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Limitations Statement 
 
This report has been prepared in accordance with and for the purposes outlined in the scope of services agreed 
between ADW Johnson Pty Ltd and the Client. It has been prepared based on the information supplied by the 
Client, as well as investigation undertaken by ADW Johnson and the sub-consultants engaged by the Client for 
the project. 
 
Unless otherwise specified in this report, information and advice received from external parties during the course 
of this project was not independently verified. However, any such information was, in our opinion, deemed to 
be current and relevant prior to its use. Whilst all reasonable skill, diligence and care have been taken to provide 
accurate information and appropriate recommendations, it is not warranted or guaranteed and no 
responsibility or liability for any information, opinion or commentary contained herein or for any consequences 
of its use will be accepted by ADW Johnson or by any person involved in the preparation of this assessment and 
report.  
 
This document is solely for the use of the authorised recipient. It is not to be used or copied (either in whole or in 
part) for any other purpose other than that for which it has been prepared. ADW Johnson accepts no 
responsibility to any third party who may use or rely on this document or the information contained herein. 
 
The Client should be aware that this report does not guarantee the approval of any application by any Council, 
Government agency or any other regulatory authority. 
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Executive Summary 
 
This report supports a Development Application for Stage 2 of the Ivanhoe Estate 
redevelopment, a State Significant Development (SSD) submitted to the Department of 
Planning and Environment (DPE) pursuant to Part 4 of the Environmental Planning and 
Assessment Act 1979 (EP&A Act). It has been prepared for Frasers Property on behalf of NSW 
Land and Housing Corporation.  
 
As a part of the Stage 2 development application, a Stormwater and Drainage Assessment 
of the proposed development is required. This report has undertaken an assessment of the 
proposed development to determine compliance with the requirements set out in both the 
Secretary’s Environmental Assessment Requirements (SEAR’s) and Ryde Council’s DCP 2014 
in regards to stormwater drainage. 
 
The Stage 2 development application includes lots C2, C3 and C4 only. All works associated 
with the road network has been covered under the Stage 1 DA. 
 
Ryde Council’s DCP 2014 requires the development to comply with requirements for onsite 
detention, water sensitive urban design and flooding. This report considers both the onsite 
detention and water quality aspects with the flooding impact assessment been done by a 
third party. 
 
As detailed in the previous submission for the Ivanhoe Estate Masterplan, onsite detention 
(OSD) and water sensitive urban design (WSUD) requirements only need to apply to areas 
within the site that are to remain in private ownership. As such, all OSD and WSUD control 
measures were provided on lot prior to flows entering the public drainage system. A 
concept drainage plan was developed on this basis and consisted of an on lot private 
system and a public drainage system located within the proposed public road reserves.  
 
Using the XP-RAFTS software, an onsite detention model was created, using a combination 
of rainwater tanks and designated detention tanks to attenuate peak flows to meet 
Council’s requirements. It was found that a total of 320.2m3 of dedicated detention storage 
was required, along with 70m3 of storage within the rainwater tanks to meet the 
requirements set out by Ryde Council. 
 
A water quality model was created in the MUSIC software to determine the required water 
quality treatment measures to meet Council’s water quality targets. A treatment train of 
rainwater tanks, gross pollutant traps, media filtration and bioretention devices was 
proposed for the development. An analysis of the MUSIC model indicated that the 
proposed treatment train not only met but exceeded the targets set by Council. 
 
A water balance model was developed to determine the reduction in potable water for 
each building within Stage 2 of the development. This development proposes to reuse 
captured stormwater for irrigation and car washing purposes. 
 
Indicative erosion and sedimentation control plans were prepared to show how the external 
infrastructure could be protected during construction works associated with the buildings. 
It was noted that the building contractor would be required to prepare a detailed plan prior 
to commencing works onsite. 
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This report shows that from a stormwater management perspective, the proposed 
development can adequately meet the requirements set out by both Ryde City Council 
and the SEAR’s and as such, should be approved. 
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1.0 Introduction 
 
This report supports a Development Application for Stage 2 of the Ivanhoe Estate 
redevelopment, a State Significant Development (SSD) submitted to the Department of 
Planning and Environment (DPE) pursuant to Part 4 of the Environmental Planning and 
Assessment Act 1979 (EP&A Act). It has been prepared for Frasers Property Australia on 
behalf of NSW Land and Housing Corporation. 
 
1.1 BACKGROUND 
 
In September 2015, the Ivanhoe Estate was rezoned by DPE as part of the Macquarie 
University Station (Herring Road) Priority Precinct, to transform the area into a vibrant centre 
that benefits from the available transport infrastructure and the precinct’s proximity to jobs, 
retail and education opportunities within the Macquarie Park corridor.  
 
The Ivanhoe Estate is currently owned by NSW Land and Housing Corporation and 
comprises 259 social housing dwellings. The redevelopment of the Ivanhoe Estate is part of 
the NSW Government Communities Plus program, which seeks to deliver new communities 
where social housing blends with private and affordable housing, with good access to 
transport, employment, improved community facilities and open space.  
 
The Communities Plus program seeks to leverage the expertise and capacity of the private 
and non-government sectors. As part of this program, Aspire Consortium, comprising Frasers 
Property Australia and Mission Australia Housing, were selected as the successful proponent 
to develop the site in July 2017. 
 
In April 2020, both the Masterplan and Stage 1 Development Applications were approved 
by the Department of Planning. This report has been prepared to accompany the 
Development Application for Stage 2 of the development. 
 
1.2 SITE DESCRIPTION  
 
The Ivanhoe Estate site is located in Macquarie Park near the corner of Epping Road and 
Herring Road within the Ryde Local Government Area (LGA). The site is approximately 8.2 
hectares and, through demolition works undertaken by LAHC and construction works 
associated with Stage 1, is mostly cleared with small pockets of vegetation remaining. 
 
An aerial photo of the current site is provided at Figure 1 overleaf. 
 
Immediately to the north of the site are a series of four (4) storey residential apartment 
buildings. On the north-western boundary, the site fronts Herring Road and a recently 
developed lot. Epping Road runs along the south-western boundary of the site and 
Shrimptons Creek, an area of public open space, runs along the south-eastern boundary. 
Vehicle access to the site is via Herring Road. 
 
 



 

Stormwater and Drainage Assessment  
Stage 2 Development Application Ivanhoe Estate 
(Ref: 300001PM) 2 

 

 
Figure 1: Ivanhoe Estate Site 

 
1.2.1 Site Topography 
 
The topography of the subject site in the vicinity of lots C2, C3 and C4 will be governed by 
the levels of the proposed surrounding road network. Lots C2 and C3 generally fall to the 
east towards the future Main Street, whilst the C4 lot falls towards Shrimpton’s Creek in the 
south. 
 
The existing topography, including the proposed road network grading can be seen in 
Exhibit 1. 
 
1.2.2 Existing Stormwater Infrastructure 
 
As mentioned in Section 1.2, construction works associated with Stage 1 have commenced 
on site. As part of the works approved under Stage 1, the entire public road network, 
including stormwater infrastructure, will be constructed with stormwater connection points 
being left for all future buildings, including those covered under the Stage 2 application. 
The works being constructed under the Stage 1 approval can be seen in Exhibit 1. 
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1.3 PROPOSED DEVELOPMENT 
 
The Stage 2 Development Application seeks approval for: 
 

 The construction and use of Buildings C2, C3 and C4 comprising residential uses 
(including social housing), and retail / community spaces. 

It is noted that the previously approved C1 building has been combined on the same lot as 
the C2 building and therefore their stormwater impacts are now to be assessed together. 
Refer to Sections 3 and 4 for details. 
  
An image of the Masterplan, identifying Buildings C2, C3 and C4 is provided at Figure 2 
below. 
 

 
Figure 2: Ivanhoe Estate Masterplan (Stage 1)  
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2.0 Authority Requirements 
 
The proposed development is within the Ryde Council LGA and therefore Council’s controls 
have been addressed, noting that the DCP does not typically apply to State Significant 
Development – but does in the instance of condition C8 of the masterplan consent. Part 8.2 
of Council’s DCP contains specific information relating to the management of stormwater 
and contains the following documents: 
 

 Stormwater Management Technical Manual; 
 Water Sensitive Urban Design Guideline. 
 

The proposed development is to satisfy the requirements of these documents and the 
broader Ryde Council DCP. 
 
The development must also comply with the Secretary’s Environmental Assessment 
Requirements (SEARs) provided by the NSW Department of Planning. A summary of the key 
SEARs requirements relating to this report can be seen below: 
 

 Prepare a Stormwater, Groundwater and Drainage Assessment; 
 Detail Erosion, sediment and stormwater management controls during construction; 
 Identify appropriate water quality management measures; 
 Identify any water licensing requirements or other approvals; 
 Prepare and integrated water management plan/drainage concept. 

 
The development is aiming to achieve a six (6) star Green Star communities rating and as 
such, is required to meet a number of stormwater objectives that are separate to the 
requirements of the SEAR’s and Ryde Council’s DCP 2014. Details of the proposed measures 
to achieve the Green Star rating can be found in the Masterplan stormwater report. 
 
2.1 STORMWATER QUANTITY 
 
Ryde Council adopts a major/minor stormwater drainage philosophy for stormwater 
management throughout the LGA.  
 
The minor drainage system is required to cater for runoff generated from all storm events up 
to and including the minor storm event without any surcharging within the system and 
minimising flow widths and ponding within the road carriageway. In accordance with the 
stormwater technical manual, the minor storm event for an urban residential development 
is the 20 year ARI storm event. 
 
The road network and dedicated overland flow paths are to be provided to safely convey 
flows which exceed the capacity of the minor storm event up to and including the 100 year 
ARI storm event. 
 
2.1.1 Onsite Detention (OSD) 
 
Onsite detention systems are designed to minimise the effect of increased runoff from 
developments by attenuating peak stormwater flows leaving the site. 
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In accordance with Ryde Council’s Stormwater Technical Manual, OSD systems are to be 
designed to ensure that the peak discharge in the post developed 100 year ARI storm event 
does not exceed the peak discharge in the post developed five (5) year ARI storm event. 
 
As outlined in the Stormwater and Drainage Assessment for the Ivanhoe Estate Masterplan 
development application submission, a meeting was held with Council to discuss the OSD 
requirements for the proposed development. Council advised that the detention 
requirements outlined within Ryde Council’s Stormwater Technical Manual are only required 
to apply to the areas within the development that are to remain in private ownership. Given 
this, it is not proposed to provide any OSD for the community park. 
 
2.1.2  Shrimpton’s Creek 
 
As detailed in the Ivanhoe Estate Masterplan submission, Shrimpton’s Creek is a second 
order watercourse which flows from west to east along the southern boundary of the 
proposed development site.  
 
Shrimpton’s Creek and its catchment has been analysed in the “Macquarie Park Floodplain 
Risk Management Study and Plan”. This flood study, completed in 2011 considers the entire 
Shrimpton’s Creek catchment on a regional scale and provides indicative flood extents 
within the Creek. 
 
A study was undertaken as a part of the Ivanhoe Estate masterplan submission, detailing 
the impacts of the proposed development on Shrimpton’s Creek and the surrounding areas. 
A further study is to be undertaken to accompany this application to address the impacts 
of the works associated with the C4 building.  
 
A copy of the Masterplan flood report can be seen within the Masterplan Stormwater Report 
within Appendix A, with the new study being prepared by BMT and being submitted with 
this application. 
 
2.2  WATER SENSITIVE URBAN DESIGN 
 
Through the management of potable water, wastewater and stormwater, water sensitive 
urban design (WSUD) aims to manage the effects of urban development on the water 
cycle. Ryde Council’s “Water Sensitive Urban Design Guidelines” outline the requirements 
for WSUD within the Ryde LGA. This development aims to not only comply with the 
requirements set out by Council but exceed them. 
 
2.2.1  Stormwater Quality 
 
In order to comply with the WSUD requirements, the stormwater drainage system must 
effectively remove nutrients and gross pollutants from the site prior to runoff entering the 
downstream drainage infrastructure. The stormwater treatment objectives have been taken 
from the Ryde Council “Water Sensitive Urban Design Guidelines” document and can be 
seen overleaf in Table 1. 
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Table 1: Stormwater Treatment Objectives  
Pollutant Treatment Objective 
Gross Pollutants 90% retention of the average annual load for particles and 

suspended solids 
Suspended Solids 85% retention of the average annual load for particles and 

suspended solids 
Total Phosphorus 65% retention of average annual pollutant load 
Total Nitrogen    45% retention of average annual pollutant load 

 
As outlined in the Stormwater and Drainage Assessment for the Ivanhoe Estate Masterplan 
development application submission, a meeting was held with Council to discuss the WSUD 
requirements for the proposed development. Council advised that the WSUD requirements 
outlined within Ryde Council’s Stormwater Technical Manual are only required to apply to 
the areas within the development that are to remain in private ownership. Similar to OSD, it 
is not proposed to provide any water quality devices within the community park. 
 
2.2.2 Potable Water Conservation 
 
The reduction of potable water usage can be achieved for a development through a 
number of methods, including the reuse of captured stormwater. This report details the 
requirements for stormwater reuse only, however it is noted that other methods may be used 
within the development. 
 
Ryde Council requires that a water balance model be prepared to demonstrate how 
stormwater runoff from the site is reused. It should be noted that for a high-density 
development, as is proposed, it is extremely difficult to capture enough water to effectively 
reduce the extremely high potable water demand for internal uses. It has been decided at 
this stage for captured stormwater to be used for irrigation and car washing purposes only. 
It should be noted that other methods may be used within the development and these will 
be explored on a stage by stage basis as required. 
 
This report will provide a water balance model to indicate how the captured stormwater is 
reused within the development. 
 

 
  



 

Stormwater and Drainage Assessment  
Stage 2 Development Application Ivanhoe Estate 
(Ref: 300001PM) 7 

 

3.0 Stormwater Quantity 
 
As mentioned in Section 1.2.2, works included under the Stage 1 approval will provide 
stormwater connection points to each of the future buildings. These connections points will 
be utilised as the outlet location for both buildings C2 and C3. Given its proximity to the 
creek, it is proposed that the C4 building will discharge directly to Shrimpton’s Creek (post 
passing through OSD and water quality treatment devices). 
 
3.1 INDICATIVE DRAINAGE LAYOUTS 
 
The on lot drainage system has been designed to capture and convey runoff from the lots 
and private access roads within the site, to the underground OSD tanks and stormwater 
treatment devices before discharging to the stormwater connection points. The private 
system consists of the following elements: 
 

 Rainwater Tanks – Rainwater tanks will be used to capture and store runoff from roof 
areas for external reuse within the lots;  

 OSD Tanks – OSD tanks will be used to attenuate peak flows before discharging into 
the public drainage system; 

 Surface Drainage – Surface drainage pits will be provided to capture and convey 
runoff from both hardstand and pervious areas to the OSD tanks. 
 

A plan showing a concept drainage plan for each of the lots can be seen in Exhibit 2 with 
typical details being found in Exhibit 3. 
 
It is noted that, as the buildings will undergo a design development phase, the concept 
drainage plan is subject to change during the detailed design phase. 
 
3.2  ONSITE DETENTION 
 
In accordance with Ryde Council’s Stormwater Technical Manual, OSD systems are to be 
designed to ensure that the peak discharge in the post developed 100 year ARI storm event 
does not exceed the peak discharge in the post developed five (5) year ARI storm event. 
 
In accordance with the masterplan submission, it is proposed to use a series of rainwater 
tanks and dedicated OSD tanks located within the lots to adequately attenuate the peak 
discharges generated by each lot. Runoff generated from the site is conveyed to the 
proposed tanks via the following systems: 
 

 Roof Areas – Runoff generated from the building roofs is directed via the building 
hydraulics to rainwater tanks located within the basement of each building. Overflow 
from these rainwater tanks is then directed to an OSD tank. (Building C2 is not 
proposed to have a rainwater tank). 
 
The most efficient rainwater tank sizes for each lot was provided by the building 
hydraulics engineer. A water balance model was performed on the rainwater tanks 
to determine the average volume available within the tanks at any given time. The 
average volume available within the tanks was adopted as available storage in the 
detention modelling. The water balance model is discussed further in Section 4.2.  
 

 Remaining Lot Areas – Runoff generated from the remaining lot areas is captured in 
a series of surface drainage pits and conveyed to the detention tanks.  
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An XP-RAFTS model was created using the parameters outlined in the following sections in 
order to accurately model the proposed system. 
 
3.2.1  Catchment Parameters 
 
To ensure the runoff generated by each lot is accurately calculated the lots were split into 
subcatchments to reflect the conveyance systems discussed in Section 3.1 above. 
 
The subcatchments areas were measured directly from the latest design plans for all lots 
and can be seen in Exhibit 4 and Table 2 below. 
 
Table 2: Catchment Areas 

CATCHMENT AREA (ha) 

Catchment* Roof 
Remaining Lot 

(Captured) 
Remaining Lot (Not 

Captured) 
C1 0.165 0.233 0.000 

C1 Bypass 0.134 0.000 0.137 
C2 0.095 0.065 0.000 
C3 0.221 0.019 0.000 
C4 0.301 0.338 0.111 

* C1 / C2 to be treated as a single lot. Parameters have been split out due to different discharge 
locations. 
 
In order to produce runoff hydrographs for each catchment, a number of hydrological 
parameters are required to be input into the XP-RAFTS model. These parameters include: 

 
 Percentage of Impervious Area;  
 Manning’s ‘n’ – the Manning’s ‘n’ coefficient is a measure of the surface roughness 

of a catchment; 
 Average Catchment Slope. 

 
The percentage of impervious area, Manning’s ‘n’ and average catchment slopes were all 
estimated based upon the latest design plans for each of the buildings.  
 
A summary of the parameters for each of the lots can be seen below in Table 3. 
 
Table 3: Hydrological Parameters  

Hydrological Parameter 
Catchment Impervious % Manning’s ‘n’* Slope (%) 

C1 – Lot Captured 60% 0.04/0.015 3% 
C1 – Roof 60% 0.05/0.01 1% 

C1 – Lot Bypass 40% 0.04/0.015 3% 
C1 – Roof Bypass 60% 0.05/0.01 1% 

C2 – Lot Captured 75% 0.04/0.015 3% 
C2 – Roof 50% 0.05/0.01 1% 

C3 – Lot Captured 100% 0.04/0.015 3% 
C3 – Roof 70% 0.05/0.01 1% 

C4 – Lot Captured 60% 0.04/0.015 3% 
C4 – Lot Bypass 10% 0.04/0.015 3% 

C4 – Roof 80% 0.05/0.01 1% 
* Manning’s ‘n’ values are for Pervious/Impervious 
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3.2.2  Detention Modelling 
 
As per both the approved masterplan and approved Stage 1 reports, detention modelling 
was undertaken using an XP-RAFTS model in order to determine the size of the proposed 
detention tanks within the lots to achieve the requirements set out by Council. 
 
Rainwater tanks were used in the model to supplement the storage volume provided by the 
proposed detention tanks. The rainwater tanks have been modelled to have an orifice 
300mm from the top of the tank and as such, only provide a small amount of detention 
storage. The storage below the orifice does however, buffer the peak discharge generated 
by the roof catchments to assist in reducing the overall lot peak discharge. 
 
The results of the detention modelling can be seen below in Table 4. 
 
Table 4: RAFTS Results 

Catchment 
5 Year 

ARI Flow 
(m3/s) 

100 Year ARI Flow 
- Without 

Detention (m3/s) 

100 Year ARI 
Flow - With 
Detention 

(m3/s) 

Rain Water Tank 
Size (kL)# 

Detention 
Tank Size 

(m3) 

C1* 0.12 0.21 0.09 30 105 
C2* 0.13 0.23 0.18 - 38.2^ 

C1/C2 - - 0.25! - - 
C3 0.08 0.13 0.08 20 42 
C4 0.25 0.42 0.25 20 135 

# Only a percentage of the actual tank volume was used in the modelling 
* C1/C2 flows to be considered as one lot. Flows split up due to different outlet locations to street 
^ C2 storage provided within above ground swale 
! C1/C2 combined does not equal sum of C1 and C2 due to hydrograph timing. 
 
It can be seen from Table 4 above that, through the use of rainwater tanks and dedicated 
detention tanks, the post developed 1 in 100 year ARI peak discharges can be adequately 
attenuated back to the post developed 1 in 5 year ARI peak discharges. 
 
Indicative rainwater and detention tanks for C4 can be seen in Exhibit 2, with the remainder 
seen on the architectural drawings. A screenshot of the XP RAFTS model can be seen in 
Appendix B. 
 
3.2.3  Detention Tank Parameters 
 
To ensure the 1 in 100 year ARI peak discharge is attenuated back to the 1 in 5 year ARI 
peak discharge, discharge control structures have been designed for each tank. Each tank 
has been designed with a low flow outlet and a high flow weir. 
 
The high flow weir has been designed to cater for the 1 in 100 year ARI peak discharge, 
however it is an emergency overflow weir only and as such, has been placed above the 1 
in 100 year level in the detention tank. 
 
The tank configuration and outlet controls for each tank are summarised below in Table 5. 
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Table 5: Detention Tank Parameters 

Detention 
Tank 

Volume 
(m3) 

Tank Depth (Excluding 
Emergency Weir*) (m) 

Low Flow Outlet 
Weir Length x 

Height (m) 

C1 105 1.0 210mm diameter 0.75m L x 0.3m H 
C3 42 1.5 170mm diameter 0.5m L x 0.3m H 
C4 135 1.2 0.15m H x 0.44m W  1.5m L x 0.3m H 

* Tank volume is based on depth indicated. 0.3m high emergency weir to be placed 
above this level. 
 
It should be noted that as the detention tanks are to be incorporated into the basements 
of the proposed buildings, the final configuration of the tanks will be subject to confirmation 
by the building hydraulics engineers.  
 
Rather than utilising an underground tank, the C2 OSD strategy adopts an aboveground 
basin/swale to achieve both water quality and OSD targets. The basin/swale parameters 
can be seen in Table 6 below, whilst a graphical representation of the system can be seen 
in Exhibit 3.  
 
Table 6: Basin / Swale Parameters 

Volume 
(m3) 

Surface Area (m2) Low Flow Outlet High Flow Outlet 

38.2 191 120mm diameter 900 x 900mm GSIP 
 
 
The configuration of the rainwater tanks is discussed in Section 4.1.5. An indicative sketch 
showing two (2) potential tank configurations can be seen in Appendix C. It should be noted 
that these are indicative only and are subject to final design and coordination with the 
building hydraulics engineers. 
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4.0 Water Sensitive Urban Design 
 
Through the management of potable water, wastewater and stormwater, water sensitive 
urban design (WSUD) aims to manage the effects of urban development on the water 
cycle. Ryde Council’s “Water Sensitive Urban Design Guidelines” outline the requirements 
for WSUD within the LGA. 
 
4.1  STORMWATER QUALITY 
 
The proposed stormwater drainage system, as discussed in Section 3 above, will incorporate 
a number of water quality treatment devices to effectively treat runoff generated by Stage 
1 of the development prior to it being discharged to the receiving waters in Shrimpton’s 
Creek. 
 
As discussed in Section 2.2.1, water quality devices are only required to treat runoff 
generated by the proposed lots. As such, all water quality devices will be provided within 
the lots to treat runoff prior to it discharging to the public drainage network. 
 
4.1.1  Raingarden 
 
As discussed in the Masterplan report, in order to achieve a six (6) star green star 
communities rating for the development, it is proposed to provide an end of line raingarden 
to cater for runoff generated by the public road reserves.  
 
Since the submission of the Masterplan application, additional investigations have been 
undertaken to determine the feasibility of the provision of the raingarden. Detailed 
investigations have found that the provision of an end of line raingarden is not feasible due 
to the following constraints: 
 

 Provision of maintenance access will be difficult; 
 Ecology constraints – the raingarden would require the removal of numerous trees; 
 Flood level – the flood level within Shrimpton’s Creek makes it impossible to locate 

the raingarden at a suitable level about the 1% AEP flood level and still have the 
ability to drain water from the road network. 

 
To ensure that the intent of the Masterplan strategy is met and the Greenstar targets are 
achieved, it is proposed to replace the raingarden with a proprietary “Jellyfish” cartridge 
system. The “Jellyfish” system will be located within the C4 lot directly adjacent to Main 
Street to enable easy maintenance access from the road and allowing the system to be 
located above the 1% AEP flood level. 
 
The indicative location of the “Jellyfish” system can be seen in Exhibit 2 with modelling 
details provided in section 4.1.6. 
 
4.1.2  Treatment Devices 
 
It is proposed to use a combination of at source and conveyance controls to treat the runoff 
prior to it entering the public drainage system. The proposed treatment train has been 
modelled in the water quality software “Model for Urban Stormwater Improvement 
Conceptualisation” (MUSIC) to demonstrate compliance with Council’s treatment targets.  
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The following devices are proposed within the development to achieve the required 
targets: 
 
Rainwater Tanks 
 
Rainwater tanks are proposed within each building to capture and store runoff generated 
from the roof area for reuse. Each rainwater tank will be fitted with a first flush system to 
provide pretreatment prior to runoff entering the tanks. 
 
Gross Pollutant Traps 
 
It is proposed to provide Ocean Protect “Enviropods” or Council approved equivalent litter 
traps in all grated surface inlet pits within the private stormwater system to capture gross 
pollutants and coarse sediments. Further details of the “Enviropod” can be seen in 
Appendix D. 
 
Media Filtration 
 
It is proposed to provide Ocean Protect ‘Stormfilter” or council approved equivalent system. 
The “Stormfilter” is a proprietary media filtration device consisting of multiple cartridges that 
will be housed within the proposed OSD tanks. Further details of the “Stormfilter” cartridges 
can be seen in Appendix D. 
 
 
Bioretention Swale 
 
As mentioned in Section 1.3, it is proposed to utilise an above ground bioretention swale to 
achieve water quality targets for the C2 building. 
 
As all of the proposed treatment devices are to be provided within the private lots, 
maintenance of all devices will be the lot owners and as such, no maintenance burden is 
placed on Council. Details of the required maintenance of the system will be provided at 
the CC stage of the development. 
 
A graphical, indicative, representation of the treatment train can be seen in Figure 4 below. 
 



 

Stormwater and Drainage Assessment  
Stage 2 Development Application Ivanhoe Estate 
(Ref: 300001PM) 13 

 

 

 
Figure 4: Proposed Treatment Train 

 
4.1.3  MUSIC Parameters 
 
The MUSIC model was set up in accordance with the “Using MUSIC in Sydney’s Drinking 
Water Catchment” guidelines and Ryde Council’s “Water Sensitive Urban Design 
Guidelines”.  
 
 
Catchment areas for the MUSIC modelling were adopted to correspond with those used 
within the detention model. Similar to the detention model, the overall catchments were 
broken down into smaller subcatchments in order to accurately determine the pollutant 
loads. 
 
A summary of the catchment areas and parameters can be seen in Tables 2 and 3 in 
Section 3.1.1 above. 
 
 
 
 
 

Roof Runoff Lot Runoff

Public Drainage 
System

Storm Filter / Swale

Enviropod Rainwater Tank
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4.1.4 Water Quality Modelling 
 
The MUSIC model was created using the parameters outlined above to determine 
compliance with council’s water quality targets. The results of the water quality modelling 
can be seen in Table 7 below. 
 
Table 7: MUSIC Modelling Results 

  Pollutant Load Reduction 

Catchment 
Gross 

Pollutants 
Total Suspended 

Solids 
Total 

Phosphorus 
Total Nitrogen 

C1/C2 99.4 88.2 65 48.1 
C3 100 86.1 76.8 60.3 
C4 96.9 85.1 74.8 57.8 

 
From Table 7 above, it can be seen that the proposed treatment train of rainwater tanks, 
gross pollutant traps and media filtration devices not only meets, but exceeds the targets 
set by Council.  
 
A screenshot of the MUSIC model can be seen in Appendix E whilst further details of the 
proposed treatment devices can be seen in Section 4.1.4 below. 
 
4.1.5  Treatment Device Parameters 
 
The C2, C3 and C4 catchments, as described in Section 3.1.1 above, have different 
characteristics and as such, require different configurations of the proposed treatment 
devices. 
 
The treatment devices modelled for each catchment were chosen to achieve the required 
targets whilst also providing the most efficient solution for each catchment. The treatment 
device parameters for the rain water tanks and stormfilters can be seen below in Tables 8 
and 9, whilst each catchment is to have Enviropods in all surface drainage pits. 
 
Table 8: Rain Water Tank Parameters 

  Tank Parameter 

Catchment 
Volume 

(kL) 
Surface Area (m2) 

Depth Above 
Overflow (m) 

Overflow Pipe 
Diameter (mm)* 

C1 30 10 0.3 800 
C3 20 10 0.3 750 
C4 20 10 0.3 1000 

* Overflow pipe diameter is an equivalent diameter. 
 
Table 9: Stormfilter Parameters 

  Tank Parameter  

Catchment 
Chamber 
Surface 

Area (m2) 

Extended 
Detention Depth 

(m) 

Overflow Weir 
Width (m) 

Overflow Pipe 
Diameter (mm)* 

Number of 
Cartridges 

C1 11.5 1 2 37 4 
C3 6.25 1 2 37 3 
C4 42.25 1 2 37 10 

* Overflow pipe diameter is an equivalent diameter. 
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As mentioned in Section 3.13, a bioretention swale is proposed within the C2 lot to provide 
treatment. The bioretention swale parameters can be seen in Table 10 below. 
 
Table 10. Bioretention Swale Parameters 

Surface Area 
(m2) 

Filter Area 
(m2) 

Filter Depth 
(m) 

76 76 0.5 
 
In addition to the abovementioned treatment devices, it is proposed to drain the C1 bypass 
catchment through a CDS 1009 GPT unit prior to flows discharging to the street drainage. 
 
A sketch showing two (2) potential tank configurations can be seen in Appendix C. 
 
4.1.6 Jellyfish Modelling 
 
In addition to the water quality modelling undertaken for each of the proposed lots, to 
ensure compliance with the Greenstar targets for the entire development modelling was 
undertaken to size the “Jellyfish” device. The water quality targets required to meet 
Greenstar accreditation are outlined in Table 11 below. 
 
Table 11 – Stormwater Treatment Objectives - Greenstar 
Pollutant Treatment Objective (Green Star) 
Gross Pollutants 90% retention of the average annual load for gross 

pollutants 
Suspended Solids 80% retention of the average annual load for particles 

and suspended solids 
Total Phosphorus 60% retention of average annual pollutant load 
Total Nitrogen    45% retention of average annual pollutant load 

 
A MUSIC model analysing the entire development, including all on lot treatment devices, 
was developed in order to size the “Jellyfish” device. It was found that the provision of a 
JF-3250-15 Jellyfish device would ensure that the Greenstar targets are met. The results of 
the MUSIC modelling with the inclusion of the JF-3250-15 can be seen in Table 12 below. 
 
Table 12: MUSIC Modelling Results – Entire Development 

  Pollutant Load Reduction 

Catchment 
Gross 

Pollutants 
Total Suspended 

Solids 
Total 

Phosphorus 
Total Nitrogen 

Development 96.0 80.2 65.1 64.0 
 
It can be seen from Table 12 above that the provision of a JF-3250-15 ensures that the 
development not only meets the Greenstar targets but exceeds them. 
 
4.2  POTABLE WATER CONSERVATION  
 
The reduction of potable water usage can be achieved for a development through a 
number of methods, including the reuse of captured stormwater. This report considers 
stormwater reuse only; however, it is noted that other methods may be used throughout the 
development. 
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A water balance model was prepared for Stage 2 to determine the reduction in potable 
water consumption achieved through the reuse of stormwater captured within the 
rainwater tanks for irrigation purposes. Whilst the development will ultimately use captured 
stormwater for both irrigation and car washing purposes, the water balance model will only 
consider irrigation as the demand for car washing is unknown at this stage. 
 
4.2.1 Water Balance Model Parameters 
 
To accurately determine the potable water reduction for the development, a daily water 
balance model was set up for each individual building. In order to create the water 
balance model, the following parameters were required for each building: 
 

 Catchment Area – As with the detention and water quality models, it was assumed 
that 50% of the roof catchment is a rooftop garden. Due to the expected low runoff 
from the rooftop garden (in the order of 4-5 l/s in the 1-year ARI event), it has been 
assumed for the water balance model that only 50% of the roof catchment reaches 
the tank. 
 

 Water Demand – To determine the amount of water used each day within the lots a 
water demand is required. An irrigation rate for each catchment was provided by 
the landscape architects. 
 
A demand of 27,000 l/day was adopted for catchment C3 and 60,000 l/day was 
adopted for catchment C1. 
 

 Daily Rainfall – To ensure consistency between models, the same rainfall data 
adopted within the MUSIC model was adopted for the water balance model. 

 
The most efficient rainwater tank size for each lot was provided by the building hydraulics 
engineers and combined with the above parameters were used to perform a water 
balance model. The results of the water balance model can be seen in Table 13 below. 
 
Table 13: Water Balance Model Results 

Block Tank Size (kL) 
Reduction in 

Potable Water * 
Average Volume 

Available in tank (kL)# 
C1 30 21.6% 24 
C3 20 49.31% 12.2 
C4 20 35.35% 14 

* Reduction in potable water used for irrigation purposes only. 
#The average volume available in the tank was adopted in the OSD modelling as available 
storage. 
 
It should be noted that reduction in potable water demand in Table 13 above is for irrigation 
purposes only and does not consider car washing or internal building uses. 
 
Table 13 also indicates that the average volume (empty space) available within the tanks. 
These volumes have been adopted within the OSD model as described in Section 3.1.2 
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5.0 Erosion and Sedimentation Control 
 
Erosion and sedimentation control are an important part of any development to ensure 
downstream receiving waters are not adversely affected during construction.  
 
As each of the buildings will encompass basement excavations, it is considered likely that 
there will be very little runoff from each site (rainfall will be captured within the basement 
excavation). Detailed erosion and sediment control plans, including details of pump outs 
within the excavation will be provided by the building contractor prior to construction works 
commencing. 
 
An indicative erosion and sediment control plan covering external infrastructure can be 
seen in Exhibit 5.  
 
It should be noted that the erosion and sediment control plans contained within this report 
are provided as an indicative plan only and all erosion and sediment controls should be 
constantly updated during construction to ensure adequate protection is provided at all 
times. 
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6.0 Groundwater Assessment 
 
A groundwater assessment of the subject site has been undertaken by Douglas Partners 
and is detailed within their report. 
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7.0 Water Licensing Requirements and Other Approvals 
 
Potable water for use within the site will be provided via the Sydney Water Corporation’s 
existing carrier water mains, with this being supplemented by captured stormwater for reuse 
within buildings. No other permanent water sources are proposed to be utilised by the 
development and accordingly an ongoing water license for the site is not required. 
 
Based upon the results of the geotechnical testing, it is likely that groundwater will be 
encountered in basement excavations and therefore dewatering will be required. The 
appropriate dewatering licenses will be obtained prior to construction commencing. 
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8.0 Conclusion 
 
This report supports a Development Application for Stage 2 of the Ivanhoe Estate 
redevelopment, a State Significant Development (SSD) submitted to the Department of 
Planning and Environment (DPE) pursuant to Part 4 of the Environmental Planning and 
Assessment Act 1979 (EP&A Act). It has been prepared for Frasers Property Australia on 
behalf of NSW Land and Housing Corporation.  
 
This report considered the stormwater drainage aspects of the proposed development, with 
specific focus on onsite detention and Water Sensitive Urban Design. Flood modelling within 
the adjacent Shrimpton’s Creek was considered in a separate report. 
 
In accordance with the Stormwater and Drainage Assessment for the Ivanhoe Estate 
Masterplan, OSD and WSUD requirements outlined within Ryde Council’s Stormwater 
Technical Manual would only apply to the areas within the development that are to remain 
in private ownership. A concept drainage plan was developed on this basis and consisted 
of an on lot private system and a public drainage system located within the proposed 
public road reserves. 
 
Through the use of rainwater tanks and dedicated detention tanks, it was shown that the 
private stormwater system could adequately attenuate peak flows generated by the 
proposed development and comply with the OSD requirements set out by Ryde Council. 
Similarly, through the use of rainwater tanks, gross pollutant traps and filtration devices, it 
was shown that the proposed development complies with the WSUD requirements set by 
Council. 
 
The provision of a proprietary “Jellyfish” system ensures that Greenstar requirements are met 
for the development. 
 
In accordance with Council’s requirements, a water balance model was developed to 
demonstrate how captured stormwater was reused within the site to reduce the demand 
on potable water. Whilst the development proposes to reuse captured stormwater for both 
irrigation and car washing purposes, only irrigation has been considered in the water 
balance model due to the car washing demand being unknown at this stage. 
 
An indicative erosion and sedimentation control plan was developed for the infrastructure 
external to each of the development lots, with detailed plans for the building construction 
to be prepared by the building contractor prior to the commencement of works. 
 
This report shows that from a stormwater management perspective, the proposed 
development can adequately meet the requirements set out by both Ryde City Council 
and the SEAR’s and as such, should be approved. 
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Our Ref: L.A11141.001.MidtownStg2_FIA.docx 
 
 
23 June 2021 
 
 
Liz Yao 
Frasers Property Australia 
Level 2, 1C Homebush Bay Drive 
Rhodes NSW 2138 
 
Dear Liz 
 
RE:  MIDTOWN STAGE 2 DEVELOPMENT FLOOD IMPACT ASSESSMENT 
 

Introduction 

This letter presents a Flood Impact Assessment (FIA) of the proposed Midtown Stage 2 development within 

the Ivanhoe Estate at Macquarie Park, Sydney undertaken to support the Development Application (DA) 

submission for this State Significant Development (SSD). This FIA addresses the flooding-related 

conditions outlined in the Secretary’s Environmental Assessment Requirements (SEARs). 

SEARs Conditions 

The flooding-related SEARs conditions relevant to the proposed development are outlined below: 

• The EIS must: 

○ Identify any flood risk on-site having regard to adopted studies for the development site, 

consideration of any relevant provisions of the NSW Floodplain Development Manual and the 

potential effects of climate change, sea level rise and an increase in rainfall intensity. 

○ Assess the impacts of the development, including any changes to flood risk on-site or off-site, and 

detail design solutions to mitigate flood risk where required. 

○ Identifies required management measures and design solutions, including water sensitive urban 

design and detention, to minimise the impacts of flooding on the proposed development. 

• The EIS must also address the following flood related issues: 

○ Finished Floor Levels (FFLs) shall be set at levels that comply with Council’s freeboard 

requirements defined in DCP-2014-8.2 Stormwater Management Technical Manual. 

○ Basement ramps shall raise up to PMF levels, at each location, before descending to the 

basements, to fully flood proof every basement. 

○ No gaps/openings connected to any basement are allowed below the PMF level at each location. 

○ Fences located in overland flow paths shall allow flows to pass through. 

Previous Master Plan Assessment and Findings 

In 2017, BMT completed a flood impact assessment for Frasers Property Australia to support the proposed 

Ivanhoe Estate Master Plan (Reference: L.S20319.03.Flood Impact Assessment for Ivanhoe Estate 

Masterplan.pdf). This assessment considered the following Master Plan development components of the 

Ivanhoe Estate: 

BMT Commercial Australia Pty Ltd 
Suite G2, 13-15 Smail Street 
Ultimo, Sydney, NSW, 2007 
Australia 
PO Box 1181, Broadway NSW 2007 
 
Tel:  +61 2 8960 7755 
Fax: +61 2 8960 7745 
 
ABN  54 010 830 421 
 
www.bmt.org 

 

http://www.bmt.org/
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• buildings (residential flat buildings comprising private, social and affordable housing, seniors house 

comprising residential care facilities and self-contained dwellings, a new school, child care centres and 

minor retail development);  

• public open space and roads; and 

• community uses.  

The above components were incorporated into a 2D hydraulic flood model (refer hereafter as the “Ivanhoe 

Flood Model”) and assessed against existing catchment conditions to establish the change in flood regime 

due to the Master Plan development.   

In all modelled design events, flood conditions outside of Shrimptons Creek and within the Ivanhoe Estate 

were typified by shallow inundation (low depths) and low velocities (<0.2m/s). These areas are referred to 

as “Local Drainage” under the NSW Government’s ‘Floodplain Development Manual’ (2005).  

Outside of the local drainage areas, the flood impact assessment found negligible differences in design 

flood conditions in the areas adjacent to Shrimptons Creek. Hence impacts on: emergency planning and 

evacuation, social and economic cost to the community and erosion, siltation, riparian vegetation and bank 

stability were not predicted to be altered due to the proposed Ivanhoe Estate Master Plan development. 

Midtown Stage 2 Development Updates 

The assessment herein focuses on the Midtown Stage 2 development within the Ivanhoe Estate. 

Subsequent to the Master Plan flood impact assessment referenced previously, the Midtown Stage 2 

development including Blocks C2, C3 and C4 has undergone revision. The latest architectural drawings 

have been provided and are listed below: 

• Midtown Stage 2 – Block C2 Village Green and Community Centre by CHROFI, issued 22/6/2021. 

• Midtown Stage 2 – Block C3 Residential and Retail by Fox Johnston, issued 11/6/2021. 

• Midtown Stage 2 – Block C4 Residential and Social by Cox Architecture, issued 10/6/2021. 

Updates to the Ivanhoe Flood Model for Stage 2 

BMT have reviewed the architectural drawings for each block illustrating the proposed building footprint 

and public domain, as shown in Figure 1, Figure 2 and Figure 3 for Block C2, C3 and C4, respectively. The 

revised building footprints along with the surface roughness for post-development conditions were 

incorporated into the Ivanhoe Flood Model for this subsequent flood impact assessment. 

BMT were also provided with an updated Digital Elevation Model (DEM) for the site for pre-development 

(ADWJohnson, issued 5/5/2021) and post-development (ADWJohnson, issued 10/6/2021) conditions. Both 

datasets have been used to update the Ivanhoe Flood Model, with the post-development DEM providing 

definition of the proposed internal roads within the Ivanhoe Estate and the earthworks along the western 

bank of Shrimptons Creek (introduced as part of the Ivanhoe Estate development). 

This updated version of the Ivanhoe Flood Model is hereafter referred to as the “Ivanhoe Stage 2 Flood 

Model”. 
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Figure 1 Midtown Stage 2 – Block C2 Village Green and Community Centre (CHROFI, Drawing 
Number A-A-002 Rev 02 issued 22/6/2021) 

 

  

Figure 2 Midtown Stage 2 – Block C3 Residential and Retail (Fox Johnston, Drawing Number A-
A-100-P3 Rev 003 issued 11/6/2021) 
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Figure 3 Midtown Stage 2 – Block C4 Residential and Social (Cox Architecture, Drawing Number 
A-DA-1100 Rev C issued 10/6/2021)  

Flood Impact Assessment Results 

The flood impact assessment was undertaken based on the Ivanhoe Stage 2 Flood Model for the following 

design flood events: 

• 5% AEP (Annual Exceedance Probability) 2 hour critical storm for blocked1 and unblocked scenarios; 

• 1% AEP 2 hour critical storm for blocked and unblocked scenarios; 

• 1% AEP plus 10% rainfall increase (climate change)2 2 hour critical storm for blocked and unblocked 

scenarios; and 

• Probable Maximum Flood (PMF) 15 minute critical storm for unblocked scenario3. 

Flood impact maps showing the peak flood level comparison between the pre-development and post-

development scenarios are provided in Attachment A (note: maps were prepared based on the post-

 
1 Drainage blockage methodology as per Macquarie Park Floodplain Risk Management Study and Plan Flood Study Report 
(Bewsher, 2010). 
2 Climate change assessment consistent with Macquarie Park Floodplain Risk Management Study and Plan Final Report (Bewsher, 
2011). The site and adjacent creek are not subject to impacts from sea level rise. 
3 Blockage scenario was not investigated for the PMF in the Macquarie Park Floodplain Risk Management Study and Plan Flood 
Study Report (Bewsher, 2010). 
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development peak flood levels minus the pre-development peak flood levels). The results show that under 

post-development conditions there is minimal change in the mainstream flood levels on Shrimptons Creek 

up to the 1% AEP design flood event including climate change, with adverse impacts highly localised and 

limited to within the Shrimptons Creek corridor. Therefore, there are no predicted flood impacts on adjacent 

properties as a result of the proposed development. The Midtown Stage 2 development extent generally 

does not encroach onto the 1% AEP Shrimptons Creek mainstream flood extent, even in the climate change 

scenario. 

For the PMF extreme event, adverse flooding impacts are predicted to extend upstream of Epping Road 

and downstream of the Ivanhoe Estate development. However, it is important to note that this is an 

extremely rare event with an AEP of 1 in 10,000,000 according to The Estimation of Probable Maximum 

Precipitation in Australia: Generalised Short-Duration Method (Bureau of Meteorology, 2003), and 

Shrimptons Creek and its adjacent floodplain are already subject to significant inundation depths. 

As previously mentioned, runoff within the Ivanhoe Estate including the Midtown Stage 2 development is 

generally shallow overland flow outside of the Shrimptons Creek corridor and considered as “Local 

Drainage”. As the internal stormwater drainage and design terrain surrounding the Ivanhoe Estate have not 

been finalised (other than the grading of the internal roads and the earthworks along the western bank of 

Shrimptons Creek), the assessment herein is limited to assessing impacts primarily on Shrimptons Creek 

mainstream flooding and not local catchment flooding.  

Finished Floor and Basement Entry Levels 

Finished Floor Levels (FFLs) for the Midtown Stage 2 development have been assessed in reference to 

the City of Ryde’s freeboard requirements defined in Part 8.2 Stormwater Management Technical Manual 

of the City of Ryde Development Control Plan (DCP) 2014. The requirements are outlined in Table 1, with 

Figure 4 also referred to in categorising the site in accordance with the flood risk and overland flow 

precincts. Given that the site adjacent to the Shrimptons Creek corridor may experience medium to high 

risk flooding, the 0.5 m freeboard for habitable floor level and 0.3 m freeboard for non-habitable floor level 

would be applicable for the proposed development. 

The buildings on Block C4, which are located at the lowest elevation of the site (compared to Blocks C2 

and C3) and nearest to Shrimptons Creek, have proposed minimum FFLs of 47.0 mAHD. Compared to the 

peak flood levels listed in Table 2, a freeboard in excess of 0.5 m has been achieved for all events up to 

the PMF event. 

The lowest threshold for a basement entry into the underground car park at Block C4 is proposed at 

47.7 mAHD. This is above the Shrimptons Creek PMF level of 46.14 mAHD as per Table 2. Hence, the 

floodwaters from Shrimpton Creek will be prevented from ingressing the basement in all events up to and 

including the PMF. 
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Table 1 Freeboard Requirements based on City of Ryde DCP (2014) 
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Figure 4 Flood Risk and Overland Flow Precincts based on Macquarie Park Floodplain Risk 
Management Study and Plan Final Report (Bewsher, 2011) 

 

Table 2 Shrimptons Creek Peak Flood Levels adjacent to Midtown Stage 2 Development4 

Design Storm (AEP) Peak Flood Levels (mAHD) 

5% 44.42 

1% 44.48 

1% with climate change 44.68 

PMF 46.14 

Conclusions and Recommendations 

The Flood Impact Assessment undertaken herein for the Midtown Stage 2 development found that there is 

minimal impacts on the Shrimptons Creek mainstream flood levels predicted to result from the proposed 

development for events up to and including the 1% AEP design flood with climate change (10% rainfall 

 
4 Peak flood levels based on the critical of the blocked and unblocked scenarios. 
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increase). The proposed development extent generally does not encroach onto the 1% AEP Shrimptons 

Creek mainstream flood extent, even in the climate change scenario. 

Outside of the Shrimptons Creek corridor, runoff within the Ivanhoe Estate (including the Midtown Stage 2 

development) is generally shallow overland flow and considered as “Local Drainage”. It should be noted 

that as the internal stormwater drainage and design terrain surrounding the Ivanhoe Estate have not been 

finalised (other than the grading of the internal roads and the earthworks along the western bank of 

Shrimptons Creek), the assessment herein is limited to assessing impacts primarily on Shrimptons Creek 

mainstream flooding and not local catchment flooding. It is assumed that the detailed design of the 

development (e.g. stormwater management plan, drainage design) will address and mitigate any local 

drainage impacts. 

For Block C4 within the Midtown Stage 2 development, which has buildings located at the lowest elevation 

of the site (compared to Blocks C2 and C3) and is located nearest to Shrimptons Creek, the FFLs comply 

with the freeboard requirements outlined in the City of Ryde DCP (2014). The FFLs for the development 

should also be checked against the local drainage/overland flow freeboard requirements once the internal 

stormwater drainage and design terrain are finalised. 

The basement ramp threshold leading into the underground car park at Block C4 is proposed above the 

PMF Shrimptons Creek flood levels. Hence, the floodwaters from Shrimpton Creek will be prevented from 

ingressing the basement in all events up to and including the PMF. 

Other conditions outlined in the SEARs shall also be adhered to: 

• No gaps/openings connected to any basement shall be below the PMF level at each location. 

• Fences located in overland flow paths shall allow flows to pass through. 

I trust that this letter addresses the flooding-related conditions outlined in the SEARs for the Midtown Stage 

2 development. Should you have any further questions regarding this assessment, please do not hesitate 

to contact myself. 

 

Yours Faithfully 
 

 
 
Nathan Cheah 
Associate Principal Engineer 
BMT 

 

Attachments: 

• Attachment A: Flood Impact Maps 
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Attachment A - Flood Impact Maps 
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XP-RAFTS MODEL 

 

  



 

 

Appendix C 
 

INDICATIVE TANK DETAILS 
 

 



 

 

Appendix D 
 

STORMWATER 360 INFORMATION  
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