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1 INTRODUCTION 
AT&L (ATL) has been engaged by Bluestone Capital Ventures No 1 Pty 
Limited (BCV) to address the servicing and stormwater management 
strategy for the proposed redevelopment of the existing Cronulla Sharks 
club, surrounding fields and carpark areas. 

This report has been prepared in response to the Director General 
Requirements MP 10_0229 and sets out to address the following clauses of 
those DGR’s; 

Clause 11. Flooding, Drainage and Stormwater 

• The EA shall address drainage, groundwater and flooding 
issues associated with the proposed development including 
pipe stormwater, overland flows, drainage infrastructure and 
incorporation or Water Sensitive Urban Design measures. 

• The EA shall address measures proposed to be undertaken 
to ensure that the disposal of stormwater to Woolooware 
Bay maintains/enhances the existing hydrology and water 
quality at the land/wetland interface. 

Clause 12. Sea Level Rise 

• Provide and assessment of sea rise (separate from flood 
impacts) on site in consideration of any relevant provisions 
of the State Governments Sea Level Rise policy and 
planning guidelines and address measures to reduce 
impacts of sea rise on the development. 

Clause 17. Utilities 

• In consultation with relevant agencies, the EA shall address 
the existing capacity and requirements of the development 
for the provision of Utilities, including staging of 
infrastructure. 

The Cronulla Sutherland Leagues Club site is legally described as Lot 11 
DP 526492 and Lot 20 DP 529644 and is known as 461 Captain Cook 
Drive, Woolooware. Three lots owned by Sutherland Shire Council (being 
Lot 21 DP 529644, Lot 1 DP 711486 and Lot 1 DP 501920) are also 
included within the proposed scheme. 

The site is located on the northern side of Captain Cook Drive 
approximately 1.5 kilometres from Caringbah (to the south west) and 2 
kilometres from Cronulla (to the south east). The site is bounded by the 
Solander playing fields to the west, Woolooware Bay to the north, and a 
service station and gymnasium to the east. The Woolooware Golf Club and 
the Captain Cook Oval are located to the south of the site across Captain 
Cook Drive. 
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The overall site is irregular in shape with an area of approximately 10 
hectares, of which approximately 6ha is occupied by Toyota Stadium, 
Leagues Club building and the eastern carpark and 4ha is occupied by the 
western training fields and car park. 

Toyota Stadium (also known as Endeavour Field and Shark Park) and the 
Cronulla Sutherland Leagues Club building occupy the central portion of 
the site, and represent a major community and entertainment hub within the 
region. The western playing fields within the site are private open space 
used as training fields for the Cronulla Sharks and for local games by the 
Cronulla Caringbah Junior Rugby League Football Club, whilst the 
remainder of the site is occupied by car parking. 

The Taren Point Employment Area is located approximately 200 metres to 
the northwest of the site and occupies land located generally between the 
waterfront, Taren Point Road and the Captain Cook Bridge. Woolooware 
Railway Station is located 1 kilometre to the south west of the site, and 
Caringbah Town Centre is approximately 3 kilometres by road to the south 
west. 

This report outlines the stormwater management principles that would be 
adopted in formation of a sustainable stormwater management strategy for 
the proposed development.  The stormwater management strategy has 
been developed with respect to water sensitive urban design, runoff 
quantity and quality control and potable water use reduction. 

Advice is provided on the aforementioned issues where they relate to the 
specific constraints and opportunities associated with the site.  This report 
places particular emphasis on the implementation of a water sensitive 
urban design (WSUD) approach in order to contribute to the long term 
sustainability of the site and its surrounding environment and ultimately the 
Sutherland Shire community. 

Details regarding the existing servicing infrastructure in the vicinity have 
been investigated in order to ascertain whether capacity exists to sustain 
the proposed development.  Where capacity is not available, advice is 
provided regarding necessary augmentation. 
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2 SUMMARY 

2.1 STORMWATER MANAGEMENT STRATEGY 
The proposed Stormwater Management Strategy has been designed to 
meet the following objectives by implementing the principles of Water 
Sensitive Urban Design (WSUD) and Ecologically Sustainable 
Development (ESD): 

 Minimise Potable Water Demand 

 Minimise Impacts on Water Quantity 

 Minimise Impacts on Water Quality 

2.1.1 Minimising Potable Water Demand 
 

It is expected that reduction in potable water demand can be achieved 
through implementation of some or all of the following measures: 

 Rainwater re-use tanks; 

 Flow restrictors in the kitchen and toilet facilities; 

 Dual flush toilets; and 

 AAA rated shower heads and dishwashers. 

2.1.2 Minimising Impacts on Water Quantity 

Flooding 
 

The proposed development will alter the existing surface levels across the 
site which will impact on the overland flows and flood storage.  Mitigation of 
these impacts will potentially be achieved through the following measures: 

 Provision of the an overland flow path adjacent the top of bank 
extents of the existing tidal channel discharging to Woolooware Bay; 

 Enlargement of the culvert underneath Captain Cook Drive. 

Implementation of the above measures would ensure that the development 
does not adversely affect the current flooding conditions. 

For further details refer to Appendix A – Concept Flooding and Stormwater 
Quality Assessment. 
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Detention 
The purpose of On Site Detention (OSD) systems is to detain storms and 
reduce peak discharge rates, however volumetric runoff remains 
unchanged. OSD is usually beneficial in the upper and middle parts of a 
catchment. However, OSD is ineffective in the downstream parts of the 
catchment and can even increase the peak discharge because of the 
coincidence of peaks of the catchment hydrograph and the outlet 
hydrograph from the OSD. Therefore, OSD is not recommended for this 
development on the basis that there is no significant benefit and increased 
risk of the peak discharge value coinciding. 

Volumetric Runoff Coefficient 
 

Stormwater management practices proposed to reduce the increase in 
runoff volume include: 

 Installation of rainwater re-use tanks; 

 Installation of lined bio-retention swales; and 

 Maximisation of pervious area within the development. 

Implementation of the abovementioned retention measures would reduce 
the volume of runoff from the site. 

2.1.3 Minimising Impacts on Water Quality 
 

Runoff water quality is to be managed through a combination of treatment 
measures, with special emphasis on source control.  The proposed 
stormwater treatment measures include rainwater tanks, lined bio-retention 
swales and gross pollutant traps. 

The implementation of the various treatment measures would satisfy the 
water quality objectives set for the site thereby making a substantial 
contribution to the long-term improvement of receiving water quality. 

The water quality management strategy will also aim to minimise infiltration 
into the landfill areas of the site, thus reducing the likelihood of leachate 
export. 

There is opportunity to capture gross pollutants currently generated by the 
golf course prior to discharging under Captain Cook Drive via the existing 
culvert system.  Implementation of a trash rack upstream of the culvert will 
capture gross pollutants prior to discharging into the tidal channel. 

For further details refer to Appendix A – Concept Flooding and Stormwater 
Quality Assessment. 
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2.2 STORMWATER DRAINAGE CONCEPT PLAN 
A major/minor drainage philosophy has been adopted for managing runoff 
on the site.  The majority of flows generated as runoff are proposed to be 
directed to either rainwater tanks or lined bio- retention swales and then 
discharged via GPTs to the tidal channel.  These will maximise pollutant 
removal and minimise the runoff volumes. 

All piped drainage infrastructure would be designed to convey the 10yr ARI 
flows generated on site.  Flows in excess of the 10yr ARI (up to the 100yr 
ARI) event would be conveyed within the internal roadways and swales. 

2.3 SERVICING STRATEGY 
Initial discussion with various service authorities have determined that the 
development can be serviced through provision of adequate planning and 
future negotiations. 
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3 EXISTING SITE CONDITIONS 
The site is located between Woolooware Bay and the Woolooware Golf 
Course.  The site was reclaimed some 30 years ago by landfill of building 
and domestic refuse.   

The site can be divided into four main hydrological parts:  

 The Toyota Stadium, playing field which drains to the tidal channel; 

 The club’s building which drains towards Captain Cook Drive’s 
drainage system, which eventually discharges to the tidal channel; 

 The carpark adjacent to the club’s building.  Approximately one third 
of the bitumen covered carpark area drains towards Captain Cook 
Drive, one third discharges to Woolooware Bay as a diffuse outflow 
through grassed buffer located to the east of the site and one third 
drains through a 150 mm diameter pipe directly to the Bay as 
concentrated flow; and 

 The playing fields to the west of the tidal channel, including the car 
park. Most of the carpark drains towards Captain Cook Drive, where 
the runoff is intercepted by a series of pits and pipes and disposed to 
the West Lane between playing fields and the Solander Playing 
Fields. The Lane drains to Woolooware Bay via a stormwater 
drainage system. Most of the playing fields drain towards 
Woolooware Bay, with some area draining to the tidal channel. 

The total site area east of the tidal channel is approximately 5.8Ha, the site 
area west of the tidal channel is approximately 4.1Ha, while the catchment 
area upstream of the tidal channel is some 253Ha.  
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4 PROPOSED DEVELOPMENT 
The proposed mixed use redevelopment of the Cronulla Sutherland 
Leagues Club site including a new neighbourhood retail centre, residential 
development and upgrades to the sports facilities, including the Toyota 
Stadium, will create a long term sustainable and viable solution for the Club 
as well as create a new centre and destination location that meets the 
needs of the surrounding community. The Concept Plan prepared for the 
site is seeking to develop the site in three stages, being: 

Stage 1 – New Neighbourhood Retail Centre, Medical and Leisure facilities 
on the eastern car park site and redevelopment of the Leagues 
Club facilities; 

Stage 2 - Residential Masterplanned Estate on the western car park and 
field area; and 

Stage 3 - Extension and improvement of the Sharks playing field facilities 
including grandstand extensions. 

Should the Concept Plan be approved, future project or development 
applications will be lodged for the assessment of the detailed design of the 
various components of the Concept Plan and will be released progressively 
over a number of stages. 

It is recognised that this site represents an ideal opportunity to provide an 
environmental benchmark for residential and retail development within 
NSW.  To this effect, a strong commitment has been made to develop the 
site in such a way which incorporates the latest principles of Ecologically 
Sustainable Development (ESD). 
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5 WATER MANAGEMENT STRATEGY 
The water management strategy for the development would be at the 
leading edge of ESD.  The three underlying principles of the water 
management strategy for the development would be: 

1. Minimise Potable Water Demand 

Minimise the potable water demand of the development by implementing 
water saving measures and water re-use measures (refer Section 6). 

2. Minimise Impacts on Water Quantity 

Minimise the volume of stormwater runoff from the developed site through 
minimising impervious areas and implementation of stormwater retention 
measures (refer Section 7). 

3. Minimise Impacts on Water Quality 

Ensure there is no impact on water quality (nutrients, sediment and gross 
pollutants) during and following construction activities, and where possible 
improve existing conditions (refer Section 8). 

The water management strategy for the site will be developed to comply 
with the Council DCPs (Development Control Plans) and Director General 
Requirements to maintain the existing condition.  

These principles generally include the following: 

 Promote long-term improvement of waterways health; 

 Enhance the ecological integrity of the system; 

 Conserve and utilise stormwater; 

 Mitigate the impact of flooding; 

 Treat runoff to ensure no adverse impact on downstream flora and 
fauna; 

 Implement collection, conservation and re-use of stormwater; and 

 Integrate water management with urban design. 
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6 MINIMISING POTABLE WATER 
DEMAND 
The Cronulla Sharks Redevelopment presents an excellent opportunity to 
minimise the potable water demand through the provision of water re-use 
devices and conservation practises such as: 

 Water harvesting such as temporary water storage or rainwater tanks, 

 Irrigating with appropriate systems to minimise water loss and 
evaporation; 

 Using water-efficient taps, shower roses or flow restricting devices; 
and 

 Providing water efficient dishwashers and toilets (dual flush) etc. 

6.1 WATER SAVING MEASURES 
The main uses of potable water in a traditional household (refer Table 1) 
are garden irrigation (27%), shower (25%), toilet (16%) and washing 
machine (19%). 

 
Area/Use 

Traditional Household With Water Saving Devices 
Usage 

l/house/day 
Percentage 

of Total Use 
(%) 

Usage 
l/ house/day 

Reduction 
(%) 

Internal     

Kitchen 47.9 5.4 47.9* -* 
Bathroom basin 23.6 2.6 23.6* -* 

Laundry basin 19.7 2.2 19.7* -* 
Shower 227.4 25.4 159.2 30% 
Toilet 140.8 15.7 84.5 40% 
Washing 
machine 

169.9 19.0 169.9 - 

Dishwasher 13.2 1.5 9.2 30% 
Sub Total 642.5 71.8 514.0 20% 
External     
Irrigation 237.3 26.5 237.3 - 
car washing 14.8 1.7 14.8 - 
Sub Total 252.1 28.2 252.1 - 
TOTALS 894.6 100 766.1 14% 

Table 1. Typical Household Water Usage 
Notes: 
* Water saving benefits conservatively assumed as negligible in this investigation. 



 

Page 10 
Cronulla Sharks Redevelopment 
 
Concept Application 

AT&L 
ABN 96 130 882 405 

F:\11-59 Shark Park\Docs\Reports\Concept EA\11-59-R001-07-Sharks CP.doc  REVISION 07 

 

The reductions in potable water use due to water saving devices (listed in 
Table 1) have been derived from discussions with Sydney Water and the 
report, Investigation of Options to Minimise Potable Water Demand and 
Reduce Wastewater Flows (URS 2003). 

Water saving devices in combination with reuse of rainwater from 
rainwater tanks (described further in Section 6.2) for toilet flushing, 
washing machines, car washing and irrigation would be implemented to 
achieve reduction in potable water demand. 

6.2 RAINWATER RE-USE 

6.2.1 Strategy 
The re-use of rainwater from rainwater tanks has the potential to make 
considerable reductions in potable water usage in concert with water 
savings devices.  With full substitution of potable water with harvested 
water for toilet flushing, washing machines, car washing and irrigation the 
reduction in potable water usage would be approximately 70% (with the 
14% reduction due to water saving devices – see Section 7.1).  However, 
full substitution could not be guaranteed due to the variability of rainfall. To 
analyse this and to determine the most efficient rainwater tank size, a water 
balance analysis would be undertaken for the entire site for three scenarios 
(existing, proposed without rainwater re- use, proposed with rainwater re-
use) incorporating parameters such as rainfall, imperviousness, water 
usage, evaporation etc. 

6.2.2 Rainwater Tanks 
A rainwater re-use tank system can be installed in many different 
configurations including placing the tank above or below ground and using 
gravity or pressure systems (pumps) to deliver rainwater for toilet flushing, 
washing machines, car washing and irrigation. The rainwater system would 
also employ a mains top-up scheme to ensure reliable water supply from 
the tank.  When tank water levels are low, during period of little rainfall, the 
tank is topped up with mains water via a trickle system.  This trickle system 
reduces the peak demands on the mains water distribution network.  Tanks 
would be fitted with a first flush device which causes the initial volume of 
runoff (containing the highest concentration of pollutants) to bypass the 
tank. 

Detailed analysis can be undertaken at subsequent approval stages to 
refine the tank sizes to achieve the required targets and the best outcome 
for the overall design amenity and functionality of the site. 
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7 MINIMISING IMPACTS ON WATER 
QUANTITY 
There are three issues which require consideration in regard to the water 
quantity management of the site: 

 Flooding; 

 Detention; and 

 Runoff volume. 

These are discussed in the following sections. 

7.1 FLOODING 
7.1.1 Objective 

The objective of Flood assessment of flood prone land is to identify the 
extent of the existing flooding and mitigate the risk of future flooding. 

Council have current flood mapping of the site which is proposed to be 
updated at the Project application stage, refer Appendix D- Council Flood 
Maps 

For further details refer to Appendix A – Concept Flooding and Stormwater 
Quality Assessment. 

7.1.2 Proposed Flood Mitigation Measures 
The proposed development will alter the existing surface levels across the 
site which potential will impact on the overland flows and flood storage 
volumes.  Mitigation of these impacts will potentially be achieved through 
the following measures: 

 Provision of the an overland flow path adjacent the top of bank 
extents of the existing tidal channel discharging to Woolooware Bay 
(Refer 11-59 SKC03-A); 

 Enlargement of the culvert underneath Captain Cook Drive; 

Implementation of the above measures and any outcome of the detailed 
analysis (to be undertaken at the Project application stage) would ensure 
that the development does not adversely affect the current flooding 
conditions or pose risk to human safety. 

Whilst detailed modelling has yet to be undertaken, we are confident based 
on the information available, any adverse affects to the flooding in or 
around the development site can be adequately engineered and catered 
for. 



 

Page 12 
Cronulla Sharks Redevelopment 
 
Concept Application 

AT&L 
ABN 96 130 882 405 

F:\11-59 Shark Park\Docs\Reports\Concept EA\11-59-R001-07-Sharks CP.doc  REVISION 07 

 

7.1.3 Analysis 
Flood analysis will include but not be limited to: 

 Prepare hydrologic model of the catchment draining to the site using 
the RAFTS modelling software.  Assessment of the 1 in 20, 1 in 100 
year and PMF events climate change impact considered by 
increasing design rainfall intensities of each storm in accordance with 
state government policy. 

 Prepare detailed hydrologic model for the site using the TUFLOW 2D 
flood modelling system.  This will require a detailed contour survey of 
the site and surrounding areas. 

 Review pre- and post-development flooding inundation levels / 
extents. 

 Produce hydraulic hazard map for the developed site. 

 Assess development and community safety on flood prone land up to 
the PMF in accordance with the NSW FDM (2005), relevant sections 
of Council’s DCP and other relevant guidelines. 

7.1.4 Overland Flow Management 
The overland flows would be contained within the road carriageways (and 
swales where present) and therefore measures would be implemented to 
limit the danger this would present to pedestrians. 

It would be ensured that the product of the depth and velocity of the 
overland flows (standard measure used to estimate risk to pedestrians) 
would not exceed 0.4m2/s. This would be achieved through installation of 
larger pipes (i.e. containing a greater proportion of the runoff flow beneath 
the surface) and/or flow diversion. 

7.2 STORMWATER DETENTION 

7.2.1 Objective 
The purpose of On Site Detention (OSD) systems is to detain storms and 
reduce peak discharge rates, however volumetric runoff remains 
unchanged. 

7.2.2 Proposed Stormwater Detention Measures 
OSD is usually beneficial in the upper and middle parts of a catchment. 
However, OSD is ineffective in the downstream parts of the catchment and 
can even increase the peak discharge because of the coincidence of peaks 
of the catchment hydrograph and the outlet hydrograph from the OSD. 
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Therefore, OSD is not recommended for this development on the basis that 
there is no significant benefit and increased risk of the peak discharge 
value coinciding. 

Where possible the natural hydrological regime will be maintained. 

7.2.3 Analysis 
DRAINs software will be used to develop a rainfall runoff model for the site. 
The model will been used to quantify site flows that discharge to 
Woolooware Bay and Captain Cook Drive. This analysis will be undertaken 
in conjunction with flood modelling. 

7.3 VOLUMETRIC RUNOFF CO-EFFICIENT 

7.3.1 Objective 
One of the major objectives of the water management strategy for the 
proposed development is to maximise the reduction in runoff volume from 
the site. 

Water management practices proposed to reduce the increased runoff 
volume include: 

 Installation of rainwater re-use tanks; 

 Installation of bio-retention swales; and 

 Maximisation of pervious area within the development. 

It is expected that implementation of the abovementioned retention 
measures would significantly reduce the volumetric runoff coefficient (Cv). 

This reduction in runoff volume would lead to a reduction in the pollutant 
loads exported from the site and a reduction in the size of the drainage 
facilities required.  The improvement in runoff quality achieved by the 
retention measures is addressed in Section 8. 

7.3.2 Proposed Stormwater Retention Measures 

Rainwater Re-use Tanks 
Rainwater tanks retain a portion of the stormwater falling on the roof areas 
of the development and therefore contribute to reducing the total volume of 
runoff from the site. 
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Bio-Retention Swales 
These devices would serve a threefold function of stormwater retention, 
stormwater detention and reduction of stormwater pollution levels. 

Bio-retention swales would be located where possible in the streetscape  

The extent and type of planting proposed within the swales would be 
designed to discourage mistreatment and misuse. Swales would be located 
in visually prominent areas to promote best practice maintenance. 

A typical swale would be designed to cater for the major storm event.  A 
typical bio-retention swale cross section is shown in Section 8.  Each 
swale would consist of a low flow storage area underlain by topsoil and 
infiltration media.  To promote detention, the surface of the swales will be 
densely planted in accordance with the landscape architects specifications 
and bunds or check dams will be incorporated at regular intervals. 

A proportion of the runoff captured by the swales will infiltrate through the 
drainage media at a rate of greater than 100mm/h to an underdrain system. 
Flows collected by the underdrain system will eventually discharge into the 
trunk drainage system.  This underdrain system along with the permeable 
backfill and topsoil (sandy loam) utilised within the swale will prevent the 
area from being saturated or becoming “boggy” during extended periods of 
wet weather so as to prevent mosquito breading. 

Pervious Area 
Runoff from the development would be further reduced by promoting 
pervious areas and minimising impervious areas.  Impervious areas would 
be minimised by adopting minimum pavement widths of roads, reducing the 
extent of concrete footpaths and maximising the use of vegetated swales. 

Permeable pavers will be implemented in off street parking bays to reduce 
the volumetric runoff, hence, reduce the pollutant loads exported from the 
site. 
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8 MINIMISING IMPACT ON WATER 
QUALITY 

8.1 WSUD 

8.1.1 Objectives 
In accordance with best management practice and Council guidelines this 
site is considered an ideal opportunity to improve/maintain the quality of the 
stormwater discharged to the receiving waters. 

In order to achieve these objectives, a treatment train approach would be 
implemented into the development where the stormwater treatment flow 
path for runoff would generally be: 

1. Runoff from roofed areas would be collected and 
detained in rainwater tanks with an overflow by-pass to 
the street drainage system; 

2. Large impervious areas such as roads would be directed to 
bioretention swales where they would be filtered and treated 
biologically; 

3. Excess flows from the bioretention swales would flow to 
the pipe drainage system designed to cater for the 10 
year ARI event; 

4. Stormwater exiting the pipe drainage system would pass 
through a GPT to remove remaining coarse sediment, litter, 
debris, oils and greases; and 

5. Stormwater would drain from the GPT to the discharge point 
either in the tidal channel or Woolooware Bay.  Appropriate 
scour protection measures will be in place at all outlets. 

6. Reduce gross pollutants entering the tidal channel through 
external catchments via implementation of a trash rack at the 
upstream end of the culvert under Captain Cook Drive. 

For further details refer to Appendix A – Concept Flooding and Stormwater 
Quality Assessment. 
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8.1.2 Proposed WSUD Measures 

Rainwater Tanks 
In addition to the water re-use benefits evident with installation of a 
rainwater tank, there are also water quality benefits.  Rainwater tanks 
contribute to the retention of rainwater thus resulting in a reduction of the 
runoff co-efficient for the development which in turn reduces the annual 
pollutant loads.   

Bio-retention Systems 
Bio-retention systems are systems that promote the filtration of stormwater 
through a prescribed filter medium. The type of filter medium determines 
the effectiveness of the pollutant removal, with material of lower hydraulic 
conductivity providing the most efficient pollutant removal. 

Figure 1. Swale Image 

Bioretention swales would be incorporated into road reserves and/or 
adjacent overland flow path tidal channel where they can aesthetically 
enhance the visual impact of the development (refer photo).  The swales 
would be planted with native grasses and fringe vegetation on a layer of 
coarse sand and soil.  Below the swale would be a gravel filled trench 
approximately 1000mm deep and 1000mm wide wrapped in geo-textile with 
a perforated pipe at the base. A typical bioretention swale is shown in the 
figure below. 
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Figure 2. Typical Swale Cross-section 
The purpose of a bio-retention swale is to provide a filtering effect to 
remove pollutants typically found in urban runoff (i.e. TN, TP and TSS).  
Further treatment would be achieved by filtering through the gravel trench 
and biological action due to growth on the gravel. 

Low flows are maintained as much as possible on the surface which would 
be exposed to sunlight and with turbulence introducing oxygen to the flows.  
These swales can be located in the streetscape and/or in open space 
areas. 

The top bank adjacent the existing tidal channel is ideal for implementation 
of bioretention systems as flat grades enable water to temporarily pond 
thus increasing the nutrient uptake capacity. This will also serve as a dual 
function to increase capacity of the tidal channel during peak storms. 

Gross Pollutant Traps 
A Gross Pollutant Trap (GPT) captures litter, coarse sediment, some 
nutrients, oils and greases.  While the pollutant capture efficiency of various 
traps may vary, the paper “Removal of Suspended Solids and Associated 
Pollutants by a Gross Pollutant Trap” (Cooperative Research Centre for 
Catchment Hydrology, 1999) suggests the following efficiencies: 

 gross pollutants  majority 

 sediments   up to 70% 

 total phosphorous up to 30% 

 total nitrogen  up to 13% 

It is vital that the entire catchment is serviced by these GPT’s and therefore 
that they are placed at the end of main stormwater lines or other critical 
locations and sized accordingly. 
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The external catchment draining via the existing culvert under Captain 
Cook Drive may be serviced by a trash rack to capture gross pollutants 
prior to discharge into the tidal channel. 

8.1.3 Analysis 

Model for Urban Stormwater Improvement Conceptualisation 
(MUSIC) 
The software package developed by the CRC for Catchment Hydrology 
termed “MUSIC” (Model for Urban Stormwater Improvement 
Conceptualisation) would be used to assess the effectiveness of the 
proposed “treatment train” and therefore ensure compliance with the 
proposed objectives. 

MUSIC is a continual-run conceptual water quality assessment model 
developed by the Cooperative Research Centre for Catchment Hydrology 
(CRCCH).  MUSIC can be used to estimate the long-term annual average 
stormwater volume generated by a catchment as well as the expected 
pollutant loads.  MUSIC is able to conceptually simulate the performance of 
a group of stormwater treatment measures (treatment train) to assess 
whether a proposed water quality strategy is able to meet specified water 
quality objectives. 

MUSIC would be used to ensure compliance because it has the following 
attributes: 

 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 devices; 

 It can model a range of treatment devices; 

 It can be used to estimate pollutant loads at any location within the 
catchment; and 

 It is based on logical and accepted algorithms. 

The model's algorithms are based on the known performance 
characteristics of common stormwater quality improvement measures. 
These data, derived from research undertaken by CRCCH and other 
organisations, represent the most reliable information currently available in 
the water management industry. 

8.1.4 Maintenance Programme 
A maintenance program for the water quality control measures installed 
within the development would consist of the following: 
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 Periodic (6 monthly) inspection and removal of any gross pollutants & 
coarse sediment that is deposited in the bio-retention swales and 
replacement of vegetation as necessary; and 

 Periodic (3 monthly) and episodic (post storm greater than 1 yr ARI) 
inspection and removal of trapped pollutants from all GPTs. 

8.1.5 Construction Phase 
Sediment and erosion control plans would be designed in accordance with 
the NSW Department of Housing “Managing Urban Stormwater – Soils and 
Construction” (Blue Book) and to the satisfaction of Council. Staging of the 
development would minimise impacts during construction. These controls 
would ensure that there are no significant adverse impacts on receiving 
water quality during construction. 

A sediment and erosion control plan would be prepared prior to 
construction, outlining the strategies proposed to prevent excessive 
pollutant loads being exported from the site in runoff during and 
immediately following construction.  It is recommended that the following 
measures be implemented: 

 At the upstream end of works, clean water would be temporarily 
diverted around disturbed areas; 

 A sediment fence would be erected at the downstream end of any 
disturbed areas; 

 The area of soil disturbed at any one time would be minimised where 
possible; 

 Sediment basins would be constructed as required; and 

 Disturbed areas would be rehabilitated as soon as practical. 
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9 SERVICING STRATEGY 
We have contacted all of the following service Authorities who have 
provided preliminary advice that the development can be serviced through 
provision of adequate planning. 

A DBYD investigation was undertaken and along with the detailed survey 
we have prepared plans indicating the location of the existing services. 

9.1 SEWERAGE (SYDNEY WATER) 
There is an existing 1800mm diameter trunk sewer carrier with two 225dia 
stubs that currently service the site. This carrier is anticipated to have 
adequate capacity to service the development. 

Sydney Water have indicated they will provided further advice on the 
existing system and capacity once the concept application has been 
referred on. 

Refer SKC04 and SKC05 for the location of the existing services. 

9.2 POTABLE WATER (SYDNEY WATER) 
It is anticipated that early stages of the development will utilise supply from 
the existing 100mm dia and 150mm dia mains in Captain Cook Drive. 
Ultimately, a future lead-in may be required of approximately 2km of 300-
375mm diameter main.  Preliminary advice is that this can be completed via 
an extension to Cronulla High or the Kingsway via Gannons Road or along 
the extended Captain Cook Drive. 

Sydney Water have indicated they will provided further advice on the 
existing system and capacity once the concept application has been 
referred on. 

Refer SKC04 and SKC05 for the location of the existing services. 

9.3 POWER (AUSGRID) 
Our assessment of power supply for this project is based on the 
development requiring an 11kV feeder to supply a number of on-site kiosk 
type substations.  It is expected the residential precinct will require a single 
kiosk per building and the retail precinct having a single chamber type sub 
station. 

From the network diagrams we received from Ausgrid via our DBYD 
enquiry and our initial discussions with Ausgrid, it appears there will be 
sufficient supply within the existing 11kV overhead and underground cables 
that front the site along Captain Cook Drive. 
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Refer SKC04 and SKC05 for the location of the existing services. 

9.4 Telecommunications (NBN Co) 
Based on the anticipate demand National Broadband Network (NBNco) 
Development Management Team have committed to servicing the future 
development. 

An application has been lodged with NBNco (Application number AYCA-
E8WIP) 

Refer SKC04 and SKC05 for the location of the existing services. 

9.5 GAS (JEMENA) 
The existing Gas network in the area consists of: 

 110mm Nylon main (300kPa) near the corner of Captain Cook Drive 
and Woolooware Road.  This main would be suitable for connection 
depending on the required demand. 

 300mm Secondary main (1050kPa) running along Captain Cook 
Drive with appears to currently service the site.  This main may be 
suitable for connection depending on the required demand. 

Based on our initial discussions with Jemmena it’s expected the existing 
services have sufficient capacity to service the development. 

Refer SKC04 and SKC05 for the location of the existing services. 
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10 CONCLUSIONS 
WATER MANAGEMENT 
This report has outlined how a successful water management strategy 
would be implemented to the site.  The specific conclusions that can be 
drawn regarding the three areas of water management are outlined below: 

Potable Water Use 

Installation of rainwater re-use tanks to provide water for certain uses 
(toilet flushing, car washing and irrigation) in conjunction with 
implementation of water saving measures (flow restrictors, water efficient 
appliances, responsible landscaping etc) would significantly reduce the 
potable water demand.   

Water Quantity 

The proposed strategy would mitigate risk in flooding or stormwater 
flows at any upstream and/or downstream locations during peak rainfall 
events. 

Water Quality 

Incorporation of a treatment train (rainwater tanks, bioretention swales 
and gross pollutant traps) will significantly reduce the pollutant export 
from the site.  The level of treatment that would be provided would seek 
to improve or maintain the existing condition. 

Climate Change and Sea Level Rise 
Any future modelling will incorporate Sea Level Rise of a prescribed rise 
of 0.41m. 

SERVICING STRATEGY 
Initial discussion with various service authorities have determined that 
the development can be adequately serviced subject to adequate 
planning and future negotiations. 
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Appendix A 
Concept Application Drawings 
11-59 SKC02 – A Residential Roadworks and Stormwater plan 

11-59 SKC03 – A Retail Roadworks and Stormwater plan 

11-59 SKC04 – A Existing Services Sheet 1 

11-59 SKC05 – A Existing Services Sheet 2 
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Limitations Statement 
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a concept flood and water quality assessment in accordance with the scope of services set out in the contract / 
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and services were defined by the requests of the Client, by the time and budgetary constraints imposed by the 
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interviews with individuals with information about the site or the project, and field explorations conducted on the 
dates indicated.  The passage of time, manifestation of latent conditions or impacts of future events may require 
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findings, observations and conclusions expressed in this report. 

In preparing this report, Martens & Associates Pty Ltd may have relied upon and presumed accurate certain 
information (or absence thereof) relative to the site.  Except as otherwise stated in the report, Martens & Associates 
Pty Ltd has not attempted to verify the accuracy of completeness of any such information (including for example 
survey data supplied by others). 

The findings, observations and conclusions expressed by Martens & Associates Pty Ltd in this report are not, and 
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others.  No warranty or guarantee, whether express or implied, is made with respect to the data reported or to the 
findings, observations and conclusions expressed in this report.  Further, such data, findings and conclusions are 
based solely upon site conditions, information and drawings supplied by the Client etc. in existence at the time of 
the investigation. 

This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in 
connection with the provisions of the agreement between Martens & Associates Pty Ltd and the Client.  Martens & 
Associates Pty Ltd accepts no liability or responsibility whatsoever for or in respect of any use of or reliance upon this 
report by any third party. 
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1 Overview  

1.1 Background 

Martens & Associates Pty Ltd has prepared this concept flooding and 
stormwater quality assessment for the proposed Concept Plan 
application for the Cronulla Sharks Redevelopment Club located at 
Toyota Stadium, 461 Captian Cook Drive, Woolooware NSW.  The 
application is being lodged by t Bluestone Capital Venture No. 1 Pty 
Limited (BCV). 

This report reviews findings from previous studies produced for a 
previous development application (DA) lodged for Toyota Stadium 
including: 

• SMEC (March 2002).  Stormwater Drainage and Water Quality 
Strategy (Document Number 31226.067); 

• DHI (October 2002).  Stormwater Drainage and Water Quality 
Strategy (Project Number 50139); 

• J & K (September 2002).  Geotechnical Investigation for 
Proposed Cronulla Leagues Club Rezoning (Ref: 17119SPrpt); 

• Kozarovski and Partners (March 2007).  Flood Study (Project 
Number 891); 

• Kozarovski and Partners (2009).  Impact and Climate Change on 
Flood Levels in Captain Cook Drive (Job Number 1404). 

• Hyder Consulting (March 2009) Site Stormwater Assessment 

1.2 Development Proposal 

The proposed mixed use redevelopment of the Cronulla Sutherland 
Leagues Club site including a new neighbourhood retail centre, 
residential development and upgrades to the sports facilities, including 
the Toyota Stadium, will create a long term sustainable and viable 
solution for the Club as well as create a new centre and destination 
location that meets the needs of the surrounding community. The 
Concept Plan prepared for the site is seeking to develop the site in 
three stages, being: 

Stage 1 – New Neighbourhood Retail Centre, Medical and Leisure 
facilities on the eastern car park site and 
redevelopment of the Leagues Club facilities; 
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Stage 2 - Residential Masterplanned Estate on the western car park 
and field area; and 

Stage 3 - Extension and improvement of the Sharks playing field 
facilities including grandstand extensions. 

1.3 Objectives and Scope 

Martens and Associates were engaged by AT&L (on behalf of the BCV) 
to prepare a review of previously prepared site documentation and 
provide advice regarding development constraints relating to flooding, 
climate change and water quality.  This advice is based entirely on 
review of past assessments. New modelling is expected to be 
undertaken for future applications. 

Site flooding and climate change objectives included: 

• Review previous site stormwater study conducted for the site by 
Hyder (2009). 

• Review previous site flooding and climate change reports. 

• Review relevant sections of Council’s DCP and other relevant 
guidelines. 

• Discuss known flood levels and preliminary impacts on proposed 
development. 

• Discuss the impact of climate change on flood levels in 
accordance with current state government policy. 

Water quality objectives included: 

• Determine site water quality targets and review existing water 
quality data; 

• Review existing reports from previous DA; 

• Assess preliminary requirements for stormwater quality 
management. 
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2 Site Characterisation 

2.1 Location and Site Description 

The Cronulla Sutherland Leagues Club site is legally described as Lot 11 
DP 526492 and Lot 20 DP 529644 and is known as 461 Captain Cook 
Drive, Woolooware. Three lots owned by Sutherland Shire Council 
(being Lot 21 DP 529644, Lot 1 DP 711486 and Lot 1 DP 501920) are also 
included within the proposed scheme. 

The site is located on the northern side of Captain Cook Drive 
approximately 1.5 kilometres from Caringbah (to the south west) and 2 
kilometres from Cronulla (to the south east). The site is bounded by the 
Solander playing fields to the west, Woolooware Bay to the north, and 
a service station and gymnasium to the east. The Woolooware Golf 
Club and the Captain Cook Oval are located to the south of the site 
across Captain Cook Drive. 

The site is generally flat, sloping to the south towards Captain Cook 
Drive.  The site was a former landfill which accepted putrescible and 
non-putrescible refuse, explaining the peculiar site aspect (i.e. drains 
away from Woolooware Bay). 

An open channel (approximately 5 - 6m wide and 1.5m deep) is 
located on the shared boundary of the two allotments which flows 
north to the wetland and eventually Woolooware Bay.  A culvert drains 
the upslope catchment (approximately 253 ha) under Captain Cook 
drive and discharges into the open channel.  The channel is impacted 
by tidal movements. 

Existing site conditions are shown on the site aerial (Figure 1 of 
Attachment B). 

2.2 Geology and Groundwater 

2.2.1 Geology & Soils 

The Wollongong / Port Hacking 1:100,000 Geological Sheet 9129 (NSW 
Dept. Mineral Resources, 1985) describes the geology in the area of the 
site as man-made fill consisting of dredged estuarine materials, coal 
wash, industrial and household waste.  Fill is underlain by quaternary 
marine deposits consisting of organic rich estuarine sediments and 
marine sands.  Hawkesbury Sandstone is expected at greater depths. 

J&K (2002) geotechnical report identified poorly compacted fill 
(consisting of silty clay and sand mixed with metal, timber, sandstone 
and demolition rubble) overlying soft marine deposits (consisting of 
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organic silty clays and sandy soils).  Sandstone bedrock was 
encountered at depths ranging from 7.7 to 13.3m below existing 
grades. 

2.2.2 Groundwater 

Reference to the J&K (2002) geotechnical report reveals groundwater 
is at depths ranging from 0.4 to 3.8m below grade. 



 

 

 

m ar tens 
 

Final Concept Flooding and Stormwater Quality Assessment: 
Proposed Cronulla Sharks Redevelopment, Captain Cook Drive, Woolooware, NSW. 

P1103017JR01V01 – July 2011 
Page 9 

 

3 Flooding 

3.1 Policy and Guidelines 

The following guidelines are considered applicable to the site flood 
assessment: 

o NSW Department of Environment, Climate Change and Water 
(DECCW),  Flood Risk Management Guide – Incorporating sea 
level rise benchmarks in flood risk assessments (2010); 

o NSW Department of Infrastructure, Planning and Natural 
Resources (DIPNR), Floodplain Development Manual (2005); 

o Sutherland Shire Council (SSC), Development Control Plan 
(2006). 

3.2 Document Review 

3.2.1 Flood Assessment Review 

The flood report prepared by Kovarovski and Partners (K& P, 2007) 
includes past information developed by SMEC (2002) and DHI (2002) 
and adds further modelling detail to those previous assessments.  
Findings of K & P (2007) are summarised below: 

• A flood model was prepared using the MikeStorm hydraulic 
model. 

• King tide level was assumed to be 1.8 m AHD.  A more 
conservative design king tide level of 1.9 m AHD was applied as 
the model downstream boundary condition. 

• The 60 minute storm duration produced the highest peak 
discharge values. 

• Peak 1% AEP flood level along Captain Cook Drive was 
modelled at 2.78 m AHD. 

• Existing 1% AEP flood levels downstream of Captain Cook Drive 
were modelled as being at or below 2.7 m AHD. 

• The extreme flood event (simulated using 4 times the 1% AEP 
hydrograph) levels along Captain Cook Drive were modelled as 
being at or below 3.18 m AHD. 
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The flood assessment concluded that the proposed development 
would increase flood levels (however extent and location was not 
specified / discussed). 

Hydraulic flood hazard was reviewed by considering the VD product 
(velocity x depth).  Toyota Stadium was considered to have a low flood 
hazard, however the site development contains areas of high hazard 
(particularly areas adjacent to and within the main channel). 

A range of detailed prescriptive controls were recommended in the K 
& P (2007) report for each of the proposed development stages at 
address site flood impacts and hydraulic hazard.  It is proposed that a 
similar assessment of hazard and mitigation measures shall be 
developed for the current proposed site development.  Measures likely 
to be required (and to be detailed at the Project Application stage) 
include. 

• Provision of the an overland flow path adjacent the top of bank 
extents of the existing tidal channel discharging to Woolooware 
Bay; 

• Enlarging the opening under Captain Cook Drive. 

3.2.2 Climate Change Impact Review 

The impact of climate change on flood levels in Captain Cook Drive 
was reviewed by Kozarovski and Partners (K & P, 2009).  The following 
assumptions and outcomes are reported: 

• A design tide level of 2.21 mAHD was specified by Council’s 
Stormwater Engineer (Dr Guy Amos) for modelling purposes.  This 
represents an increase in design high tide of only 0.41m. 

• Modelled increase in the 1% AEP flood level in the vicinity of 
Captain Cook Drive was between 15 – 19mm. 

• Recommended design 1% AEP flood level for basement carpark 
and driveway entry level was raised from 2.77 m AHD (from 2007 
report) to 2.87 m AHD. 

3.2.3 Site Emergency Response Plan Review 

K & P (2007) recommended a Crowd Management Plan be prepared, 
which would be included in an overall Site Emergency Response Flood 
Plan.  The site planning is to: 

• Minimise the number of people and cars which may be in the 
inundated areas; 
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• Prevent people and cars being swept into areas of deeper 
water and/or with higher velocities; 

• Direct people to safe refuge locations. 

Flood depth indicators must be placed: 

• Along the footpath of Captain Cook Drive; 

• On each landscaping island of the western car park area; 

• At 20 m intervals along the fence on the west side of the tidal 
channel ; 

• At 10 m intervals along the service road between the tidal 
channel and the ET Stand / main oval, from Captain Cook Drive 
to north of the north-west entry; 

• On each side of the foot bridges; 

• Flood evacuation plaques should be placed at strategic 
locations identifying the closest flood refuge location. 

3.2.4 Sutherland Shire Council DCP (2006) 

Chapter 5 (Environmental Risk) of SSC DCP (2006) provides prescriptive 
controls for development of flood prone land in the Sutherland Shire 
LGA.  Flood Notations on Section 149 Certificates contain the 
requirements for the development controls that apply to that parcel of 
land. 

SSC DCP (2006) controls shall be applied to the appropriate categories 
of development at the Project Application stage of works. 

3.3 Discussions and Recommendations 

Kozarovski and Partners (2009) report considered a design tide level of 
2.21 mAHD in light of discussions with SSC (Dr Guy Amos).  This level 
represents an assumption of 0.41m of sea level rise.  NSW DECCW (2010) 
guideline provides direction on projected sea level rise.  The 
benchmark levels set for 2050 and 2100 are 0.4m and 0.9m 
respectively, relative to the 1990 mean sea level. 

It is recommended that detailed flood modelling for the development 
be undertaken at the Project Application stage to assess design levels 
for the development and mitigation requirements.  Modelling shall 
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include a sea level rise benchmark of 0.9m giving a downstream 
boundary condition of 2.7 m AHD for future flood modelling. 

The proposed Cronulla Sharks Redevelopment will alter the existing 
surface levels across the site which may impact on flood flows and 
flood storage.  This is particularly the case on the western portion of the 
site, and without mitigating measures, the filling may increase flood 
heights across the siteand surrounding areas. 

At this stage we expect any increase in this level to be minor.  
Mitigation works may be required to ensure impacts are acceptably 
small, these may include: 

• Provision of the an overland flow path adjacent the top of bank 
extents of the existing tidal channel discharging to Woolooware 
Bay;  

• Enlargement of the culvert underneath Captain Cook Drive. 

Flood levels determined by K & P (2007 and 2009) provided in Section 
3.3 provide a general guide to indicative flood levels across the site.  It 
is intended a detailed re-assessment of levels for the current 
development layout as well as an updated assessment of the impact 
of Climate Change will be undertaken for future applications.   

Detailed flood impacts and levels are to be assessed at the Project 
Application stage.  This assessment shall consider the 1% AEP and PMF 
and shall consider the effects of sea level rise as outlined in NSW 
government planning policy. 



 

 

 

m ar tens 
 

Final Concept Flooding and Stormwater Quality Assessment: 
Proposed Cronulla Sharks Redevelopment, Captain Cook Drive, Woolooware, NSW. 

P1103017JR01V01 – July 2011 
Page 13 

 

4 Stormwater Quality 

4.1 Policy and Guidelines 

The following guidelines are considered applicable to the site 
stormwater quality assessment: 

o Australian Rainfall Quality (2006); 

o Department of Environment and Climate Change NSW (DECC), 
Management Urban Stormwater: Urban design (Consultation 
Draft, 2008); 

o Sutherland Shire Council (2006) Development Control Plan;  

o Sutherland Shire Council (2009) Environmental Specification – 
Stormwater Management; and 

4.2 Stormwater Quality Objectives 

Sutherland Shire Council’s Environmental Specification – Stormwater 
Management (2009) provides reduction objectives for stormwater 
quality assessment.  These are summarised in Table 1 and are proposed 
as the water quality objectives for the site redevelopment. 

Table 1: Proposed project stormwater pollutant reduction objectives. 

Pollutants Project Objectives (SSC 2009) 

Total Suspended Solids (TSS) 70% 

Total Phosphorus (TP) 20% 

Total Nitrogen (TN) 35% 

Litter 
Retention of litter greater than 50mm to the 

maximum extent possible for storm events up to 
1 in 3 month ARI 

Pollutant reduction percentages are expressed in terms of “annual 
post-development pollutant loads” from the development. 



 

 

 

m ar tens 
 

Final Concept Flooding and Stormwater Quality Assessment: 
Proposed Cronulla Sharks Redevelopment, Captain Cook Drive, Woolooware, NSW. 

P1103017JR01V01 – July 2011 
Page 14 

 

Existing water quality data for Woolooware Bay was unavailable at the 
time of writing this report. 

4.3 Review of Previous Reports 

4.3.1 Overview 

Water quality assessment was provided in SMEC (2002) and further 
developed in DHI (2002).  Water quality control issues were discussed 
and water quality control devices recommend in light of MUSIC 
modelling. 

4.3.2 Summary of Water Quality Control Issues 

Impacts on the adjacent RAMSAR wetland are likely to be incurred 
from the concentrated use of Toyota Stadium during game events, as 
well as from parking and other impervious areas. 

Additionally, the site is located over a land fill which has the potential 
for export of leachate to the wetland.  The stormwater quality strategy 
should aim to minimise infiltration into the landfill areas of the site, thus 
reducing the likelihood of leachate export. 

4.3.3 Summary of Water Quality Control Devices 

A summary of the water quality control recommendations provided by 
SMEC (2002) and DHI (2002) is documented as: 

• Separate roof and surface runoff drainage systems are to be 
provided. 

• Rainwater tanks are to harvest roof runoff for irrigation of Toyota 
Stadium and associated training fields. 

• A piped stormwater system to be installed over the landfill area 
to reduce infiltration. 

• Grassed swales with sub-soil drainage are to be constructed 
along Captain Cook Drive with invert levels above the ground 
water table.  Swales reduce stormwater flow velocities; remove 
pollutants during small storm events; and expose the 
accumulated litter to the public (stormwater pipes hide the 
litter). 
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• Off-line GPT with oil traps to be installed at the end of the swales 
to protect the tidal channel from litter, coarse sediments and 
oil/fuel. 

• Prepare and implement erosion and sediment control measures 
during construction to prevent sediment export to Woolooware 
Bay. 

Water quality control structures above were modelled using MUSIC (as 
documented in DHI 2002) and indicate a pollutant load reduction (post 
compared to pre-development) by some 30%. 

4.4 Proposed Water Quality Modelling Requirements 

4.4.1 Modelling Overview 

Stormwater quality modelling shall be undertaken at the Project 
Application stage to determine specific requirements for stormwater 
quality improvement devices (SQIDs) to protect the wetland and 
Woolooware Bay to achieve adopted project water quality objectives.  
A model such as the Model for Urban Stormwater Improvement 
Conceptualisation (MUSIC) or similar is to be developed to evaluate 
pre- and post-development pollutant loads from the site and to assess 
required mitigation measures. 

4.4.2 Modelling Parameters 

Pollutant concentration parameters for proposed land-use types are to 
be derived from Australian Runoff Quality (Engineers Australia, 2006) 
and Bui et al. (November, 2002). 

4.5 Proposed Stormwater Quality Improvement Devices 

Stormwater quality improvement devices (SQIDs) likely to be 
implemented at the proposed development are described in Table 2.  
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Table 2:  Summary of proposed stormwater quality improvement devices (SQIDs). 

Element Water Quality 
Function Description & Preliminary Specification(s) 

Gross 
Pollutant 
Traps (GPT) 

Primary: litter 
and sediment 
removal 
mechanism. 

Secondary: 
nutrient 
removal. 

Where possible road runoff to be directed to GPT’s prior to 
discharge off-site by overland flow through the existing 
channel. 

Proposed location, number and size of GPT’s will ultimately 
depend on inflow rates and detailed drainage design.  GPT 
treatment is likely to consist of two functions: 

• Primary: pit basket inserts (i.e. enviropod or similar) and 
larger end of line structures (such as CDS units or other 
commercially available equivalent) for litter and 
coarse sediment removal. 

• Secondary: stormwater filtration systems (i.e. Stormfilter 
or other commercially available equivalent) for 
nutrient and fine sediment removal. 

Treatment efficiencies of the GPT’s should be sourced directly 
from the manufacturer at the time of detailed assessment and 
modelling. 

Rainwater 
Tanks (RWTs) 

Provides 
primary 
sedimentation 
and beneficial 
re-use of 
stormwater. 

Where possible stormwater shall be collected from roofs in 
appropriately designed RWTs. 

Rainwater  shall be re-used for landscape irrigation (i.e. Toyota 
Stadium playing surface and garden areas across the 
development) as well as toilet flushing in the Leagues Club and 
proposed Shopping Centre development. 

Grassed 
Swales 

Provides 
sedimentation, 
infiltration and 
nutrient 
removal. 

Grassed swales to be included where possible alongside 
internal road networks.  Swales shall be lined to prevent excess 
infiltration over landfill areas. 

Grassed swale size and locations to be confirmed at the Project 
Application stage through detailed modelling. 

Permeable 
Pavers 

Removal of 
particulates 
and some 
dissolved 
pollutants 
through 
filtration and 
absorption on 
to filter media 
particles.  
 
Reduce runoff 
during storm 
event. 

Permeable pavers are to be provided in off street parking bays. 

Surface area and depth of filter media to be confirmed at the 
Project Application stage through detailed modelling. 
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4.6 Conclusions 

Stormwater quality objectives outlined in SSC DCP (2006) shall be 
achieved using catchment controls such as swales and litter reduction 
programs as well as various end of line treatment structures including 
pit inserts and GPTs, as well as stormwater collection and re-use within 
the site. 

Stormwater re-use of collected roof water for non-potable re-use such 
as toilet flushing and landscape irrigation is proposed.  Total rainwater 
tank capacity shall be determined based on roof areas and water 
demand. 
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6 Attachment A – Site Development Plans 
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7 Attachment B - Figures 
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1 Introduction 
 
The Cronulla Sharks have for some time been negotiating with Sutherland Shire Council in 
regard to future land use and development potential of their landholdings.  A previous 
proposal sought the rezoning and use of their entire site for a range of new activities.  
However, more recently, Council has indicated general support to the rezoning of the eastern 
portion of the site. 
 
BDO Property, consultants to the Sharks, have commissioned a group of consultants to 
facilitate and review all aspects of the proposed rezoning and development of the site. 
 
SMEC Australia was commissioned to develop a stormwater drainage and water quality 
strategy for the proposed rezoning and development of the site.  The previous strategy sought 
to prepare an overall drainage strategy for the entire Sharks site, however this has now been 
altered to deal with the eastern portion of the site only. 
 
The overall purpose of this study is to: 
 
• To improve the current relationship between the site and Woolooware Bay in terms of 

drainage and water quality; 
• Assess the current flooding and develop strategy to overcome flooding problems if any. 
• Assess the ground water regime, and ground water quality. 
• Develop a stormwater drainage and water quality strategy in accordance with the 

Council’s Stormwater Management Policy and Guidelines and Stormwater Drainage 
Manual.  

• Address the requirements in Southerland Shire draft DCP for Wetlands 
 
The initial proposal covered the entire site owned by Sharks International, however, this 
report refers to the eastern side only, covering the area east of the tidal channel. 
 
2 Background 
 
Subsequent to the lodgement of the original rezoning proposal Council reviewed the initial 
SMEC report on stormwater and drainage for the proposed rezoning.  That review identified 
a range of issues on which Council officers required further detail.  These were confirmed in 
correspondence from Council, dated 24 December, 2001, and are noted below as follows: 
 
A revised stormwater quality and quantity report that addresses the following deficiencies: 
 
 The submission has not defined the flood behaviour accurately or determined the design 

levels along the channel.  Hydraulic modelling of the Golf Course, the tidal channel and 
all overland flow paths will be required. 

 
 No detailed survey plan has been submitted.  The site is generally flat so a survey plan ( 

min. contours of at least 0.25 metres) would be required to assess whether or not there is 
adequate grade for pipes, channels and grass swales to be constructed in accordance 
with the requirements of Council’s Stormwater Management Policy and guidelines.  As 
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the area is tidal influenced, preliminary indications are that the site may have been filled 
in areas in order to achieve adequate grade.  Flooding of basement car parks is relevant. 

 
 It should be noted that adjoining the site is a nationally Significant Wetland (RAMSAR 

listed wetland).  No indication of flow rates within the existing channel on the site and the 
potential impacts of the stormwater outflow on the adjoining wetland have been provided. 

 
 No structural or hydrological information in regard to the proposed humeceptor, gross 

pollution traps, grassed swales, rainwater tanks or the water re-use systems has been 
provided. 

 
 No information has been submitted in regard to the biota required within the drainage 

channel and grassed swales in order to effectively ‘polish’ the stormwater.  Further 
hydraulic information would be required in order to determine the flow rates required for 
efficient ‘polishing’ of the stormwater. 

 
 No information has been submitted in regard to maintenance of the proposed riparian 

corridor, or in regard to the desilting of the drainage channel. 
 
 No comments have been submitted in regard to the potential breeding of mosquito’s 

within the drainage channel, grassed swales, or the rainwater tanks.  As the site adjoins a 
wetland, mosquito breeding may be an important issue. 

 
 A preliminary review of the proposal indicates that there may be impacts on Council’s 

stormwater system and future road works on Captain Cook Drive may impact on the 
stormwater drainage proposal.  Any further information submitted should be referred to 
Stormwater Management Unit (Engineering Division) for comment. 

 
A prior meeting was arranged with the various Council officers responsible for reviewing the 
original specialist reports to discuss and define the required additional works.  This meeting 
was held at Council on 20 December, 2001 and included the responsible officer for the 
stormwater and drainage issues.   
 
At that meeting, the officer was advised that the proposal put forward by the Sharks was not a 
Development Application and at this stage was a land use concept and that the initial report 
had therefore sought to identify a strategy for dealing with and improving the relationship of 
the site with Woolooware Bay. 
 
The officer agreed that the strategy put forward for the site would be suitable but that certain 
additional information would be required to determine its suitable application.  Many of the 
items noted in Council’s correspondence could therefore be dealt with at the Development 
Application stage.  Furthermore it was confirmed that the revised rezoning proposal only 
sought development on the eastern portion of the site and not the western playing fields.  It 
was therefore agreed and minuted that the following additional items should be provided to 
Council in a revised report that dealt with the rezoning proposal for the eastern site: 
 
 A review of the site survey to demonstrate that the grades are suitable for the strategy; 
 Preliminary sizing of pipes and tanks to suit the proposal; 
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 Some demonstration of the fact that flows from the site will be decreased as outlined by 
the strategy; and 

 A revision of the drainage strategy to conform with the latest land use and development 
proposal for the eastern site. 

 
However, it was generally concluded by the Council officer that the strategy was a good 
drainage solution that would be suitable to the site. 
 
 
3 Site description 
 
The subject site is located between Woolooware Bay and the Woolooware Golf Course, 
extending east from the existing tidal channel (Figure 1, 2 and 3).  The site has been created 
some 30 years ago by a landfill of building and domestic refuse.  The site is relatively flat, 
sloping away from Woolooware Bay towards Captain Cook Drive, with ground elevations 
between 3.2 and 4 m AHD. A recently undertaken survey confirmed these elevations. The 
playing field has a layer of topsoil with grassed cover.  The car park is with bitumen cover. 
  
4 Main Issues 
 

4.1 Proximity to a Wetland 
 
The site is adjacent to a Woolooware Bay wetland and the Councils draft DCP for wetlands 
applies to this development.  The hydrological and water quality objectives of the DCP are 
repeated below for clarity: 
 

Objective 1: To improve, maintain or restore the physical, chemical and biological 
processes of the wetland by minimising negative impacts created by changes to wetland 
hydrology from adjoining land uses in the catchment. 
 
Objective 2: To protect and enhance the natural values and ecological functions of 
wetland habitat from potential impacts of adjoining or upstream/downstream land uses.  
This includes elevated nutrient and sediment loads, stormwater runoff, removal of 
vegetation and changes to landform. 

 
These objectives have been incorporated into the proposed stormwater management scheme, 
and particular aspects are discussed in the following sections.  In general the above objectives 
would be achieved if the impacts of the current land use are minimised and/or eliminated.  
The obvious current land use impacts on the adjacent wetland are: 
 

• The subject site has an area of some 5.93ha and discharges into a tidal channel.  The 
upstream catchment connected to the tidal channel has an area of some 246 ha.  The 
subject site represents only 2.4% of the total catchment.  The hydrological, hydro-
geological and the water quality regimes of the wetland are thus governed by the land 
use in the upstream catchment, with the subject site having a minimal impact.  
However, the best management practice principles have been incorporated into the 
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proposed stormwater management strategy aiming at maximising the benefits and 
minimising the negative impacts. 

 
• The existing land use is associated with a significant concentration of people during 

game events, resulting in large quantities of litter being deposited on the surface.  A 
significant amount of this litter is transported into the tidal channel and then into the 
wetland.  The proposed development would have to minimise and even eliminate 
litter export to the wetland. 

 
• The site is located over a land fill, which has a potential for leachate generation and 

leachate export to the wetland.  The exothermic processes inside the landfill consume 
the internally available moisture, however, leachate is created when external water 
such as rainfall infiltration exceeds the exothermic water consumption.  The 
stormwater management strategy for the site is thus based on minimising the rainfall 
infiltration aiming at leachate reduction. 

 
• The existing carpark is covered with bitumen, resulting in most of the site being 

impervious.  The rainfall runoff from the existing roofs and the carpark enters the 
tidal channel, resulting in higher velocities during short, but intensive storms.  The 
pollutants deposited on the roofs and the carpark as a result of atmospheric fallout 
and leakage from cars are exported into the tidal channel and then into the wetland. 
The stormwater management strategy would have to reduce the peak discharge 
values and runoff volumes and minimise the pollutants’ export. 

4.2 Flooding 
 
There is an open, tidal channel to the west of Toyota Park.  The channel is 5 to 6 m wide and 
approximately 1.5 m deep.  It drains a significant catchment area of approximately 246 ha.  
The catchment boundaries were defined using the 1:4000 ortho-photo maps. 153 ha are 
estimated as the pervious fraction of the catchment with the remaining 93 ha as impervious.  
The runoff from the catchment is discharged into the Golf Course area, which acts as a 
temporary flood storage.   
 
The design peak discharge values were obtained using RAFTS-XP hydrological model.  The 
catchment was subdivided into 13 sub-catchments taking into account the topographical 
features and the flow paths into account.  The catchment subdivision is shown on Figure 1 
and the main sub-catchment parameter values are given in Table 2.1 
 
Table 2.1 Catchment parameter values 
Link 

 
Area 
(ha) 

Slope 
(%) 

Pern B Initial loss 
(mm) 

Cont. loss 
(mm/hr) 

Perv Imp. Perv. Imp. Perv. Imp. Perv. Imp. Perv. Imp. 
11 0.22 0.22 5 0.035 0.025 0.0081 0.0007 15 2 15 0.5 
10 26.55 26.55 4 0.035 0.025 0.1088 0.0098 15 2 15 0.5 
9 12.3 12.3 6 0.035 0.025 0.0596 0.0054 15 2 15 0.5 
8 12.7 12.7 8 0.035 0.025 0.0525 0.0047 15 2 15 0.5 
7 18 1.6 2 0.035 0.025 0.1257 0.0032 15 2 15 0.5 

13 15.7 15.7 4 0.035 0.025 0.0828 0.0075 15 2 15 0.5 
12 7.5 0 1.7 0.035 0 0.0864 0 15 2 15 0.5 
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6 23.4 15.4 4 0.035 0.025 0.1019 0.0074 15 2 15 0.5 
5 12.9 4 4.5 0.035 0.025 0.0705 0.0035 15 2 15 0.5 
2 8.6 0 0.1 0.035 0 0.3816 0 15 2 15 0.5 
1 5 5 0.5 0.035 0.025 0.1289 0.0117 15 2 15 0.5 
4 10.2 0 1 0.035 0 0.1322 0 15 2 15 0.5 
3 0.2 0 1 0.035 0 0.0171 0 15 2 15 0.5 

Out 0.001 0 1 0.025 0 0.0008 0 15 2 15 0.5 
 
No streamflow gauging data were available to calibrate the hydrologic model, so typical 
parameter values expected for this catchment were adopted.   The model was run for the 100 
year ARI case to determine the critical rainfall duration.  The 90 minutes storm produced the 
highest peak discharge value, so it was adopted as the critical storm duration (it does not 
reflect the time of concentration, but rather the design rainfall temporal pattern).  The 90 
minutes design rainfall for various return periods were used to obtain the corresponding peak 
discharge values, which are given in Table 2.2 
 
Table 2.  90 minutes design peak discharge (m3/s) 
ARI (year) 5 10 20 50 100 
Q golf course 44.0 52.0 63.9 74.2 86.5 
Q site  
(including the training fields) 

2.0 2.3 2.8 3.2 3.6 

Note: The peak runoff value from the site east of the channel is 2 m3/s or only 2% of the total peak value, of 
which 1.0 m3/s is directed to the rainwater tank and 1.0 m3/s is directed to the tidal channel.  The runoff from 
the proposed development would be less than the peak discharge value for existing conditions due to the effect 
of the rainwater tank. It can be concluded that there is no impact from the site’s runoff on total flow entering the 
wetland. 
  
The existing channel will not be able to convey all the runoff, during larger storms, so it is 
expected that approximately 50% of water would overflow the Captain Cook Drive during 
the 100-year event and flow along the paved driveway opposite to the Captain Cook Ovals 
into Woolooware Bay.  The proposed development is not adjacent to the channel (Toyota 
Park is located between the development and the channel) and is not expected to be affected 
by the flooding from the channel, as the 100 year flood levels are expected not to exceed 
elevations of 2 m AHD.  
 

4.3 Leachate from the landfill and Acid Sulfate Soils 
 
The existing site was created by a landfill some 30 years ago.  Initial consultation with 
geotechnical consultants, involved in the previous investigations of the site, indicated that: 
 
• The deposited material is mainly building refuse and a domestic waste. 
• The land fill was most likely created by depositing the refuse over mangroves area at R.L 

0.0 m AHD without any excavation, so there are no active acid sulfate soils expected to 
have been created by the land fill operation. 

  
In accordance with the opinion of SMEC’s landfill expert Mr. Daniel Cramer, an intensive 
leachate is generated from a domestic refuse land fill in the initial 20 years of deposition 
with gradual decrease within the following 30 years.  Some leachate is thus still expected to 
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be generated from the land fill area.   The deposited organic mater is decomposed as a result 
of the anaerobic processes.  The fermentation is an exothermic process, which can create 
temperatures as high as 50 ° C consuming most of the available moisture releasing gases 
such as methane.  When the decomposed organic mater gets in contact with external water a 
nutrient reach solution is created, which, if it finds its way out of the land fill area, is referred 
to as a leachate.  In this particular case, the source of water is either the ground water flow 
and/or the rainfall infiltration.   
 
A groundwater flow can exist in this location because of the significant catchment area 
upstream. However, the open tidal channel in the Golf Course area intercepts the ground 
water flow, so the resulting water table at the site is expected to oscillate around the mean 
sea level.  The remaining source of water is thus the rainfall infiltration.  In order to 
minimise the possibility for leachate creation and its export to Woolooware Bay, it would be 
desirable to minimise the rainfall infiltration on site.  It is thus proposed not to increase 
rainfall infiltration and if possible, to reduce it by intercepting the surface runoff into piped 
stormwater drainage system and conveying it to a suitable discharge point. 
 
No active acid sulfate soils are expected on site, however it is almost a certainty that 
potential acid sulfate soils are present bellow the pre land fill natural ground levels.  If these 
soils are exposed to oxygen they will oxidize into active sulfate soils, which if not treated, 
will result in a sulfuric acid discharge to Woolooware Bay.  Any plans for future 
development on this site must minimise the amount of excavation below the pre landfill 
natural ground levels, and if it is unavoidable, an appropriate treatment must be specified.  
 

4.4 Discharge into Woolooware Bay 
 
It is an imperative not to discharge stormwater runoff directly into Woolooware Bay in order 
to prevent erosion by concentrated flows.  The stormwater drainage system of the future 
development would have to intercept the surface runoff from the site and convey it away 
from Woolooware Bay.  The most suitable point of discharge would be the tidal channel, 
which would attenuate the higher velocities prior to entering the wetland area. 
 
The proposed stormwater system is thus based on a piped system combined with grassed 
swales (Figure 3).  Some invert levels and the corresponding ground levels are indicated on 
the Figure to demonstrate that the proposed system is realistic.   
 
The grassed swales would discharge into the tidal channel immediately downstream of the 
Captain Cook Drive’s culvert.  The invert level of the grassed swales would have to be above 
the existing ground water table, to avoid oxidation of the potential acid sulfate soils. 
 
The minimum slope of the grassed swale would have to be 0.15%, with subsoil drainage to 
avoid water logging and mosquito breeding.  The grass swales should have flat side slopes  (1 
in 4) and be covered with normal grass as a part of the overall landscaping in order to 
simplify the maintenance.  The maximum velocities should not exceed 2.0 m/s and depth of 
flow should be less than 0.2 m to maintain a low flood hazard even during a 1 in 100 year 
event. 
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4.5 On Site Detention 
 
An On Site Detention (OSD) system reduces the peak discharge rates from a developed site 
to pre-development peak values, however, the volume of the runoff remains unchanged.  The 
impact of OSDs is usually beneficial in the upper and middle parts of a catchment.  OSDs are 
ineffective in the downstream parts of a catchment and can even increase the peak discharge 
values because of the coincidence in the peaks of the catchment hydrograph and the outlet 
hydrograph from the OSD.  The results from hydrologic modelling described in section 3.2 
indicated that the site’s peak discharge occurs earlier than the upstream catchment’s peak.  
An On Site Detention on the site would cause these peaks to coincide, resulting in an increase 
in the peak discharge value, so it is not recommended.  
 

4.6 Constructed wetland as a device for water quality control 
 
As discussed in section 3.3, an infiltration should be discouraged to minimise the leachate 
from the site.  A constructed wetland would have to be located at the lowest point of the site, 
near the tidal channel with a ground elevation of approximately 1.5 m AHD.  The bottom of 
the wetland would have to be below the mean sea level  (0.0 to –1.0 m AHD), allowing for 
1.0m to 1.5m head for stormwater pipes and swales and additional 1.0m to 1.5m for the 
wetland itself.  Two major problems are expected:  
 
• Submerged discharge to the tidal channel and salt water intrusion into the wetland; 
• Generation of acid sulfate soils during the excavation for the wetland. 
 
Taking into account the above as well as the high standard of maintenance required for the 
constructed wetlands to perform properly a constructed wetland is not recommended.  Runoff 
harvesting is proposed instead.  

4.7 Stormwater harvesting 
 
Roof runoff can be used for toilet flushing and irrigation without pre-treatment.  The runoff is 
relatively clean, and if the rainwater tanks are installed at high elevation, it can be used by 
gravity.   
 
The Toyota Park and the training fields are irrigated in order to maintain the grass cover.  The 
total roof area of the proposed development is approximately 1.4 ha, while the Toyota Park 
has an area of some 1.8 ha.  The average annual rainfall in the area is around 1.1 m/year, 
while the evaporation rate is approximately 1.2 m/year.  It is obvious that the annual demand 
for irrigation would exceed the annual roof runoff.  So if sufficient storage is provided it 
could be expected that all roof runoff could be stored and disposed for irrigation. 
  
Results from water balance modelling undertaken for a similar system in Kogarah area 
(stormwater re-use for toilet flushing and irrigation with tank volumes of 45 l/m2 of roof 
area) indicate that the system is capable of capturing all roof runoff generated from 1 in 3 
months to 1 in 6 months rainfall events. 
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A 700 m3 rainwater tank could be installed under the viewing stand north of Toyota Park 
(Pepsi Hill).  The roof runoff would be intercepted by a system of gutters, down pipes and 
stormwater pipes and discharged to the rainwater tank by gravity.  A small buster pump 
would be required to pump water from the tank for irrigation.  The layout of the proposed 
system is shown on Figure 2.  The required pipe diameters range between 225 mm to 750 
mm, allowing some pressurised flow during a 100 year storm event.   If the rainwater tank 
fills up the spill would be directed to the tidal channel.  A general type GPT would have to be 
constructed upstream of the rainwater tank to intercept leaves and sediments. 
 
The rainwater tank / reuse system would be extremely beneficial for the protection of the 
water quality in Woolooware Bay, as it would capture the deposited pollutants from the 
atmospheric fallout and re-direct most of the polluted water to the grassed area, which would 
act as a filter strip for the irrigated water.  This system is better than a wetland because it 
eliminates 100% of the pollutants during all events up to and including the 1 in 3 months 
rainfall events, while a well designed and maintained wetland can uptake only a portion of 
the pollutants during the same events. 
 
The runoff re-use would improve the water quality, reduce the discharge quantity and flow 
frequency and save potable water, so it is strongly recommended.  
 

4.8 Litter and coarse sediment control 
 
The subject site is a high generator of litter.  The majority of the litter is expected from the 
open carpark and the main pedestrian access routes.  The surface runoff from the site would 
discharge into grassed swales.  The grass swales would intercept some of the pollutants, 
however, significant quantities of litter, coarse sediments and oil and grease could still enter 
the tidal channel. In order to intercept these pollutants from entering Woolooware Bay, a 
general type Gross Pollutant Trap (GPT) is proposed at the end of the grass swale.  The 
storage capacity of the GPTs would have to be in excess of 200m3 ( 10 m wide, 30 m long 
and 1.5 m deep) to achieve velocities in a range of 0.1 m/s during a 1 in 100 year event to 
separate coarse sediments and litter from the flow.  The GPT would have to be off-line, to 
prevent export of accumulated gross pollutants into the tidal channel.  The GPT would have 
to be covered to ensure public safety, to hide the accumulated litter and to prevent mosquito 
breeding.   

4.9 Sediment and erosion control during construction 
 
Sediment and erosion control measures must be designed to EPA requirements.   An erosion 
and sediment control plan must be prepared in accordance with the NSW Department of 
Housing Manual “Managing Urban Stormwater, Soils and Construction” at the building 
application stage. 
 
The plan should consist on the best practices within the construction site, with sediment 
ponds at the outlets as the final safeguards. 
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5 Recommended Stormwater Drainage and Water Quality Control 
Strategy 

 
The proposed strategy addresses all the main issues identified in section 2 and incorporates 
the following: 
 
• Separate roof and surface runoff systems. 
• Rainwater tank to harvest roof runoff for irrigation of Toyota Park and the training fields. 
• Discharges of stormwater runoff away from Woolooware Bay. 
• A piped system over the land fill area to reduce infiltration. 
• Grassed swales with subsoil drainage along Captain Cook Drive with invert levels above 

the ground water table to slow down the flow velocities, to remove pollutants during 
smaller storm events and to expose the accumulated litter to the public (stormwater pipes 
hide the litter). 

• Off-line GPT with oil traps at the end of the swale to protect the tidal channel from litter, 
coarse sediments and oil/fuel. 

• Prepare and implement erosion and sediment control measures during construction to 
prevent sediment export to Woolaware Bay.   

 
The layouts of the proposed stormwater drainage and water quality control systems are 
shown on Figures 2 and 3. 
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1. EXECUTIVE SUMMARY 

 
The Sutherland Shire Council passed a resolution of support for the rezoning requesting 
additional research and investigation work as a part of Stage 2 of the Zoning Assessment 
Policy.  The work undertaken by DHI Water and Environment has shown that the rezoning 
and the subsequent development : 

• Will not be affected by the 100 year ARI flood, even though Captain Cook Drive is 
expected to be inundated; 

• Will not cause any impact on flood levels upstream nor erosion downstream of 
Captain Cook Drive; 

• Will not be flood affected (basement carpark) during an extreme flood event 
caused by a coincident king tide and storm flow equal to three times the 1 in 100 
year flow; 

• Will not affect the groundwater flow regime and the water table upstream or 
downstream of the site; 

• Will improve the water quality entering the wetland area; 
• Will reduce the amount of leachate export to Woolooware Bay; 
• Will slightly reduce the total volume of fresh water exported to the wetland, which 

is perceived as a beneficial impact (because urban development increases the 
volume of runoff and the proposed development will reduce it); 

• Will conserve water by harvesting stormwater flow for irrigation; 
• Will not encourage or promote mosquito breeding; 

 
The details of the proposed stormwater drainage and water quality management scheme are 
given below, together with the description of the modelling employed to quantify the impacts 
of the proposed development on flooding and water quality. 
 
2. INTRODUCTION 
 
The Cronulla Sharks have for some time been negotiating with Sutherland Shire Council in 
regard to future land use and development potential of their landholdings.  The rezoning 
project is subject to Council’s Zoning Assessment Policy (ZAP).  At a meeting of Council on 
12 August 2002 Council passed a detailed resolution of support for the rezoning requesting 
the Sharks to undertake additional research and investigation work as a part of Stage 2 of 
ZAP.   
 
BDO Property, consultants to the Sharks, have commissioned a group of consultants to 
facilitate and review all aspects of the proposed rezoning and development of the site. 
 
SMEC Australia prepared a report on  stormwater drainage and water quality strategy for the 
proposed rezoning and development of the site during Stage 1.  DHI Water and Environment 
Pty Ltd was commissioned by BDO Property to complement SMEC’s report in accordance 
with the additional requirements specified by the Council.  The Council’s specific 
requirements addressed by this report are listed in Table 1.1, together with the relevant section 
number/heading. 
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Table 1.1 Cross reference of requested information with the sections in the report 
Item Council Specification Section/heading addressing 

the requested specification 
21 A geotechnical report shall be prepared by 

appropriately qualified engineer and in accordance 
with the following: 
b)An assessment of the impacts of a dual level 
basement and associated development on the natural 
subsoil hydrology.  Will subsoil flow regimes become 
effected? Will the groundwater/leachate be 
redirected? Detailed assessment is required of the 
impacts on the adjoining wetland  

 
 
 
Section 3.3 

23 Stormwater Drainage – To adequately assess the 
impacts that the proposed development will have on 
the adjoining wetland and aquatic reserve, the 
following issues must be satisfactorily resolved: 

a) The submission must conclusively address the 
changes and effects of stormwater flow on the 
wetland for both pre and post development.  
The existing stormwater flow from the site is a 
combination of un-concentrated overland 
sheet flow and concentrated flow, with the 
stormwater leaving the site at varying 
locations and varying volumes and velocities. 
 A detailed assessment of the changes to the 
stormwater flow regime and its impact on the 
adjoining wetland is required. 

b) The previous submission had not accurately 
defined the flood behaviour of the effected 
floodplain during varying storm events.  
Hydraulic modelling of the of course, tidal 
channel and all overland flow paths (both pre 
and post development) are required. A 
complete catchment analysis is required to 
accurately determine the appropriate flood 
management during a probable maximum 
flood.  In relation to option 1, what effects 
will the probable maximum flood have on the 
proposed development? 

c) No detailed information has been submitted in 
regard to stormwater water-quality and its on-
site treatment (eg, sediment loading, nutrient 
loading, pollutants generated from trafficable 
areas).  What effects are anticipated on the 
wetland due to changes in water quality as a 
result of the development? 

d) Provide information in regard to the ongoing 
maintenance of the stormwater system, 

 
 
 
 
Section 3.2 
 
 
 
 
 
 
 
 
 
 
Section 3.2 
 
 
 
 
 
 
 
 
 
 
 
Section 3.4, 3.9 
 
 
 
 
 
 
Section 5 
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Item Council Specification Section/heading addressing 
the requested specification 

pollution prevention devices, maintenance of 
the riparian corridor, and on-going 
maintenance in regard to de-silting the 
drainage channel.  In relation to option 1, what 
are the estimated pollution loads generated as 
a result of the proposed development? 

e) No comments have been submitted in regard 
to the potential breeding of mosquitos within 
the drainage channel, grassed swales, or 
rainwater tanks.  As the site adjoins a wetland, 
mosquito breeding is an important issue. 

 
 
 
 
 
 
Section 3.4 

26 Will the volume of stormwater exiting the site 
through the tidal channel be increased post 
development?  If so, what impact will result from 
concentrating the point of stormwater discharge?  
Will energy dissipation be required at the outlet?  
Will the changed hydrological scheme result in 
changed velocities of water entering the mangrove 
area from the tidal channel?  What impact will this 
have on the mangroves, mudflat and wetland areas? 

No, the volume exiting the 
site through the tidal channel 
will be reduced by some 
30%. See Table 3.7, Section 
3.9. 
 
The hydrological regime is 
not expected to change 
significantly.  The frequent 
low flows are expected to 
reduce slightly, while the 
high flows are expected to 
increase by some 0.5%, 
which is negligible. 

 
3. SITE DESCRIPTION 
 
The subject site is located between Woolooware Bay and the Woolooware Golf Course, 
extending east from the existing tidal channel.  The site has been created some 30 years ago by 
a landfill of building and domestic refuse.   
 
The site can be divided into three main hydrological parts:  

• The Toyota Park, Shark’s playing field which drains to the tidal channel; 
• The club’s building which drains towards Captain Cook Drive’s drainage system , 

which eventually discharges to the tidal channel and  
• The carpark adjacent to the club’s building.  Approximately one third of the 

bitumen covered carpark area drains towards Captain Cook Drive, one third 
discharges to Woolooware Bay as a diffuse outflow through grassed buffer located 
to the east of the site and one third drains through a 150 mm diameter pipe directly 
to the Bay as concentrated flow. 

 
The total site area east of the tidal channel is some 5.8 ha, while the catchment area upstream 
of the tidal channel is some 253 ha or approximately 40 times the site area.  
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4. MAIN ISSUES 

4.1. Proximity to a Wetland 
The site is adjacent to a Woolooware Bay wetland and the Councils draft DCP for wetlands 
applies to this development.  The hydrological and water quality objectives of the DCP are 
repeated below for clarity: 
 
Objective 1: To improve, maintain or restore the physical, chemical and biological processes 
of the wetland by minimising negative impacts created by changes to wetland hydrology from 
adjoining land uses in the catchment. 

 
Objective 2: To protect and enhance the natural values and ecological functions of wetland 
habitat from potential impacts of adjoining or upstream/downstream land uses.  This includes 
elevated nutrient and sediment loads, stormwater runoff, removal of vegetation and changes to 
landform. 
 
These objectives have been incorporated into the proposed stormwater management scheme, 
and particular aspects are discussed in the following sections.  In general the above objectives 
would be achieved if the impacts of the current land use are minimised and/or eliminated.  
The obvious current land use impacts on the adjacent wetland are: 

• The subject site has an area of some 5.8 ha, of which approximately 3.8 ha discharge 
to the tidal channel and some 2.0 ha discharge directly to Woolooware Bay.  The 
upstream catchment connected to the tidal channel has an area of some 253 ha.  The 
subject site represents only 1.5% of the total catchment.  The hydrological, hydro-
geological and the water quality regimes of the wetland are thus governed by the land 
use in the upstream catchment, with the subject site having a minimal impact.  
However, the best management practice principles have been incorporated into the 
proposed stormwater management strategy aiming at maximising the benefits and 
minimising the negative impacts. 

• The existing land use is associated with a significant concentration of people during 
game events, resulting in large quantities of litter being deposited on the surface.  A 
significant amount of this litter is transported into the tidal channel and then into the 
wetland.  The proposed development would have to minimise and even eliminate 
litter export to the wetland. 

• The site is located over a land fill, which has a potential for leachate generation and 
leachate export to the wetland.  The exothermic processes inside the landfill consume 
the internally available moisture, however, leachate is created when external water 
such as rainfall infiltration exceeds the exothermic water consumption.  The 
stormwater management strategy for the site is thus based on minimising the rainfall 
infiltration aiming at leachate reduction. 

• The existing carpark is covered with bitumen, resulting in most of the site being 
impervious.  The rainfall runoff from the existing roofs and the carpark enters the tidal 
channel, resulting in higher velocities during short, but intensive storms.  The 
pollutants deposited on the roofs and the carpark as a result of atmospheric fallout and 
leakage from cars are exported into the tidal channel and then into the wetland. The 
stormwater management strategy would have to reduce the peak discharge values and 
runoff volumes and minimise the pollutants’ export. 
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4.2.  Flooding 
There is an open, tidal channel to the west of Toyota Park.  The channel is 5 to 6 m wide and 
approximately 1.5 m deep.  It drains a significant catchment area of approximately 253 ha.  
The catchment boundaries were defined using the 1:4000 ortho-photo maps. 156 ha are 
estimated as the pervious fraction of the catchment with the remaining 97 ha (38%) as 
impervious.  The bulk of the runoff from the catchment is discharged into the Golf Course 
area, which acts as a temporary flood storage.   
 
The design peak discharge values were initially estimated using RAFTS-XP hydrological 
model and then checked using WUFS model.  WUFS is a time area model similar to the well 
known ILSAX model.  The peak design flood discharge values estimated by WUFS (ILSAX) 
where some 10% less than those estimated by RAFTS-XP.  There is no gauging of 
streamflows in the catchment, so WUFS (ILSAX) estimates were used as it has less 
parameters than RAFTS-XP. 
 
The model layout is shown on Figure 3.1, and the basic model parameter values are given in 
Table 3.1. The 60 minute design storm duration produced the highest peak discharge values.   
The estimated peak discharge values for 1 in 5, 1in 10, 1in 20, 1 in 50 and 1 in 100 year ARI 
storm events are summarised in Table 3.2 for existing catchment conditions. 
 

 
Figure 3.1 Hydrological model layout existing conditions 
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Table 3.1 Hydrological model  parameter values (existing conditions) 

Node Name  
Impervious 
Area (ha) 

Imp. A Tc 
(min) Pervious 

L 
(m) S (%) n 

2 Captain Cook Drive 
3 d/s Endeavor Field 
4 Sharks Land 2 20 5.3 100 5 0.2 
5 Lower Golf Course 8.6 200 0.5 0.2 
6 Captain Cook Ovals 2.04 15 8.16 50 1 0.2 
7 Middle of the Golf C 
8 Eastern Golf Course 4 15 12.9 200 5 0.2 
9 East of Woolooware Rd 15.4 20 23.4 400 4 0.2 
10 Southern Part_Golf_C 1.6 20 18 500 2 0.2 
11 Western part_Golf_C 7.5 500 1.7 0.2 
12 West of Gannons Rd 15.7 20 15.7 800 4 0.2 
13 South_West_Railway 5 20 5 400 5 0.2 
14 U/S John Dwyer Mem R 26.55 20 26.55 500 4 0.2 
15 South of railway Lne 12.3 20 12.3 500 5 0.2 
16 South East of Railw. 12.7 20 12.7 400 8 0.2 

 
Table 3.2 Peak discharge values (m3/s) – existing conditions 

No. Node Name  
ARI (year) 

5 10 20 50 100 
2 Captain Cook Drive 37.11 44.49 54.31 65.43 75.75 
3 d/s Endeavor Field 38.36 45.97 56.13 67.57 78.13 
4 Sharks Land 1.70 2.06 2.54 2.99 3.43 
5 Lower Golf Course 0.84 1.06 1.37 1.82 2.20 
6 Captain Cook Ovals 2.29 2.79 3.42 4.11 4.76 
7 Middle of the Golf C 36.63 43.88 53.45 64.16 74.27 
8 Eastern Golf Course 8.51 10.36 12.87 15.86 18.52 
9 East of Woolooware Rd 6.13 7.30 8.87 10.59 12.25 

10 Southern Part_Golf_C 20.53 24.44 29.69 35.56 41.10 
11 Western part_Golf_C 5.42 6.41 7.73 9.16 10.53 
12 West of Gannons Rd 5.15 6.02 7.18 8.38 9.57 
13 South_West_Railway 1.81 2.13 2.57 3.04 3.49 
14 U/S John Dwyer Mem R 9.17 10.79 12.93 15.20 17.41 
15 South of railway Lne 4.36 5.14 6.18 7.29 8.37 
16 South East of Railw. 4.76 5.64 6.81 8.08 9.31 

 
The proposed stormwater drainage strategy would intercept the runoff from the roofs and 
discharge it into a rainwater tank, and all remaining surface area would be intercepted and 
discharged towards the tidal channel via a grassed swale.  The rainwater tank would spill into 
the tidal channel near its outlet to Woolooware Bay.  For the purpose of estimation of the 
flood discharge values it was assumed that the rainwater tank would be full at the start of each 
flood.  This assumption is not the best representation of the proposed system, however it was 
adopted to remain on a conservative side.  The layout of the adjusted model representing the 
proposed conditions is shown on Figure 3.2 , the model parameter values are given in  Table 
3.3 and the results are given in Table 3.4.  The fall between the proposed development site and 
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the tidal channel is in the range between 3 to 5 metres, which is sufficient to provide 
appropriate gradients.  
 
Table 3.3 Hydrological model  parameter values (proposed conditions) 
No Name Imp. A (ha) Tc (min) Perv A (ha) L (m) S (%) 

2 Captain Cook Drive      
3 d/s Toyota Park      
4 Training fields 0.64 5 5.3 100 5 
5 Lower Golf Course   8.6 200 0.5 

6 
Captain Cook Ovals + 
u/s of Gannons Rd 2.04 15 8.16 50 1 

7 Middle of the Golf C      
8 Eastern Golf Course 4 15 12.9 200 5 
9 East of Woolooware Rd 15.4 20 23.4 400 4 

10 Southern Part_Golf_C 1.6 20 18 500 2 
11 Western part_Golf_C   7.5 500 1.7 
12 West of Gannons Rd 15.7 20 15.7 800 4 
13 South_West_Railway 5 20 5 400 5 
14 U/S John Dwyer Mem R 26.55 20 26.55 500 4 
15 South of railway Lne 12.3 20 12.3 500 6 
16 South East of Railw. 12.7 20 12.7 400 8 
17 Roofs 1 15 0 0 5 
18 Eastern Side surface 2.35 15 0 0 5 
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Figure 3.2 Hydrological model layout proposed conditions 

 
Table 3.4 Peak discharge values (m3/s) – proposed conditions 

  5 10 20 50 100 
2 Captain Cook Drive 37.67 45.15 55.09 66.31 76.76 
3 d/s Toyota Park 38.56 46.21 56.41 67.90 78.51 
4 Training fields 1.31 1.59 1.98 2.46 2.87 
5 Lower Golf Course 0.84 1.06 1.37 1.82 2.20 

6 
Captain Cook Ovals + 
u/s of Gannons Rd 2.29 2.79 3.42 4.11 4.76 

7 Middle of the Golf C 36.63 43.88 53.45 64.16 74.27 
8 Eastern Golf Course 8.51 10.36 12.87 15.86 18.52 
9 East of Woolooware Rd 6.13 7.30 8.87 10.59 12.25 

10 Southern Part_Golf_C 20.53 24.44 29.69 35.56 41.10 
11 Western part_Golf_C 5.42 6.41 7.73 9.16 10.53 
12 West of Gannons Rd 5.15 6.02 7.18 8.38 9.57 
13 South_West_Railway 1.81 2.13 2.57 3.04 3.49 
14 U/S John Dwyer Mem R 9.17 10.79 12.93 15.20 17.41 
15 South of railway Lne 4.36 5.14 6.18 7.29 8.37 
16 South East of Railw. 4.76 5.64 6.81 8.08 9.31 
17 Roofs 0.31 0.36 0.42 0.46 0.52 
18 Eastern Side surface 0.74 0.84 0.98 1.09 1.22 
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The impact of the proposed rezoning on peak flood flows entering Woolooware Bay is 
summarised in Table 3.5.  It can be seen from the results that the impact of the proposed 
stormwater management scheme on flood flows in negligible and is within 0.5% of the total 
flows.  Further more, the proposed scheme would eliminate concentrated discharge to 
Woolooware Bay from some 2 ha currently discharging to the Bay, and it does not take into 
account the beneficial impact of the rainwater tank on flood flows. 
 
Table 3.5 Comparison of flood flows 
Case 5 10 20 50 100 
Q existing (m3/s) 38.36 45.97 56.13 67.57 78.13 
Q proposed (m3/s) 38.56 46.21 56.407 67.897 78.513 
difference (m3/s) 0.2 0.24 0.277 0.327 0.383 
Difference (%) 0.52 0.52 0.49 0.48 0.49 

 
Mike-11, an unsteady, quasi-two dimensional hydraulic model was established for the site to 
assess the flood behaviour of the tidal channel during large floods.  9 cross sections were 
surveyed by A.B. Stephens & Associates along the tidal channel.  These cross sections were 
incorporated into Mike-11 model. The layout of the model is shown on Figure 3.4.  Discharge 
hydrographs calculated by WUFS were entered into Mike-11 model as upstream boundary 
condition and the king tide was applied as a downstream condition.  The joint probability of 
coincident peak king tide and peak runoff is very small.  However the two coinciding peaks 
were used for definition of the flood behaviour in the tidal channel to remain on a 
conservative side.  The king tide stage hydrograph and the 100 year discharge hydrograph are 
shown on Figure 3.3.  
 

 
Figure 2.3  100 year discharge hydrograph and king tide 
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             Figure 3.4 Mike-11 model layout  

 
2 x2.4x1.2 m box culverts are located under Captain Cook Drive.  It is reasonable to expect 
that the culverts would be blocked during a large storm event, so their capacity was halved.  
The 100 year ARI flood profile along the tidal channel is shown on Figure 3.5.  It should be 
considered as a conservative estimate of the 100 year flood levels because of the coincidence 
between the king tide (peak at R.L. 1.85 m AHD), and concentrated flow along the Sharks 
land only.  Namely, significant amount of overland flow is expected to enter the playing fields 
to the west of the site, however this flow path was not taken into account to remain on a 
conservative site. 
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Figure 3.5 100 year flood profile along the tidal channel.   

Note: Captain Cook Drive is located between cross sections 200 and 225 
 
It can be seen from the profile that the conservative estimates of the 100 year flood levels are 
at or below R.L. 2.9 m AHD downstream of Captain Cook Drive, while the entrance to the 
level 1 basement carpark is at R.L. 3.4 m AHD, which represents 0.5 m freeboard. 
 
The extreme flood was simulated by using a combination of a king tide with 3 times the 100 
year flood hydrograph.  This is a very conservative assumption and the resulting flood profile 
is shown on Figure 3.6.  The extreme flood levels downstream of Captain Cook Drive are 
below 3.0 m AHD because of the supercritical flow.  In order to remain on a conservative side 
the flood level resulting from the hydraulic jump of R.L. 3.4 m AHD could be adopted as the 
extreme flood water level for the proposal, which is equal to the entrance level to basement 
carpark.    
 
The 100 year and the extreme flood behaviour are the same for existing and proposed 
conditions, as the proposed development is located outside the flood plain area. 
 



   

DHI Water and Environment 

Sharks Rezoning, Stormwater Drainage and Water Quality Management Strategy, Stage 2 ZAP 

12 

 
Figure 2.6 Extreme Flood Profile 

4.3. Ground water, Leachate from the landfill and Acid Sulphate 
Soils 

 
The existing site was created by a landfill some 30 years ago.  Initial consultation with 
geotechnical consultants, involved in the previous investigations of the site, indicated that: 
 
• The deposited material is mainly building refuse and a domestic waste. 
• The land fill was most likely created by depositing the refuse over mangroves area at R.L 

0.0 m AHD without any excavation, so there are no active acid sulfate soils expected to 
have been created by the land fill operation. 

  
An intensive leachate is generated from a domestic refuse land fill in the initial 20 years of 
deposition with gradual decrease within the following 30 years.  Some leachate is thus still 
expected to be generated from the land fill area.   The deposited organic matter is 
decomposed as a result of the anaerobic processes.  The fermentation is an exothermic 
process, which can create temperatures as high as 50° C consuming most of the available 
moisture releasing gases such as methane.  When the decomposed organic mater gets in 
contact with external water a nutrient reach solution is created, which, if it finds its way out 
of the land fill area, is referred to as a leachate.  In this particular case, the source of water is 
either the ground water flow and/or the rainfall infiltration.   
 
A groundwater flow can exist in this location because of the significant catchment area 
upstream. However, the open tidal channel in the Golf Course area intercepts the ground 
water flow, so the resulting water table at the site is expected to oscillate around the mean sea 
level.  The remaining source of water is thus the rainfall infiltration.  In order to minimise the 
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possibility for leachate creation and its export to Woolooware Bay, it would be desirable to 
minimise the rainfall infiltration on site.  It is thus proposed not to increase rainfall infiltration 
and if possible, to reduce it by intercepting the surface runoff into piped stormwater drainage 
system and conveying it to a suitable discharge point. 
 
No active acid sulfate soils are expected on site, however it is almost a certainty that potential 
acid sulfate soils are present bellow the pre land fill natural ground levels.  If these soils are 
exposed to oxygen they will oxidize into active sulfate soils, which if not treated, will result 
in a sulfuric acid discharge to Woolooware Bay.  Any plans for future development on this 
site must minimise the amount of excavation below the pre landfill natural ground levels, and 
if it is unavoidable, an appropriate treatment must be specified.  
 
The latest geotechnical investigations revealed that a water mound is created in the middle of 
the eastern carpark at R.L. of 1.2 m AHD.  The explanation for the water mound is most likely 
a discharge of the surface water underground through a broken pipe and/or fracture in the 
bitumen seal.  The ground water levels reduce in all directions from the centre of the carpark 
stabilizing around the mean sea level near the water edge, which confirms the general 
direction of the ground water flow towards the tidal channel. 
 
The construction of the basement carpark is not expected to have any impact on ground water 
flow because the subject site is fortunately located in a ground water flow shade area created 
by the specific layout of the tidal channel.  Namely, the ground water levels along the tidal 
channel are equal to the mean sea level.  The flow gradient is perpendicular to the ground 
water contours, which are more or less parallel to the tidal channel, resulting in the proposed 
basement area to be by-passed by the ground water flow.  If all the area dedicated to the 
basement carpark is made impervious it would not have any impact on the groundwater flow 
regime. 
 
The pre-land fill ground levels can be established using the information from the latest 
geotechnical investigation and the ground level survey.  These levels vary between 0.0 m 
AHD in front of the club and in the middle of the eastern carpark.  The pre-land fill ground 
levels fall towards Woolooware Bay to R.L. -1. to -1.5 m AHD along the power line 
easement. This information indicates that all the area dedicated to basement carpark used to be 
a part of Woolooware Bay prior to land fill taking place, and that if wet excavation takes 
place, no active sulphate soils will be left underground.  The excavated natural material will 
have to be treated prior to disposal.  

4.4. Discharge into Woolooware Bay and effects of the proposed 
development on the water quality discharging to the wetland 

 
It is an imperative not to discharge stormwater runoff directly into Woolooware Bay in order 
to prevent erosion by concentrated flows.  The stormwater drainage system of the future 
development would have to intercept the surface runoff from the site and convey it away from 
Woolooware Bay.  The most suitable point of discharge would be the tidal channel, which 
would attenuate and defuse the concentrated flow prior to entering the wetland area. 
 
The proposed stormwater system is based on a piped system combined with grassed swales. 
The grassed swale would discharge into the tidal channel immediately downstream of the 
Captain Cook Drive’s culverts.  The location of the grassed swale would be between the 
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Captain Cook Drive and the proposed development, located within the landscaping area.   The 
invert level of the grassed swales would have to be above the existing ground water table, to 
avoid reduction in water table and consequently oxidation of the potential acid sulfate soils. 
 
The minimum slope of the grassed swale would have to be 0.15%, with subsoil drainage to 
avoid water logging and mosquito breeding.  The available fall of 2 m and the distance of 200 
m provides a slope of 1%, so the requirement for minimum slopes can be easily achieved.  
The grass swales should have flat side slopes  (1 in 4) and be covered with normal grass as a 
part of the overall landscaping in order to simplify the maintenance.  The maximum velocities 
should not exceed 2.0 m/s and depth of flow should be less than 0.2 m to maintain a low flood 
hazard even during a 1 in 100 year event. 
 
The grassed swale will be wet only during and immediately after rainfall events.  No 
permanent water ponding is proposed along the grassed swale to avoid any possibility for 
mosquito breeding.  The tidal channel and the wetland is saline, implying that there are no 
problems with mosquito breeding at the moment and that there should be no problems in the 
future.  
 
The current land use of the proposed development site is club with car parking.  All of the 
pollutants originating from the atmospheric fallout, and from the site are washed into the 
stormwater drainage system, and then the tidal channel and the wetland area.  The proposed 
development consists of an underground carpark and buildings.  The fact that the current 
carpark is going to be roofed will eliminate the pollutants from trafficable areas entering the 
stormwater system, which is beneficial by itself.  Further more the proposed stormwater 
harvesting system and the grassed swales combined with GPTs will further reduce the 
pollutant export to the wetland.  It can be stated that the proposed development will reduce the 
pollutants’ export to the wetland and will have a beneficial impact on the wetland’s health.  
The quantification of the pollutant loads for pre-development and for post development cases 
is described in section 3.9. 

4.5. On Site Detention 
An On Site Detention (OSD) system reduces the peak discharge rates from a developed site to 
pre-development peak values, however, the volume of the runoff remains unchanged.  The 
impact of OSDs is usually beneficial in the upper and middle parts of a catchment.  OSDs are 
ineffective in the downstream parts of a catchment and can even increase the peak discharge 
values because of the coincidence in the peaks of the catchment hydrograph and the outlet 
hydrograph from the OSD.  The results from hydrologic modelling described in section 3.2 
indicated that the peak 100 year discharge value entering Woolooware Bay would be 78.9 
m3/s without OSD and 78.5 m3/s with a 1000 m3 OSD, representing a difference of 0.5% 
only.  
 

4.6. Constructed wetland as a device for water quality control 
As discussed in section 3.3, an infiltration should be discouraged to minimise the leachate 
from the site.  A constructed wetland would have to be located at the lowest point of the site, 
near the tidal channel with a ground elevation of approximately 1.5 m AHD.  The bottom of 
the wetland would have to be below the mean sea level  (0.0 to –1.0 m AHD), allowing for 
1.0m to 1.5m head for stormwater pipes and swales and additional 1.0m to 1.5m for the 
wetland itself.  Two major problems are expected:  
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• Submerged discharge to the tidal channel and salt water intrusion into the wetland; 
• Generation of acid sulfate soils during the excavation for the wetland. 
 
Taking into account the above as well as the high standard of maintenance required for the 
constructed wetlands to perform properly, a constructed wetland is not recommended.  Runoff 
harvesting is proposed instead.  

4.7. Stormwater harvesting 
Roof runoff can be used for toilet flushing and irrigation without pre-treatment.  The runoff is 
relatively clean, and if the rainwater tanks are installed at high elevation, it can be used by 
gravity.  The Toyota Park and the training fields are irrigated in order to maintain the grass 
cover.  The total roof area of the proposed development is approximately 1.4 ha, while the 
Toyota Park has an area of some 1.8 ha.  The average annual rainfall in the area is around 1.1 
m/year, while the evaporation rate is approximately 1.2 m/year.  It is obvious that the annual 
demand for irrigation would exceed the annual roof runoff.  So if sufficient storage is 
provided it could be expected that all roof runoff could be stored and disposed for irrigation. 
  
Results from water balance modelling undertaken for a similar system in Kogarah area 
(stormwater re-use for toilet flushing and irrigation with tank volumes of 45 l/m2 of roof area) 
indicated that the system is capable of capturing all roof runoff generated from 1 in 3 months 
to 1 in 6 months rainfall events. 
 
A 700 m3 rainwater tank could be installed anywhere along the Northern boundary of the site. 
 It would have to be covered with lids to ensure public safety and prevent mosquito breeding. 
The roof runoff would be intercepted by a system of gutters, down pipes and stormwater pipes 
and discharged to the rainwater tank by gravity.  A small buster pump would be required to 
pump water from the tank for irrigation.  The required pipe diameters range between 225 mm 
to 750 mm, allowing some pressurised flow during a 100 year storm event.   If the rainwater 
tank fills up the spill would be directed to the tidal channel. An energy dissipater would have 
to be constructed at the junction with the tidal channel to eliminate any potential for soil 
erosion.  A general type GPT would have to be constructed upstream of the rainwater tank to 
intercept leaves and coarse sediments. 
 
The rainwater tank / reuse system would be extremely beneficial for the protection of the 
water quality in Woolooware Bay, as it would capture the deposited pollutants from the 
atmospheric fallout and re-direct most of the polluted water for irrigation of the grassed areas, 
which would act as a filter strip for the irrigated water.  This system is better than a wetland 
because it eliminates 100% of the pollutants during all events up to and including the 1 in 3 
months rainfall events, while a well designed and maintained wetland can uptake only a 
portion of the pollutants during the same events.  Runoff re-use would improve the water 
quality, reduce the discharge quantity and flow frequency and save potable water, so it is 
strongly recommended.  
 
The pollutant loads and the water volume balance analyses for pre-development and post 
development conditions incorporating the stormwater harvesting system are discussed in 
section 3.9. 
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4.8. Litter and coarse sediment control 
The subject site is a high generator of litter.  The majority of the litter is expected from the 
open carpark and the main pedestrian access routes.  The surface runoff from the site would 
discharge into grassed swales.  The grass swales would intercept some of the pollutants, 
however, significant quantities of litter, coarse sediments and oil and grease could still enter 
the tidal channel. In order to intercept these pollutants from entering Woolooware Bay, a 
general type Gross Pollutant Trap (GPT) is proposed at the end of the grass swale.  The 
storage capacity of the GPTs would have to be in excess of 200m3 ( 10 m wide, 30 m long 
and 1.5 m deep) to achieve velocities in a range of 0.1 m/s during a 1 in 100 year event to 
separate coarse sediments and litter from the flow.  The GPT would have to be off-line, to 
prevent export of accumulated gross pollutants into the tidal channel.  The GPT would have to 
be covered to ensure public safety, to hide the accumulated litter and to prevent mosquito 
breeding.   

4.9. Pollutant loads for pre and post development conditions 
In order to quantify the pollutant loads for existing and proposed conditions a water quality 
model was established for the entire catchment upstream of the tidal channel, including the 
Sharks land.  The conceptual layout of the water quality model is shown on Figure 3.7 for 
existing conditions and on Figure 3.8. The model was run using Sydney Observatory Hill daily 
rainfall data and the summary of the annual pollutant loads based on 80 years of simulation is 
given in Table 3.7. 
  

 
Figure 3.7 MUSIC model layout for existing catchment conditions 
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Figure 3.8 Music model layout for proposed conditions 

 
Table 3.7 Summary of annual pollutant loads for existing and proposed conditions 
Location Q 

(ML/a) 
TSS 
(kg/a) 

TP 
(kg/a) 

TN 
(kg/a) 

GP 
(kg/a) 

Woolooware Bay Wetland adjacent to the 
tidal channel 

1650* 336000 683 4750 27600 
1640** 332000 676 4710 27200 

Tidal Channel d/s of Captain Cook Drive 1630 332000 673 4690 27300 
1640 332000 674 4700 27200 

Upstream of Captain Cook Drive 1580 32200 654 4560 26500 
1580 32200 654 4560 26500 

Sharks, Western Carpark 21.5 4260 8.72 62.8 413 
21.5 4260 8.72 62.8 413 

Endeavor Playing Filed + Eastern Carpark, 
existing conditions 

25.8 5640 11.1 74 471 

Eastern Carpark by-passing the tidal 
channel, existing conditions 

21 4500 9.0 61.5 250 

Rainwater harvesting system, proposed c. 4.91 520 1.37 12.6 0 
Surface Stormwater, proposed conditions 20.6 4100 8.45 58.1 0 
Total Sharks Land 68.3 14400 28.8 198 1134 

47.01 8880 18.5 133 413 
Sharks Land change from existing 
conditions (%) 

-31 -38 -36 -33 -64 

Note: * indicates existing conditions, ** indicates proposed conditions 
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It can be concluded from the results that the water quality in the wetland area adjacent to the 
tidal channel is dominated by the pollutant loads generated from the catchments upstream of 
Captain Cook Drive.  However, the proposed stormwater drainage and water quality 
management systems will reduce the pollutant loads from the entire land owned by Sharks by 
some 30%.  

4.10. Sediment and erosion control during construction 
Sediment and erosion control measures must be designed to EPA requirements.   An erosion 
and sediment control plan must be prepared in accordance with the NSW Department of 
Housing Manual “Managing Urban Stormwater, Soils and Construction” at the building 
application stage. 
 
The plan should consist on the best practices within the construction site, with sediment ponds 
at the outlets as the final safeguards. 
 
5. RECOMMENDED STORMWATER DRAINAGE AND WATER 

QUALITY CONTROL STRATEGY 
The proposed strategy addresses all the main issues identified in section 3 and incorporates the 
following: 
 
• Separate roof and surface runoff systems. 
• Rainwater tank to harvest roof runoff for irrigation of Toyota Park and the training fields. 
• Discharges of stormwater runoff away from Woolooware Bay. 
• A piped system over the land fill area to reduce infiltration. 
• Grassed swales with subsoil drainage along Captain Cook Drive with invert levels above 

the ground water table to slow down the flow velocities, to remove pollutants during 
smaller storm events and to expose the accumulated litter to the public (stormwater pipes 
hide the litter). 

• Off-line GPT with oil traps at the end of the swale to protect the tidal channel from litter, 
coarse sediments and oil/fuel. 

• Prepare and implement erosion and sediment control measures during construction to 
prevent sediment export to Woolooware Bay.   

6. MAINTENANCE REQUIREMENTS FOR THE PROPOSED SYSTEM 

Regular maintenance of the proposed stormwater and water quality control systems is 
necessary in order to ensure the intended performance of the system.  The specific 
maintenance requirements are discussed below for each component of the drainage system. 

5.1 Stormwater harvesting system 
The gutters and down pipes would have to be regularly checked as a part of building 
maintenance program.  The proposed pipe system can be subject to lower velocities when the 
rainwater tank is full, so some sediment deposition can be expected.  Annual checks are 
recommended as a part of the general building maintenance program.  If sedimentation is 
detected then the deposited sediments would have to be removed.  It is expected that the 
frequency of sediment removal would be in range between 1 in 2 years to 1 in 5 years on 
average.  The general purpose GPT would have to be checked after each major storm or once 
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in three months on average.  Removal of collected gross pollutants would have to be done by 
a licensed by EPA contractor.  The rainwater tank will develop bio-film in the first couple of 
month of operation.  There is no need to remove this film unless the PH of the tank is 
changed. Once the PH gets lower than 6.5 the tank would have to be cleaned.  It is expected 
that cleaning of the tank would be required once in 5 years on average.  The energy dissipater 
a the inlet to the tidal channel would have to be checked regularly as a part of the building 
maintenance program.  The frequency of checks has to be once in every six months. 

5.2 Surface Stormwater System 
The maintenance requirements of the surface stormwater system are similar to the 
requirements of the normal stormwater drainage systems, with annual inspections and regular 
cleaning once in two years on average.  The grassed swale would have to be moved once a 
month, with the remaining grass height of 50 mm.  Regular cleaning of deposited litter will 
have to be a part of the moving activity.  The deposited sediments are expected to gradually 
reduce the depth of the swale in time.  It is expected that re-grading of the swale would be 
required every five to 10 years on average, when the depth of the swale would be reduced to 
150 mm.   
 
The cleaning of the general purpose GPT would be necessary every 3 to six months on 
average.  Regular inspections would be required after each major storm or every three months. 
 The removal and disposal of the gross pollutants will have to be done by a licensed by EPA 
contractor. 

5.3  Dredging requirements for the tidal channel 
The tidal channel has reached the equilibrium, because there were no traces of sedimentation 
and/or erosion during the site inspections.  The channel drains a significant catchment, with 
velocities during freshes exceeding 1.2 to 1.5 m/s, which is sufficient to pass the sediments 
towards Woolooware Bay.  The established mangrove community along the channel ensures 
uniform distribution of the velocities across the channel.  The only maintenance requirements 
would be collection of litter, especially after game events.  This task would have to be done by 
a licensed by EPA contractor after each game event. 




































































































































































































