREP 30 Clause
Number / EPS
Clause No

Requirement

Where
Addressed

EPS - Water & Soils

6.4.15

The sewer system infrastructure for the site will:

a)

b}

¢)

d)

be designed to utilise best practice connections and
construction techniques to result in a better ‘sealed’ or
low infiltration system

ensure pressure tests are carried out to ensure systems
integrity

ensure house connections are to be cut and welded as
the system is built

implement other best practice measures as appropriate
at the time of development

ensure that pumping station designs eliminate dry
weather overflows and mitigate odour generation.

Services
Infrastructure

6.4.17

All trunk drainage infrastructure will provide
appropriate safety measures to the conseat authority’s
satisfaction.

Catchment
Management
Strategy

6.4.18

All trunk drainage infrastructures will be designed to reduce

constraints on the flow of floodwaters, especially in
relation to events above 1 percent AEP.

Catchment
Management
Strategy

6.4.19

Measures will be incorporated into infrastructure design to
minimise demand for potable water. These will include:

a)

b)

c)

d}

specifying low water demand fixtures in all dwellings
and other buildings where appropriate

limiting maximum pressure by managing system
zonings (pressure zoning) having regard to critical
water supply needs such as pressure for fire fighting
including above ground rainwater tanks for dwellings
on lots greater than 400m>

using stormwater for irrigating open space areas
incorporating other best practice measures at the time of
development.

Catchment
Management
Strategy
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4. Catchment Management Strategy

The objectives of the total catchment management strategy are to:

= Ensure peak flow rates do not increase for all storms up to the 100 year ARI event;
= Maximise source controls for runoff quantity and quality;
= Achieve a no net increase in the annual pollutant load exported from the site;

= To achieve efficient use of water and minimise demand for potable water;

The relevant measures listed below could be adopted for the Central Precinct. The performance of
the proposed water quantity and quality controls was assessed and the results demonstrate that the
proposed total catchment management plan meets the required objectives.

The objectives would be achieved by employing current water management practice which could
incorporate the following water quality and quantity controls in the development:

= Rainwater tanks on residential lots for private irrigation reuse;

= Recycled water (treated effluent) for toilet flushing, irrigation in public and private spaces use
and other suitable activities such as washing cars;

= Water saving fixtures within the buildings;

= Bioretention vegetated areas in open space areas;

= (ross pollutant traps;

=  Constructed stormwater wetlands or dry infiltration bioretention basins; and

» Detention storage intergrated into the wetlands or dry infiltration basin areas.

SINCLAIR KNIGHT MERZ
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4.1 Background to Watercycle Management for the Project

In 1998, a Watercycle Management Report was prepared by SKM, “4DI St Marys Watercycle and
Soil Management Study, Final Study Report, August 1998”. The 1998 Study informed SREP30
and was published prior to the Federal Government (Australian Heritage Commission)
announcement of lands at St Marys being listed on the Register of the National Estate (RNE). This
resulted in a reduction of around 33% of the developable area within Precincts zoned under the
original gazettal of SREP30. The SREP30 required amendment to reflect the RNE listing and the
subsequent State Deed.

In 2005, SKM reviewed the previous assessment to identify the required number, size and location
of stormwater management ponds within the Regional Park in accordance with the revised
proposed SREP30 Land Use Plan to meet the water objectives. A history of pond sizes and what is

currently proposed is shown in Table 4-1.

= Table 4-1 Stormwater Management Pond History and Proposed for the Western and
Centraf Precincts

Stormwater 1998 Study SREP 30 Current Przecinct
Ma;:ggrll;ant (Basis of SREP 30) Amer.idment {2005) Plan
wetinds Land | Dréinage Zones | Minimum Lane
Take (ha) Park Land Take {ha)
Al 2.2 25
| A2 a7 2.8
B 6 8 8
C1 3.4 2
c2 28 4.5 4.5
Cc3 14 0
D 0.6 2
E 14 1
F 0.6 0
G 0.7 0
H 1.6 o
] 4 74 7.4
EX1 26 0
Total 31 19.9 30.2

1- These 1998 Study landtake estimates are for water quality and detention requirements. These areas do not

include benching or pathway areas.

2-  For this Precinct Plan assessment, it has been assumed that the actual stormwater management wetland

surface area is approximately 75% of the land take.
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Many similarities can be drawn between the previous (1998} work and the assessment detailed in
this Precinct Plan. The primary function of the wetland/detention basins remains as peak flow
mitigation and water quality control. The basins within the Regional Park may need to be online
basins as they are fixed zoned areas. The approximate locations of the proposed basins are shown

in Figure 4-1.

Following recent consultation with Penrith City Council it was agreed that a similar approach to the
this watercycle management would be taken whereby;

=  Water quality is assessed for Central and Western Precincts together at a discharge point
situated at South Creek;
=  Water quantity is assessed for the Western and Central Precincts separately.

Volumes and areas required for detention and water quality purposes are based upon currently
available information for input to the respective models. The basin volumes will be refined during
detailed design as models are further developed to include the internal piping system, more sub
catchment areas and parameters and maybe reduce as a result. During the detailed design stage, the
use of onsite detention (OSD) and open space areas for detention may also be cxplored. Open
space areas (for example grassed recreational areas) located in close proximity to creek lines can be
utilised to detain floodwater temporarily, thus further reducing the detention volumes required to

meet the objectives.

The location of the proposed basins is provided in Figure 4-1. The locations of the basins within
the Precinct are indicative only thus allowing basin distribution and arrangements to remain
flexible at this stage and more or less basins maybe required which would be determined at the

detailed design stage.

SINGLAIR KNIGHT MERZ
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4.2 Stormwater Quantity Management
To achicve the management objectives specified by SREP30 and EPS, detention basins have been

proposed for the St Marys site to convey stormwater runoff from the proposed development to
downstream discharge points on South Creek. Detention basins within the Precinct will be
constructed off line with a low flow bypass to ensure that the peak flow following development
does not exceed the peak flow under existing conditions.

A hydrological model (XP-RAFTS) was set up to assess the required detention volume of each
basin for 2 yr to 100 year ARI events with details provided in Appendix A. The required volume
of detention for each basin is shown in Table 4-2.

Overview
The objectives of the stormwater trunk drainage system are to:

= Safely convey runoff through the proposed development;
= Integrate with the road and lot layout; and

» Integrate with the water cycle management systern such that runoff quality and quantity are
controlled efficiently.

Water Quantity Management Objectives
Watercycle management objectives are outlined in two documents SREP30 and EPS, both prepared

by the then Department of Urban Affairs and Planning. The following objectives refer to the
management of stormwater quantity.

Changes in local flow regimes due to the development are to be minimised for rainfall events up to
the 50% AEP rainfall event; i.e. from 2 yr to 100yr Average Recurrence [nterval (ARI events).

Proposed Drainage System
The following components would make up the drainage system:

= Pit and pipe system able to carry flows up to the 10 year ARI storm;
= Qverland flow paths able to carry flows up to the 100 year ARI storm;
*  QOpen channels abie to carry flows up to the 100 year ARI storm; and

= Combined detention/wetland basins able to provide the necessary quality and quantity controls,
while also coping safely with the 100 year ARI flow.
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Proposed Detention Basin Volumes
Two detention basins are proposed for the Central Precinct for peak flow mitigation for 2 year to

100 year AR! storm events. The two basins (D and E) are located within the Central Precinct as
shown on Figure 4-1. Required detention volumes to mitigate peak flows have been derived using
a hydrology model and are reported in Table 4-2.

= Table 4-2 Proposed Water Quantity Detention Basin Volumes Central Precinct

Dete;igon Easin Detention Depth (m) *Water Surface Area Detention Volume
(ha) Required (ML)

D 14 1.6 22

E 20 1 18

*Surface area of water in detention basin at maximum detention depth

The volumes for the Ceutral Precinct would be refined at the design stage by further modelling and
detailing of the outlet controls for the basins.

Hydraulics
Channel top widths will be defined for the trunk drainage system during further consultation with

the Department of Water and Energy (DWE) regarding their requirements of channel makeup and
riparian offsets under the Water Management Act, 2000. It is anticipated that the top widths will
vary from 10m in the upstream catchments to 30m further downstream towards South Creek.

Classification of Watercourses
The Water Management Act, 2000 states a requirement to identify “rivers” within the development

site. Following a site inspection undertaken with the Department of Water and Energy (DWE), the
“rivers” for the Central Precinct as shown on Figure 4-2 were identified. It was agreed with DWE
that the “rivers” will be refined during further consultation with DWE.

Maintenance of Water Quantity Controis
Proposed detention basins/wetlands will be maintained by MDC for an initial three year period

following construction. After this time, Penrith City Council will be responsible for the ongoing
maintenance of the basins.
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4.3 Stormwater Quality Management

Overview
The water cycle management strategy for the Central Precinct development will be based on design

principie to meet the stormwater management objectives described in the following documents:

=  SREP No 30, 2001; and
= S8t Marys Environmental Planning Strategy, 2000
The adopted strategy will also consider additional state and local government documents listed

below:

= Penrith City Council ,Water Conservation and Water Action Plan — Water Way — Sustainable
Penrith series

= Penrith City Council, Sustainability Blue Print SJor Urban Release Areas, June 2005
Sustainable Penrith series,

*  Penrith City Council, Erosion and Sediment Control DCP, December 2006- section 2.4

*  South Creek Stormwater Management Plan, 1999-2000, Stormwater Trust

* Department of Environment & Climate Change (DECC), Managing Urban Stormwater,
Environmental Targets, Draft October 20607,

= Penrith City Council, Stormwater Quality Control Draft Policy
= Landcom, Soils and Construction, 2004
*  ANZECC Guidelines for Fresh and Marine Water Quality, 2000

Water Quality Management Objectives
The water quality objective for the St Marys Project is to ensure that there is no net adverse impact

upon the water quality in South Creek, as stated in the SREP30. There will be no increase in the
annual pollutant loads in the developed case compared to the existing case. This objective will be
applied to all runoff into South Creek entering the creek along the St Marys site from the west. This
includes runoff from the Western Precinct, the Central Precinct and any existing urbanised areas
located further upstream of this catchment.

To meet this objective, a water quality assessment has been undertaken for the Western and Central
Precincts. These models were combined into one assessment to represent runoff from all
catchments entering South Creek from the west. A series of stormwater management wetlands
have been identified across the Western Precinct, Central Precinct and areas in the Regional Park.

The MUSIC water quality model (¢Water CRC, Version 3.01) has been used in the water quality
assessment. The water quality modelling details are given in Appendix B.

SINCLAIR KNIGHT MERZ
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The proposed water quality measures on site are not limited to wetlands. The additional controls
are described in the following section. For water quality modelling purpose, only wetlands were
included in the assessment. This would result in relatively conservative sizing for the proposed

wetlands.

Proposed Water Management System
A number of stormwater management controls would be integrated into the overall drainage

concept to manage stormwater quality and quantity where appropriate and to achieve the required
objectives. The elements of the water management strategy are based on a hierarchy of stormwater
management controls and create a stormwater treatment train. These controls could include:

Seurce controls
s At the residential lots, rainwater tanks maybe used to capture roofwater for reuse. If recycled
water is available, then rainwater tanks may be used depending on the demaads on the lot.

= Bioretention systems will be provided where possible depending on the topography and
gradients on site. These will be local neighbourhood type small open space areas that will act
as large dry infiltration basin and will provide the start of treatment of stormwater runoff higher
up in the sub-catchments. The treated runoff will be captured and conveyed in the drainage
piping system and will not infiltrate into the natural soils.

Conveyance controls

= Stormwater that enters the piping system, would then pass through a gross pollutant trap (GPT)
located immediately upstream of a larger dry infiltration basin or a wetland. The GPTs would
remove coarse sediment, litter and debris that are generated on the roads.

* Dry infiltration basins or wetlands will be provided to supplement the treatment of stormwater
provided by the source controls and GPTs. Runoff from a dry infiltration basin would be
collected by perforated pipes located in the base of the infiltration system and discharged as
polished stormwater into the downstream waterways, or if a wetland is proposed instead of a
dry infiltration basin, then it would offer a similar treatment of polishing the runoff.

Natural Systems Controls
In addition to the above water quality controls, natural system controls will also be adopted where

possible. Natural system controls invoive the management of areas within the catchment and creek
systems that will remain unchanged. The use of natural system controls does not necessarily
involve specific structural control measures, but rather a general planning approach. Natural
systems controls recognises that natural waterways, floodplains and native vegetation perform
essential hydrological and ecological functions that cannot easily be replicated by constructed

stormwater control measures.
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Therefore essential elements of the natural system will be retained in the development, and where
degraded they will be rehabilitated and may include:

= Open space areas located near natural drainage lines;
= Existing native vegetation maintained where possible; and

= Revegetation with native species to batters and open space areas will assist in reducing
stormwater poliutant loads, and therefore assist in improving the long term water quality.

Size of Proposed Water Quality Controis
The land take requirements of the proposed stormwater wetlands in the Western and Central

Precincts (Central Precinct basin is highlighted in bold) that would meet the water quality
objectives for South Creek are shown in Table 4-3.

= Table 4-3 Proposed Water Quality Stormwater Management Wetland Sizes for the
Western and Central Precincts

Stormwater | Minimum® land take
management {ha) for water
wetland ID quality purposes
only

Al 1

A2 1.8

B 8

C1 1

c2 4.5

D 2

| 7.4

* Refer to Table 4.1 for the landtake requirements that include the additional areas required for detention
purposes

Wetlands “I” and “B” are required to meet to achieve the project water quality objectives and
would be progressively constructed during the development. Wetlands have been proposed in this
Precinct Plan but it should be noted that other WSUD water control measures such as biofiltration
basins may also be considered as an alternative during the detailed design stage.

SINCLAIR KNIGHT MERZ
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Maintenance of Water Quality Controls
The pollutant retention capability of any control device is subject to it being maintained

appropriately. The efficiency of a control reduces as the device fills with pollutants and
maintenance must occur before the performance of the device falls below expected levels. Thus, a
maintenance schedule must be prepared for each control. There will be regular maintenance and
monitoring of all pollution contro! mechanisms. These tasks will be undertaken by the developer
for a period of three years and then taken over by Council. The initial operation and maintenance
regime of the water quality controls is summarised below in Table 4-4 these would be refined at

the detailed design stage.

s Table 4-4 Operation and Maintenance of Water Quality Controls

Kem Maintenance Requirements

GPTs upstream of the basins should be maintained every three months or after each

ross Pollutant Traps
G P storm event, as required.

(GPTs)

The bioretention basins should be inspected annually for trapped sediments.
Excessive sediment should be removed and disposed of properly to maintain the
extended detention depth and volume of the biofiltration area.

Dry Infiltration Basins

Excessive dead plant debris should be removed to reduce the organic material and
nutrient loads in the biofiltration area.

The wetiands area should be inspected annually for trapped sediments. Excessive
sediment should be removed and disposed of properly to maintain the design
velume of the wetland.

Constructed Wetlands

Excessive dead plant debris should be removed to reduce the organic matarial and
nutrient 'oads in the wetland area.

Maintenance manuals will be prepared for the management of the various stormwater facilities as

part of the development application. These manuals will identify the timing of and requirements

for:

= maintenance of grass cover within formed channels to prevent crosion of channel bed and
banks;

= control of weeds;

= removal of litter, debris and coarse sediments deposited during floods to formed channels as
necessary; particularly from detention storages that are located above wetlands;

* the maintenance regime for heavy and light machinery for cleaning of sediments and organic
material deposited within all parts of the wetland;

= litter and sediments trapped in gross pollutant traps;

= monitoring of vegetation type and growth;

=  maintenance of conditions to ensure mosquito control; and

= appropriate safety measures.

SINCLAIR KNIGHT MERZ
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4.4 Soil and Water Management Strategy
This section describes the Soil and Water Management Strategy {(SWMS) for the construction

phase of the project and with respect to groundwater and salinity management measures should be
read in conjunction with section 5.9 and Appendix C.

Overall Approach
A soil and water management plan would need to be prepared as part of the development

application. Its purpose is to safeguard the environment during the construction stages of the
development.

The objectives of the SWMS are to:

*=  Provide an overall erosion and sediment control concept for the proposed development;

*  Control the erosion of soil from disturbed areas on the site;

*  Limit the area of disturbance that is necessary;

=  Protect downstream water quality; and

*  Prevent any sediment-laden water from entering South Creek,

* In addition to the controls that have been identified in the SWMS, Erosion and Sediment
Controls Plans (ESCP) for the site would need to be prepared at the development application
stage in accordance with the requirements of : Penrith City Council, Erosion and Sediment
Control DCP, December 2006- section 2.4, and the Landcom “Soils and Construction “
Manual, 2004, known as the “Blue Book”. The ESCP would describe the requirements for
erosion and sediment controls, such as handling of excavation and filling, sediment fences,
diversion drains, top soil stockpiles arnd reuse of soils, barrier fences, energy dissipaters, check
dams, temporary culvert crossings and sedimentation basins.

Management Measures
The following soil and water management measures would be used during the construction phase

of the development.

Land Disturbance Protection
Land disturbance during construction will be minimised to reduce the soil erosion hazard on site

and may include the following;

* Clearly visible barrier fencing will be installed at the discretion of the site superintendent to
minimise unnecessary site disturbance and to ensure construction traffic is controlled.
Vehicular access to the site will be limited to only those essential for construction work and
they will enter and exit the site only through the stabilised access points;

SINCLAIR KNIGHT MERZ
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*  Soil materials should be replaced in the same order that they are removed from the ground. It
is particularly important that all subsoils are buried and topsoils are replaced on the surface at

the completion of the works;

s The duration of all works, and thus the potential for soil erosion and pollution, should be
minimised;

*  Where practical, foot and vehicular traffic will be kept away from all recently stabilised areas;
and

= Stockpiles should be seeded.

Erosion and Sediment Control Measures
The relevant measures listed below to address erosion and sedimentation should be used on site:

=  Stabilised entry/exit point;

= Sediment filter fonces;

= Weed-free straw bales;

= PBarrier fences;

= Diversion drain banks/channels;

= Check dams;

= Temporary sedimentation basins; and

= Top soil stockpiles.

These control structures are described in the following sections.

Stabilised Entry/Exit Point
A stabilised entry/exit structure should be installed at the access point to the site to reduce the

likelihood of vehicles tracking soil materials onto public roads. A shaker ramp (cattle grid) will
also be used in addition to the stabilised gravel access.

Sediment Filter Fences
Sediment filter fences should be installed where needed to confine the coarser sediment fraction

(including aggregated fines) as near to their source as possible.

Barrier Fences
Barrier mesh fences should be installed to define those areas on site that should not be entered to

avoid unnecessary soil/land disturbance.

SINCLAIR KNIGHT MERZ
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Diversion Drain Banks/Channels
Diversion banks intended to remain effective for more than 2 weeks will be rehabilitated when

possible. Hessian cloth can be used if tacked with an anionic bitumen emulsion (0.5L/m®). Foot
and vehicular traffic will be kept away from these areas. Pipe culvert crossings that can withstand
the maximum expected trucks loads will be installed where required. Concrete encasement for the
pipe may be used if needed.

Check Dams
Check dams should be installed on diversion drains that are laid on longitudinal slopes greater than

2.5% to reduce runcf¥ velocities. Check dams are to be located at intervals of approximately 100m.

Temporary Sedimentation Basins
Sediment basins will need to bc constructed. These basins would be located at the furthest

downstream point in their sub-catchment to maximise the capture and treatment of surface runoff
during the construction phase. The sedimentation basins will need to be designed to suit type D
(Dispersible) soils. Stored contents of the basins should be treated with gypsum or other approved
flocculating agents where they contain more than 50mg/L of suspended solids. An energy
dissipater rip rap may be installed at the weir outlet located at the downstream end of each
sediment basin outlet to reduce runoff velocities where required.

Top Soil Stockpiles
Stockpiles will be constructed away from hazardous areas, particularly areas that are likely to have

concentrated water flows. Stockpiles may be seeded.

Main Principles of Erosion and Sediment Control during Construction
The main principles for erosion and sediment control are summarised below:

= Stockpile and reuse all topsoil,

= Divert clean runoff water from the upstream drainage system around the disturbed open trench
area;

= Restrict vehicular access to stabilised entry and exit points with controls to reduce soil export
attached to excavators and truck tyres exiting the site;

= Restrict access to areas that do not require land disturbance;

= Provide adequately designed sediment fences, barrier fences, catch drains, check dams,
sediment fences and other required structures;

* Ensure that the temporary top soil stockpiles are protected from erosion when works are
unlikely to continue for long periods. Ensure that stockpiles are not placed in the flow path of
upslope runoff;
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* Make provisions for emergency quick clean-up and removal of any accidental spills of soil on
to public property and provide tanker with pump to cope with accidental runoff;

=  Provide wire mesh and gravel inlet filters at stormwater kerbs (if any) located downstream of
the entrance to the site to trap any accidental spill of soil material;

»  Monitor and maintain all sediment and erosion ¢control measures;
* Minimise additional solid disturbance activities during wet weather;

=  Undertake water quality monitoring at the outlet of the sediment basins to ensure compliance
with the DECC (formerly EPA) guidelines;

= Stabilise rehabilitated surfaces as soon as possibie; and
= Obtain additional information needed from the “Soils and Construction”, Landcom 2004
manual.

4.5 Conclusion
The MUSIC model results, as provided indicate that the proposed stormwater management

wetlands would meet the SREP30 water quality objectives of ensuring that there is no net increase
in the annual poliutant load in the developed case compared to the existing case.

This assessment identifies fewer stormwater management ponds across the St Marys Project site
compared with the 1998 Study. This result is an expected one, as the proposed area to be
developed by MDC has been reduced since the 1998 SKM report was produced. In summary, the
modelling results indicate that the proposed stormwater management wetlands would meet the

water quality and quantity objectives.
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5.

5.1

Soils, Groundwater & Salinity Management
Strategy

Background to Soils, Groundwater and Salinity

Potential Salinity Concerns
Urban development has been identified as having the potential to increase the salt load in western

Sydney landscapes that may already exhibit significant salinity. Although salinity has been
identified as being natural to the western Sydney environment and not a consequence of previous
industrial land uses, it poses a concern to developers of new subdivisions in the western Sydney

region.

The main factors which lead to salinity in western Sydney have been identified as:

The low rainfall and high evaporation potential with a considerable range in wet and dry years;
The input of salts from natural rainfall (cyclic salts);

The extensive area of saline groundwater underlying much of the plain which is known to risc
near to the surface at some geologic and topographic boundaries;

The common presence of duplex soils (of the Luddenham and South Creek soil landscapes)
which are prone to water logging on lower slopes; and,

Subsoil layers in these soils which have a high susceptibility to sodicity and/or salinity.

Salinity can occur in one of the following ways:

When brackish or saline groundwater rises near to the surface and where plant-evapo-
transpiration or capillary rise encourages salts to concentrate over time.

Where salts from the drainage water gradually accumulate at the top of impermeable clay
subsoil. This can lead to surface salinity when a hydraulic link allows salts to rise through the
profile. Alternatively the subsoil is exposed by excavation.

Where cyclic salts in rainfall accumulate over time in areas with poor drainage and are
concentrated by evaporation. This may occur when the sub-surface flow is blocked by building
foundations.

Where salt from deeply weathered soil landscapes is mobilised by perched water tables. These
salts contain a high proportion of sulphates, which adds to the importance of this type of
salinity because of the aggressive impact of sulphates on concrete and brickwork.
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Development Requirements
The SREP30 and the EPS specify the following requirements with respect to groundwater and land

salinity issues, which are applicable to the site:

= There should be no significant rise in the water table or in groundwater salinity as a result of
this development;

=  An electromagnetic induction (EM) survey of the Precinct should be carried out; and,

= A Groundwater Management Strategy should be prepared for the site.

Objectives
The objectives of this investigation works were to:

= Satisfy the requirements of the SREP30 and the EPS with respect to groundwater and land
salinity issues in the site;

= Assess the existing salinity conditions in soil and groundwater at the site;

=  Predict the potential impact of urban development on the site’s landscape, especially the
potential to increase surface runoft salt load and rising water table which might bring saline
groundwater to the surface; and,

=  Provide mitigation and management measures to ameliorate potential salinity impacts in the

proposed urban development.

Scope of Works
In order to achieve the objectives described above, the following scope works was undertaken:

= Review of previous investigations, published technical literature, aerial photographs, and
existing regional, data relating to geology, soil landscape, hydrogeology, topography and
geochemistry relevant to the site and salinity in particular;

= Evaluation of past and current soil and groundwater salinity data at the site to determine the
potential source, transport, transformations and fate of geochemical species, including the
potential for salt load increase due to rise in groundwater recharge;

= Evaluation of past and current groundwater data to infer groundwater contours and potential
groundwater flow at the site, including the potential extent of interaction between groundwater
and the surface water;

= QOnsite walkover with cable locating contractor to confirm presence underground services prior

10 undertaking intrusive investigations works;
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* Drilling and logging of 26 soil boring locations across the site (to a maximum depth of 3 m),
and installation of 3 piezometers (to a maximum depth of 10 m) in locations within the
northern, eastern and south western portions of the site;

= Field measurements of electrical conductivity (EC) and pH, collection of soil and groundwater
samples from newly installed piezometers and existing piezometers;

= Laboratory analysis of soil and groundwater sampies quality assurance / quality control for the
established field measured parameters (EC and pH);

" Mapping subsurface conductivity across the site and, by extension, soil salt content, using
electromagnetic induction (EMI) methods; and,

= Development of a conceptual hydrogeologic model and groundwater management strategy for
the site, incorporating past and current regional, local, and site specific data on geology,
topography, groundwater, and geochemistry,

The scope of works undertaken for the salinity assessment of the Central Precinct is described in

detail in this report, which also aims to respond appropriately to the requirements specificd in the

SREP30 and the EPS. This report includes recommendations towards the mitigation and

management of potential salinity issues in urban development,

5.2 Review of Previous Investigations
Groundwater and salinity investigations have been carried out on the St Marys site in several

phases since 1991. The earliest work was undertaken by Mackie Martin and Associates (MMA),
and was primarily concerned with potential soil and groundwater contamination resulting from the
use of the St Marys site over the preceding fifty years as an explosives production facility. The
results from this investigation phase are reported by Mackie Martin (1991) in two report volumes.
More detailed investigations and remedial work were later carried out by ADI Ltd and are
described in their validation reports (including ADI Ltd, 1996). In addition to the contamination
results, these reports reveal much about the natural groundwater system and about the salt cycle in

the area.

Later studies, from 1998, were largely directed towards geotechnical and water cycle investigations
for those portions of the site proposed for residential development. These comprised:

= Water cycle investigation at ADI St Marys site by SKM (Sinclair Knight Merz, 1998);

= Soils, salinity and groundwater in the Western Precinct, investigated by EIS and SKM (Sinclair
Knight Merz, 2001);

= The Eastern Precinct, investigated by Jeffery and Katauskes (J&K) for Patterson Britton
(Jeffery and Katauskas, 2003); and,

® Soils, salinity and groundwater investigation in the Dunheved Precinct (Sinclair Knight Merz,
2004).
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5.3 Precinct Description

Topography

The site is occupied approximately by 108 ha of alluvial terrace lying on South Creek and 25 ha of
residual clay/weathered shale terrain. The alluvial terrace land surface is nearly planar, rising
generally southwards from RL 17 to 28 m AHD and the residual clay/weathered shale terrain is
steeper, rising generally westwards between RL 29 to 40 m AHD.

A main gully, a tributary of South Creek, drains along the centre of the site towards the southwest.
This gully has a cut down from 2 to 4 m below the terrace level. At the time of the investigation the
more northern portion of the gully consisted of a train of shallow pools and swampy areas, and the

southern portion was generally dry.

The surface of the alluvial terrace is nearly level to undulating, with a number of very shallow wet
depressions (relief 0.2 to 0.4 m}), resembling gilgais. They differ from gilgais in that the soil is not
noticeably expansive, shrinkage cracks are relatively uncommon and generally less than 10 mm
wide, with no significant ground heaving. It was evident that many of these gilgai-like wet patches
were much diminished in area as a result of the drought and some have been reduced to bare earth.

Regional Geology
Based on the Penrith 1:100,000 geological map (Jones and Clark, 1991) shown in Figure 5-1, the

sitc is underlain by Triassic Bringelly Shale (from the Wianamatta Group) and Pleistocene to

Tertiary alluvial sediments.

The Bringelly Shale formation has a maximum thickness of about 300 m, although at the site this is
expected to be about 90 m, when combined with the underlying Ashfield Shale. Both of these
shales in turn overlie the Hawkesbury Sandstone. The Bringelly Shale is composed of shale,
mudstone, claystone and some sandstone. The shale rocks are dark grey when fresh but weather
brown. Fresh shale bedrock does not cutcrop except in artificial excavations, although it is present
at shallow depth on hill crests beneath 1 m or less of residual clay soil.

The Penrith geological map also shows a major geological structure, known as the Narellan
Lincament, running in a north-south direction 500 m east of the site. This lineament could be a
zone of either closely-spaced jointing or faulting, which defines the straight course of South Creek
upstream from the St Marys area. Within the site area it may be responsible for the deep shale

weathering noted in several subsurface investigations.
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Site Geology
The low level floodplain alluvium (from RL 17 to 28 m AHD) is of Quaternary age and the higher

level weathered shale bedrock (from RL 29 to 40 m AHD) is of much older Triassic age. No
surface outcrops of the fresh shale bedrock were observed during current investigation works and
the predominant rock type encountered in soil bores drilled was weathered shale. The depth of
weathered shale and residual clay cover in soil bores was everywhere greater than 3 m.

The lower slopes of the hills are generally mantled by 1 to 4 m of clay colluvium, which is being
moved slowly downslope by soil creep and is merging with the floodplain alluvium that it closely

reseinbles.

Soils
Based on the Penrith 1:100,000 soil landscapes map (Bannerman and Hazelton, 1990) an extract

from which is shown in Figure 5-2, the two soil units within the site area include the Luddenham
(lu) and South Creek (sc) soil landscapes (SLs). The first is predominant within the southern and
western third portion of the site, while the South Creek SL covers the remainder. The Luddenham
soil units are of residual origin are derived from weathered Bringeily Shale bedrock. The South
Creek clay soil units of alluvial origin, derived from weathering, erosion and fluvial transport of the

Bringelly Shale bedrock.

They differ in that the Luddenham SL is developed on older (Triassic age) higher level bedrock
terrains, while the South Creek SL comprises those alluvial clay soils on the near-recent
(Pleistocene) and present-day, active flood plain of watercourses such as South Creek.

Although these soils have many similarities, they differ in that the South Creek SL tends to have a
shallower depth to the water table and hence to be more prone to waterlogging, more erodible and
subject to more frequent flooding. The Luddenham SL is typically found on gently undulating rises
on Bringelly shales. The typical Luddenham soil is a brown hardsetting silty clay loam overlying
strongly pedal mottled brown clay, with texture increasing with depth. In the highest part of the
landscape the clay extends only about 1 m before fresh shale bedrock is encountered. However, the
heavy clay can extend for several metres in the lower parts of the landscape. Particularly on lower
slopes, this soil type has poor drainage characteristics and is prone to salinity and sodicity. Shallow
saline water tables also commonly occur beneath this landscape.
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For much of the western Sydney region, the Luddenham soil landscape lies above the South Creek
soil landscape. The soil limitations are summarised in Table 5-1.

= Table 51 Summary of Soil Limitations

Soil Landscape Soil Unit Soil Depth Lirnitation

Very hard setting surface
Low available water capacity
Low wet strength
Low permeability
u3 >50 cm Low fertility
Luddenham (fu) High shrink-sweil
Low available water capacity
Low wet strength
Low permeability
Low available water capacity
High shrink-swell
High erodibility
Hard setting surface
Strongly Acid
South Creek {sc) Low fertility
Shrink-sweil! potential
sc3 60-85 cm Very high erodibility
Low fertility

lu2 up to 40 e

ud <90 cm

sc2 15 cm

Salinity potential maps released by the then Department of Land and Water Conservation (DLWC
2002) show the Luddenham, soil landscape as having a moderate salinity potential and the South
Creek soil landscape as having a high salinity potential. Identified areas of existing salinity are
usually found on the South Creek soil landscape and the boundary between the South Creek and
Luddenham soil landscape.

Regional Hydrogeology
Two groundwater-bearing systems are present within the St Marys site. These are referred here as

the shallow and deep aquifers, but regolith (soil) and fractured shale bedrock aquifers would be
more accurate titles. Neither would normally be regarded as true aquifers because of their low
permeability, limited storage capacity, inhomogeneity and indefinite boundaries. A true aquifer is a
soil or rock layer able to store and transmit groundwater in sufficient quantity and adequate quality

to sustain producing wells.

The main difference between these two “aquifer systems’ is that the shallow ones are more-or-less
fresh, relatively permeable, but only ephemerally saturated; while the deeper aquifers are tighter,
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permanently saturated and much more saline (with salt content approaching that of sea water in
places). The use of the plural recognises that both systems comprise a complex of scattered and
discontinuous sub-aquifers of limited area and volume. The two systems are interconnected to
varying degrees, such that in many places they carmot be distinguished. Many piezometers
penetrate both aquifer systems, so their response (in terms of water level and salinity) is therefore a

composite one.

54 Site Hydrogeology
Two groundwater-bearing systems are present within the St Marys site. These are referred here as

the shallow and deep aquifers, but regolith (soil} and fractured shale bedrock aquifers would be
more accurate titles. The relationship between them is illustrated by Figure 5-3. Neither would
normally be regarded as true aquifers because of their low permeability, limited storage capacity,
inhomogeneity and indefinite boundaries. A true aquifer is a soil or rock layer able to store and
transmit groundwater in sufficient quantity and adequate quality to sustain producing wells.

The main difference between these two ‘aquifer systems’ is that the shallow ones are more-or-less
fresh, relatively permeable, but only ephemerally saturated; while the deeper aquifers are tighter,
permanently saturated and much more saline (with salt content approaching that of sea water in
places). The use of the plural recognizes that both systems comprise a complex of scattered and
discontinuous sub-aquifers of limited area and volume. The two systems are interconnected to
varying degrees, such that in many places they cannot be distinguished. Many piezometers
penctrate both aquifer systems, so their response (in terms of water level and salinity) is therefore a

composite one.
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St Marys Project
Central Precinct Plan
Water, Seils & Infrastructure

= Figure 5-3 Relaticnship between Shallow {Unconfined) and Deep (Confined) Aquifers
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@ High hydraulic-conductivity aquifer

- Low hydraulic-conductivity confining unit

Vary low hydraulic-conductivity badrock
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Shallow Aquifers
The shallow or soil aquifer system is composed of residual soil, colluvium (slope creep deposits),

floodplain alluvium, lateritic ironstone and weathered shale bedrock. This heterogeneous mixture is
referred to as the regolith aquifer in McNally (2004, 2005a) because it includes all those soil
materials down to the unweathered shale rockhead (‘from fresh air to fresh rock’ being the
colloquial definition of the regolith}.

The shallow aquifer system at the site essentially comprises the deeper soils covering footslopes
and creek floodplains — the lower ground within the landscape. As well as having a much smaller
area than the underlying shale bedrock aquifer, the shallow aquifers discharge into nearby streams
rather than to the distant South Creek. The shallow aquifers are indicated by low ECa values on the
EM conductivity map, which indicate low salinity groundwater at shallow depth. The Central
Precinct EM map highlighted a conspicuous area of potential saline scalding within the
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southwestern portion of the site, which correlates with the Bringelly Shale bedrock and Luddenham
soil landscape.

Although the materials making up the shallow aquifers are predominantly impervious clay,
significant hydraulic conductivity can nevertheless develop along shrinkage fissures, root tubes,
weathered rock joints, the A/B soil profile interface and the deeper soil/rock interface. The shallow
aquifer permeability is anticipated to range from 0.12 m/d to 25 m/d and the almost instantaneous
rise of the shallow water table following rainfall, which is characteristic of throughflow-dominated
soil profiles and shallow unconfired aquifers provides an indication of this permeabilty.

Another distinguishing feature of the shallow aquifer systems is its low salinity. The Central
Precinct EM map provided an indication of a low salinity shallow aquifer potentially occurring in
the northern and eastern portions of the site. The salinity of shallow aquifer at the site less than
1,000 mg/L., which is consistent with the surface stream salinity of 100 to 2,510 mg/L (though
generally <1,000 mg/L) and supports the hypothesis that discharge from this aquifer maintains

stream baseflow,

Shallow aquifers are typically unconfined, whereas the deep bedrock aquifer system is generally
confined or at least semi-confined. In other words, the upper surface of the shallow saturated zone
is the water table, which is at atmospheric pressure; the highest water cut in a borehole is close to
the final standing water level. This contrasts with the deeper pressure aquifers, where the first water
cut is usually several metres below the eventual SWL. Water can infiltrate from the surface and the
water table may rise close to ground level in low-lying areas, possibly causing water-logging in
especially wet years. However because this shallow groundwater has a salinity generally less than
1,000 mg/L, especially in wet years, its potential for salting is much less than the deep aquifer
water, although concentration by evaporation is nonetheless possible in places.

Deep Aquifers
The deeper or fractured shale bedrock aquifer system at the site is expected to be much more

extensive than the shallow one, and is likely to cover the entire area underlain by Bringelly Shale.
The contours on the ‘piezometric surface’, defined by standing water levels in boreholes drilled
into this confined aquifer indicate that the shale groundwater flows towards the northern end of
South Creek and is not greatly affected by minor streams.

Given that its hydraulic conductivity is dependent on fracture intepsity (m* per m’), fracture
continuity and aperture, the effective (as-tested) shale permeability at St Marys is relatively
uniform. Rising head tests, based on SWL recovery after bailing (‘purging’), indicate an average
permeability of 0.5 m/d, with a range from 0.05 to 1.90 m/d. This is at the high end of permeability
ranges from 5 to 10 m/s (approximately 1 m/d to 0.00001 m/d) recorded in unweathered shales of
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the Sydney region (McNally, 2004). The reason for this relatively high permeability is considered
to be the stress-relief fracturing in the fresh shale rock mass, which tightens with depth.

The deep aquifer system at the site is believed to have higher salinity properties, ranging from 500
to 8,000 mg/L TDS. The maximum salinity recorded at the site was 8,000 mg/L. Values less than
10,000 mg/L are indicative that mixing with fresh water from the upper aquifer may be occurring.
At this stage it is not clear whether there are any mappable salinity trends across the site, as distinct
from local salinity variations and the effects of local dilution.

Generally, piezometers screened within the deep shale aquifers elsewhere in western Sydney
demonstrate a slow response after purging. Water levels in piezometers may take hours or days to
reach equilibrium SWL. This piezometric response is likely to be a consequence of the generally
low bulk permeability of the shale rock mass, the random distribution of fractures and the poor
hydraulic connections within this fracture network. Water cuts are commonly not observed until the
borehole has advanced some metres below what is the later recorded SWL. Because of this variable
but usually poor fracture connectivity the shale aquifer may be unconfined (below hill crests),
confined (especially below thick clay regolith on valley floors) or semi-confined.

The latter is probably the most common situation in the southwestern portion of Central Precinct
site, for it describes a ‘leaky’ aquifer (or ‘aquitard”) in which water is stored in fractures or perched
water tables. This water can move upward under pressure, but encounters frictional resistance
along narrow and tortuous seepage paths. Hence a fresh aquifer can exist above a saline one,
provided its water level (ie, its pressure ‘head’) is high enough to resist rising salt water.

Groundwater Conceptual Model
The understanding of the two aquifer systems provide a groundwater conceptual model which

helps explain why groundwater in the shale is significantly more saline than in the alluvium. The
two systems are likely to be connected, albeit via narrow conduits, through a leaky aquiclude.
Groundwater flows by gravity from high to low levels, particularly from high to low pressure
zones, and its movement is hindered by frictional resistance along the way. The longer its passage
through the shale bedrock the more head pressure it loses and the more salt it gathers.

Rainfall is believed to infiltrate mainly on upper slopes or along watercourses, with extremely low
uptake due to the tightness of the shale bedrock; most precipitation runs off or is lost to vegetation.
Windblown sea salt accompanties the rain and becomes stored within the soil B-horizon as moisture
is lost by evapo-transpiration. It is presumed that some of this stored salt, at depths around 1m in
the soil profile, is periodically dissolved and flushed downwards with the sinking groundwater or
moves laterally with throughflow (McNally, 2005b). Were it not for such a salt-depleting
mechanism, western Sydney would become a desert. The proportion of salt removed by
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throughflow to that infiltrating to groundwater is not known, though field evidence suggests the
former is much the more effective salt-depieting mechanism.

Once within the shale, which may be present at depth of 1 to 2 m, the infiltrating water “steps’
slowly downwards through vertical joints and laterally along bedding planes. The groundwater
distribution in the shale can be envisaged as a multitude of stacked and sporadically distributed
perched water tables. Piezometers only 100 to 200 m apart may differ in SWL by 10 m or more, as
they register different perched water tables. It appears that the water table in Bringelly Shale is not
quite the smoothly inclined surface often portrayed in the literature.

Hydraulic Connection between Aquifers
Because water moves from higher to lower pressure, saline shale water tends to move downwards

beneath hills and upwards to major watercourses such as South Creek, though the dominant source
of the creek water remains the fresh upper aquifer. The processes controlling salinity in South
Creek — and indeed in all permanent watcr courses in the shale terrain of western Sydney - appear

to be as follows:

= Following heavy or prolonged rain the upper aquifer is replenished, the water table rises and its
salinity (never high) diminishes. Because of the much lower permeability of the shale, and
despite its much larger outcrop area, little rainfall infiltrates to the bedrock aquifer. In fact most
of the water penctrating below the plant root zone is directed down slope but within the soil
profile by throughflow, without entering the groundwater cycle.

*  For most of the time between significant rainfall events, which may range from months to more
than a year, the base flow to South Creek (and similar streams) is provided by the upper
aquifers. High pressure in these layers normally inhibits salt entry from the lower aquifer, but
this leakage increases as the water table subsides.

= In drought years the discharge of South Creek and the level of the water table both fall, and
salinity of the surface water increases. At the St Marys site we know that stream salinity may
vary from about 100 mg/L to 2,500 mg/L, but this is probably not the full extent of its seasonal
variability, due to the limited monitoring period.

* In extreme droughts South Creek could dry up entirely, but salt can still be brought to the
surface by capillary rise. This salt enrichment of the creek bed by evaporation would be
apparent as a temporary conductivity spike following drought-breaking rains, as discharge
from the replenished upper aquifer flushes out remnant salt.
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55 Investigation Methodology and Results

Soil Bores
Twenty three soil bores (SKM 1-14, 16-23 and 25-28) were drilled to a maximum depth 3 m and

three (SKM 4, 20 and 27) and to a maximum depth of 10 m between 28 and 30 May 2008, using a
bobcat-mounted auger rig. Soil bore locations are shown in Figure 5-4. These soil bores were
located to cover the maximum extent of the site possible, and were supervised and logged by
qualified environmental scientists. Most soil bores were situated in order to provide detailed

information on the shallow soil profiles and materials encountered.

Drilling was advanced through soil materials using 125 mm diameter continuous flight augers
equipped with V-bits or tungsten carbide (TC) bits. The auger string was withdrawn at intervals
for soil logging. Auger drilling was terminated when the rate of advance became very slow in
weathered shale, at depths of 3 m. In some cases this slow drilling approached refusal, but definite
V-bit or TC bit refusal on strong rock did not occur.

The three soil bores (SKM 4, 20 and 27) that were drilled to a maximum depth of 10 m to instail
PVC casing and screened intervals as groundwater observation wells (piezometers).

All soil bores were backfilled immediately after drilling and logging, with the exception of the
piezometers.  Soil bore locations are shown in Figure 5-4 and drilling logs are presented in

Appendix C.
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Soil Bore Results
Soil bore logs indicate that the predominant soil observed to the depth 3 m is yellow to brown

clayey and fine sandy silt, which grades to a silty clay in places and, rarely, to a clayey sand. Dry,
grey brown silt topsoil was observed in most soil bores and is also noticeable in gully walls and
erosion scars, with faint layering visible. At the time of the investigation clay and silt subsoil was

dry to moist and of stiff to hard consistency.

The deeper soil bores which were converted to piezometers indicated that alluvial silty clays and
clayey silts, of stiff to hard strength and low to medium plasticity, extend to depths ranging from 5
to 8§ m. This revealed that the depth of the alluvial clay is generally deeper than about 3 m, which
as the maximum depth of most soil bores during this investigation.

The alluvial clay appears to be underlain by 1-2 m of extremely weathered shale, described as shaly
clay on the auger logs because it is thoroughly ground up by the auger bit. In the cored sections of
the boreholes most of the core losses are likely to have been in layers of extremely weathered
(XW) shale. This XW shale is presumed to be similar in engineering properties to a very stiff to
hard fissured clay, though it might equally be described as a very low strength rock.

Soil Salinity Resuits
Soil salinity results were obtained from field tests conducted during soil bore sampling on 1:5 soil

in water suspensions, using a TPS water quality and conductivity meter. Samples were also taken
for laboratory tests, carried out in the Department of Lands soils laboratory at Scone NSW. Results
from both sets of testing are summarised in Table 5-2 and salinity contours for depths 0.25, 0.5, 1
and 3m are shown in Figure 5-5, Figure 5-6, Figure 5-7 and Figure 5-8, respectively.
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= Table 5-2 Summary of Soil Salinity EC, (dS/m) Resuits

Soil
Bore

SKM1

SKM2

SKM3

SKM4

SKM5

SKMG

SKM7

SINCLAIR KNIGHT MERZ

Depth
(m bgl)
0.25
05
0.75
1
1.25
1.5
1.75
2
2.25
25
275
3
0.25
05
1
15
2
0.25
05
0.75
1.25
1.6
175
2
2.25
25
275
3
0.25
05
0.75
1
125
15
1.75
2
225
25
2.75
3
0.26
05
0.75
1
1.25
15
176
2
225
25
275
3
0.25
0.5
.75
1
1.25
0.25
0.5
1
15
2
25
3

EC,
{dS/m)

23
17
22
50
2.6
21
3.5
23
28
31
6.6
59
24
1.7
28
29
486
2]
3.2
4.1
a8
3.9
41
38
3.8
]
3.8
339
36
45
44
a9
4.8
59
3.6
47
4.0
3.1

38
4.2
3.1

4.2
47
48
47
4.8
88
75
8.0
64
5.1
5.6
58
22
29
3.3
3.7
5.3
5.2
3.9
4.6
37
44
37
4.3

Soil
Bore

SKM7

SKM8

SKM9

SKM10Q

SKM11

SKM12

SKM13

SKM14

Depth
(m bgl)
.25
05
1
15

0.25
0.5
0.75
1.25
1.75
2.25
25
275

0.25
05

1.5
25

0.25
05

1.5
25
0.25
0.5
0.75
1.25
1.75
225

2.5
275

EC.
{dSim)
52
39
46
37
44
a7
43
18
20
19
22
2.1
24
25
23
2.1
2.2
30
50
a2
a4
as
ar
43
15
15
1.8
18
186
16
.7
55
56
72
65
57
59
53
6.1
54
5.2
62
53
43
3.9
34
29
49
5.1
43
2.3
22
23
14
18
1.6
15
14
15
15
15
15
15
15
15
16
1.7
17
18

Soil
Bore

SKM16

SKM17

SKM18

SKM18

SKM20

SKM21

SKM22

Depth
(m bgi)
0.25
05

0.25
0.5
0.75

1.25
1.5
175

2.25
25
2.75

EC.
{dSim)

1.5
15
1.5
1.5
15
1.5
186
25
23
245
27
23
1.8
1.8
286
3.2
3.4
4.3
4.1
36
4.3
28
4.8
7.0
54
50
20
a1
1.9
19
20
2.0
19
1.7
2.5
25
28
3.1
4.8
48
4.4
5.1
4.2
84
9.3
7.1
73
6.4
6.5
55
34
4.0
39
4.7
5.0
45
a5
238
22
2.8
27
23
22
19
2.1
2.1
31
3.2
3.0

Soif
Bore

SKM23

SKM25

SKM26

SKM27

SKM29

Depth
(m bgl)
0.25
05
0.75
1
1.25
15
175
2
225
25
2.75
3
0.25
05
0.75
1
1.25
15
175
2
225
2.5
275
3
025
0.5
1
15
2
25
3
0.25
0.5
0.75
1
125
15
1.75
2
2.25
25
275
3
0.25
0.5
0.75
1
125
15
1.75
2
2.25
25
275
3

EC,

{dSim)

25
22
22
24
24
21
24
25
41
44
47
44
14
14
14
14
1.4
14
14
14
14
14
14
14
32
19
1.8
1.9
15
16
1.7
28
2.0
27
28
33
40
36
3.4
86
6.2
5.2
8.4
25
24
24
28
26
4.0
34
34
83
6.3
8.0
40
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Soil salinity results have been compared against the EC, values of soil salinity classes specified by
the DLWC 2002 booklet titled Site Investigations for Urban Salinity. These values are summarised
in Table 5-3.

« Table 5-3 EC, Values of Soil Salinity Classes (DLWC 2002)

Class EC. (dS/m) Comments

Non saline <2 Salinity effects mostly negligible

Slightly saline 2-4 Yields of very sensitive crops may be affected
Moderately saline 4-8 Yields of many crops affected

Very Saline 8-16 Only tolerant crops yield satisfactorily

Highly saline >16 Only a few very tolerant crops yield satisfactorily

Based on DLWC 2002 criteria the SKM field results correspond, by depth intervals, to:

= Depth 0.25 m (in topsoil or A-horizon), with EC, ranging from 1.4 dS/m to 6.8 dS/m, equating
to 19 % non-saline, 54 % siightly saline and 27 % moderately saline;

= Depth 0.5 m (in subsoil or B-horizon), with EC, ranging from 1.4 dS/m to 5.6 dS/m, equating
to 27 % non-saline, 50 % slightly saline and 23 % moderately saline; and,

=  Depth 1 m (in lower B-horizon), with EC, ranging from 1.4 dS/m to 6.5 dS/m, equating to 23
% non-saline, 50% slightly saline and 27% moderately saline.

*  Depth 3 m (in weathered shale), with EC, ranging from 1.4 dS/m to 6.4 dS/m, equating to 30 %
non-saline, 26 % slightly saline and 43 % moderately saline.

These results indicate that though salt accumulates with depth, the soil profile in the Central
Precinct is generally of low salinity.

SINCLAIR KNIGHT MERZ
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5.6 Electromagnetic Soil Testing
An electromagnetic induction (EMI) survey was carried out across the site by Douglas Partners on

20 to 24 May 2008, with the primary aim of mapping variations in subsurface salinity, since this
was assumed to be the main contributor to ground conductivity. The full results of this work are
provided in their report (Douglas Partners, 2008), which is presented in Appendix C and
summarised below.

The survey was carried out by means of a DualEM-4 conductivity meter mounted on a 4WD quad
bike. The nominal 100 m by 100 m grid was distorted due to access limitations and obstacles, and
the eventual traverse lines totalled 13 km, with readings at approximately 1 m intervals. Location
control was provided by a differential GPS system mounted on the quad bike and linked to the

DualEM-4.

The results indicate low apparent conductivities (ECa ranging from 60 to 100 mS/m) adjacent to
the gully and in arcas of shallow depressions on the alluvial terrace surface, and higher
conductivities (ECa ranging from 100 to 200 mS/m) bencath more elevated ground. Overall, the
EM results indicate that the subsurface is non-saline 1o slightly saline. However they also showed
greater variability than the soil salinity measurements listed in Table 5-2, which were uniformly
low. The reason for this discrepancy is expected to be soil bores being collected at a maximum
depth of 3 m, whereas the DualEM-4 measures bulk conductivity to a depth of 6 m in this case.

The DualEM-4 results are believed to be a response to a number of factors affecting the overall

ground conductivity:

= Variations in the clay mineral content and the depth of alluvial clay (and hence depth to shale
bedrock);

® Variations in moisture content and degree of saturation within the clay blanket, and in the
salinity of this pore water; and

* The presence or not of conductive lateritic ironstone in the subsurface.

= However the possibility of higher salinity at depths greater than 3m, probably due to saline
groundwater below the water table, cannot be excluded.
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5.7 Groundwater & Salinity Implications

Existing Groundwater Conditions
The hydrogeology of the St Marys property, including the Central Precinct site, is summarised in

Mackie Martin (1991) and ADI Ltd (1996). The results of boreholes drilled between 1990 and
1996 in or close to the site suggest that both the unconfined shallow (soil) aquifer and the confined
deep (shale bedrock) aquifer are present. Both aquifers have similar characteristics to those in
other parts of the St Marys property — in that they are tight, with low to very low permeability and
very limited storage capacity. Both probably consist of a series of stacked and sporadically
distributed perched water tables — in effect, poorly interconnected lenses of saturated ground -
rather than a single homogeneous water-bearing layer. The vertical connection between the soil
and shale aquifers is poor, to judge by nearly dry soils observed in test pits, and they appear to have
different recharge / discharge relations.

Recharge to the soil aquifer is by direct infiltration onto the surface of the alluvial terrace {from RL
19 to 20 m), followed by throughflow across the A/B soil prefile interface and temporary storage in
shallow perched aquifers at depth raging from 0.5 to | m. Discharge is by evaporation from
puddies in shallow gilgai-like surface depressions, through transpiration by trees and by seepage to
shallow pools in the unnamed western gully (at about RL 16 m). Limited information in the
Mackie Martin (1991) report indicates that the shallow groundwater is of low salinity, EC, less than
2 dS/m, although both the surface puddles and the gully pools support halophyte vegetation
including salt-tolerant reeds. No saline scalds were observed.

At present most infiltration to the shale aguifer is likely to be coming from the unlined effluent
discharge channel in the eastern gully, at about RL 15 m. This is believed to have raised the water
table by perhaps 1-2 m and reduced the salinity and to be moving slowly through the shale aquifer.
It is presumed to ultimately discharge along South Creek at about RL 12 m.

Existing Salinity

Information on salinity at Central Precinct has been drawn from four sources:

=  On-site conductivity testing carried out on 1:5 soil/water suspensions using a TPS water quality
meter (resuits are listed on Table 5-2);

=  Similar testing carried out independently by Department of Land under laboratory conditions
on soil samples submitted by SKM (results provided in Appendix C);

= Previous piezometers from MM, 1991 shown in Figure 5-9 (including SM1, SM5, SM6, SM7,
SM8, SM30, SM51 and SM56) and groundwater results shown in Figure 5-10; and,

* Electro-magnetic induction {(EMI) surveys across the Precinct area to measure ground
conductivity, carried out by Douglas Partners in 2008 and reported separately.

SINCLAIR KNIGHT MERZ
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The soil conductivity results on are consistently low and equivalent to less than 3.5 dS/m in the A
and B horizons. Values of less than 3.5 dS/m in the top 1 m of the soil profile are unusually low
for western Sydney, since salt is normally stored within the B-horizon and moved around in
throughflow along the A/B horizon interface.

The EMI survey results present a plot of relative ground conductivity averaged out over a depth of
about 5-6 m. The EMI thus ‘sees’ to greater depth than the soil tests, which are limited to about Im
below the surface, but is influenced by several factors:

= Salt stored within the soil B-horizon and in saline groundwater below the water table;

= Differences in clay content, and in moisture content between saturated and partiy-saturated
clays;

= Differences in depth to the shale bedrock (and hence differences in the thickness of the
overlying clay blanket); and,

= The presence or otherwise of lateritic ironstone gravel in the subsurface.

The B-horizon salinity at the site appears to be generally less than 3.5 dS/m, which is lower than
elsewhere in the St Marys site. The salinity of the water in the shale aquifer, as noted above, is
considerably higher, though still relatively low by the standards of the St Marys property and
western Sydney.

Impact of Development
Salinity problems may arise wheu the existing stored salt is brought to the surface by a rising water

table, or is washed laterally from the B-horizon by increased infiltration. We consider that though
the EMI results show variations in the overall ground conductivity, the soil and groundwater test

results indicate relatively low salinity overall.

SINCLAIR KNIGHT MERZ
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5.8 Groundwater Management
Management of groundwater, and hence of salinity, to meet the requirements of SREP30 and the

EPS implies that the water table will not rise significantly as a result of the proposed development.
There should also be no increase in throughflow (lateral movement of water through the soil
profile, but above the water table). In practice this means that infiltration to the soil profile and
from there to the water table should be reduced by all practical means. The proposed filled
landform within the eastern portion of the Central Precinct and the management measures indicated
below present opportunities for achieving these goals.

Key Issues
Key potential groundwater-related issues resulting from urban development in areas such as the

Central Precinct are taken to include:

= Decreased rain interception and transpiration by trees, hence increased tunoff and/or
infiltration, as a consequence of land clearing (especially removal of deep-rooted trees) during
subdiviston construction;

= Increased cumulative runoff (and probably more frequent peaks) from hard-surfaced areas such
as roof tops, landscaped paving, roads and carparks;

=  Exposure of saline soils (especially saline and sodic/dispersive subsoils) as a result of cutting,
filling and erosion;

= [Increased groundwater recharge due to garden watering, leaky pools, broken pipes, soakaways
and parkland irrigation (especially with low salinity groundwater or recycled water); and

= Increased groundwater recharge from wetlands, stormwater detention basins, unlined drainage
lines and ponded runoff generally.

59 Management Measures
The specific measures proposed for groundwater and salinity management at the site are in

accordance with the DIPNR (2003} Western Sydney Salinity Code Practice, as follows:

= The design and installation of catchment wide ‘salt safe’ stormwater plans prior to the
development of individual sub-divisions within the catchment. Such a system will have to
demonstrably move salt emanating from home gardens, other itrigated areas and potentially
existing saline hotspots to a safe discharge point- preferably the brackish waters of an existing
creck system.

»  Shaping the filled landform as a cambered embankment to shed water rapidly and directing this
runoff into graded natural watercourses, while avoiding detention in natural and artificial ponds
so far as possible.

SINCLAIR KNIGHT MERZ
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Constructing the base of the embankment of free-draining rock fill and providing subsoil drains
(to South Creek) where necessary, to prevent water accumulating on the fill / former land
surface interface.

Making maximum use of paving, especially of car parks and storage areas, to reduce the
ground area available for rainwater infiltration, It is assumed that most of the Precinct will be
built over in any case.

Collection of stormwater from paved areas and roofs and directing it through sealed drains to
approved discharge points along natural drainage lines.

All basins and swales may need to be lined with an impermeable liner to prevent infiltration
into groundwater.

Grassing, mulching and tree planting in unpaved areas, with preference given to native species
with high water demand (but making allowance for the relatively dry St Marys climate).
Preference should also be given to deep-rooted trees and shrubs over shallow rooted prasses.
Minimisation as far as practicable of the site area to be irrigated.

On individual house blocks ensure garden areas easily drain to any catchmentwide stormwater
system to ensure that salt does not accumulate within the garden beds, adjacent to building
foundations or other salt sensitive infrastructure.

Prepare garden beds and building foundations to minimise the potential for long term impacts
such as soil structure decline that in turn leads to drainage problems. This could involve
application of gypsum to foundation clay materials and the installation of subsoil drainage.

The observations made in previous studies suggest that poor stormwater design leads to salinity
outbreaks on poorly drained soils and hence ‘salt safe’ drainage and storm water plans are critical
components of any western Sydney development irrespective of the source and quality of water.

Residences
The main priority for groundwater management in house conostruction and landscaping is

preventing excessive infiltration, bearing in mind that the proposed residential areas are largely on
land that has been cleared for over sixty years and where residents are likely to greatly increase
rather than decrease the number of trees and shrubs within the first few years of occupation.

Remedial/compensatory measures might include:

Encourage residents to use water and nitrogenous fertilisers sparingly in garden irrigation,
especially where slightly saline (say 500 mg/L TDS) recycled water is being applied.
Encourage planting of drought- and salt-tolerant native species and, where possible, deep-

rooted trees.

SINCLAIR KNIGHT MERZ
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=  Ensure that buried pipes are fitted with leak-proof junctions to accommodate shrink and swell
movements in clay soils.

=  Ensure that all downpipes are linked to sealed stormwater drains or storage tanks, and that
unlined surface ponding is minimised.

= In preparing the development application for the subdivision works individual lot measures
would be identified and implemented through the development approval process and
restrictions on the use of the land via section 88B instruments.

Stormwater Conduits
All paved areas such as roads and carparks should be kerbed and guttered, and runoff directed into

stormwater pipes. Where stormwater is directed along unlined natural gullies these should, so far
as possible, be configured such that recharge to groundwater is minimised by:

s (learing the bed of obstacles such as fallen trees and eliminating breaks in gradient;
= Planting deep-rooted trees along the banks of the gully, but not in the channel; and

= Vegetating the channel floor and allowing for this vegetation to be periodically maintained.

The aim of these measures should be to reduce infiltration into the groundwater.

Wetlands
The key groundwater management issue with respect to wetlands is to provide a liner to prevent

any interaction between groundwater and the water in the wetland.

Recycled Water Irrigation
At this point in time, it is unknown whether recycled water will be available for the Central

Precinct. Should recycled water be proposed for irrigation purposes a land capability assessment in
conjunction with Sydney Water would need to be undertaken and submitted with future

development applications.

Groundwater Monitoring
In order to evaluate the infiltration reduction strategy outlined above, it will be necessary to

monitor fluctuations in groundwater level and changes in water quality. It is recommended to use
the three piezometers installed by SKM during this investigation (refer Figure 5-14) and any other

existing piezometers across the site.

SINCLAIR KNIGHT MERZ
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The salinity, erosion and sediment management strategy for the Central Precinct is summarised in
Tabie 5-4 and should also be read in conjunction with section 4.4 and Appendix C of this report.

Soil Salinity Management Measures

=  FErosion

— In the design phase of the study minimise the area of disturbance, in particular the extent
of vegetation clearing.

—  Optimise the route where possible to avoid steep slopes in order to reduce the potential for
erosion of the natural landforms, cuttings and fill embankments.

— Carry out geomorphological and geotechnical investigations at waterway crossings to
determine the stability of the streambed and banks and make recommendations on control
measures required to minimise erosion impacts.

= Excavation Methods

—  Characterise the surface profile in respect to salinity (in accordance with the DLWC 2002
Site Investigations for Urban Salinity manual), depth to rock and associated excavation
issues during construction planning and costing.

—  Optimise the route to avoid areas of difficult excavation.

=  Soft Alluvial and Poor Drainage areas

—  Carry out detailed investigation of stream crossings, alluvial and poorly drained areas.

—  Optimise the route where possible to avoid those areas requiring significant trench support
and dewatering, thus minimising dewatering and construction effort (construction
methods, complexity, durations);

—  Where possible select alignment based on land systems, groundwater and engineering
geology overlays.

= Quality Control

— Implement Management Strategies in accordance with Section 8.7 of the DIPNR (2003)
Western Sydney Salinity Code of Practice and EPA Guidelines for construction and
sediment control.

—  Select appropriate salt resistant construction and piping materials, and select suitable
temporary pavement and backfill materials.

SINCLAIR KNIGHT MERZ
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= Table 54 Salinity, Erosion and Sediment Management Strategy Overview
MONITORING

OBJECTIVE

SALINITY CONTROL

MINIMISE
GROUNDWATER
RECHARGE

SALINITY CONTROL

ENCOURAGE USE OF
GROUNDWATER AS
A RESCRURLE

5.10

BENEFIT

PREVENT RISING
GROUNDWATER
TABLE LEVEL
AND
DEVELOPMENT
OF SALINE SOIL
PROBLEMS

MAINTAIN OR
LOWER
GROUNDWATER
TABLE LEVEL

Soils Implication

CONTROL

MINIMISE
IMPORTATION AND
USE OF POTABLE
WATER ONTO THE
SITE

REDUCE
IRRIGATION
REQUIREMENTS

AVOID USE OF
INFILTRATION PITS
TC DISPERSE
SURFACE WATER

PREVENT
LEAKAGE FROM
WETLAND AND

DRAINAGE
FACILITIES

ENCOURAGE TREE
PLANTING AND
RETENTION,
ESPECLILLY IN
AREAS OF iTiGGHER
RECHARGE

DETAILS

REUSE STORMWATER
FOR IRRIGATIGN OF
OPEN AREAS
MINMISE POTABLE
WATER DEMAND

ADOPT SMALL
GARDEN/LAWN

AREAS

ESTABLISH LOW
VATER
REQUIREMENT
PLANTS

USE MULCH COVER
USE LOW FLOW
WATERING FACILITIES
DESIGN STORMWATER
SYSTEM TO NEGATE
NEED FOR HOME STE
STORMWATER
STORAGE DISPOSAL
CONNECT ALL
DUWNPIPES MRECTLY
TO STORMWATER

LINE ALL PERMANENT
STORMWATER
RETENTION
STRUCTURES AND
WETLANDS

USE'RETAIN NATIVE,
DEEP-ROOTED, LARGE
GROWING SPECIES

METHOD

INSTALL MONITORING
BORE NETWORK

MANAGEMENT
METHOD

MONITGR
GROUNDWATER TABLE
LEVELS

PERFORM REGULAR,
RANDOM INSPECTIONS
OF HOUSE SITES, AND
VEGETATION AND
GENERAL
INFRASTRUCTURE
AREAS

Residual soils derived from weathered shale bedrock in western Sydney are typically of moderate
to high reactivity (shrink-swell potential in response to drying and wetting cycles) and moderate
dispersivity (the tendency of sodic soils to erode rapidly when in contact with fresh water). These

charzcteristics are especially well developed where:

®  There is a sharp texture contrast between a silty, low plasticity A-horizon and a high plasticity,
sodic and saline B-horizon;

*  Where the soil profile, and especially the B-horizon is relatively thick, say 1-2m; and,

* On low gradient slopes and in low-lying ground, with grass rather than tree cover, where
scasonal moisture changes within the soil profile are likely to be greatest.

SINCLAR KNIGHT MERZ
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Test results summarised on Table %-2 indicate that the alluvial clays within the Central Precinct
area are highly silty and of medium plasticity. The salinity results indicate that these clays are of
low salinity, at least in the top 1m. The test pit logs demonstrate that the soil profiles, though deep
(several metres), are poorly differentiated in terms of horizon development. These resuits suggest
only moderate shrink-swell potential, by the standards of westem Sydney clay soils.

Surface observations of widely spaced but narrow shrinkage cracks under the present drought
conditions confirmed that these clays are of only moderate reactivity, despite the presence of
shallow surface depressions resembling gilgais. In other parts of Australia gilgais are associated
with the presence of high plasticity, highly reactive clay soils.

The relative absence of rill and guily erosion across the site, coupled with the low salinity of the
soil B-horizon, suggest that these clays are of low dispersivity and hence comparitively non-

crodible.

Filling of land within the project area, as proposed, will further reduce the impact of urban
development on these soils. As well as protecting the natural soil profile from erosion by running
water, the effect of a fill blanket will be to maintain relatively constant moisture content within the
buried clay subgrade, thereby minimising the potential for both swelling and drying shrinkage.

511 Conclusion
Soil bore, groundwater and geophysical investigations in the Central Precinct indicate that shallow

groundwater occurs at depths of 3 - 6 m and is of low salinity. Deeper water in the shale bedrock is
moderately saline, in the range 3,500-8,000 mg/L, which is low by the standards of the St Marys
property. It is concluded that the planned development is unlikely to result in surface salinisation
and that the remedial measures proposed in the report - raising the ground level by filling and
limiting infiltration — will further reduce this possibility.

SINCLAIR KNIGHT MERZ
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6. SERVICES INFRASTRUCTURE

6.1 Proposed infrastructure

Sewer
The recent Developer Servicing Plan for the St Marys Wastewater System 2006 identified sewage

from the St Marys Project (which includes the Central Precinct}) would be treated at St Marys
Sewerage Treatment Plant (STP). The St Marys (STP) has sufficient capacity to accommodate the
additional flows from the Central Precinct.

Discussions with Sydney Water have revealed that sewerage from the Central Precinct could be
delivered to the STP by either tapping into the carrier that runs through the St Marys Project
“Werrington Downs Carrier”, direct connection to the treatment plant or connection to existing
pumping station SPS366. Further investigations would be required to ascertain the appropriate
method of transferring sewage and connection to Sydney Water system.

Drinking Water
The Precinct will be link with the Western Precinct and will be serviced from the Orchard Hills

drinking water supply system It is likely that upgrades to the existing system will be
required,including potentially an additional reservoir at Cranebrook and trunk watermains.

Sydney Water is undertaking investigations which will confirm the required major infrastructure
necessary to service the Central Precinct. Easements over public or private lands will be created

where absolutely necessary as a last resort.

Electricity
Discussions with Integral Energy have revealed that they are able to service the Central Precinct

subject to some augmentations to their existing network. Integral Energy advised that ultimately
the Central Precinct would be serviced from Cambridge Gardens Zone Substation situated south of
the site once the Claremont Meadows Zone substation is established in 2010. Establishment of the
Claremont Meadows zone would free up capacity at Cambridge Gardens zone. Feeders (11kV)
from Cambridge Gardens zone would be required and the entire Central Precinct would be supplied

from this zone.

Development within the Central Precinct will require the extension of the electricity reticulation
network throughout the project. Internal electricity reticulation within the Central Precinct will be
provided under Integral Energy’s usual developer arrangements for the supply of underground
electricity. Easements over public or private lands will be created where absolutely necessary as a

last resort.
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Communications
Underground telecommunications cables (optical fibre and/or copper cables) will be extended

throughout the Central Precinct under the usual developer arrangements. Telstra will be updated
when more accurate data on the number and type of users are known. Easements over public or
private lands will be created where absolutely necessary as a last resort.

Gas
Agility Management Pty Ltd provides network management expertise for AGL, the organisation

responsible for the extension and reticulation of the gas supply network. Agility will be updated
when more accurate data on the number and type of users are known, Easements over public or
private lands will be created where absolutely necessary as a last resort.

6.2 Design and Ecological Sustainable Development Initiatives
An opportunity exists to incorporate Ecologically Sustainable Development (ESD) principles in the

services infrastructure for the Central Precinct,

Sewer
The following initiatives could be used in the design and construction of sewerage infrastructure:

= The gravity reticulation system for the site could be a ‘Low Infiltration System’ or 'Low
pressure System’ to reduce ground-water infiltration.

*  Vitreous clay pipes should not be utilised in the construction of sewerage reticulation systerns.
uPVC or similar pipes should be used for all sewerage construction with cornpatible access
chambers and house connections.

Drinking Water
The following initiatives could be used in the design, construction and use of potable water

infrastructure:

*  Specifying the use of low water demand fixtures (showerheads, toilets and other AAA rated
devices etc) and appliances in buildings where appropriate.

* Ramwater collection tanks on lots for irrigation.

Recycled Water
The following initiatives could be used in the design and construction of infrastructure:

® The potential future use of treated effluent, if available from Sydney Water for toilet flushing,
irrigation (when rainwater is unavailable) and industrial purposes will reduce potable water
demand and reduce the pollution load on South Creek.

SINCLAIR KNIGHT MERZ
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Electricity
The following initiatives could be used in the supply and reticulation of electricity:

= Passive design and built form controls that reduce the demand for electricity should be
promoted as an integral requirement for the Precinct.
= Specifying the use, where appropriate, of “‘energy efficient” electrical appliances in buildings.

= Examining the use of solar powered and water heating systems lighting where appropriate.

Communications
The following initiatives could be used in the design and construction of telecommunications

infrastructure:

=  Provide adequate ‘spare’ conduit capacity in all street reticulation networks to facilitate future
expansion and technology.

= Provide an optical fibre network throughout the site.

Gas
Gas reticulation is recommended for the development due to:

= Provision of gas services reduces the expected load on Electricity Infrastructure and therefore
reduces the emission of greenhouse gases.

= Gas reticulation provides commercial customers within the development with options and
pricing power, particularly for contestable worls.

Commeon Trenching
Best practice development atlows for “Common Trenching Agreements™ between the developer,

Telstra, AGL and Integral Energy. Benefits of Common Trenching Agreements include:

=  Reduced costs due to a shared trench between the three service providers.
= Lower land take within the road reserves throughout the site.
» Increased efficiency and shorter time frame for provision of services.

6.3 Conclusion
Essential services, (water, sewer and electricity) would be made available for the development.

Sydney Water and Integral Energy have indicated that they are able to service the Central Precinct.

SINCLAIR KNIGHT MERZ
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7. Filling of Land

71 Existing Flood Risk
The site is located on the floodplain of South Creek (a tributary of the Hawkesbury-Nepean River).

South Creek runs along the eastern boundary of the site. Ropes Creek joins South Creek
downstream of the site. South Creek flows northwards from this point to join the Hawkesbury
River near Windsor. Flooding may be caused by rainfall in the catchments of Ropes and/or South
Creeks themselves, and also by backwater flooding from major events in the Hawkesbury-Nepean

River.

7.2 Flood Modelling Background

Dunheved Precinct Plan Model
An existing hydraulic computer model of South Creek including the lower section of Ropes Creek

was used to define flood behaviour in the vicinity of the site for the 100 year Average Recurrence
Interval {ARI) and Probable Maximum Flood (PMF) design flood events. The development of the
existing model is described in the North and South Dunheved Precinct Plan Water, Soils and
Infrastructure Report (SKM, May 2006). The May 2006 Preciact Plan report includes detailed
information and results for flood modelling results of the existing situation (or Base Case). The
Preferred Development Option for the combined Dunheved and Central Precincts is outlined
including the following mitigation measures:

* Removal of the approach embankment for the Old Munitions Bridge; and
*  Raising the bridge deck of both the South Creek and Ropes Creck road crossings.

The key flood impacts of the Dunheved and Central Precincts for the Preferred Development
Option in the 100 year ARI event was generally a small increase in flood levels outside of the site.
The maximum increase in 100 year ARI flood level at South Creek cross section CH 31.778 km,
upstream of the boundary of the site, was 37 mm. The maximum increase at South Creek cross
section CH 34.778 km downstream of the boundary of the site was 11 mm. In a PMF event in the
Hawkesbury-Nepean River, the proposed development is likely to cause negligible changes in
flood levels on the site. These flood impacts were reviewed by both Blacktown and Penrith City
Councils as part of the Dunheved Precinct Plan and the small increase in peak flood levels has been

approved.

Dunheved Precinct Development Application Model
A Flood Impact Assessment Report dated 30™ March 2007 was prepared and submitted to Penrith

City Council for the Dunheved Precinct Development Application. Following issues raised by
Council An addendum (Dunheved Precinct Development Application — Flood Impact Assessment
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Addendum Additional Information dated 18 December 2007) was prepared that covered the

scenario which is outlined below:

»  Assumptions and inputs as described in Dunheved Precinct Development Application — Flood
Impact Assessment Report dated 30" March 2007; and

=  Assumptions relating to the proposed filling for Central Precinct and two other mitigations
which were raising of both South and Ropes Creek bridges as per Dunheved Precinct Plan,
(North & South Dunheved Precinct Plan Water, Soils and Infrastructure Report May 2006).

=  The Addendum concluded that the proposed filling of the Dunheved Precincts (which was the
subject of the development application) in combination with the proposed filling in the Central
Precinct (not subject of the development application) resulted in similar flood levels reported in
the “Water, Soils and Infrastructure Report, SKM, May 2006 report with a small increase in
flood level upstream of the site and negligible downstream of the site. The upstream impact
was limited to within the Dunheved Golf Course.

7.3 Proposed Fill Area
The existing topography of the Central Precinct is dominated by the major natural drainage lines

nearby. There is an area of higher ground on the western and southemn side of the Precinct, from
where the site slopes downward towards the drainage lines and creeks. A portion of the Precinct is
located below the 100 year ARI flood level, and filling of the floodplain is required to place the
proposed development above this level. Similar to the Dunheved Precinct, protective fencing will
be provided around the Central Precinct.

The fill area has now been refined through more detailed Precinct planning. The initial structure
plan for the Central Precinct identified an education and village centre further to the north. The
park area has therefore been moved from its previous location (in the southern portion of the
Regional Open Space) to the northern portion of the Regional Open Space adjoining the education
and village centre.

For the purposes of the flood impact assessment, a conservative approach was taken, assuming that
filling would be maximised in the Central Precinct. Previous approved areas of filling and the
proposed new area of filling are shown in the following Figure 7-1and Figure 7-2.

SINCLAIR KNIGHT MERZ
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7.4 Hydraulic Modelling
The MIKE-11 model used in the (Dunheved Precinct Development Application — Flood Impact

Assessment Addendum Additional Information dated 18 December 2007) was updated to
incorporate the proposed filling on the Central Precinct as discussed above. Cross-sections used in
the MIKE-11 model for South Creek to represent the combined development of Dunheved and
Central Precincts are shown in Appendix D.

The updated MIKE-11 model was used to investigate flood impacts resulting from the combined
development of the Dunheved and Central Precincts for the following events:

= 100 year ARI flood in South Creek and a concurrent 20 year ARI flood in the Hawkesbury-
Nepean River; and
®* PMF in South Creek and a concurrent 100 year ARI flood in the Hawkesbury Nepean River.

All the assumptions as part of the previous modelling were adopted. It is to be noted that
mitigation options used in the Dunheved DA were included in the model. The mitigation measures
represented in the model include the following:

®* Removal of the approach embankment for the Old Munitions Bridge; and
* Raising the bridge deck of both the South Creek and Ropes Creek road crossings to
provide waterway areas of approximately 980m* and 100 m?® respectively in the 100 year

ARI event.

As part of this recent modelling an additional assumption was made that the Transmission
Easement would be blocked off and hence would not act as a floodway in the event of a 100 year
ARI flood event in South Creek catchment. Details on MIKE-11 model runs for the above
scenarios are given in Appendix D.

SINCLAIR KNIGHT MERZ
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7.5 Impacts on Flood Levels

Peak flood levels at selected MIKE-11 cross sections in the vicinity of the St Marys Project site are
given in Appendix D. Long section plots of the flood levels in the vicinity of the site are shown
Figure 7-3 (100 year ARI) and Figure 7-4 (PMF). Figure 7-5 shows approximate 100 year ARI
flood inundation for the preferred development.

The flood modelling results indicate that the impacts of the proposed development would be:

= A minor increase in flood levels upstream of the St Marys Project site in the 100 year ARI
event. The maximum increment in flood level would be 7mm upstream (south) of the site at
CH 31.778. The upstream impact is limited to within the Dunheved Gelf Course.

= There would be no increase in flood levels downstream of the St Marys Project site in the 100
year ARI event (north) of the site at CH 34.778.

=  In the South Creek PMF event, there would be a minor increase in flood levels upstream of the
St Marys Project site. The maximum increment in flood level at CH 31.778 would be 9mm
upstream (south) of the site. The upstream impact is substantially limited to within the
Dunheved Golf Course. The largest increase in flood level would be 22mm immediately
upstream of the South Creek Bridge. There would be a slight reduction downstream of the site
for the PMF event.

SINCLAIR KNIGHT MERZ
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7.6 Conclusion
The proposed filling of the Central Precinct in combination with the already approved Dunheved

Precinct results in similar flood levels reported in “Dunheved Precinct Development Application —
Flood Impact Assessment Addendum Additional Information dated 18 December 2007" report,
which has been approved by Council. The upstream impact would be limited to the site and to

within the Dunheved Golf Course.
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8. Flood Evacuation Strategy
The overall flood evacuation objectives in the development are:

= To provide safe conveyance of local runoff:

* To bring ground levels on the developed lots on site are to least 500mm above the 100 year
ARI flood level; and

= To conform to the requirements of the NSW Government Floodplain Management Manual.

8.1 Overall Approach
The site is in the Sydney Western Division of the State Emergency Service (SES) and within

Penrith Local Government Area. The existing regional flood plan and local flood plans relevant to
the site would be:

* Regional: Sydney Western Division Flood Plan; and
=  Penrith Local Flood Pian.

The flood evacuation plan for the proposed development would be consistent with these regional

and local plans.

Local Runoff
The site drainage system would be designed to convey runoff from storm events up to the 10 year

ARI within the pipe system and up to the 100 year ARI within the overland system.

Development lot and floor levels would be at least 500mm above the 100 vear ARI flood levels
throughout the Precinct.

Evacuation is necessary in events larger than the 100 year ARI event. In a PMF event, a portion of
the Central Precinct would become inundated by regional flooding, preventing local runoff from
flowing away from the site.

SINCLAIR KNIGHT MERZ
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8.2 Regional Flooding
Regional flooding is affected by two main types of events:

1) Type 1 - Floods in the Hawkesbury-Nepean River system. Ropes Creck and South Creek,
which pass to the east of Central Precinct, are part of this system and are affected by backwater
flooding from the Hawkesbury River at Windsor.

2) Type 2 - Floods due to storm events in the local catchments of the South Creek and/or Ropes
Creek system/s.

Type 1 flooding is governed by the levels in the Hawkesbury River at Windsor. The Hawkesbury
River has a large catchment and there are a number of floed gauges in the catchment, including one
at Windsor. The Bureau of Meteorology issue flood warnings for the Hawkesbury River, including
predictions of the likely flood level at the Windsor Bridge gauge at Windsor. The Bureau may
provide 9-12 hours of warning for Windsor with greater warning time for the site.

A major flood in the Hawkesbury-Nepean system would affect many areas, including Windsor,
Richmond and possibly parts of Penrith, lower South Creek and Eastern Creek around Riverstone.
Flood waming information would be available over the radio and television and the SES would be
conducting extensive cvacuations of the likely affected suburbs. Flood levels may remain high for

several days.

Type 2 flooding would occur quickly due to the relatively small catchment sizes of South Creek
and Ropes Creek at the Central Precinct, and there would not be any specific flood warning
available. There may be a Bureau of Meteorology Severe Weather Warning for the area, indicating
the likelihood of severe storms and flooding; this may be issued up to 12-24 hours before such an

event.

Floods on the South Creek and/or Ropes Creek system would rise and fall quickly, in a matter of
hours. There would be little or no warning time.

Evacuation may be necessary during either type of flooding. The most logical evacuation route for
the proposed development site would be to the west via the proposed roads.

An alternative evacuation route would be over both South Creek and Ropes Creek and hence
towards high ground in the Eastern Precinct. This would be possible as the creek crossings would
be passable and there is sufficient warning time of a major flood event.

Information on flooding and evacuation presented to businesses and residents in the Central
Precinct would be consistent with Penrith Council flood education programmes.

SINCLAIR KNIGHT MERZ
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8.3 Evacuation Strategy
The preferred strategy for residents and workers is to evacuate by car which is achievable and is

described below. The approach taken is described in the NSW Floodplain Development Manual.

SES has developed an evacunation model for preparing Flood Evacuation Plans. The general
process is as follows:

1) Decision to evacuate;
»  The Bureau of Meteorology provides forward warning advice to the SES to enable them to
make decisions regarding the evacuation of the site.
2) Mobilisation of SES personnel;
= The SES would organise staff to evacuate the site.
3) Communicating the need to evacuate the site by door-knocking each employment unit within
the site;
= There are multiple means of warning dissemination, including mass broadcasting of
warning messages. The evacuation plan requires that sufficient time be allowed for every
building to be door-knocked. Communication is usually done with volunteers working in
pairs. It is estimated that on average it will take 1 minute for cach employce to be warned
at business premises and 5 minutes to warn cach household by door-knocking.

= One vehicle per employee and 1.8 vehicles per dwelling was assumed for the analysis.

4) Overseeing the flood evacuation traffic as evacuees leave the site in their vehicles. The total
time to evacuate includes an allowance of 2 hours for evacuees to accept the fact that they need
to evacuate (WAF), plus 1 hour allowance to provide for evacuees to organise themselves
(WLF), their possessions and their property before leaving and a ! hour travel safety factor
(TSF) that allows for interruptions in the evacuation process due to temporary blockages of the
route.

The analysis below is based on two evacuation routes one via the proposed Precinct connector road
to the west, and one to the east via the zoned road corridor over both South Creek and Ropes
Creek. There is also a third route available via the proposed “bus only” access at Leichhardt
Avenue to the south. However this route was not included in the evacuation strategy. A typical
lane capacity of 600 vehicles per hour for mid-block and intersection would be adopted for the
Central Precinct evacuation (in comparison a normal lane capacity is around 1800 vehicles per hour
for mid block). Allowing one lane in-bound for SES vehicles and assuming the evacuation routes
mentioned above we have identified the required time to evacuate the entire Precinct even though
only a portion of the Precinct is actually affected. A total evacuation capacity of 1200 vehicles per
hour was assumed for the analysis.

SINCLAIR KNIGHT MERZ
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Tota! evacuation time is defined to be the greater of the following:
Door-knocking + Wamning Acceptance Factor (WAF) + Warning Lag Factor (WLF)

Or
Warning Acceptance Factor + Warning Lag Factor + Travel Safety Factor (TSF) + Travel Time

Assuming ten 2-person teams could be mobilised, Central Precinct’s 760 employees and 967
dwellings could be warned of the need to evacuate in approximately 9.2 hours. The 760 employees
figure is based on advice provided by the developer. The number of affected dwellings is based on
the Central Precinct Structure Plan prepared by the developer. Whilst approximately 60% of
residents would be required to evacuate, conservative estimates were prepared and this analysis
assumed all residents would be evacuated.

The Precinct would generate approximately 2437 vehicles that would require 2 hours to evacuate
(assuming 2 lancs of traffic was available for evacuation). Traffic would however be released at
the door-knocking rate. Adding WAF (2 hours), WLF (1 hour) and TSF (1 hour) for evacuation
and considering the above-mentioned formula is estimated that the site could be evacuated in

approximately 12.2 hours.

As the structure plan for Central Precinct is developed a more refined road layout pattern including
road levels would be developed. Considering all roads will be above the 100 year ARI levels for
the site generally the lowest point in the Central Precinct would be the northern most point near
flood cross section CH 34.020. Adopting this flood level plus 500mm freeboard generally makes
the lowest point in the Central Precinct approximately RL 19.8m to RL 20.0m.

If we were to assume this level as the critical level at which access is cut (this would be
conservative considering that the entire Precinct is still flood free including both South and Ropes
Creek bridges) preventing evacuation by car we would require at a minimum approximately 12.8

hours warning time to evacuate the Precinct,

It is understood from the SES that the Bureau of Meteorology can forecast 100 year Average
Recurrence Interval (ARI) peak flood level in the Nepean River at Victoria Bridge in Penrith 7
hours in advance. A peak flood level at Windsor for the 100 year ARI would occur approximately
12 hours after the 100 year ARI peak flood level is reached in the Nepean River at the Penrith
gauge (Source: Water Board (1994) Warragamba Flood Mitigation Dam EIS Flood Study, Part E,
Flood Mitigation Dam). It would take another 6 hours for the PMF hydrograph to approximately
reach RL 20m at Windsor from the 100 year ARI peak flood level (Source: Water Board, 1994),

SINCLAIR KNIGHT MERZ



HHARE

Ignoring the travel time between Windsor to Central Precinct, the warning time would be
approximately 25 hours. The available 25 hours is significantly greater than the 12.8 hours of
warning time required to evacuate a portion of the Precinct. On this basis it can be concluded that
there is sufficient time for vehicular evacuation of the site. Moreover the flood evacuation could be
accomplished using one road route and thus is responsive to infrastructure staging needs should
only access to the Central Precinct be initially from the west only.

8.4 Conclusion
On the above basis, it can be concluded that there is sufficient time to vehicular evacuate the site

for the Probable Maximum Flood, using prescribed flood evacuation methodology.

SINCLAR KNIGHT MERZ
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Appendix A Assessment of Drainage Controls

A1 Hydrological Model
A  XP-RAFTS model was developed for the Central Precinct to represent the hydrological

network. The model simulates runoff hydrographs at defined points for a given set of catchment
conditions and rainfall events. The generated runoff hydrograph is routed through the system to
provide flow results at a number of node locations throughout the network.

The model was used to determine peak flows at specified locations in the drainage system for the

following conditions;

= Existing catchment conditions
*  Proposed developed catchment conditions (without flow mitigation)

s Proposed developed catchment conditions with flow mitigation

A2 Model input Data

Catchment Data
Catchment delineation was undertaken for the previous St Marys study in 1998. These catchment

boundaries were reviewed using 2m contours from Airbome Laser Survey (ALS) data. Some
adjustments were made to ensure contributing areas to proposed wetland/detention basins were
correct. Each catchment was subdivided to represent the rural and urban portion in the existing and
developed case. The percentage impervious adopted in the model is as follows;

Existing Case

Urban Area outside the site — 50% impervious

Rural (within and outside the site) — 5% impervious

Developed Case

Urban (within the site) — 70% impervious

Urban (south catchment overlapping site boundary) — 60% impervious

Rural ~ 5% impervious (unchanged from existing case)

SINCLAIR KNIGHT MERZ
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These values are based on the following assumptions:

* No development will occur in the regional park therefore % impervious does not change;

®  Areas allocated for urban development (including education and road areas) will have varying
impervious percentages between 50-70%. For the purpose of the Precinct Plan the more
conservative 70% has been adopted for all areas; and

® Existing urban areas external to the site will be unchanged from existing, i.e. 50% impervious.

Rainfall Intensities and Loss Parameters
Penrith City Council IFD data was used in the RAFTS model. A suite of siorm durations were

input for each ARI rainfall event. IFD data is shown in Table A 1 below.

= Table A1 Penrith City Council IFD Rainfall Data

?"‘1‘{:)'““ 2yr AR Syr AR 10yr ARi  20yr ARI 50yr ARI 100yr ARI
20 B2g2 T T Teeds T 7ao8 T oiBY T T iodms 12156 |
30 42.83 56.47 64.09 74.46 88.19 98.75
| 60 29.05 38.28 4343 50.44 59.72 66.86

90 23.04 30.31 34.36 39.89 47.19 52.81

420 19.48 25.6 29 33.65 39.79 44,51

180 15.33 20.12 2278 26.41 31.21 34.89

360 10.16 133 15.04 17.42 20.56 2297

730 6.75 8.81 995 1151 13.57 15.15

Loss parameters used in the model are as follows;

= Impervious Losses; Initial 1.0mm Continuing 0.5mm
®  Pervious Losses; Initial 10.0mm Continuing 2.5mm

=  Bx factor 1.0

SINCLAIR KNIGHT MERZ
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A3 Existing Model
The layout of sub catchments of the existing RAFTS meodel is shown in Figure A 1. Sub

catchment parameters are listed in Table A 2.

= Figure A1 RAFTS Model Schematic Layout — Existing
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» Tabie A2 Sub-catchment Parameters — Existing

Catchment Area (ha) % Impervious
16 9.1 0

17a 4.8 1]

17b 42 0

27 58.5 5

18 19 0

19a 43.8 50

19b 43.87 50

28 16 5
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Central Precinct Plan
Water, Soils & Infrastructure

A4 Proposed Model
The layout of sub catchments of the existing RAFTS model is shown in Figure A 2. Sub

catchment parameters are listed in Table A 3,

= Figure A2 RAFTS Model Schematic Layout — Proposed
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= Table A3 Sub-catchment Parameters - Proposed
Catchment Area(ha) % Impervious
16 8.1 8
17a 4.8 61
17b 4.2 14
27 585 81
18 19 7
19a 43.6 78
19b 43.87 75
28 16 59
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A.5 Existing Peak Flows
In order to meet the water quantity objective, post development peak flows must not exceed

existing peak flows for a range of events from 2 year to 100 year ARI. The existing RAFTS model
was run for a range of storm durations and events. The existing peak flows at a two key points in
the catchment for the 100 year and 2 year storms are presented in Table A 4 and Table A 5

respectively.

A.6 Developed Site Peak Flows
Hydrological analysis of the developed site conditions was undertaken using the RAFTS model

(initially with no onsite detention included). Peak flows were extracted at the fore-mentioned key
locations and compared to the existing case. A comparison of developed (without detention) and
existing flows for the 100 year and 2 year events are provided in Table A 4 and Table A 5.

s Table A4 100 Year ARI Existing and Developed {(with no detention) Peak flows

. ] Peak flows (insls)” ‘ !
' Event l Existing | Proposed (no detention)

| Key Point5 o 1w ) 2
i Kgy Point 8 26 44 R

s Table A5 2 Year ARI Existing and Developed (with no detention) Peak flows

Peak flows (in’fs)

E Event =
:‘ Existing Proposed
Key Point 5 3 14
Key Point & 10 20

The results in indicate that without detention, the proposed development would increase peak flows
within the site for a range of storm events. This is due to the increase in impervious catchment area
attributed to the proposed Precinct development. Detention facilities are required to reduce the
peak flows from the development to ensure they do not exceed existing flows.

SINCLAIR KNIGHT MERZ
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A7 Detention Basins
Two detention basins are proposed for the Central Precinct for peak flow mitigation for 2 year to

100 year ARI storm events. The two basins (D and E) are located within the Central Precinct as
shown on Figure 4-1. The detention basins have been designed for events up to and including the
100 year ARI storm; peak flows were checked in the 2, 10 and 100 ARI events, to ensure that peak
developed flows would not exceed peak existing flows.

Each of these basins would have both a low-level outlet and a spillway. In most storm events, the
low-level outlets would control the flow and the basins would not fill to the level of the spillway.
However in the case that the low-level outlets are fully or partially blocked submerging the low-
level outlets, storm flows could still safely exit the site via the spillways. The detained water will
be discharged within a day and be temporarily stored above the permanent pools in the basin
(which are present for water quality treatment).

Results
Peak flows for the developed case in comparison to the existing case are presented in Table A 7

and Table A 6 for the 2yr and 100 yr ARI events.

= Table A6 Predicted Developed Peak Flows — 100 year ARI

' Peak flows (rrl‘éf;s)

Event S~ E — L I B
Existing Proposed
i Key Point 5 10 9 !
| Key Point 6 28 26

« Table A7 Predicted Developed Peak Flows — 2 year ARI

Peak flows (m’s)
Event - e -
Existing Proposed
Key Point 5 3 2
Key Point 6 10 10

The results indicate that the proposed detention system attenuates all flows up to and including the
100 year ARI events. Detention storage will occur above a permanent wetland area, the size of
which has been determined from the water quality assessment.

SINCLAIR KNIGHT MERZ
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Appendix B Assessment of Water Quality

B.1

Controls

MUSIC Modelling

A water quality assessment was undertaken using the MUSIC water quality model (eWater CRC,
Version 3.01). The main purpose of the modelling was to determine the land take required for the
stormwater management wetlands to ensure that the water quality objective of no net increase in
annual pollutant load into the receiving waterways is met.

Data
The following data were used in the model:

Rainfall data: Pluviograph data for use in the model was obtained from the Bureau of
Meteorology for station 67113 Penrith Lakes AWS for the period December 1996 to November
2003. Since the model was run at a small (6 minute) timestep, one year of rainfall data was
used with 1997 chosen as the average rainfall year.

Catchment areas: The study area was split into smaller catchment areas as used in the 1998
SKM report. The catchment characteristics were then updated according to information from
the latest land use plan. Table B 1 provides all the subcatchment areas used in the Music
model; these are shown in Figure B 1.

Event Mean Concentrations: Long term water quality monitoring data for the site is currently
not available. In order to estimate the existing pollutant runoff loads and determine the
effectiveness of the proposed stormwater management ponds, the Event Mean Concentrations
(EMCs) for Total Suspended Solids (TSS), Total Phosphorus (TP) and Total Nitrogen (TN)
have been based on data from the 1998 SKM report with some modifications made. The EMCs
used in the model for the existing and developed cases are provided in Table B 2. Data from
Stormwater Flow and Quality and the Effectiveness of Non-Proprietary Stormwater Treatment
Measures (Monash University and CRC for Catchment Hydrology, 2004) was reviewed. The
CRC data on EMCs was similar to the concentrations given in Table B 2. These EMCs are also
similar to the measured stromwater concentrations for typical urban catchments in Sydney in
the early 1990s by Sydney Water. For consistency purposes, the previously adopted EMC in
the 1998 report were used.

SINCLAIR KNIGHT MERZ
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s Table B1 Music Model Catchment Areas

Catchment Area
Name {ha)
1 61.7
2 176.3
3 13.8
4 214
5 8.7
6,7,8,25 137.2
9a 10a 83.6
9a 10b 495
8b,11,12a 102.4
1.2,12-15,20-22 308.7
c3 55
23-24 74.9
17ab,16 18.1
27 58.1
18,19ab 42,5
19a 223 |
28 212 |
26 47.1 !
20 222!

a Table B 2 Event Mean Concentrations

Site TSS TSS TP TP TN TN
condifions | (mgiy | (mgi) mall) | (may) | (mgn (mgiL)
Storm Flow | Base Flow | Storm Flow | Base Flow | Storm Flow | Base Flow
(Wet}) {Wet) (Wet)
Existing 50 7.9 0.075 0.075 1 0.75
Developed 110 12.6 0.2 0.1 1.5 1.0
B.2 Methodology

The following methodology was adopted in the MUSIC model:

* The Western and Central Precincts have been considered together for water quality purposes.
There are three discharge areas for these two Precincts: at S1, S2 and S3 as shown Figure 4-1.
The combined annual pollutant load at the discharge points for the existing case was compared
to the combined annual pollutant load in the developed case. This is similar to the approach
that was adopted in the 1998 SKM Watercycle Management Report. The objective for the
Western and Central Precincts is that the combined annual pollutant export from the developed
site does not exceed the existing.

SINCLAIR KNIGHT MERZ
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It has been estimated that the actual stormwater management wetland surface area is
approximately 75% of the land take required. The remaining approximated area would be
required for detention, pathways and benching purposes. The modelling assumes a concept
design whereby twenty percent of the total wetland area would be an inlet zone. The remaining
80% represents the open water and macrophytes zone areas. The stormwater management
ponds for the Western and Central Precinct have been modelled assuming an average 1.5m

depth across the pond.

There is an existing pond in the southern portion of the Western Precinct that not been included
in the modelling for this assessment. For the future development case the function of this
existing pond will not change compared to its existing function and can be therefore omitted

from the modelling.

Other WSUD water guality controls such as those listed in this report have not been included in
the Music model. These details will be considered during the subsequent stages (ie:
development application) when other water quality controls such as the additional WSUD
controls and GPTs on site would also be assessed. This represents a conservative modelling
approach for the Precinct Plan assessment.

SINCLAIR KNIGHT MERZ
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= Figure B 1 Music Model Sub-catchment Areas
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= Figure B 2 Water Quality MUSIC Model Layout for the Western and Central Precinct

SINCLAIR KNIGHT MERZ

Sdarer Soms pfagirucn e _aptrg Prasiper Par Fira o PAGE &7



_SKM

B.3 MUSIC Model Results

Western and Central Precincts
The indicative locations of the proposed stormwater management wetlands that would meet the

water quality objective for the Western and Central Precinct are shown in Figure 4-1. The
exclusion of the other WSUD controls from the water quality modelling provides a conservative
approach and hence the results in this Precinct Plan report would be conservative. The estimated
land take for the proposed wetlands ponds for water quality purposes only are provided in Table B
3.

= Table B3 Proposed Stormwater Management Pond Sizes for the Western and Central
Precincts (Water Quality Only)

Stormwater 1998 Study SREP 30 Draft Precinct Plan 2
m“::f:'ﬁ',e“t (Basis of SREP 30) A:::::;‘:";ii:‘f’ Minir:um S tand
W?_talir;d(:;.ﬁnd Land Take (ha) t:::lgty:%l;l;::)‘::;gr
Ad 22 1
A2 37 18
B ) 8 8
C1 3.4 1
i c2 2.8 45 45
T c3 14 0
D 0.6 o
] E 14 R 0
[ F 0.6 { 0
' G 0.7 0
H 1.6 i 0
i 4 7.4 j 74
EX1 26 l 0
Total 31 19.9 } 257

1- These 1998 Study landtake estimates are for water quality and detention requirements. These areas do not include
benching or pathway areas.

2-  Forthis Precinct Plan assessment, it has been assumed that the actual stormwater management wetland surface area
is approximately 75% of the land take required shown in the above table.

The MUSIC model can provide the annual pollutant load exported for Total Suspended Solids
(TSS), Total Phosphorus (TP) and Total Nitrogen (TN). The results for the existing case, the
developed case with no water quality controls and the developed case with controls are provided in
Table B 4. The values in brackets are the results compared to the existing case.

SINCLAIR KNIGHT MERZ
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= Table B 4 MUSIC Results for the Western and Central Precincts

TSS (kglyear) TP (kglyear) TN (kg/year)

Existing 240,000 426 3,900
Developed, no controls 357,000 (+50%) 620 (+46%) 4,920 (+26%)
Developed, with controls i 113,000 (-53%) 290 (-32%) 3,620 (-7%)

Note: The % values in brackets are the results compared to the existing case. The target reduction is -5% for the
worst pollutant which provides a safety margin. The actual margin is in the range of approximately 5% for TN and
upto 50% for TSS.

SINCLAIR KNIGHT MERZ
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Appendix C Groundwater and Soils

C.A Douglas Partners Report & Borehole Logs
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16 July 2008

REPORT ON SALINITY INVESTIGATION
CENTRAL PRECINCT, ST MARYS

1. INTRODUCTION

This report presents the results of a salinity investigation by Douglas Partners (DP} of
approximately 170 ha of the Central Precinct of a proposed residential development west of
South Creek at St Marys (Figure 1 below), in an area formerly occupied by Australian Defence
Industries (ADI). The work was commissioned by Sinclair Knight Merz (SKM), who carried out a
concurrent geotechnical investigation and provided field and laboratory test results for use by
DP in the salinity assessment.

Figure 1 — Approximate site location

Report on Salinity Investigation Project 45529
Central Precinct, St Marys July 2008
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In accorcance with our Revised Proposal Syd080035 dated 11 March 2008, the salinity

investigation comprised:
» non-intrusive electromagnetic (EM) profiling by DP to acquire soil conductivity data;
e test bore drilling, soil sampling and testing by SKM (on which DP subsequently relied); and

+ analysis and reporting by DP of soil salinities and related soil aggressivities, with no
reference to other site conditions such as sodicity or groundwater.,

This report describes the EM profiling carried out between 20 and 22 May 2008 and presents
the results of the EM profiling, subsequent laboratory testing and correlation with the EM data.
An assessment is presented of soll safinities within anticipated residential foundation depths and
within fikely services depths, together with a preliminary salinity management plan. Appendix A
contains drawings showing field data, inferred salinities and salinity constraints maps.

2, SITE DESCRIPTION AND ACCESS

The centre of the site is approximately 500 m west of South Creek and comprises undulating,
sometimes steep, grass covered fields, some fenced-off areas, dense stands of trees, spoil
mounds in the north and a warehouse complex in the southeast corner (see Figure 1 on page 1
and Photos 1 and 2 below). Parts of the site were inaccessible for EM profiling or required
significant variations to the planned grid of survey lines. Where the resulting survey line
spacings were excessive, soil salinity could not be assessed. These areas are identified in the

attached Drawings (Appendix A).

Photo 1 — Grassed field and dense trees Photo 2 — Spoil mound in north of Precinct

Report on Salinily Investigation Project 45529
Central Precingt, St Marys July 2008
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3. REGIONAL GEOLOGY

Reference to the Penrith 1:100 000 Geological Series Sheet (Ref. 1) indicates that the site is
underlain by Bringelly Shale of the Wianamatta Group of Triassic age. This formation typically
comprises shale, carbonaceous claystone, laminite and some minor coaly bands. Bedrock
may be mantled by aliuvium (fine sand, silt and clay) of Quaternary age within the drainage
systems of South Creek on the eastern side of the site and a tributary of South Creek on the

western and northern sides of the site.

4, SALINITY POTENTIAL

The Department of Infrastructure, Planning and Natural Resources {DIPNR, now DNR), on their
map entitled “Salinity Potential in Western Sydney 2002" (Ref. 2), indicates “high salinity
potential” in the immediate vicinity of the tributary to South Creek, which flows northward beycnd
the western and northern site boundaries. Throughout the Central Precinct however, a
“moderate salinity potential” is mapped, indicating scattered areas of scalding and indicator
vegetation but no mapped salt concentrations. These DIPNR inferences are based on soil
types, surface levels and general groundwater considerations but are not in general ground-
truthed, hence it is not generally known if actual soil salinities are consistent with the mapped

salinity potentials.

5. INVESTIGATION METHODS
5.1 Electromagnetic {(EM) Profiling
EM profiling was undertaken as part of the examination of scil salinity potential, enabling rapid

continuous measurement of apparent conductivity, to supplement the laboratory electrical

conductivity testing of discrete soil samples,

Report on Salinity investigation Project 45529
Central Precinct, St Marys July 2008
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Apparent conductivity is variously referred fo as ground conductivity, terrain conductivity, bulk
conductivity or bulk electrical conductivity and is generally designated as o, or ECa. Although
measurement of apparent conductivities can include contributions from a variety of sources
including groundwater, conductive soil and rock minerais and metals, it has been estimated
{Baden Williams in Spies and Woodgate, 2004, Ref. 3) that in 75 - 90% of cases in Australia,
apparent conductivity anomalies can be explained by the presence of soluble salts. Apparent
conductivity can therefore be considered, in the majority of cases, a good indicator of soil

salinity.

The survey was undertaken using a DualEM-4 ground conductivity meter mounted 1 m above
the ground surface from the side of an all terrain vehicle (ATV), as indicated in Photo 3 (below).

1 w

Photo 3 — DualEM-4 mounted on ATV

The DualEM recorded data using the Horizontal Copianar {HCP) and Perpendicular (PRP) coil
configurations concurrently, for theoretical Depths of Exploration (DoE) of 46 m and 2.4 m
respectively. The DualEM responds to ground conductors at depths up to approximately 6 m
below the coils, however the DoE are defined as the theoretical depths at which 70% of the total
response should be received. Allowing for the height of the coils above ground, it can be said
that in the HCP and PRP configurations, the DualEM was responding largely to soils at depths
up to 3.6 m and 1.4 m, respectively.

Report on Salinity Investigation Project 45529
Central Precinct, St Marys July 2008
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A Sokkia Crescent R130 Differential Global Positioning System (DGPS) receiver, antenna and
TDS Recon hand-held computer were employed to digitally record grid coordinates at 1 second
intervals as the ATV was navigated around the survey area. ECa data were acquired at a
1 second repetition rate and logged to a GeoScout digital data iogger, which also recorded the
DGPS data.

Data were obtained along approximately 22 km of linear traverse (28,000 data points) in all
accessible parts of the site, with an average data point spacing of 1.5m. A grid of primary
survey lines 100 m apart was approximated in the accessible areas as shown by the ECa
measurement points (track of the ATV} in Drawing 1 (Appendix A).

52 Horizontal Control

All field measurements and mapping for this project have been carried out using the Geodetic
Datum of Australia 1994 (GDA94) and the Map Grid of Australia 1994 {MGAS4), Zone 56.
Digital mapping has been carried out in a Geographic Information System (GIS) environment

using MaplInfo software.

5.3 Test Bores and Soil Tests

As part of the salinity investigation, 26 test bores were drilled across the site by SKM. The
locations of 16 of these test bores were recommended by DP after examination of the EM data,
in order that laboratory tests could be made of salinities at the locations of ECa anomalies and
background values. Some recommended locations were not accessible for drilling and the
locations actually drilled were 9m to 67 m (average 35m) from recommended locations.
Drilled locations are shown in Drawings 4 and 5 (Appendix A) and Table 1 (Appendix B).

At 23 of these locations, test bores were drilled to depths of 3 m. Remaining test bores were
drilled to refusal at depths of 1.25 m to 2.0 m. Soil samples were taken at intervals of 0.25 m
(to maximum depths) at 17 locations and at 0.5 m intervals below depths of 0.5m at the

Report on Salinily investigation Profect 45529
Central Precinct, St Marys July 2008
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remaining 9 locations. All samples were tested by SKM for pH (the primary indicator of soil
aggressivity), for EC4 (the conductivity of a 1:5 soil:water paste) and for soil texture {M) which
allows computation of sail salinity ECe from the formula ECe = M x EC, 5.

6. FIELD WORK RESULTS

6.1 EM Profiling

On completion of EM profiling, apparent conductivity (ECa) field data, from both HCP and PRP
coil configurations, were added to the GIS database for interpolation onto regular grids
throughout the area surveyed. Drawings 2 and 3 (Appendix A) present the apparent
conductivities as colour images with continuous colour spectral scales in milliSiemens/metre
{mS/m). Areas of most interest are those at the red end of the spectrum (up to 200 mS/m),
representing the highest apparent conductivities and potentially the highest salinities, which are
generally concentrated in the southern half of the site and the central north of the site. The
value of EM profiling, with high along-line sampling density and appropriate line spacings, is the
ability to identify local variations in the salinity distribution which are not visible in the broader-

scale salinity potential map and not identifiable by spot tests such as drilling.

6.2 Soil Sampling and Testing

Details of the subsurface conditions encountered in the test bores are presented elsewhere by
SKM, however SKM test results (Table 1, Appendix B) indicates the following textural groups:

LIGHT CLAY 25%;

CLAY LOAM 53%,;
LOAM 2%;
SANDY LOAM 15%; and
SAND 5%.

Table 1 also lists the results of pH and EC,5 tests and ECe calculations for all samples.

Profect 45529

Report on Salinity Investigation
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7. SALINITY ASSESSMENT FROM TEST BORE RESULTS

The DLWC guideline for salinity investigations (Ref. 4) applies the method of Richards (1954,
Ref. 5) and Hazelton and Murphy (1992, Ref. 6) to the classification of soil salinity on the basis
of ECe. The implications of the resulting salinity classes on agriculture are described in Table
2 (below) and it is commonly considered that moderately saiine to highly saline soils (as
defined in Table 2) require management in the urban built environment.

Table 2 - Soil Sallnity Classification

Class ECe (dS/m) Implication
Non Saline <2 Salinity effects mostly negligible
Slightly Saline 2-4 Yields of sensitive crops affected
Moderately Saline 4-8 Yields of many crops affected
Very Saline 8§-16 Oniy tolerant crops yield satisfactorily
Highly Saline >16 Oniy a few very tolerant crops yieid satisfactc:urily_|

dS/m = deciSiemens/metre

To assess the distribution of salinity within the depths of impact of the proposed residential
development, vertical soil salinity profiles (Figures 2a to 2c, following pages) were constructed
from the test data detailed in Table 1 (Appendix B).

Four of these profiles (at Test Bores SKM10, SKM14, SKM16 and SKM25) show unusually
uniform, non-saline conditions from surface to depths of 3m. Three profiles (at Test Bores
SKM5, SKM20 and SKM29) show “intermittent" type profiles with peak saliniies at depths of
1.5m to 2.5m, in the very saline range. The remaining profiles show very mixed distributions
but are generally of “normal” or “intermittent” types indicating normal water balance between
infiltration and discharge (increasing salinity with depth) or some fluctuation in water balance
with residual salinity maxima at depths of 1 m to 2.75 m, in the moderately saline range.

Report on Safinity Investigation Project 45529
Central Precinzt, St Marys July 2008
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Vertical Soil Safirity Profiles from Test Bore Soll Samples
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Figure 2c - “Mixed” Vertical Soil Salinity Profiles

Individual sample salinities are subject to lateral and vertical variability of soils and finite
precision in determination of the textural classes used as ECy multipliers. This may lead fo
unrealistic salinity classifications of parts of the investigation area based on single {e.g.
maximum) salinity results in those parts, particularly if the derived ECe value lies close to a class
boundary. Classification of areas based on calculated “bulk salinities” are considered more
practical. Bulk salinities are not derived by physically bulking or mixing together soil samples for
single laboratory measurements but are ‘thickness-weighted averages” calculated from
individual sample salinities ECe and the vertical extents (dZ) of those salinities (taken as midway
between sample depths or at the upper or lower bounds of the buiking interval), using the
formula:

Buik ECe (over depth interval Z) = Z{ECe; * dZ;) / Z, where Z = 5(dZ)).
Bulk salinities above and below 0.8 m are used herein as the basis for the determination of

salinity constraints throughout the site, since 0.8 m generally approximates the maximum depth
of residential slabs and footings and bulk salinities can then represent soil conditions in the

Report on Salinfly Investigation Project 45529
Central Precinct, St Marys July 2008
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upper “foundation zone" and the lower “services zone”. Table 1 (Appendix B} lists all individual

sample salinities and all calculated bulk salinities.

From the distribution of bulk salinities shown in Table 3 below, soils at the test bore locations
within the “foundation zone” are predominantly slightly saline but are moderately saline in a
significant percentage of locations. Although four individual samples (from depths of 1.5m to
2.5m at Test Bores SKM5, SKM20 and SKM29), were found to be very saline, the soils within
the “services zone" at the test bore locations are predominantly moderately saline.

Table 3 - Distribution of Bulk Salinities at Test Bore Locations

Class ECe (dS/m) % of Locations % of Locations
Depths < 0.8 m Depths > 0.8 m
Non Saline <2 19 23
Slightly Saline 2-4 46 31
Moderately Saline 4-8 31 46
Very Saline 8-16 4 0
Highiy Saline >1_6 0 0 T

8. SALINITY ASSESSMENT INCORPORATING EM RESULTS

The DLWC salinity investigation guideline allows for a reduction in the density of test locations
and the number of laboratory tests, when an EM investigation is carried out and the ECa results
are correlated with the laboratory ECe results, enabling interpolation of data throughout the EM
survey area at the high spatial density of that data.

To carry out the required correlations, the ECa values, obtained with PRP and HCP coil
configurations at the closest points to the test bores, were plotted in scattergrams (Figures 3 and
4, following page) against bulk ECe values for the zones above and below depths of 0.8 m,

respectively.

Reasonable linear frends between these parameters indicate that the EM system is responding
primarily to soil satinity {not to other surface or subsurface conductors) and that the EM data

Report on Salinity Investigation Project 45529
Central Precinct, St Marys July 2008
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obtained with the PRP and HCP configurations are reasonable measures of the salinity above

and below 0.8 m, respectively.

Lines of best fit define these trends and provide scale factors of 3.10 and 3.73 by which to
multiply apparent conductivities ECa (in dS/m), to estimate apparent salinities ECe (in dS/m)
throughout the EM data set, above and below 0.8 m, respectively.

Correlation of Sallnitles (FCe) at Test Bores with Apparant Canductivities {ECa) on EM ProfHes

-
F
o

.
[
o

-
o
=)

@
o
|
|
|
J

&

=4
|
1

ECejDepths<0.3m} ~ 3.10 x FCa[PRF;

ECe (dS/m} [Buik Satintties at Depths < 0.8 m]
-~
o

T

050 1.00 1.50 200 2.50
ECa {d3im} [Closcst EM data polnts ko Test Bore3 (0-75 m), PRP Configuration, Dok 2.4m]

e
o e
o
=]

Figure 3 — Correlation of Bulk ECe (above 0.8m) and ECa (PRP) data

Comalation of Salinities (ECe) al Test Bores with Apparent Conductivities (ECa) on EM Profiles
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Figure 4 — Correlation of Bulk ECe (below 0.8m} and ECa (HCP) data
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The scale factors were applied to all apparent conductivity grid data for presentation as apparent
salinity images (Drawings 4 and 5, Appendix A) with continuous colour spectral scales in dS/m,

based on the Richards classification scheme.

The 2-D surfaces (imaged in Drawings 4 and 5) were contoured at the 2 dS/m, 4 dS/m and
B dS/m levels, corresponding to boundaries of the salinity classes of Richards, providing a direct
subdivision of the study area into non-saiine (<2 dS/m), slightly saline (2 - 4 dS/m), moderately
saline (4 — 8 dS/m) and very saline (8 — 16 dS/m) classes.

Apparent salinities shown in Drawing 4 indicate non-saline to moderately saline conditions at
depths less than 0.8 m, throughout the investigated site area. Small zones of moderately saline
soil are inferred throughout the Precinct, but the largest and most saline zones are inferred in
the southwest and southeast corners (around Test Bores SKM1 and SKM6) and in the south
central area (150 m west and east of Test Bore SKM8).

Apparent salinities shown in Drawing 5 indicate non-saline to very saline conditions at depths
greater than 0.8 m, throughout the investigated site area. A near-continuous zone of
moderately saline soil is inferred from the southwestern corner through the central south to Test
Bore SKM9, where a small very saline inlier is indicated. Significant zones of moderately to very
saline soil are inferred in the north of the area (around Test Bores SKM22 and between Test

Bores SKM27 and SKM29).

9. ASSESSMENT OF SOIL AGGRESSIVITY TO CONCRETE AND STEEL

Table 1 (Appendix A) presents the variations of pH with depth at the test bore locations, together
with the corresponding concrete and steel aggressivity ranges indicated in Australian Standard
AS2159:1995 (Piling — Design and Installation). AS2159 defines generally impermeable clay
soils above the groundwater table to be in “Condition B* and permeable sands and all soils
below the groundwater table to be in “Condition A", leading to variations in the classifications of
soil aggressivity. As indicated in Section 6.2 (above), 20% of sampled soils were found (from

Report on Ssfinity investigation Project 45529
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textural tests) to be either sandy loams or sands, and these samples have been classified as if

in Condition A.

It should be noted that AS2159 was formulated to improve the longevity of deep piles where
access (for inspection and remediation of salt damage) was expected to be minimal. This
standard was not formulated for the protection of concrete and steel in slabs and shallow
foundations or infrastructure and recommendations for concrete strength, based on AS2159
aggressivity classifications, represents a conservative approach to protection of these

structures,

The pH measurements at test bore locations indicate that all tested soils are non-aggressive to
steel. Tested soils are also generally non-aggressive to concrete, with only 3 samples mildly
aggressive, at depths of 1.5 m to 2.5 m in Test Bores SKM2, SKM20 and SKM23.

10. CONSTRAINTS TO DEVELOPMENT

10.1 Salinity Constraints

Two primary data sources were employed for assessment of soil salinity:
. ECe estimates derived from 251 laboratory tests of soil samples from 26 test bores; and

° ECa (apparent conductivity) data obtained at 28,000 measurement stations.

These sources of data were correlated and combined in a joint interpretation, providing a
practical means of assessing salinity and defining areas where there is a risk that urban
development will be affected by soil salinity, or will adversely affect the salinity of the

environment.

To better assess the constraints that saline soils may place on the proposed development, two
data sets were employed to construct salinity constraints areas for two depth intervals (Drawings

6 and 7, Appendix A).

Report on Salinily investigation Project 45529
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These data sets were:

s locations of test pits where calculated bulk salinities over the relevant depth interval,

exceeded 4 dS/m (i.e. specific locations of moderately or more saline soil); and

» regions formed by the 4 dS/m and 8 dS/m apparent salinity contours, derived by correlation
of apparent conductivities (ECa) from EM profiling, with the bulk salinities over the relevant

depth interval.

For a conservative approach, salinity constraint areas were defined which encompassed and

sometimes combined these mapped locations and regions.

Drawing 6 (Appendix A} shows multiple constraint areas due to inferred moderately saline soils
at depths less than 0.8 m. These areas comprise approximately 20 ha in total, distributed
throughout the site, with the largest individual area occupying 6 ha in the southwestern corner.
An individual bulk salinity value in the very saline range, at Test Bore SKM11, was not supported
by EM data and this location has been included in the moderately saline constraint region.

Drawing 7 shows multiple constraint areas due to inferred moderately saline soils at depths
greater than 0.8 m. These areas comprise approximately 37 ha in total, with the largest
individual area of 26 ha in the southem half of the site. Three small constraint areas
{approximately 1 ha in total} are shown, where very saline soil is inferred at depths greater than

0.8m.

Within the constraint areas described above, soils should be treated as moderately saline or
very saline as indicated and these areas should be subject to appropriate levels of salinity

management during development.

10.2  Aggressivity Constraints

As indicated in Section 9 {above), soils were assessed as non-aggressive to steel and generally
non-aggressive to concrete, with only 3 samples mildly aggressive. To the extent that the 26
test bores are representative of the soils throughout the Central Precinct, aggressivity is not

considered to impose any constraints on development.

Rapoit on Salinity investigation Project 45529
Central Precinct, 5t Marys July 2008
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11.  PRELIMINARY SALINITY MANAGEMENT PLAN

Preliminary management strategies are recommended below, for implementation within the
constraint areas having perceived risks due to moderately or more saline soils. Areas outside of
these constraint areas are considered to have a diminished salinity risk, however since soil and
groundwater conditions can change with time, some general management strategies are also
listed for the areas of non-saline to slightly saline soils.

These strategies are aimed primarily at:

¢ Maintaining the natural water balancs:

¢ Maintaining good drainags;

* Avoiding disturbance or exposure of sensitive soils;

* Retaining or increasing appropriate native vegetation in strategic areas; and

» Implementing building controls and engineering responses where appropriats.

111 Non-Saline and Slightly Saline Areas

Efforts should be made throughout the proposed development area to prevent or restrict
changes to the water balance that wili result in rises in groundwater levels, bringing more saline
water closer to the ground surface. As a precaution, development must be planned to mitigate
against the effects of any potential salinisation that could occur, even in the areas outside the
inferred moderate salinity constraint zones of Drawings 6 and 7. In these non-saline and slightly
saline areas, the soils and topography stiil render the site saline prone and such areas if poorly
managed may, over time, become saline. As a result the following management strategies are

recommended for all areas of the development:

» Avoid water collecting in low lying areas, along shallow creeks, floodways, in ponds,
depressions, or behind fill embankments or near frenches on the uphill sides of roads. This
can lead to water logging of the soils, evaporative concentration of salts, and eventual

breakdown in soil structure resulting in accelerated erosion.

Report on Salinity investigation Project 45529
Central Precingt, St Marys July 2008
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s Where stormwater retention ponds are required, these should not be created directly

downslope of areas with a moderate level of salinity.

e Roads and the shoulder areas should be designed to be well drained, particularly with
regard to drainage of surface water. There should not be excessive concentrations of runoff
or ponding that would lead to waterlogging of the pavement or additional recharge to the
groundwater. Road shoulders should be included in the sealing program should rural

construction methods be used.

» Surface drains should generally be provided along the top of all batters to reduce the
potential for concentrated flows of water down slopes possibly causing scour. Well-graded
subsoil drainage should be provided at the base of all slopes where there are road
pavements below the slope to reduce the risk of waterlogging.

¢ As an alternative to slab-on-ground construction, suspended slab or pier and beam
construction should be considered, particularly on sloping sites as this will minimise
exposure to saline or aggressive soils and reduce the potential cut and fill on site which

could alter subsurface flows.

s Itis essentially that in all masonry buildings a brick damp course be properly installed so that
it cannot be bridged either internally or externally. This will prevent moisture moving into

brickwork and up the wall.

« Consideration could be given to the use of to slotted drainage pipes to promote subsurface
drainage in service trenches, with such pipes fitting into the stormwater pits in lower areas
where pipe invert levels are within about 1 m of existing water levels in adjacent creek lines.

« Service connections and stormwater runoffs should be checked to avoid leaking pipes which
may affect off site areas further down slope and increase groundwater recharge resulting in

increases in groundwater levels.

s Landscaping and garden designs must not be placed against walis, as such placement may
nullify the benefits of the damp course.

Report on Salinity Investigation Project 45529
Central Precinct, St Marys July 2008
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11.2  Moderately Saline and Very Saline Areas

in addition to the precautions listed above, the following recommendations are made for areas

faling within the moderately saline and very saline constraint zones of Drawings 6 and 7
(Appendix A).

It is preferable that stormwater retention ponds, if required, are created outside areas with a
moderate level of salinity. In the event that such ponds are located within the areas of
moderate salinity, consideration of the saline conditions should be taken into account by the
designers. The most appropriate mitigation measures should be assessed on a site by site
basis once the design of the basins has been completed and may include:

o conditioning of the soil to be utilised within the embankment of the ponds, with
gypsum, to minimise the risk of structural degradation/erosion

o careful control of compaction and moisture control during earthworks to ensure
creation of a low permeability embankment to retard migration of saline water into

the pondage

o lining of the stormwater ponds with an appropriate liner (such as HPDE) where
the results of further analysis preciude other practical measures

c development of a water quality monitoring plan and appropriate treatment, such
as adjustment of pH levels prior to discharge to the surrounding environment.

With regard fo regrading within the development footprint, a minimum surface siope of
1V:40H (where achievable) is suggested in order to improve surface drainage and reduce
ponding and waterlogging, which can lead to evaporation and salinisation.

Where possible, materials and waters used in the construction of roads and fill
embankments should be sourced from outside the shallow salinity constraint zones shown
on Drawing 6, and/or from depths of less than 0.8 m within the footprints of the deeper
salinity constraint zones of Drawing 7, or should be imported from cutside the devslopment
area where the material has been classified in situ or in stockpiles as non saline to slightly

saline.

In areas of cut and fill within the shallow salinity constraint zones of Drawing 6 or where
cutting impacts on the deep salinity constraint zones of Drawing 7, salinisation could be a

Report on Salinity lnvestigation Project 45529
Central Precinct, St Marys July 2008
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problem and a capping layer of either topsoil or sandy materials should be placed over the
locally derived filling to reduce capillary rise, act as a drainage layer and also reduce the

potential for dispersive behaviour in any sodic soils.

¢ Where concrete slabs are constructed within the moderately saline or very saline constraint
zones, at depths after earthworks which impact on the moderately saline or very saline soils,
use of a bedding ilayer of sand {100 mm thick), overlain by a membrane of thick plastic
{damp proof as opposed to vapour procf) is recommended under concrete siabs fo act as a
moisture barrier and drainage layer and to restrict capillary rise under the slab. The sand will
help protect the membrane from rupture and the Building Code of Australia (1990) does not
reguire compaction of the recommended thickness of 100 mm. As an alternative method for
protection of concrete slabs for non-residential construction (where membranes may not be
a requiremeant of the Building Code), high strength (32 MPa) concrete may be placed directly
on a layer of crushed rock. Such rock should be sourced locally from an area classified as
non-saline or slightly saline or should be imported after stockpiling, testing and classification

as non-saline or slightly saline.

e To the extent that the 26 test bores are representative of the soils throughout the Central
Precinct, aggressivity is not considered to impose any constraints on development, hence no
recommendation is made herein for the use of higher strength (32 MPa or higher} concrete
in residential slabs and footings, based on the guidelines of AS2159. Furthermore, within
the “foundation zone” below the present ground surface, concrete of greater strength than
25 MPa is not considered necessary within the guidelines of AS2870 (Residential slabs and
footings), currently under revision. However, 32 MPa concrete is recommended by AS2870
within areas of very saline soil, and such sirengths are recommended herein for any mass
concrete required within the very saline constraint areas inferred within the “services zone”

of the Central Precinct {Drawing 7).

e Salt tolerant grasses and trees should he considered if re-planting clese to creeks and in
areas of moderate and greater salinity to reduce soil erosion and maintain the existing
evapotranspiration and groundwater levels. Reference should be made to an experienced

landscape planner or agronomist.

¢ Other measures that can be considered to improve the durability of concrete in saline
environments include reducing the water to cement ratio (hence increasing strength),

Report on Salinity Investigation Project 45529
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minimising cracks and joints in plumbing on or near the concrete, reducing turbulence of any

water flowing over the concrete.

* There are various exposure classifications and durability ratings for the wide range of
masonry available. Reference should be made to the supplier in choosing suitable bricks of
at least exposure quality. Water proofing agents can also be added to mortar to further

restrict potential water movement.
s Exposure class masonry must be used below damp proof courses.

» Appropriate subsoil drainage must be used for all slabs, footings, retaining walls and

driveways.

12.  ADDITIONAL RECOMMENDATIONS

Additional investigation should be undertaken in development areas which are to be excavated
deeper than 3 m or into rock at shallower depth, where direct sampling and testing of salinity
has not been carried out. Salinity management strategies herein may need to be modified or
extended following additional investigations by deep test pitting and/or drilling, sampling and
testing for soil and water pH, electrical conductivity, TDS, sodicity, sulphates and chiorides.

DOUGLAS PARTNERS PTYLTD

Reviewed by
J Lean T J Wiesner
Principal Principal
Report on Salinity investigation Projfect 45529
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Appendix D Flood Modelling Details

D.1 Model Cross Sections
Cross sections used in the hydraulic model representing the existing South Creek and Ropes Creek

under the existing conditions and with the proposed development involving the following

earthworks:

= Filling in Central Precinct according to Figure 7-2

= Filling of Dunheved Precinct according to “Dunheved Precinct Development Application —
Flood Impact Assessment”SKM, 30 March 2007

= Removal of part of the existing Old Munitions Road Embankment according to “Dunheved
Precinct Development Application — Flood Impact Assessment™ Report of 30 March 2007

Cross section plots are shown in the following pages.

D.2 Details on MIKE-11 Model Runs

Detalls of South Creek MIKE-11 {Version 2003 SP1) Model Runs

a) Proposed Development

.sim11
nwk 11
xns11
.bnd11
fhdi1
Timestep (Sec)
Start Time
End Time
Saving of Results (No. of Time Steps|
res11
Initial Conditions
Hotstart File
Hotstart Time
Design Flood Event:
Catchmend

Updated Fill_g2_no_MRB_SthCreekBR_1PSH
Fill-G2-no-munition-br-S5thCreekBr
{Ipdated_Fill-g2
BASE19%5%
Base_r
5}
1/01/2000 4:10
2/01/2000 19:00

0
Updated Fili g2 no MRB_SthCreekBR_1P5H
Hotstart
HOT_UPDATED FILL_G2_NO_MBR.res11
2/01/2000 18:10

1% AEP

SINCLAIR KNIGHT MERZ

Downstrean] 5% AEP

Updated_Fill_g2 no_MRB_SthCreekBR_S_PMF _1PH
Fill-G2-no-munition-br-SthCGreekBr. PMF
Updated_Fill-g2-PMF

S_PMF1%H

Base_r

]

1/01/2000 4:1C

20172000 19:00

150

Updated_Fill_g2_no_MRB_SthCreekBR _S_PMF_1PH
Hotstart

HOT_UPDATED _FILL_G2_NO_MBR.ras11

2/01/2000 18:10
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STORMWATER QUALITY MANAGEMENT MASTERPLAN
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PENRITH

MUSIC-link Report

MusIiC2

Project Details

Project:

Report Export Date:
Catchment Name:
Catchment Area:
Impervious Area*:
Rainfall Station:

Modelling Time-step:

Modelling Period:

Mean Annual
Rainfall:

Evapotranspiration:
MUSIC Version:

MUSIC-link data
Version:

Study Area:

Scenario:

89914020 Stormwater Quality Management
Rev31

10/10/2016
DADesign_Rev31_50%o0f1yrFlows
308.512ha

54.58%

67113 PENRITH

6 Minutes

1/01/1999 - 31/12/2008 11:54:00 PM

691Tmm

1158mm
6.2.0

6.20

Penrith

Penrith Development

Company Details

Company: Cardno

Contact: Catriona Tait

Address: NSW, 2065

Phone: 90247186

Email: catriona.tait@cardno.com.au

* takes into account area fromall source nodes that link to the chosen reporting node, excluding Inport Data Nodes

Level 9 - The Forum, 203 Pacific Highway, St Leonards,

Treatment Train Effectiveness

Treatment Nodes

Source Nodes

Node: Wa_ter Quality Reduction Node Type Number Node Type Number
Checkpoint 8
Bio Retention Node Urban Source Node 117
0,
Fow 14% Swale Node 4 Forest Source Node 9
0,
TS 86.9% Rain Water Tank Node 21
0,
™ 63.3% GPT Node 23
0,
™ 482% Generic Node 1
GP 98.4%
Comments

Invalid Results Summary-

Source Nodes -

Undeveloped Catchments (ALL)

modelled as forest type land parameter taken from "Using MUSIC in Sydney's Drinking Water Catchment"

Roof and Lot Catchments (ALL)

all data doubled in MUSIC link - input values correct for nodes

Roof Catchments (ALL)

Base flow parameters - Not Applicable - 0% Penious

Bioretention Basins -

Bioretention Basin A B, C, E, Fand G

Extended detention depth = 350mm

Increase storage volume to achieve pollutant reductions

10f32



PENRITH .
CITY COUNCIL MUSIC2/ink

i DUISE UL
PET Scaling Factor =1

Rainwater Tanks -

Threshold Hydraulic Loading for C** (m/yr) = 3500
Total Nitrogen - C** (mg/L) = 1.4

Total Phosphorus - C** (mg/L) =0.13

Total Suspended Solids - C** (mg/L) =12

NOTE: A successful self-validation check of your model does not constitute an approved model by Penrith City Council
MUSIC-link now in MUSIC by eWater — leading software for modelling stormwater solutions
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PENRITH

MusIiC2

Passing Parameters

Node Type
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
GPT
GPT
GPT
GPT
GPT
GPT

Only certain parameters are reported when they pass validation

Node Name

Bioretention Basin A
Bioretention Basin B
Bioretention Basin C
Bioretention Basin D
Bioretention Basin D
Bioretention Basin E
Bioretention Basin G
D - Undeweloped

D - Undeweloped

D - Undeweloped

Ext B - Undeveloped
Ext B - Undeveloped
Ext B - Undeveloped

Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeveloped

J - Undeweloped
J - Undeweloped
J - Undeweloped
L - Undeveloped
L - Undeveloped
L - Undeveloped
M- Undeweloped
M- Undeveloped
M- Undeweloped

Pre ST02 - Undeveloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped

V- Undewveloped
V- Undeweloped
V- Undewveloped
A-CDS 2018
B-CDS 1015
C-CDS 1518
D-CDS 2018
E - CDS 1009
F-CDS 1012

Parameter

Hi-flow bypass rate (cum/sec

)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
PET Scaling Factor

Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)

Total Area (ha)

Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec

Hi-flow bypass rate (cum/sec

R N L N TN

Hi-flow bypass rate (cum/sec

30f32

Min
None
None
None
None
21
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Max

99
99
99
99
21
99
99
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
99
99
99
99
99
99

Actual

0.79
0.91
0.72
21
21

10
218
0.020
1.069
1.09
0.030
1.969

0.202
13.198
134
0476
2482
253
0.006
0.343
0.35
0.005
0.284
0.29
0.001
0.098
0.1
0.159
10.39
10.55
0.107
4.652
4.76
0.55
0.18
0.35
0.55
0.1
0.12



PENRITH

Node Type

GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
GPT
Post
Post
Post
Post
Post
Pre
Swale
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

G- CDS 1009
Humegard 2015
J-CDS 2018

L-CDS 1012

N-CDS 2018

Q-CDS 2018

R-CDS 1518

S - Bypass - CDS 1009
S-CDS 1009

T-CDS 1015

TC - Bypass - CDS 1009
TC-CDS 1012

Trash Rack

U-CDS 2028

V-CDS 2028
Post-Development Node
Post-Development Node
Post-Development Node
Post-Development Node
Post-Development Node
Pre-Development ST02
Swale Reach 1

A-Lots

A- Lots

A-Lots

A-Lots

A-Lots

A-Lots

A- Open Space

A- Open Space

A- Open Space
A-Road

A-Road

A-Road

A-Road

A-Road

A-Road

A- Roof

A- Roof

A- Roof

Parameter

Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec
Hi-flow bypass rate (cum/sec

Hi-flow bypass rate (cum/sec

)
)
)
)
)
)
)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
Hi-flow bypass rate (cum/sec)
% Load Reduction

GP % Load Reduction
TN % Load Reduction
TP % Load Reduction
TSS % Load Reduction
% Load Reduction

Bed slope

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

4 of 32

Min
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
90
45
60
85
None
0.01
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
None
None
None
None
None
None
0.05
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.1
12
0.55
0.12
0.55
0.55
0.35
0.1
0.1
0.18
0.1
0.12
13
0.8
0.8
114
98.4
48.2
63.3
86.9

0.0147
0.963
0.963
0.736
0.736
1.7
1.7
0.515
0.515
1.03
2.875
2.875
0.524
0.524
34
34
1.34

1.34



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

A-Tank

A-Tank

A-Tank

ABypass - Open Space
ABjypass - Open Space
ABypass - Open Space
B-Lots

B-Lots

B-Lots

B-Lots

B-Lots

B-Lots

B - Open Space

B - Open Space

B - Open Space

B - Road

B - Road

B - Road

B - Road

B - Road

B - Road

B - Roof

B - Roof

B - Roof

B - Tank

B - Tank

B - Tank

C - Open Space

C - Open Space

C - Open Space

C - Bypass - Open Space
C - Bypass - Open Space
C - Bypass - Open Space
C-Lots

C-Lots

C-Lots

C-Lots

C-Lots

C-Lots

C-Road

Parameter

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

1.34

1.34
0.715
0.704
142
0.527
0.527
0.402
0.402
0.93
0.93
0.015
0.014
0.03
1.083
1.083
0.186
0.186
127
1.27
0.73

0.73
0.73

0.73
0.165
0.165
0.33
0.575
0.575
1.15
0.907
0.907
0.682
0.682
1.59
1.59
2275



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

C-Road
C-Road
C-Road
C-Road
C-Road

C - Roof

C - Roof

C - Roof
C-Tank
C-Tank
C-Tank

D - Bypass - Open Space
D - Bypass - Open Space
D - Bypass - Open Space
D-Lots
D-Lots
D-Lots
D-Lots

D-Lots
D-Lots

D - Open Space
D - Open Space
D - Open Space
D - Road

D - Road

D - Road

D - Road

D - Road

D - Road

D - Roof

D - Roof

D - Roof

D -Tank

D -Tank

D -Tank
E-Lots

E-Lots

E-Lots

E-Lots

E-Lots

Parameter

Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

2275
0.414
0414
2.69
269
125

1.25
1.25

1.25
0438
0.431
0.87
0.291
0.291
0.218
0.218
0.51
0.51
0.114
0.115
0.23
1.092
1.092
0.187
0.187
1.28
1.28
04

0.4
04

04
0.216
0.216
0.163
0.163
0.38



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

E- Lots

E - Road

E - Road
E-Road

E - Road

E - Road
E-Road

E - Roof

E - Roof

E - Roof
E-Tank

E - Tank

E- Tank

Ext A OpenSpace
Ext A OpenSpace
Ext A OpenSpace
Ext A Road
Ext A Road
Ext A Road
Ext A Roof
Ext A Roof
Ext A Roof
Ext A Urban
Ext A Urban
ExtA Urban
Ext B_Road
ExtB_Road
Ext B_Road
Ext B_Roof
Ext B_Roof
Ext B_Roof
ExtB_Urban
ExtB_Urban
ExtB_Urban
F- Lots
F-Lots
F-Lots
F-Lots
F-Lots
F-Lots

Parameter

Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvous (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvous (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impeniious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.38
0.366
0.366
0.063
0.063
043
043
0.3

0.3
0.3

0.3
1.25
1.25
25
3.773
1.626
54
71

71
4.890
4.909
9.8
3.144
1.355
45

4.790
4.809
9.6
0.172
0.172
0.127
0.127
0.3
0.3



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

F - Open Space
F - Open Space
F - Open Space
F - Road

F - Road

F - Road

F - Road

F - Road

F - Road

F - Roof

F - Roof

F - Roof

F - Tank

F - Tank

F - Tank

G- Lots

G-Lots

G- Lots

G-Lots

G- Lots

G-Lots

G- Open Space
G- Open Space
G- Open Space
G-Road
G-Road
G-Road
G-Road
G-Road

G- Road

G- Roof

G- Roof

G- Roof
G-Tank

G- Tank
G-Tank

J - Bypass - Open Space
J - Bypass - Open Space
J - Bypass - Open Space
J-Lots

Parameter

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenous (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.090
0.089
0.18
0.994
0.994
0.175
0.175
117
117
0.24

0.24
0.24

0.24
0.154
0.154
0.115
0.115
0.27
0.27
0.090
0.089
0.18
0.501
0.501
0.088
0.088
0.59
0.59
0.21

0.21
0.21

0.21
0.54
0.54
1.08
1.160



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

J-Lots
J-Lots
J-Lots
J-Lots
J-Lots
J-Road
J-Road
J-Road
J-Road
J-Road
J-Road
J - Roof
J - Roof
J - Roof
J - Tank
J-Tank
J-Tank
K- Bypass - Open Space
K- Bypass - Open Space
K- Bypass - Open Space
K- Lots
K-Lots
K- Lots
K- Lots
K-Lots
K- Lots
K- Road
K- Road
K- Road
K- Road
K- Road
K- Road
K- Roof
K- Roof
K- Roof
K- Tank
K- Tank
K- Tank
L-Lots
L-Lots

Parameter

Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)

Area Impenvious (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

1.160
0.859
0.859
2.02
2.02
3.020
3.020
0.519
0.519
3.54
3.54
1.59

1.59
1.59

1.59
0.125
0.124
0.25
0416
0416
0.313
0.313
0.73
0.73
0.657
0.657
0.112
0.112
0.77
0.77
0.57

0.57
0.57

0.57
0.247
0.247



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

L-Lots

L-Lots

L-Lots

L-Lots

L - Open Space
L - Open Space
L - Open Space
L - Road

L - Road

L - Road

L - Road

L - Road

L - Road

L - Roof

L - Roof

L - Roof

L - Tank

L - Tank

L - Tank

M- Lots

M- Lots

M- Lots

M- Lots

M- Lots

M- Lots

M- Open Space
M- Open Space
M- Open Space
M- Road

M- Road

M- Road

M- Road

M- Road

M- Road

M- Roof

M- Roof

M- Roof

M- Tank

M- Tank

M- Tank

Parameter

Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.182
0.182
043
0.43
0.025
0.024
0.05
0.691
0.691
0.118
0.118
0.81
0.81
0.34

0.34
0.34

0.34
0.838
0.838
0.631
0.631
147
147
0.055
0.055
0.11
2073
2.073
0.356
0.356
243
243
1.16

1.16
1.16

1.16



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

N - Lots

N - Lots

N - Lots

N - Lots

N-Lots

N - Lots

N - Road

N - Road

N - Road

N - Road

N - Road

N - Road

N - Roof

N - Roof

N - Roof

N - Tank

N - Tank

N - Tank

Pre - ExX B_Road
Pre - EXB_Road
Pre - ExXB_Road
Pre - Ext B_Roof
Pre - Ex B_Roof
Pre - Ext B_Roof
Pre - EXB_Urban
Pre - ExXB_Urban
Pre - EXB_Urban
Q- Lots

Q-Lots

Q- Lots

Q-Lots

Q- Lots

Q- Lots

Q- Open Space
Q- Open Space
Q- Open Space
Q- Road

Q- Road

Q- Road

Q- Road

Parameter

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)

Area Penvious (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

1.021
1.021
0.768
0.768
1.79
1.79
2.888
2.888
0.511
0.511
34
34
14

14
14

14
3.144
1.355
45

4.790
4.809
9.6
1.016
1.016
0.753
0.753
1.77
1.77
0.245
0.245
0.49
3.002
3.002
0.547
0.547



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

Q- Road
Q- Road
Q- Roof
Q- Roof
Q- Roof
Q- Tank
Q- Tank
Q- Tank

R - Bypass - Open Space
R - Bypass - Open Space
R - Bypass - Open Space

R-Lots

R-Lots

R-Lots

R- Lots

R-Lots

R-Lots

R-Road

R - Road

R-Road

R - Road

R-Road

R-Road

R - Roof

R - Roof

R - Roof

R -Tank

R - Tank

R - Tank

Rip A- Open Space
Rip A- Open Space
Rip A- Open Space
Rip A- Road

Rip A- Road

Rip A- Road

Rip A- Road

Rip A- Road

Rip A- Road

Rip B - Open Space
Rip B - Open Space

Parameter

Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)

Area Penvious (ha)
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MusIiC2

Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

3.55
3.55
1.39
0
1.39
1.39
0
1.39
0.0909999999999999
0.0910000000000001
0.182
0.833
0.833
0.636
0.636
147
147
2.207
2207
0.402
0.402
261
261
1.15
0
1.15
1.15
0
1.15
3

3

6
0.187
0.187
0.032
0.032
0.22
0.22
1.801
1.828



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

Rip B - Open Space
Rip C - Open Space
Rip C - Open Space
Rip C - Open Space
S-Bypass - Lots

S -Bypass - Lots
S-Bypass - Lots
S-Bypass - Lots

S - Bypass - Lots
S-Bypass - Lots

S - Bypass - Road
S - Bypass - Road
S - Bypass - Road
S - Bypass - Road
S - Bypass - Road
S - Bypass - Road
S - Bypass - Roof
S - Bypass - Roof
S - Bypass - Roof
S - Bypass - Tank
S - Bypass - Tank
S - Bypass - Tank
S-Lots

S-Lots

S-Lots

S-Lots

S-Lots

S-Lots

S -Road

S-Road

S - Road

S- Road

S - Road

S- Road

S - Roof

S - Roof

S - Roof

S-Tank

S-Tank

S-Tank

Parameter

Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

3.63
2570
2.609
5.18
0.079
0.079
0.060
0.060
0.14
0.14
0.566
0.566
0.103
0.103
0.67
0.67
0.11

0.11
0.11

0.11
0.323
0.323
0.246
0.246
0.57
0.57
0.702
0.702
0.127
0.127
0.83
0.83
045

045
0.45

045



PENRITH

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

T-Lots

T-Lots

T-Lots

T-Lots

T-Lots

T-Lots

T - Open Space

T - Open Space

T - Open Space
T-Road

T-Road

T-Road

T-Road

T-Road

T-Road

T- Roof

T- Roof

T- Roof

T- Tank

T-Tank

T-Tank

TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots

TC - Bypass - Open Space
TC - Bypass - Open Space
TC - Bypass - Open Space

TC - Bypass - Road
TC - Bypass - Road
TC - Bypass - Road
TC - Bypass - Road
TC - Bypass - Road
TC - Bypass - Road
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Tank

Parameter

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0425
0.425
0.324
0.324
0.75
0.75
0.506
0513
1.02
1.605
1.605
0.284
0.284
1.89
1.89
0.59

0.59
0.59

0.59
0.211
0.211
0.158
0.158
0.37
0.37
0.005
0.005
0.01
0.571
0.571
0.098
0.098
0.67
0.67
0.29

0.29
0.29
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Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Only certain parameters are reported when they pass validation

Node Name

TC - Bypass - Tank
TC - Bypass - Tank
TC - Road

TC - Road

TC - Road

TC - Road

TC - Road

TC - Road

TC - Roof

TC - Roof

TC - Roof

TC - Tank

TC - Tank

TC - Tank

TC - Town Centre
TC - Town Centre
TC - Town Centre
U-Lots

U-Lots

U-Lots

U-Lots

U-Lots

U-Lots

U - Open Space
U - Open Space
U - Open Space
U - Road

U - Road

U - Road

U - Road

U - Road

U - Road

U - Roof

U - Roof

U - Roof

U - Tank

U - Tank

U - Tank

V- Lots

V- Lots

Parameter

Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)
Area Impenvious (ha)
Area Penvious (ha)
Area Penvious (ha)
Total Area (ha)

Total Area (ha)

Area Impenvious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenious (ha)
Area Penvious (ha)
Total Area (ha)

Area Impenvious (ha)

Area Impenvious (ha)

15 of 32

Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

MusIiC2

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

0.29
1.066
1.066
0.183
0.183
1.25
1.25
0.29

0.29
0.29

0.29
0.211
0.158
0.37
1.797
1.797
1.372
1.372
317
3.17
1.143
1.126
227
3.823
3.823
0.656
0.656
448
448
249

249
249

249
1.763
1.763
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Node Type Node Name Parameter

Urban V-Lots Area Penvious (ha)
Urban V-Lots Area Penvious (ha)
Urban V- Lots Total Area (ha)
Urban V-Lots Total Area (ha)
Urban V- Open Space Area Impenvious (ha)
Urban V- Open Space Area Penvious (ha)
Urban V- Open Space Total Area (ha)
Urban V- Road Area Impenvous (ha)
Urban V- Road Area Impenvious (ha)
Urban V- Road Area Penvious (ha)
Urban V- Road Area Penvious (ha)
Urban V-Road Total Area (ha)
Urban V- Road Total Area (ha)
Urban V- Roof Area Impenvious (ha)
Urban V- Roof Area Penvious (ha)
Urban V- Roof Total Area (ha)
Urban V- Tank Area Impeniious (ha)
Urban V- Tank Area Penvious (ha)
Urban V- Tank Total Area (ha)

Only certain parameters are reported when they pass validation
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Min

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Max

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

Actual

1.346
1.346
3.1
3.11
0.66
0.66
1.32
5.239
5239
0.900
0.900
6.14
6.14
245

245
245

245
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MusIiC2

Failing Parameters

Node Type Node Name

Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Bio
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

Forest

Bioretention Basin A
Bioretention Basin A
Bioretention Basin B
Bioretention Basin B
Bioretention Basin C
Bioretention Basin C
Bioretention Basin D
Bioretention Basin E
Bioretention Basin E
Bioretention Basin F
Bioretention Basin F
Bioretention Basin F
Bioretention Basin G
Bioretention Basin G
D - Undewveloped
D - Undeweloped
D - Undeweloped
D - Undeweloped
D - Undewveloped
D - Undeweloped
D - Undeweloped
D - Undeweloped
D - Undeweloped
D - Undeweloped
D - Undeweloped
D - Undewveloped
D - Undeweloped
D - Undeveloped
D - Undeweloped
D - Undeweloped
D - Undewveloped
D - Undeweloped
Ext B - Undeveloped
Ext B - Undeweloped
Ext B - Undeveloped
Ext B - Undewveloped
Ext B - Undeveloped
Ext B - Undeveloped
Ext B - Undeveloped
Ext B - Undeveloped

Parameter

Extended detention depth (m)

PET Scaling Factor

Extended detention depth (m)

PET Scaling Factor

Extended detention depth (m)

PET Scaling Factor

Filter depth (m)

Extended detention depth (m)

PET Scaling Factor

Extended detention depth (m)

Hi-flow bypass rate (cum/sec)

PET Scaling Factor

Extended detention depth (m)

PET Scaling Factor

Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenious Area Rainfall Threshold (mm/day)

Penious Area Infiltration Capacity coefficient - a

Penvious Area Infiltration Capacity exponent - b

Penvious Area Soil Initial Storage (% of Capacity)

Penvious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Dewiation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Only certain parameters are reported w hen they pass validation

Node Type  Node Name

Parameter
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Min
01
21
01
21
0.1
21
05
0.1
21
01
None
21
0.1
21
0.11
0.12
-0.85
0.19
1.2
0.17
70
10
14
150
35
30
105
0.3
0.19
-0.89
0.25
0.32
0.11
0.12
-0.85
0.19
1.2
0.17
70
10

Min

Max

03
21
0.3
21
03
21
0.8
03
21
03
99
21
0.3
21
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
0.34
0.19
-0.3
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10

Max

Actual

0.35

0.35

0.35

04
0.35

0.35
100

0.35

-0.52
0.13
-1.52
0.13
0.78
0.13
94
25

180

25
142
-0.05
0.24
-1.1
0.22
0.2
-0.52
0.13
-1.52
0.13
0.78
0.13
94
25

Actual
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Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

Forest

Ext B - Undeveloped

Ext B - Undewveloped

Ext B - Undeveloped

Ext B - Undeveloped

Ext B - Undeveloped

Ext B - Undeveloped

Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeveloped
Ext C - STO1 - Undeweloped
Ext C - STO1 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped

MusIiC2

Penvious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Dewviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenvious Area Rainfall Threshold (mm/day)

Penvious Area Infiltration Capacity coefficient - a

Penious Area Infiltration Capacity exponent - b

Penious Area Soil Initial Storage (% of Capacity)

Penious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Dewviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenious Area Rainfall Threshold (mm/day)

Penious Area Infiltration Capacity coefficient - a

Penvious Area Infiltration Capacity exponent - b

Penvious Area Soil Initial Storage (% of Capacity)

Only certain parameters are reported w hen they pass validation

Node Type

Forest
Forest
Forest
Forest
Forest
Forest
Forest

Forest

Node Name

Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeveloped
Ext C - STO5 - Undeweloped
Ext C - STO5 - Undeweloped
J - Undewveloped

J - Undeweloped

Parameter

Penious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Dewviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitroaen Standard Deviation (loa ma/L)
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105
0.3
0.19
-0.89
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
03
0.19
-0.89
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30

Min
105
03
0.19
-0.89
0.25
0.32
0.11
0.12

105
0.34
0.19
-0.3
0.25
0.32
0.11
0.12
-0.85
0.19
1.2
0.17
70
10
14
150
35
30
105
0.34
0.19
-0.3
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30

Max

105
0.34
0.19
-0.3
0.25
0.32
0.1
0.12

142
-0.05
0.24
-1.1
0.22
0.2
-0.52
0.13
-1.52
0.13
0.78
0.13
94
25

180

25
142
-0.05
0.24
-1.1
0.22
0.2
-0.52
0.13
-1.52
0.13
0.78
0.13
94
25

180

25

Actual

142
-0.05
0.24
-1.1
0.22
0.2
-0.52
0.13
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rorest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

Forest

J - unaeweiopea
J - Undeweloped
J - Undeveloped
J - Undeweloped
J - Undeweloped
J - Undewveloped
J - Undeweloped
J - Undeveloped
J - Undeweloped
J - Undeveloped
J - Undeweloped
J - Undeweloped
J - Undeweloped
L - Undeveloped
L - Undeveloped
L - Undeveloped
L - Undeweloped
L - Undeveloped
L - Undeweloped
L - Undeveloped
L - Undeveloped
L - Undeveloped
L - Undeveloped
L - Undeveloped
L - Undeveloped
L - Undeweloped
L - Undeveloped
L - Undeveloped
L - Undeveloped

MusIiC2

Basenow I10tal Suspenaea Solas sStanaara veviauon (1og mgie)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenious Area Rainfall Threshold (mm/day)

Penious Area Infiltration Capacity coefficient - a

Penvious Area Infiltration Capacity exponent - b

Penious Area Soil Initial Storage (% of Capacity)

Penious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Dewviation (log mg/L)
Stormflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenvious Area Rainfall Threshold (mm/day)

Penvious Area Infiltration Capacity coefficient - a

Penious Area Infiltration Capacity exponent - b

Penious Area Soil Initial Storage (% of Capacity)

Penious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Only certain parameters are reported w hen they pass validation

Node Type

Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

Forest

Node Name

L - Undeveloped
L - Undeveloped
M- Undeweloped
M- Undeveloped
M- Undeweloped
M- Undeveloped
M- Undeweloped
M- Undeweloped
M- Undeveloped
M- Undeweloped
M- Undeveloped
M- Undeweloped
M- Undeveloped
M- Undeweloped
M- Undeveloped

Parameter

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Dewviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenvious Area Rainfall Threshold (mm/day)

Penvious Area Infiltration Capacity coefficient - a

Penious Area Infiltration Capacity exponent - b

Penvious Area Soil Initial Storage (% of Capacity)

Penious Area Soil Storage Capacity (mm)
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uis
70
10
14
150
35
30
105
0.3
0.19
-0.89
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
0.3
0.19
-0.89

Min
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105

uis
70
10
14
150
35
30
105
0.34
0.19
-0.3
0.25
0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
0.34
0.19
-0.3

Max

025
032
0.1
0.12
-0.85
0.19
1.2
017
70
10
14
150
35
30
105

uls
94
25

180

25
142
-0.05
0.24
A1
022
02
-052
0.13
152
0.13
078
0.13
%4
25

180

25
142
-0.05
0.24
-1.1

Actual

0.22
0.2
-0.52
0.13
-1.52
0.13
0.78
0.13
94
25

180

25
142
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Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest

Forest

M- Undeveloped

Pre ST02 - Undeweloped
Pre ST02 - Undeveloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeweloped
Pre ST02 - Undeveloped
Pre ST02 - Undeweloped
Pre ST02 - Undeveloped
V- Undeweloped

V- Undeweloped

MusIiC2

Stormflow Total Suspended Solids Standard Dewviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Dewviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenious Area Rainfall Threshold (mm/day)

Penvious Area Infiltration Capacity coefficient - a

Penvious Area Infiltration Capacity exponent - b

Penvious Area Soil Initial Storage (% of Capacity)

Penvious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Dewviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewviation (log mg/L)

Only certain parameters are reported when they pass validation

Node Type Node Name

Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
Forest
GPT
GPT
Pre
Pre
Pre
Pre

Rain

V- Undeweloped

V- Undeweloped

V- Undeweloped

V- Undeweloped

V- Undeveloped

V- Undewveloped

V- Undeveloped

V- Undeweloped

V- Undewveloped

V- Undeweloped

V- Undeweloped

V- Undeweloped

V- Undeweloped

V- Undeveloped

V- Undeweloped

V- Undeveloped
HumeGard
K-Humegard 2015
Pre-Development ST02
Pre-Development ST02
Pre-Development ST02
Pre-Development ST02

Rainwater Tank - A

Parameter

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenious Area Rainfall Threshold (mm/day)

Penious Area Infiltration Capacity coefficient - a

Penious Area Infiltration Capacity exponent - b

Penvious Area Soil Initial Storage (% of Capacity)

Penious Area Soil Storage Capacity (mm)

Stormflow Total Nitrogen Mean (log mg/L)

Stormflow Total Nitrogen Standard Deviation (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Standard Dewiation (log mg/L)
Hi-flow bypass rate (cum/sec)

Hi-flow bypass rate (cum/sec)

GP % Load Reduction

TN % Load Reduction

TP % Load Reduction

TSS % Load Reduction

% Reuse Demand Met
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0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
03
0.19
-0.89
0.25
0.32
0.11
0.12

Min
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
0.3
0.19
-0.89
0.25
0.32
None
None
90
45
60
85
80

0.32
0.11
0.12
-0.85
0.19
12
0.17
70
10
14
150
35
30
105
0.34
0.19
-0.3
0.25
0.32
0.11
0.12

Max

-0.85
0.19
12
0.17
70

10
14
150
35
30
105
0.34
0.19
-0.3
0.25
0.32
99
99
None
None
None
None

None

0.2
-0.52
0.13
-1.52
0.13
0.78
0.13
94
25

180

25
142
-0.05
0.24
-1.1
0.22
0.2
-0.52
0.13

Actual

-1.52
0.13
0.78
0.13
94
25

180
3

25
142
-0.05
0.24
-1.1
0.22
0.2
100
100
87.7
0
-3.04
-1.78
36.5383



PENRITH

rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain

Rain

Rainwarter 1ank - A
Rainwater Tank - B
Rainwater Tank - B
Rainwater Tank - B
Rainwater Tank - B
Rainwater Tank - B
Rainwater Tank - C
Rainwater Tank - C
Rainwater Tank - C
Rainwater Tank - C
Rainwater Tank - C
Rainwater Tank - D
Rainwater Tank - D

Rainwater Tank - D

101al SUSpPenaea SoIias - L (Mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Only certain parameters are reported when they pass validation

Node Type
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain

Rain

Node Name

Rainwater Tank - D
Rainwater Tank - D
Rainwater Tank - E
Rainwater Tank - E
Rainwater Tank - E
Rainwater Tank - E
Rainwater Tank - E
Rainwater Tank - F
Rainwater Tank - F
Rainwater Tank - F
Rainwater Tank - F
Rainwater Tank - F
Rainwater Tank - G
Rainwater Tank - G
Rainwater Tank - G
Rainwater Tank - G
Rainwater Tank - G
Rainwater Tank - J

Rainwater Tank - J

Rainwater Tank - J

Rainwater Tank - J

Rainwater Tank - J

Rainwater Tank - K
Rainwater Tank - K
Rainwater Tank - K
Rainwater Tank - K
Rainwater Tank - K
Rainwater Tank - L

Rainwater Tank - L

Rainwater Tank - L

Parameter

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)
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1Z
36.0763
3500
14
0.13

12
37.7301
3500
14
0.13

12
37.7545
3500
14

Actual

0.13

12
36.335
3500
14
0.13

12
36.3933
3500
14
0.13

12
40.6246
3500
14
0.13

12
38.36
3500
14
0.13

12
38.8473
3500
14
0.13

12
40.91
3500
14



PENRITH

Rain
Rain
Rain
Rain
Rain

Rain

Rainwater Tank - M
Rainwater Tank - M
Rainwater Tank - M
Rainwater Tank - N
Rainwater Tank - N

Rainwater Tank - N

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)
Total Nitrogen - C** (mg/L)

Only certain parameters are reported w hen they pass validation

Node Type
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Rain

Rain

Node Name

Rainwater Tank - N
Rainwater Tank - N
Rainwater Tank - Q
Rainwater Tank - Q
Rainwater Tank - Q
Rainwater Tank - Q
Rainwater Tank - Q
Rainwater Tank - R
Rainwater Tank - R
Rainwater Tank - R
Rainwater Tank - R
Rainwater Tank - R
Rainwater Tank - S
Rainwater Tank - S
Rainwater Tank - S
Rainwater Tank - S

Rainwater Tank - S

Rainwater Tank - S Bypass
Rainwater Tank - S Bypass
Rainwater Tank - S Bypass
Rainwater Tank - S Bypass

Rainwater Tank - S Bypass

Rainwater Tank - T
Rainwater Tank - T
Rainwater Tank - T
Rainwater Tank - T
Rainwater Tank - T
Rainwater Tank - TC
Rainwater Tank - TC
Rainwater Tank - TC
Rainwater Tank - TC
Rainwater Tank - TC

Rainwater Tank - TC Bypass
Rainwater Tank - TC Bypass
Rainwater Tank - TC Bypass
Rainwater Tank - TC Bypass
Rainwater Tank - TC Bypass

Rainwater Tank - U

Parameter
Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)
% Reuse Demand Met
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Min

80

80

None

14
0.13
12
34.76
3500
14

Actual

013
12
34.64
3500
14
013
12
3541
3500
14
0.13
12
36.7933
3500
14
0.13
12
46,4443
3500
14
0.13
12
37.94
3500
14
0.13
12
4820
3500
14
013
12
30.04
3500
14
013
12
3575
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Node Type
Rain
Rain
Rain
Rain
Rain
Rain
Rain
Swale
Swale
Swale
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

Rainwater Tank - U
Rainwater Tank - U
Rainwater Tank - V
Rainwater Tank - V
Rainwater Tank - V
Rainwater Tank - V
Rainwater Tank - V
Swale Reach 2

Swale Reach 3

Swale Reach 4

A-Lots

A-Lots

A-Lots

A-Lots

A- Lots

A- Open Space

A- Open Space

A- Open Space

A- Open Space

A- Open Space
A-Road

A- Roof

A- Roof

A- Roof

A- Roof

A- Roof

A- Roof

A-Tank

A-Tank

A-Tank

A-Tank

A-Tank

A-Tank

ABypass - Open Space
ABjypass - Open Space
ABypass - Open Space
ABjypass - Open Space
ABypass - Open Space
B-Lots

B-Lots

Parameter

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

% Reuse Demand Met

Threshold Hydraulic Loading for C** (m/yr)

Total Nitrogen - C** (mg/L)

Total Phosphorus - C** (mg/L)

Total Suspended Solids - C** (mg/L)

Bed slope

Bed slope

Bed slope

Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Only certain parameters are reported when they pass validation

Node Type

Urban
Urban

Node Name

B-Lots
B-Lots

Parameter

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
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0.01
0.01
0.01
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66

1.95

-0.05
-1.22

Min

-0.66

0.05
0.05
0.05
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66

1.95

-0.05
-1.22

Max

-0.66

Actual

0.13
12
36.44
3500
14
0.13
12
0.007
0.007
0.007
0.1
-0.85
12
06
215
0.1
-0.85
12
-0.6
215
243

O O O O O o o o o o

0.1
-0.85
12
06
215
0.1
-0.85

Actual

12
-0.6



PENRITH

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

B - Open Space

B - Open Space

B - Road

B - Roof

B - Roof

B - Roof

B - Roof

B - Roof

B - Roof

B - Tank

B - Tank

B - Tank

B-Tank

B - Tank

B - Tank

C - Open Space

C - Open Space

C - Open Space

C - Open Space

C - Open Space

C - Bypass - Open Space
C - Bypass - Open Space
C - Bypass - Open Space
C - Bypass - Open Space
C - Bypass - Open Space
C-Lots

C-Lots

C-Lots

C-Lots

C-Lots

C-Road

C - Roof

C - Roof

C - Roof

MusIiC2

Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Only certain parameters are reported w hen they pass validation

Node Type Node Name

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

C - Roof
C - Roof
C - Roof
C-Tank
C-Tank
C-Tank
C-Tank
C-Tank
C-Tank
D - Bwass - Open Space

Parameter

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitroaen Mean (loa ma/l)
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-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
-0.05
-1.22
1.15
-0.66
1.95

0.32
0.12
-0.82

Min
0.19
11
0.17
0.32
0.12
-0.82
0.19
1.1
0.17
-0.05

-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
-0.05
-1.22
1.15
-0.66
1.95

0.32
0.12
-0.82

Max

0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05

-06
215
243

O O O O O o o o o o

0.11
-0.85
12
-0.6
2.15
0.11
-0.85
12
-06
215
0.11
-0.85
12
-0.6
215
243

Actual

O O ©O O O o o o o o
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MusIiC2

uroan U - BYpass - upen sSpace SOrMmmow 01l dSuspenaea Solas ivean (1og mgiL) 1.90
Urban D-Lots Baseflow Total Nitrogen Mean (log mg/L) -0.05
Urban D-Lots Baseflow Total Phosphorus Mean (log mg/L) -1.22
Urban D-Lots Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Urban D-Lots Stormflow Total Phosphorus Mean (log mg/L) -0.66
Urban D-Lots Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Urban D - Open Space Baseflow Total Nitrogen Mean (log mg/L) -0.05
Urban D - Open Space Baseflow Total Phosphorus Mean (log mg/L) -1.22
Urban D - Open Space Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Urban D - Open Space Stormflow Total Phosphorus Mean (log mg/L) -0.66
Urban D - Open Space Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Urban D - Road Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban D - Road Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban D - Road Stormflow Total Suspended Solids Mean (log mg/L) 3
Urban D - Roof Baseflow Total Nitrogen Mean (log mg/L) 0.32
Urban D - Roof Baseflow Total Nitrogen Standard Deviation (log mg/L) 0.12
Urban D - Roof Baseflow Total Phosphorus Mean (log mg/L) -0.82
Urban D - Roof Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban D - Roof Baseflow Total Suspended Solids Mean (log mg/L) 1.1
Urban D - Roof Baseflow Total Suspended Solids Standard Deviation (log mg/L) 0.17
Urban D -Tank Baseflow Total Nitrogen Mean (log mg/L) 0.32
Urban D -Tank Baseflow Total Nitrogen Standard Deviation (log mg/L) 0.12
Urban D -Tank Baseflow Total Phosphorus Mean (log mg/L) -0.82
Urban D -Tank Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban D -Tank Baseflow Total Suspended Solids Mean (log mg/L) 11
Urban D-Tank Baseflow Total Suspended Solids Standard Deviation (log mg/L) 0.17
Urban E-Lots Baseflow Total Nitrogen Mean (log mg/L) -0.05
Only certain parameters are reported w hen they pass validation
Node Type Node Name Parameter Min
Urban E-Lots Baseflow Total Phosphorus Mean (log mg/L) -1.22
Urban E-Lots Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Urban E-Lots Stormflow Total Phosphorus Mean (log mg/L) -0.66
Urban E-Lots Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Urban E - Road Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban E - Road Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban E - Road Stormflow Total Suspended Solids Mean (log mg/L) 3
Urban E - Roof Baseflow Total Nitrogen Mean (log mg/L) 0.32
Urban E - Roof Baseflow Total Nitrogen Standard Deviation (log mg/L) 0.12
Urban E - Roof Baseflow Total Phosphorus Mean (log mg/L) -0.82
Urban E - Roof Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Urban E - Roof Baseflow Total Suspended Solids Mean (log mg/L) 1.1
Urban E - Roof Baseflow Total Suspended Solids Standard Deviation (log mg/L) 0.17
Urban E- Tank Baseflow Total Nitrogen Mean (log mg/L) 0.32
Urban E - Tank Baseflow Total Nitrogen Standard Deviation (log mg/L) 0.12
Urban E - Tank Baseflow Total Phosphorus Mean (log mg/L) -0.82
Urban E- Tank Baseflow Total Phosphorus Standard Dewviation (log mg/L) 0.19

250f32

1.90
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
0.19
0.19

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05

Max

-1.22

-0.66
1.95
0.19
0.19

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19

210
0.11
-0.85
12
-0.6
215
0.11
-0.85
12
-0.6
215
0.9
0.9
243

O O O O O O O o o o o o

Actual

-0.85
12
-0.6
215
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Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Ext A Roof

Ext A Roof

Ext A Roof

Ext A Roof

Ext B_Roof

Ext B_Roof

Ext B_Roof

Ext B_Roof

Ext B_Roof

Ext B_Roof
F-Lots

F-Lots

F-Lots

F-Lots

F-Lots

F - Open Space
F - Open Space
F - Open Space
F - Open Space

MusIiC2

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Dewviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)

Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)

Stormflow Total Phosphorus Mean (log mg/L)

Only certain parameters are reported when they pass validation

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

F - Open Space
F - Road

F - Roof

F - Roof

F - Roof

F - Roof

F - Roof

F - Roof

F - Tank

F - Tank

F - Tank

F - Tank

F - Tank

F - Tank
G-Lots

G-Lots

G-Lots

G-Lots

G-Lots

G- Open Space
G- Open Space
G- Open Space
G- Open Space
G- Open Space
G-Road

Parameter

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (loa ma/L)
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-0.85
0.19
12
0.17
0.11
0.12
-0.85
0.19
12
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66

Min

1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
3

-0.85
0.19
12
0.17
0.11
0.12
-0.85
0.19
12
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66

Max

1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
3

O O O O O o o o o

0.1
-0.85
12
-0.6
215
0.1
-0.85
12
-0.6

Actual

215
243

O O O O O o o o o o

0.1
-0.85
12
-0.6
215
0.11
-0.85
12
-0.6
215
243



PENRITH

uroan
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

G- Koot
G- Roof
G- Roof
G-Tank
G-Tank
G-Tank
G-Tank
G-Tank
G- Tank
J - Bypass - Open Space
J - Bypass - Open Space
J - Bypass - Open Space

Only certain parameters are reported when they pass validation

Node Type Node Name

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

J - Bypass - Open Space
J - Bypass - Open Space
J-Lots

J-Lots

J-Lots

J-Lots

J-Lots

J-Road

J - Roof

J - Roof

J - Roof

J - Roof

J - Roof

J - Roof

J-Tank

J-Tank

J-Tank

J-Tank

J-Tank

J-Tank

K- Bypass - Open Space
K- Bypass - Open Space
K- Bypass - Open Space
K- Bypass - Open Space
K- Bypass - Open Space
K- Lots

K- Lots

K- Lots

K- Lots

K- Lots

K-Road

K- Roof

MusIiC2

Basenow |0l FNnosSpnorus Stanaara veviauon (1og mgiL) U1y
Baseflow Total Suspended Solids Mean (log mg/L) 1.1
Baseflow Total Suspended Solids Standard Dewiation (log mg/L) 0.17
Baseflow Total Nitrogen Mean (log mg/L) 0.32
Baseflow Total Nitrogen Standard Dewiation (log mg/L) 0.12
Baseflow Total Phosphorus Mean (log mg/L) -0.82
Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Baseflow Total Suspended Solids Mean (log mg/L) 1.1
Baseflow Total Suspended Solids Standard Deviation (log mg/L) 0.17
Baseflow Total Nitrogen Mean (log mg/L) -0.05
Baseflow Total Phosphorus Mean (log mg/L) -1.22
Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Parameter Min
Stormflow Total Phosphorus Mean (log mg/L) -0.66
Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Baseflow Total Nitrogen Mean (log mg/L) -0.05
Baseflow Total Phosphorus Mean (log mg/L) -1.22
Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Stormflow Total Phosphorus Mean (log mg/L) -0.66
Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Stormflow Total Suspended Solids Mean (log mg/L) 3
Baseflow Total Nitrogen Mean (log mg/L) 0.32
Baseflow Total Nitrogen Standard Deviation (log mg/L) 0.12
Baseflow Total Phosphorus Mean (log mg/L) -0.82
Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Baseflow Total Suspended Solids Mean (log mg/L) 1.1
Baseflow Total Suspended Solids Standard Deviation (log mg/L) 0.17
Baseflow Total Nitrogen Mean (log mg/L) 0.32
Baseflow Total Nitrogen Standard Deviation (log mg/L) 0.12
Baseflow Total Phosphorus Mean (log mg/L) -0.82
Baseflow Total Phosphorus Standard Deviation (log mg/L) 0.19
Baseflow Total Suspended Solids Mean (log mg/L) 11
Baseflow Total Suspended Solids Standard Dewviation (log mg/L) 0.17
Baseflow Total Nitrogen Mean (log mg/L) -0.05
Baseflow Total Phosphorus Mean (log mg/L) -1.22
Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Stormflow Total Phosphorus Mean (log mg/L) -0.66
Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Baseflow Total Nitrogen Mean (log mg/L) -0.05
Baseflow Total Phosphorus Mean (log mg/L) -1.22
Baseflow Total Suspended Solids Mean (log mg/L) 1.15
Stormflow Total Phosphorus Mean (log mg/L) -0.66
Stormflow Total Suspended Solids Mean (log mg/L) 1.95
Stormflow Total Suspended Solids Mean (log mg/L) 3
Baseflow Total Nitrogen Mean (log mg/L) 0.32
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vy
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22
1.15

Max

-0.66
1.95

-0.05
-1.22

-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

0.32

O O O O O O o c

0.11
-0.85
12

Actual

06
215
0.1
-0.85
12
-0.6
215
243

O O O O O o o o o o

0.1
-0.85
12
06
215
0.1
-0.85
12
-0.6
215
243
0



PENRITH

Urban
Urban
Urban
Urban

K- Roof
K- Tank
K- Tank
K- Tank

MusIiC2

Baseflow Total Suspended Solids Standard Deviation (log mg/L) 0.17

Baseflow Total Nitrogen Mean (log mg/L)
Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Only certain parameters are reported w hen they pass validation

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

K- Tank

K- Tank

K- Tank
L-Lots

L-Lots

L-Lots

L-Lots

L-Lots

L - Open Space
L - Open Space
L - Open Space
L - Open Space
L - Open Space
L - Road

L - Roof

L - Roof

L - Roof

L - Roof

L - Roof

L - Roof

L - Tank

L - Tank

L - Tank

L - Tank

L - Tank

L - Tank

M- Lots

M- Lots

M- Lots

M- Lots

M- Lots

M- Open Space
M- Open Space
M- Open Space
M- Open Space
M- Open Space
M- Road

M- Road

M- Road

M- Roof

Parameter

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Phosphorus Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitroaen Mean (loa ma/l)
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0.32
0.12
-0.82

Min
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
0.19
0.19

0.32

0.17
0.32
0.12
-0.82

Max

0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
0.19
0.19

0.32

o O o o

Actual

0.11
-0.85
12
-0.6
215
0.11
-0.85
12
-0.6
215
243

O O O O O o o o o o

0.11
-0.85
12
-0.6
215
0.11
-0.85
12
-0.6
215
0.9
0.9
243



PENRITH

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Wi nou
M- Roof

M- Roof

M- Roof

M- Roof

M- Tank

M- Tank

M- Tank

M- Tank

M- Tank

M- Tank
N-Lots

N - Lots

N- Lots

N - Lots

N - Lots
N-Road

N - Roof

N - Roof

N - Roof

N - Roof

N - Roof

N - Roof

N - Tank

N - Tank

N - Tank

N - Tank

N - Tank

N - Tank

Pre - Ex B_Roof
Pre - EX B_Roof
Pre - Ex B_Roof
Pre - Ext B_Roof
Pre - Ex B_Roof
Pre - Ex B_Roof
Q- Lots

Q- Lots

Q- Lots

Q- Lots

Q-Lots

DASTHUW UG INIUUYST T OLal IUGIU LIGVIAUUT T IVY 1TY/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)

Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)

Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)

Only certain parameters are reported when they pass validation

Node Type

Urban
Urban
Urban
Urban

Node Name

Q- Open Space
Q- Open Space
Q- Open Space
Q- Open Space

Parameter

Baseflow Total Nitrogen Mean (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
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Min
-0.05
-1.22

-0.66

Max

-0.05
-1.22

-0.66

C

O O O O o o o o o

0.11
-0.85
12
-0.6
215
243

O O O O O O O O O o o o o o o o

0.11
-0.85
12
-0.6
215

Actual

0.1
-0.85
12
-0.6



PENRITH

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

R - Bypass - Open Space
R - Bypass - Open Space
R - Bypass - Open Space
R - Bypass - Open Space
R - Bypass - Open Space
R - Bypass - Open Space
R - Bypass - Open Space
R-Lots

R-Lots

R-Lots

R-Lots

R-Lots

R - Road

R - Roof

R-Tank

Rip A- Open Space

Rip A- Open Space

Rip A- Open Space

Rip A- Open Space

Rip A- Open Space

Rip A- Road

Rip B - Open Space

Rip B - Open Space

Rip B - Open Space

Rip B - Open Space

Rip B - Open Space

Rip C - Open Space

Rip C - Open Space

Rip C - Open Space

Rip C - Open Space

Rip C - Open Space
S-Bypass - Lots

MusIiC2

Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenious Area Rainfall Threshold (mm/day)
Penious Area Infiltration Capacity coefficient - a
Penious Area Infiltration Capacity exponent - b
Penvious Area Soil Initial Storage (% of Capacity)
Penious Area Soil Storage Capacity (mm)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Only certain parameters are reported w hen they pass validation

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

S-Bypass - Lots
S-Bypass - Lots
S-Bypass - Lots
S - Bypass - Lots
S - Bypass - Road
S - Bypass - Roof
S - Bypass - Tank
S-Lots

S-Lots

S-Lots

S-Lots

S-Lots

Parameter

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Phosphorus Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)

Stormflow Total Suspended Solids Mean (loa ma/L)
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70
10
14
150
35
30
105
-0.05
-1.22
1.15
-0.66
1.95

0.19
0.19
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
-0.05

Min

-1.22

-0.66
1.95

0.19
0.19
-0.05
-1.22
1.15
-0.66
1.95

70
10
14
150
35
30
105
-0.05
-1.22
1.15
-0.66
1.95

0.19
0.19
-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95

-0.05
-1.22

-0.66
1.95
-0.05

Max

-1.22

-0.66
1.95

0.19
0.19
-0.05
-1.22
1.15
-0.66
1.95

80

200

25
120
0.11
-0.85
12
-0.6
215
243

0.1
-0.85
12
-0.6
215
243
0.1
-0.85
12
06
215
0.1
-0.85
12
-06
215
0.1

Actual

-0.85
12
-0.6
215
243

0.11
-0.85
12
-0.6
215



PENRITH

uroan
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

I -LOIS

T-Lots

T-Lots

T-Lots

T-Lots

T - Open Space
T- Open Space

T - Open Space
T- Open Space
T- Open Space

T - Open Space
T- Open Space
T-Road

T- Roof

T-Tank

TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots
TC - Bypass - Lots

TC - Bypass - Open Space
TC - Bypass - Open Space
TC - Bypass - Open Space
TC - Bypass - Open Space
TC - Bypass - Open Space

MusIiC2

Basenow 10tal Nirogen ivean (1og mgiL)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Field Capacity (mm)

Groundwater Daily Baseflow Rate (%)

Impenvious Area Rainfall Threshold (mm/day)
Penious Area Infiltration Capacity coefficient - a
Penious Area Infiltration Capacity exponent - b
Penious Area Soil Initial Storage (% of Capacity)
Penious Area Soil Storage Capacity (mm)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Phosphorus Standard Dewviation (log mg/L)
Baseflow Total Phosphorus Standard Dewiation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Phosphorus Mean (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)
Stormflow Total Phosphorus Mean (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)

Only certain parameters are reported when they pass validation

Node Type

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

Node Name

TC - Bypass - Road
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Roof
TC - Bypass - Tank
TC - Bypass - Tank
TC - Bypass - Tank
TC - Bypass - Tank
TC - Bypass - Tank
TC - Bypass - Tank
TC - Road
TC - Roof
TC - Roof
TC - Roof
TC - Roof
TC - Roof

Parameter

Stormflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Dewviation (log mg/L)
Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Deviation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Suspended Solids Standard Deviation (log mg/L)
Stormflow Total Suspended Solids Mean (log mg/L)

Baseflow Total Nitrogen Mean (log mg/L)

Baseflow Total Nitrogen Standard Dewiation (log mg/L)
Baseflow Total Phosphorus Mean (log mg/L)

Baseflow Total Phosphorus Standard Deviation (log mg/L)
Baseflow Total Suspended Solids Mean (log mg/L)

310f32

-L.Ud

-1.22

-0.66
1.95
70
10
14
150
35
30
105

0.19
0.19
-0.05
-1.22

-0.66
1.95
-0.05
-1.22
1.15
-0.66
1.95

Min

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17

0.32
0.12
-0.82
0.19
11

-L.Ud

-1.22

-0.66
1.95
70
10
14
150
35
30
105

0.19
0.19
-0.05
-1.22

-0.66
1.95
-0.05
-1.22
1.15
-0.66
1.95

Max

0.32
0.12
-0.82
0.19
11
0.17
0.32
0.12
-0.82
0.19
11
0.17

0.32
0.12
-0.82
0.19
11

AN
-0.85
12
-0.6
215
80

200

25
120
243

0.11
-0.85
12
-0.6
215
0.11
-0.85
12
-0.6
215

Actual

243



PENRITH

Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban
Urban

TC - Tank

TC - Tank

TC - Tank
U-Lots
U-Lots
U-Lots
U-Lots
U-Lots

U - Open Space
U - Open Space
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Abstract: Field testing of a proprietary stormwater treatment device (GPT) was undertaken over a
one year period at a commercial site located in Sippy Downs, Queensland. The focus of the study
was primarily on evaluating the effectiveness of the GPT device in removing pollution in the form
of nutrients (Total Suspended Solids, Total Nitrogen, Total Phosphorus) from stormwater runoff.
Water quality analysis was performed on water samples taken from the inflow and outflow of the GPT
during 15 natural rainfall events. A new testing protocol was developed to ensure a comprehensive
investigation of the stormwater treatment performance of the GPT. Pollution treatment Efficiency
Ratios (ER) calculated for the GPT were found to be 49.2% for TSS, 26.6% for TN and 40.6% for TP.
Although the nutrient removal rates of the GPT observed in the study were below those specified by
Queensland regulations, the results are considered notable for a stormwater treatment device that
was not specifically designed to remove nutrients from stormwater.

Keywords: stormwater pollution; gross pollutant trap; nitrogen; phosphorus; suspended solids

1. Introduction

The increase in impervious surface area associated with urban development has resulted in greater
stormwater runoff volumes and increased pollution loads for downstream receiving waters [1-3].
The management of stormwater in urban areas has therefore become a priority issue for the planning,
construction and maintenance of urban developments [4].

A wide range of stormwater treatment devices (including swales, bioretention systems and
constructed wetlands) have been implemented in urban areas over the last few decades to manage
stormwater and to reduce peak flows and downstream pollution loads [5,6]. Compared to some
more conventional stormwater treatment approaches, which can often be quite complex, proprietary
treatment devices are designed for easy installation and maintenance. These devices are becoming
ever-more popular in Australia, as well as throughout the rest of the world [7,8]. There has been
a range of studies that have focused on the performance and evaluation of conventional treatment
devices. However, because proprietary stormwater treatment devices are generally constructed by
different companies, only a few independent studies have reviewed their performance [9,10].

Gross pollutant traps (GPT) are one type of proprietary stormwater treatment device that have
been widely used for the primary treatment of stormwater runoff in urban catchments. GPTs are
designed to remove gross pollutants (litter and sediment larger than 5 mm in size) [11-13] from
stormwater runoff to prevent them from being transported to downstream receiving waters. Although
not specifically designed to remove nutrients such as nitrogen and phosphorous from stormwater,
GPTs may also reduce the concentrations of these pollutants.
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In order to evaluate the pollutant removal capacity of the GPT system, a field monitoring program
was developed and implemented at the University of the Sunshine Coast in 2011. The objective of the
study was to evaluate the water quality improvement performance of a Humegard® (Humes, Brisbane,
Australia) HG27 during real rainfall events, and to verify its effectiveness in relation to solids, total
nitrogen (TN) and total phosphorous (TP) removal. This paper outlines the testing methodology used
in the study and presents the study results.

2. Methodology

2.1. Pollutant Trap Description

One type of manufactured GPT is the Humegard®. It uses screening as the dominant mechanism
to trap gross pollutants, while its supplementary sedimentation and filtration capabilities are claimed
to also effectively remove pollutants including total suspended solids (TSS), nutrients, hydrocarbons
and heavy metals (Figure 1). The GPT incorporates a unique floating boom and a storage chamber
to allow continual capture of floating material, even during peak flows. The GPT is designed to be
installed within stormwater drainage systems, and in retrofit circumstances installation is constrained
by flat grades, and low head availability. The floating boom is designed to divert floating matter into
the storage chamber at most normal flow ranges. In order to minimise potential upstream backwater
effects, the flow can bypass the chamber and flow directly under the boom to the outlet during major
rainfall events.

Inlet pipe

Figure 1. Schematic of a Humegard® GPT system showing flow of stormwater and treatment
processes (Humes).

A comprehensive study by Phillips [14] effectively demonstrated the pollution removal of the
Humegard® GPT system with respect to gross pollutants and sediment, however, there have been no
studies to date that have focused on the nutrient removal performance of the system. This is necessary
for a more complete understanding of the pollution removal performance of the GPT device.
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2.2. Catchment Characteristics

Testing was undertaken over a period of 2 years at a commercial site in Sippy Downs,
approximately 100 km north of Brisbane, Australia. The catchment drainage area consists of sealed
car parks (50%), building roofs (35%), and approximately 15% open space containing lawns and
intermittent impervious paved surfaces (concrete pathways). Approximately 85% of the total catchment
area is impervious. The open spaces consist mainly of grassed areas with minimal vegetation,
such as small sedges (Carex appressa) in the car park dividers, and a few isolated Paperbark trees
(Melaleuca quinquenervia). The site possesses sandy-clay type soil with generally level topography
(slope 1%—4%).

The GPT was positioned to treat the runoff generated from a 6 ha sub-catchment that drains into
the Mooloolah River National Park (Figure 2). The average annual rainfall of the study catchment area
is approximately 1650 mm [15] with the greatest proportion generated during spring and summer
months (September—February) from high intensity rainfall events.

Catchment inflow GPT Outflow

—
Humegard HG27 0.75m Outlet

Pipe

—
Culvert 1.2m wide x 0.8m high

I 08 Y

Figure 2. Study catchment at the University of the Sunshine Coast, Sippy Downs.

The catchment characteristics (Figure 3) included a series of grassy slopes (1%-3%), rock swales,
impervious concrete surfaces and drains, and carparks, leading to an underground pipe, which directly
feeds into the GPT.

The GPT was installed in December, 2011 and after initial commissioning of the unit, was
monitored from June 2013 to March 2014. The Humegard® GPT has been specifically designed
to capture up to 85% of TSS greater than 150 microns in size [13], and it was thought that much of the
nutrient removal performance would be linked to pollution attachment to the sediment captured.
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Figure 3. Catchment characteristics: (a) concrete surfaces; (b) carparks and grassy slopes; (c) rock
swales; and (d) pit entry to underground pipe (arrow shows GPT location).

The manufacturer recommends that the GPT should be maintained at least annually. However,
this is also dependent on observed pollution loads. Maintenance generally includes the removal of
sediment from the sump of the unit using a truck-mounted suction hose. The unit was maintained and
cleaned directly before the start of this study. However, no maintenance of the unit was undertaken
during the test period to ensure that all sediment and nutrients were captured during the study.

2.3. Sampling Protocol

A sampling protocol was developed specifically to provide a sufficient number of valid sampling
events and water quality samples for analysis (Table 1). These were required to demonstrate the
pollution removal performance of the GPT under an appropriate range of natural rainfall and
runoff conditions.

The output signals from all the monitoring equipment installed on the GPT in the study were
logged using a CR800 Campbell Scientific data logger. Time-weighted subsamples (200 mL) were taken
every 10 min to provide sampling intervals that would cover at least 60% of the hydrograph generated
by any given rainfall event. A Starflow ultrasonic probe was located in the bypass outlet to measure
flowrates through the system. All subsamples collected during runoff events were composited within
the automatic sampler storage bottles. Sampling events that collected insufficient volume for the
chemical analyses in Table 1 to be undertaken were discarded and recorded as non-qualifying events.
These are not included in the results presented in this paper.

The minimum antecedent dry period was set at 24 h to enable a differentiation between individual
rainfall events. This was generally found to be suitable unless the influent pollutant concentrations
were found to be below the limits of detection in which case the event was discarded. The minimum
event rainfall intensity required to trigger the auto-samplers was set at 2 mm in 30 min.
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Table 1. Test Methods and Sampling Protocol.

Requirements

Criteria

Details

Minimum Qualifying Events

15

[16]

Minimum Rainfall Intensity

2 mm in 30 min

Pluviometer (0.2 mm increments)
TB3-Hydrological Services

Minimum Storm Duration 15 min Necessary to achieve 8 aliquots.
Minimum Antecedent Period 24 h [16]
Minimum number.and volume 8 at 200 mL Composite sample minimum volume
of sample aliquots 16L

Sample method

ISCO GLS Auto-samplers

Collected within 4 h of storm end.

Time-weighted samples

Every 10 min

Starflow ultrasonic probes at pipe outlet

HDPE or glass bottles, Cool to 4 °C,

Total Suspended Solids (TSS) APHA (2005) 2540 D maximum hold time 24 h
. HDPE or glass bottles, Cool to 4 °C,
Total Nitrogen & TKN APHA (2005) 4500 N collect ASAP, maximum hold time 48 h
HDPE or glass bottles, Cool to 4 °C,
Toglltiho;phoi‘lottls & APHA (2005) 4500 P collect as soon as possible, maximum
rriophosphate hold time 48 h
NATA registered for all

Laboratory Certification

parameters except PSD

Quality Assurance/
Quality Control

Random duplicates and blanks

in accordance with relevant
Australian Standards

Notes: APHA: American Public Health Association; NATA: National Association of Testing Authorities,
Australia; HDPE: High-density polyethylene; PSD: Particle size distribution.

2.4. Performance Metrics

A number of calculation methodologies were used to determine pollution removal performance

metrics. These include: Event Mean Concentration (EM—Equation (1)), Average Concentration
Removal Efficiency (Avg.CRE—Equation (2)), and Efficiency Ratio (E—Equation (3)) [17-19]. The value
of CRE as an effective metric has been reduced as a reliable metric since minor variation (+1 mg/L)
observed in the analytical variability has significant influence on the metric at low influent
concentrations, and so ER has been used as the primary metric in this study [19,20]. Prior to statistical
testing, concentrations of TSS, TN and TP were log transformed (Equation (4)) to achieve normality
(Ryan-Joiner p > 0.01). A paired T-test was performed on the log-transformed data to calculate if the
difference between means was significant [21,22].
Event Mean Concentration (EMC) was calculated using Equation (1):

Y1 ViGi
EMC = == —— 1
Y Vi @

where,

Vi = Volume of flow during period i
C; = Concentration associated with period i
n = Total number of aliquots collected during event

Average Concentration Removal Efficiency (Avg.CRE) was calculated using Equation (2):
EMCin —EMCout

[ EMC;, ]

no. of events

Avg.CRE = 2
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Efficiency Ratio (ER) was calculated using Equation (3):

Mean EMC,y;
ER = —————
Mean EMC;y, ®)

Log transformation was undertaken using Equation (4):
X' = logo(X + 1) (4)

3. Results and Discussion

During 10 months of monitoring, 23 rainfall events (>1.5 mm) were recorded at the study location.
Of these, 15 events were characterised as qualifying events according to the agreed sampling protocol
(Table 1). The rainfall intensities and durations recorded during the study were typical of those
expected on the Sunshine Coast.

The pollution removal performance (CRE) of the GPT for individual rain events ranged between
88.7% and 5.8% for TSS, between —4.0% and 60.1% for TN, and between —17.3% and 78.3% for TP
(Table 2). Overall pollution removal as calculated by the Efficiency Ratio (ER) for the 15 qualifying
rainfall events was 49.2% for TSS, 26.6% for TN, and 40.6% for TP. The highly variable results found
in this study are likely to be a result of highly variable, and/or low concentration pollution inflows.
This result has also been found in previous studies [19,20,22,23]. Results that were less than the limits
of detection (LoD) for that particular test, have been shown as 50% of the LoD.

Table 2. Measured pollution removal performance using Concentration Reduction Efficiency

(CRE) values.
Rainfall 1SS TSS  1e50, TNin ™ TN% TPin ©  TP%
Sample Date Depth m out Removal (mg/L) out Removal (mg/L) out Removal
(mm) (mg/L) (mg/L) (mg/L) (mg/L)
Limit of Detection (LoD) 1 0.1 0.005

1 12 June 2013 80 247 28 88.7 0.846 0.543 35.8 0.167 0.081 51.5
2 17 November 2013 42 300 280 6.7 0.647 0.661 —2.2 0.056 0.062 —-10.7
3 18 November 2013 9 233 113 51.5 0.772 0.688 10.9 0.256 0.243 5.1
4 24 November 2013 17 21 16 23.8 0.881 0.640 274 0.196 0.146 25.5
5 30 November 2013 15 32 23 28.1 0.570 0.593 —4.0 0.074 0.055 25.7
6 11 December 2013 14 19 14 26.3 1.089 1.068 1.9 0.072 0.070 2.8
7 6 January 2014 21 55 40 27.3 0.432 0.398 7.9 0.094 0.081 13.8
8 8 January 2014 1 27 8 70.4 2.052 1.365 33.5 0.971 0.320 67.0
9 16 January 2014 6 67 10 85.1 0.525 0.385 26.7 0.185 0.078 57.8
10 22 February 2014 10 28 20 28.6 1.096 0.709 35.3 0.149 0.090 39.6
11 24 February 2014 10 70 35 50.0 2.068 0.826 60.1 1.613 0.609 62.2
12 5 March 2014 14 45 14 68.9 0.676 0.342 494 0.418 0.156 62.7
13 18 March 2014 9 208 156 25.0 0.866 0.459 47.0 0.295 0.169 42.7
14 25 March 2014 32 121 114 5.8 0.968 0.995 —2.8 0.217 0.047 78.3
15 27 March 2014 130 38 28 26.3 0.911 0.640 29.8 0.542 0.636 —-17.3

The Paired T-test found TSS, TN and TP inflows were significantly reduced after treatment
(as measured by outflow pollution concentrations) by the Humegard® HG27 system (Table 3).

The Humegard® GPT system has been specifically designed to remove gross pollutants and
Phillips [14] demonstrated that the device can successfully achieve this objective. However, the
primary focus of this study was quantification of the solids, and nutrient (TN, TP) pollution removal
performance of the system. As anticipated, the overall solids and nutrient removal performance
(49.2% for TSS, 26.6% for TN and 40.6% for TP) for the 15 qualifying rainfall events, as calculated
by the Efficiency Ratio (ER), was below the minimum values recommended in the regulations [24].
However, these results are particularly impressive for a stormwater treatment device that was not
specifically designed to capture nutrients.



Sustainability 2016, 8, 669 70f8

Table 3. Paired T-test for TSS, TN and TP (log transformed).

TSS TN TP
Mean difference 0.294 0.226 0.1341
T value 4.01 4.03 412
p-value 0.001 * 0.001 * 0.001 *
alpha 0.05 0.05 0.05

Note: * Significantly different.

4. Conclusions

Evaluation of proprietary stormwater treatment devices has been performed for decades
internationally, and this now appears to be gaining momentum in Australia. While a number of
existing guidelines stipulate that performance of these devices must be demonstrated for local and
regional conditions, the guidelines generally do not define exactly how this should be accomplished.

This paper has detailed the evaluation and testing protocol implemented of the Humegard®
HG27 GPT at one monitoring site in Queensland, Australia. Results from 15 complying rainfall events
showed a pollution removal efficiency (ER) for the GPT of 49.2% for TSS, 26.6% for TN and 40.6% for
TP. Based on the water quality analyses undertaken in the study, concentrations of TSS, TN and TP
were all found to be significantly reduced after treatment by the GPT device.

To complement the recognised capability of the Humegard® HG27 to remove gross pollutants,
this study found the system also made a positive contribution to the removal of TSS and nutrient
pollution from stormwater flows. Although the concentration removal rates of TN and TP by the GPT
did not achieve the minimum regulated standards, the results are still impressive for a stormwater
treatment device that was not specifically designed to capture nutrients. It is suggested that additional
components would need to be added in the form of a treatment train to fully satisfy the specific
Queensland Government regulations in terms of TSS, TN and TP pollution removal.
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