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GLOSSARY OF TERMS 

Table (i) Key terms 

Key terms Definition 

The Applicant Woolworths Group Ltd 

The Proposal 

Construction and operation of a warehouse and distribution 

facility in Wetherill Park for handling chilled, frozen, and fresh 

products 

The 

Proposal Site 

The area occupied by Lots 1, 2, 3 and 4 DP 78975 located at 250 

Victoria Street, Wetherill Park. 

 

Table (ii) Glossary 

Term Definition 

C&I Commercial and industrial 

CBD Central Business District 

CEMP Construction Environmental Management Plan 

Council City of Fairfield Council 

DA Development Application 

DP Deposited Plan 

DPIE Department of Planning, Industry and Environment 

e.g. for example 

EIS Environmental Impact Statement 

EP&A Act Environmental Planning and Assessment Act 1979 

EP&A 

Regulation 
Environmental Planning and Assessment Regulation 2000 

EPA Environment Protection Authority 

EPL Environmental Protection Licence 

ha hectares 

i.e. that is 
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Term Definition 

km kilometre 

LGA Local Government Area 

m metres 

m2 square metres 

NSW  New South Wales 

OEH Office of Environment and Heritage 

SEARs Secretary Environmental Assessment Requirements 

SSD State significant development 

tpa tonnes per annum 
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EXECUTIVE SUMMARY 

Woolworths Group Ltd (Woolworths - the Applicant) are seeking to establish a state-

of-the art distribution centre located at 250 Victoria Street, Wetherill Park. 

The Proposal would be considered State significant development (SSD) under the 

requirements of the State Environmental Planning Policy (State and Regional 

Development) 2011.  Accordingly, an Environmental Impact Statement (EIS) has been 

prepared to support the SSD Application for the Proposal.  This Water and Hydrology 

Assessment has been prepared by Costin Roe Consulting to support the preparation of 

the EIS and assess the Proposal’s impact on the surrounding environment in relation to 

stormwater and stormwater management. 

Proposal overview 

Consent is sought for the construction and operation of a warehouse and distribution 

facility. The proposed warehouse and distribution facility would comprise storage and 

distribution of goods. The ground floor would contain the storage of produce and 

general storage and Level 1 would contain the storage of chilled and frozen goods. Both 

levels would include hardstand for loading bays for pick up and drop off of goods via 

rigid vehicles. Ancillary car parking has been provided on Site to facilitate operational 

phase of the proposed development. Ancillary offices, support space and staff amenities 

are provided at both ground floor and level 1. 

Purpose of this assessment 

This Water and Hydrology Impact Assessment has been prepared to address the 

Secretary’s Environmental Assessment Requirements (SEARs) as they relate to water 

and hydrology, including: 

• Stormwater Management including stormwater quantity and quality; 

• Flooding; and 

• Erosion & Sediment Control. 

Construction impacts 

During the construction phase, a Sediment and Erosion Control Plan will be in place to 

ensure the downstream drainage system and receiving waters are protected from 

sediment laden runoff. 

Operational impacts 

During the operational phase of the development, the proposed stormwater quality 

treatment system incorporating the use of a treatment train of a gross pollutant trap and 

filtration is proposed to mitigate any increase in stormwater pollutant load generated by 

the development.  Best management practices have been applied to the development to 

ensure that the quality of stormwater runoff is not detrimental to the receiving 

environment. 

Further it has been confirmed that the development meets flood planning requirements 

and does not impact or encroach on existing flood affected areas (as defined in separate 

approval to COUNCIL and associated TUFLOW flooding assessment completed by 

Catchment Simulation Solutions).  This shows that local post development flows from 

the site, in conjunction with the flood management measures to be adopted in the 

flooding assessment demonstrates that the site discharge will not adversely affect any 

land, drainage system or watercourse as a result of the development. 
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Conclusion 

The hydrological assessment of the local site drainage confirms that recommended 

water quality and quantity measures will ensure that no adverse impacts result on 

receiving waterways as a result of the development. 

The detail contained in this report provides sufficient information to show the consent 

authority that legal points of discharge and a suitable stormwater management strategy 

is available for the development and the requirements associated with the strategy.  It 

is recommended the management strategies in this report be approved and incorporated 

into the future detailed design. 
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1 INTRODUCTION 

1.1 Introduction 

Costin Roe Consulting Pty Ltd has been commissioned by Woolworths to prepare this 

Water and Hydrology Impact Assessment in support of a proposed State Significant 

Development Application (SSDA 15221509) to be lodged over the site. 

Consent is sought for the construction and operation of a warehouse and distribution 

facility.  The proposed warehouse and distribution facility would comprise storage and 

distribution of goods.  The ground floor would contain the storage of produce and 

general storage and Level 1 would contain the storage of chilled and frozen goods.  

Both levels would include hardstand for loading bays for pick up and drop off of goods 

via rigid vehicles.  Ancillary car parking has been provided on Site to facilitate 

operational phase of the proposed development.  Ancillary offices, support space and 

staff amenities are provided at both ground floor and level 1. 

The Proposal is considered a state significant development (SSD) per the State 

Environmental Planning Policy (State and Regional Development) 2011 accordingly, an 

Environmental Impact Statement (EIS) has been prepared to support the SSD 

Application for the Proposal.  

Revision B of this report has been produced to incorporate a revised building layout 

which results in improved noise reductions and reduced visual impacts on sensitive 

receiver locations to the south and east of the site. 

 from the original report.  The report also included revised flooding assessments to 

resolve the previously reported water level changes within the trunk channel 

downstream of the site. 

 

1.2 Location & Site Description 

The proposed development is located in the suburb of Wetherill Park at 250-266 Victoria 

Street, Lots 1 to 4 of DP781975, as shown in Figure 1.1. 

The site is roughly rectangular and has an area of approximately 8.6 Ha.  The proposed 

development is located in the suburb of Wetherill Park on the northern side of Victoria 

Street, extending north to a second street frontage on Redfern Street.  The site is located 

within an established area comprising industrial development known as the Wetherill 

Park Industrial Estate and is flanked by existing industrial development. 

The existing site currently comprises several office and storage buildings.  These 

buildings are located on the southern end of the site with access to Victoria Street.  An 

existing container hardstand is located on the north and east of the site and storage areas 

are located on the west.  Due to the existing site activities, the property has undergone 

earthworks & benching to reach its current levels.   

An open concrete lined trunk drainage channel is located to the east on the property.  This 

concrete channel conveys stormwater from the site and catchments within the Wetherill 

Park Industrial Estate to the north-east of the subject land.  The trunk drainage line joins 

Prospect Creek and Council’s Rosford Street Regional detention system (located in the 

Rosford Street reserve and playing fields). 
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Figure 1.1. Locality Plan (Source: Six Map Viewer 2021) 

The closest residential receivers are located approximately 85 m to the south and 230 m 

to the east of the site. 

As discussed in Section 1.4, the Site has approval from Fairfield City Council (Council) 

for earthworks and retaining wall construction per Development Approval Number 

62.1/2021 (dated 23 March 2021).  The SSDA assessment includes consideration of the 

“Infrastructure Early Works” engineering package (including bulk earthworks and 

retaining wall) which has been approved by Fairfield City Council.  The earthworks 

approval includes cutting and filling of the site to achieve a benched site consistent with 

the requirements of the Proposal. 

The impact assessment in this report has been completed based on condition where 

construction of the early works, approved by Council, has been completed, or is in the 

process of being completed – refer Figure 1.3 for current assessed conditions.   
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1.3 Proposed Development 

The Proposal would comprise the construction and operation of a warehouse and 

distribution centre.  The proposed warehouse and distribution facility would comprise 

storage and distribution of goods.  The ground floor would contain the storage of 

produce and general storage and Level 1 would contain the storage of chilled and frozen 

goods.  Both levels would include hardstand for loading bays for pick up and drop off of 

goods via rigid vehicles.  Ancillary car parking has been provided on site to facilitate 

operational phase of the proposed development.  Ancillary offices, support space and 

staff amenities are provided at both ground floor and level 1. 

The key components of the Proposal are shown in Figures 1.2 to 1.4.  

 

Figure 1.2. The Proposal (Basement Level) 
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Figure 1.2. The Proposal (Carpark Level) 

 

 

Figure 1.3. The Proposal (Ground Level) 
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1.4 Current Conditions and Conditions at Time of Construction of the Proposal 

The site has been used for various industrial activities, most recently by Austral 

Masonry.   

The southern portion of the site contained a single storey brick building, a two-storey 

rendered building, a metal awning, three demountable buildings and a large concrete 

panel warehouse.  Surrounding the existing structures, the ground surface was 

predominantly covered with asphaltic concrete (AC) and concrete pavements, with 

isolated grass, gravel or gravelly sand covered areas.  There are several garden beds 

located along the Victoria Street frontage and adjacent to parking area, containing 

scattered small to medium sized trees.  

Elsewhere on the site are existing extensive hardstand and storage areas, as can be seen 

in Figure 1.1. 

Located off the northern half of the western site boundary, are several neighbouring 

brick warehouses which either abutted, or were within about 1.5m, of the common 

boundary.  All of these neighbouring warehouses appeared to be in good condition, 

based on a visual inspection from within the site.  Located off the southern half of the 

western site boundary was an on-grade car park on an elevated fill platform.  The 

eastern side of the fill platform.  The toe of the fill batter was located just inside the 

neighbouring property to the west along its northern portion, and just inside the subject 

site along its southern portion. 

On 23 March 2021, Woolworths received approval for a development application (DA) 

(DA62.1/2021) with Council for the development of earthworks and retaining walls (the 

Infrastructure Early Works).  The DA has approval for early works and site 

establishment across the Proposal site to enable site clearing, implementation of 

earthworks and construction of perimeter retaining.   

The Infrastructure Early Works include: 

• Site clearance, including: 

o Demolition of temporary structures and general clean-up of the proposed site fill 

area and flood storage area; 

o Removal of tress and other vegetation;  

o Crushing of the existing concrete slab, temporary stockpiling of crushed material 

and reuse of it as a fill material; 

• Erosion and Sediment Controls including: 

o Silt fencing; 

o Diversion drains; 

o Site stabilisation; 

o Sediment Controls including sediment basins; 

• Earthworks, including: 

o Cut and fill benching works; 

o Construction of a perimeter retaining walls; and 

o Filling the area to the required level using existing crushed recycled concrete 

material and site won material. 
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The commencement of the construction of the Proposal would occur following or 

during the back end of the completion of the earthworks.  Figure 1.4 shows the 

Infrastructure Early Works; depicting the features of the Proposal site upon 

commencement of the construction of the Proposal.  Reference to Appendix D should 

be made for the Infrastructure Early Works engineering design package approved by 

Council. 

 

1.5 Differences Between the Approved DA62.1/2021 and Modified S4.55 Proposal 

Early Works 

In addition to the approved Infrastructure Early Works engineering design package, a 

S4.55 Development Application Modification has been submitted to council for 

approval. Figures 1.4 and 1.5 show the approved earthworks plans and cut to fill 

depths.  The key differences between the approved early works development and 

current are as follows: 

• Adjustment of overall benched pads to suit the revised anticipated future building 

development layout; 

• Overall earthworks volumes reduced.  The intention for the site to remain close to 

an overall cut to fill balance site with minimal export is maintained, noting some 

export will be anticipated as part of the earthworks completion; 

• Reconfiguration of perimeter retaining walls, and overall reduction in wall height of 

walls on the western boundary; 

• Introduction of construction of internal retaining walls; 

• Introduction of some inground drainage to be incorporated into the erosion and 

sediment control strategy.  This drainage would assist in facilitating movement of 

runoff from upper pads to lower pads following completion and during construction 

period, and prior to the future development construction.  It could be anticipated that 

some of the drainage installed for the early works could be reused in the final 

building design; 

• The overall erosion and sediment control measures and sediment basin design, 

remains consistent between the approved and modified early works proposal; 

• No differences in the previously assessed flood conditions change as a result of the 

S4.55 modification. 
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Figure 1.4.  Earthworks Cut to Fill Earthworks Plan Approved Vide DA62.1/2021 

 

Figure 1.5.  Proposed S4.55 Cut to Fill Plan 
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1.6 Purpose of this report 

This Water and Hydrology Impact Assessment has been provided to support the EIS in 

relation to impacts associated with the following components of the proposal: 

• Stormwater Management including stormwater quantity and quality; 

• Flooding; and 

• Erosion & Sediment Controls during construction. 

The objectives for the assessment are to ensure that potential for detrimental impacts on 

the environment are mitigated through provision of development which, based on the 

proposed Development Layout: 

• responds to the topography and site constraints, considers flooding and flood 

planning requirements  

• provides an appropriate and economical stormwater management system which 

incorporates best practice in water sensitive urban design consistent with and 

mitigates impact to receiving waters through provision of water quality 

improvement measures to reduce pollutants from stormwater runoff from the 

development. 

A set of drawings (refer Appendix A) have been prepared to accompany the impact 

assessment and show how the development and proposed civil engineering components 

(including site levels, stormwater drainage layout and water quantity and quality 

requirements) of the development can manage the potential for impact to the 

environment.  These drawings are for development approval and impact assessment 

only and subject to change during detail design.  Outcomes of the impact assessment 

would remain consistent in any future detail design process. 

The consent authority is The NSW Department of Planning, Industry& Environment 

(DPIE) as the proposal considered a State Significant Development (SSD).  However, 

as the subject site is located within Fairfield City local government area (LGA), the 

requirements of the Fairfield City Council Stormwater Management Policy 2017 have 

also been considered in the setting proposed design and mitigation measures.   

The DPIE has provided Secretary’s Environmental Assessment Requirements (SEAR’s) 

dated March 2021, Ref: SSD15221509.  In addition to providing a general summary of 

civil engineering aspects of the proposal, this report addresses the Soil and Water items 

included in the SEAR’s: 

It is noted that this site has been approved for Infrastructure Early Works by Council for 

approval for earthworks and retaining wall construction.  This impact assessment has 

been completed based on condition where the construction of the early works has been 

completed.   

 

1.7 Purpose Of Report And Sears 

This Water and Hydrology Impact Assessment supports the EIS for the Proposal and has 

been prepared as part of an SSD Application for which approval is sought under Part 4, 

Division 4.7 of the EP&A Act.  
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This report has been prepared to address the Secretary’s Environmental Assessment 

Requirements (SEARs) (SSD 15221509) for the Proposal, issued by NSW Department 

of Planning, Industry and Environment (DPIE) during March 2021. 

Table 1.1 provides a summary of the relevant SEARs which relate to water and 

hydrology, and where these have been addressed in this report. 

Table 1.1. SEARs 

SEARs Where Addressed 

8. Soil and Water  

An assessment of potential surface water 

impacts associated with the development, 

including potential impacts on watercourses 

Refer Section 1 for 

background conditions 

relating to the development 

site. 

Refer Sections 1, 2, & 3 for 

assessment of stormwater 

management including 

assessments of hydrology, 

watercourses, and drainage 

lines. 

It is noted that no earthworks 

are proposed for this 

development (being subject 

to a separate approval by 

Fairfield Council) hence 

impacts on groundwater, 

topography and or 

earthworks are not 

considered relevant. 

A detailed site water balance including a 

description of the water demands and 

breakdown of water supplies, and any water 

licensing requirements 

Refer Sections 5 for 

assessment of water balance 

considerations. 

Details of stormwater and wastewater 

management systems including the capacity 

of onsite detention system/s, onsite sewage 

management and measures to treat, reuse or 

dispose of water 

Refer Sections 1, 2, 3 & 5 for 

assessment of stormwater 

management systems. 

Refer EIS relating to leachate 

containment and wastewater 

disposal systems. 

Description of the measures to minimise 

water use. 
Refer Sections 1, 2, 3 & 5 for 

assessment of stormwater 
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SEARs Where Addressed 

management systems 

including measures to 

minimise water use. 

Description of the proposed erosion and 

sediment controls during construction. 

Refer Section 2.4 and 

Appendix C for proposed 

erosion and sediment controls 

during construction. 

 

Further to the above, the SEARS Attachment 2 includes specific Government Authority 

Responses including Fairfield City Council, Transport for NSW (TfNSW), NSW EPA, 

NSW Heritage, the Water Group of DPIE, Environment, Energy and Science (EES) 

Group of DPIE, and Ausgrid require further details on specific requirements relating to 

their authority.  These requirements are discussed throughout the report as indicated in 

Table 1.2. 
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Table 1.2 Local and State authority requirements and relevant report sections 

Water and Hydrology Where Addressed 

Fairfield City Council 

Overland Flooding 

The site is affected by low and medium risk 

overland flow at the site’s northern boundary 

with Redfern Street and Low Risk Overland 

flow to the site’s southern boundary with 

Victoria Street. 

Refer Section 4 for flood and 

overland flow assessments. 

Flood Risk Management Report 

Prepared by a qualified consultant, is required 

to demonstrate that the proposal complies with 

Chapter 11 of the Fairfield City Wide 

Development Control Plan 2013. The 

applicant should model the proposal using 

Council’s established TUFLOW model.  

Access to Council’s model is available 

through the ‘Developer Agreement’ process. 

Refer Section 4 for flood and 

overland flow assessments. 

It is confirmed that a Developers 

Agreement has been made with 

Fairfield City Council and one of 

their three preferred flood 

modellers (Catchment 

Simulation Solutions) who have 

completed the TUFLOW 

modelling, with interpretation of 

the results completed by Costin 

Roe Consulting. 

It is encouraging to see that the proposed 

development will include a stormwater quality 

treatment train approach, to reduce pollutants 

leaving the site in accordance with Council’s 

pollution reduction targets. 

Water quality system consistent 

with Fairfield Council, Prospect 

Creek water quality objectives 

has been proposed for the 

development.  Refer Section 1.7, 

2.1 and Section 2.5. 

It is also positive that rainwater harvesting will 

also be applied across the site incorporating 

reuse in irrigation and toilet flushing. 

Rainwater harvesting is proposed 

for non-potable uses in 

accordance with Fairfield City 

Council Stormwater Drainage 

Policy 2017.   

Refer Section 5. 

Heavy Vehicle Routes 

The EIS must address additional truck routes 

that have not been addressed in the scoping 

report, including: 

Refer to traffic impact (TIA) 

assessment report by Colston 

Budd Rogers & Kafes Pty Ltd 

(CBRK) for confirmation of 

truck routes. 
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Water and Hydrology Where Addressed 

 Redfern Street between Walter Street and 

Hassall Street; 

 Redfern Street between Walter Street and 

Hassall Street; 

 Hassall Street between Redfern Street and 

Widemere Road; 

 Widemere Road between Hassall Street and 

Council’s Boundary; 

 Hassall Street between Gipps Road and 

Widemere Road; 

 Walter Street between Victoria Street and 

Redfern Street; 

 Victoria Street between Cowpasture Road 

Elizabeth Street; 

 Cowpasture Road between The Horsley 

Drive and Victoria Street , 

 

Figure 1 – potential operational and 

construction truck routes 

Council’s Assets Team require the applicant 

engage an experienced pavement design 

engineer to assess the following and provide a 

report in relation to the impact of the proposal 

on existing road pavement and existing 

drainage structures such as stormwater pipes, 

pits culverts and bridges in the surrounding 

road network for heavy vehicle movement 

during the construction phase of the project. 

Upgrading Vehicle Routes 

As there will be significant increase in heavy 

vehicle movement associated with the 

proposal there are likely to be impacts on 

Refer to traffic impact (TIA) 

assessment report by Colston 

Budd Rogers & Kafes Pty Ltd 
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Water and Hydrology Where Addressed 

various road infrastructure (e.g. pavement, 

stormwater pipes, culverts, bridges).  

Consideration must be given to upgrading 

Redfern Street and nearby local roads to cater 

for a higher mass limit (HML) during 

construction and operation of the facility. 

(CBRK) for confirmation of 

truck routes. 

It is noted that Victoria Street is 

an existing approved Higher 

Mass Limit HML road and 

Redfern Street is approved for 

General Mass Limit (GML) and 

Concessional Mass Limit 

(CML). 

During construction and 

operation, the existing road limits 

are proposed to be maintained.  

There are no proposed changes in 

the use of HML vehicles on roads 

not currently approved for HML 

use.   

Given there is no proposed 

change in the existing load limits 

for the surrounding roads, there 

should not be any requirement for 

the applicant to complete an 

assessment of the existing road 

infrastructure and/ or pavements 

as part of the proposal. 

Refer Section 6 and CBRK TIA. 

Pavement design  

Shall comply with Austroads Guidelines “A 

Guide to the Structural Design of Road 

Pavements” and design for other proposed 

infrastructures shall comply with Council’s 

design guidelines. Construction is required to 

comply with Council’s road works 

specifications. 

These designs will be submitted to Council for 

review and approval. 

Pavement designs for public 

domain or roads are not required 

for the development.  If required 

designs would be completed in 

accordance with the noted 

document. 

The need for approval of 

pavement designs for private 

development should not be a 

requirement of development, 

noting that detailed pavement 

designs would be completed by a 

suitably qualified civil, 

structural, or geotechnical 

engineer as part of the detail 

design works/ construction 

certificate phase of the project. 
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Water and Hydrology Where Addressed 

Road Works Permit 

In order to work on Council roads, the 

applicant will need to apply for a road works 

permit. The dilapidation survey should 

include information in regard to each defect on 

the road surface, kerb and gutter and other 

associated assets and is to be prepared by a 

suitably qualified person. This process will 

establish the extent of any existing damage 

and enable any deterioration during and after 

construction to be observed. 

Map showing below the details of pipe culvert 

on Redfern Street, drainage pits and pipes: 

 

Any public domain works would 

require the necessary design and 

construction authority approval. 

As noted above, given there are 

proposed changes to existing 

GML, CML and HML roads it is 

not anticipated that works in the 

public domain would be required. 

A dilapidation survey of areas 

local to the development can be 

provided prior to the construction 

phase of the development. 

DPIE (Water) – ref: OUT21/2582 

The SEARs should include: 

The identification of an adequate and secure 

water supply for the life of the project. This 

includes confirmation that water can be 

sourced from an appropriately authorised and 

reliable supply.  This is also to include an 

assessment of the current market depth where 

water entitlement is required to be purchased. 

Refer EIS and Section 5. 

Water supply will be provided by 

Sydney Water for the duration of 

the development. 

A detailed and consolidated site water balance 
Refer Sections 5 for water cycle 

management. 

Assessment of impacts on surface and ground 

water sources (both quality and quantity), 

related infrastructure, adjacent licensed water 

users, basic landholder rights, watercourses, 

riparian land, and groundwater dependent 

Refer Sections 2, 3 & 5 for 

assessment of surface stormwater 

management including 

assessments of hydrology, 

watercourses, and drainage lines. 
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Water and Hydrology Where Addressed 

ecosystems, and measures proposed to reduce 

and mitigate these impacts 

It is noted that no earthworks are 

proposed for this development 

hence impacts on groundwater, 

topography and or earthworks are 

not considered relevant. 

Proposed surface and groundwater monitoring 

activities and methodologies. 

Surface and groundwater 

monitoring are not proposed or 

required for the proposal. 

Refer Appendix B for DRAFT 

Maintenance and Monitoring 

recommendations associated 

with the specified drainage 

system and water quality 

measures. 

Consideration of relevant legislation, policies, 

and guidelines, including the NSW Aquifer 

Interference Policy (2012), the Guidelines for 

Controlled Activities on Waterfront Land 

(2018) and the relevant Water Sharing Plans 

(available at 

https://www.industry.nsw.gov.au/water). 

No water sharing activities are 

proposed. 

The site and majority of works 

are located adjacent to a concrete 

lined channel hence riparian 

corridors requirements are not 

required. 

DPIE (Environment, Energy and Science) 

7. The EIS must describe background 

conditions for any water resource likely to be 

affected by the development, including: 

a) Existing surface and groundwater 

Refer Sections 2, 3 & 5 for 

assessment of surface stormwater 

management including 

assessments of hydrology, 

watercourses, and drainage lines. 

It is noted that no earthworks are 

proposed for this development 

hence impacts on groundwater, 

topography and or earthworks are 

not relevant to the SSDA impact 

assessments. 

b) Hydrology, including volume, 

frequency and quality of discharges at 

proposed intake and discharge 

locations. 

Refer Sections 2, 3 & 5 for 

assessment of surface stormwater 

management including 

assessments of hydrology, 

watercourses, and drainage lines. 
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Water and Hydrology Where Addressed 

It is noted that no water intake is 

proposed for the development. 

c) Water Quality Objectives (as 

endorsed by the NSW Government 

http://www.environment.nsw.ciov.au/

ieo/index.htm) including groundwater 

as appropriate that represent the 

community's uses and values for the 

receiving waters. 

Refer Section 2 for surface water 

quality objectives and modelling. 

It is noted that no earthworks are 

proposed for this development 

hence impacts on groundwater, 

topography and or earthworks are 

not relevant to the SSDA impact 

assessments. 

d) Indicators and trigger values/criteria 

for the environmental values 

identified at (c) in accordance with 

the ANZECC (2000) Guidelines for 

Fresh and Marine Water Quality 

and/or local objectives, criteria or 

targets endorsed by the NSW 

Government. 

Refer Section 2 for water cycle 

management objectives 

including water quality and 

quantity criteria.  

e) Risk-based Framework for 

Considering Waterway Health 

Outcomes in Strategic Land-use 

Planning Decisions 

http://www.environment.nsw.gov.au/r

esearch-andpublications/ 

publications-search/risk-based-

framework-for-considering-

waterwayhealth- outcomes-in-

strategic-land-use-planning 

Refer Section 2 for water cycle 

management objectives 

including water quality and 

quantity criteria. 

8. The EIS must assess the impact of the 

development on hydrology, including: 

a) Water balance including quantity, 

quality and source. 

Refer Sections 5 for water cycle 

management and supporting 

assessments. 

b) Effects to downstream rivers, 

wetlands, estuaries, marine waters and 

floodplain areas. 

Refer Section 1.7 for key water 

management objectives and 

Section 2 & 3 for supporting 

assessments.   

Discharge is noted to be to an 

engineered trunk drainage 

channel and discharge is 

http://www.environment.nsw.ciov.au/ieo/index.htm
http://www.environment.nsw.ciov.au/ieo/index.htm
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Water and Hydrology Where Addressed 

consistent with discharge from 

the historic facility located on the 

site.  Conveyance of stormwater 

from all sites within the Wetherill 

Park Industrial Area (including 

the proposal site) are all 

conveyed via trunk drainage 

infrastructure to regional 

detention basins upstream of 

Prospect Creek.   

As the site drains to existing 

engineered systems which 

manage stormwater quantity, 

there is no adverse effect on 

downstream rivers, wetlands, 

estuaries, marine waters, and 

floodplain areas. 

c) Effects to downstream water-

dependent fauna and flora including 

groundwater dependent ecosystems. 

Refer Section 1.7 for key water 

management objectives and 

Section 2 & 3 for supporting 

assessments.   

Discharge is noted to be to an 

engineered trunk drainage 

channel and discharge is 

consistent with discharge from 

the historic facility located on the 

site.  Conveyance of stormwater 

from all sites within the Wetherill 

Park Industrial Area (including 

the proposal site) are all 

conveyed via trunk drainage 

infrastructure to regional 

detention basins upstream of 

Prospect Creek.   

As such there is no adverse effect 

on downstream water-dependent 

fauna and flora including 

groundwater dependent 

ecosystems 

d) Impacts to natural processes and 

functions within rivers, wetlands, 

estuaries and floodplains that affect 

Refer Section 1.7 for key water 

management objectives and 
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Water and Hydrology Where Addressed 

river system and landscape health 

such as nutrient flow, aquatic 

connectivity and access to habitat for 

spawning and refuge (e.g. river 

benches). 

Section 2 & 3 for supporting 

assessments.   

Discharge is noted to be to an 

engineered trunk drainage 

channel and discharge is 

consistent with discharge from 

the historic facility located on the 

site.  Conveyance of stormwater 

from all sites within the Wetherill 

Park Industrial Area (including 

the proposal site) are all 

conveyed via trunk drainage 

infrastructure to regional 

detention basins upstream of 

Prospect Creek.   

As such there is no adverse 

impacts on natural processes and 

functions within rivers, wetlands, 

estuaries and floodplains that 

affect river system and landscape 

health such as nutrient flow, 

aquatic connectivity, and access 

to habitat for spawning and 

refuge (e.g. river benches). 

e) Changes to environmental water 

availability, both regulated/licensed 

and unregulated/rules-based sources 

of such water. 

There are no changes associated 

with water availability as a result 

of the proposed development. 

f) Mitigating effects of proposed 

stormwater and wastewater 

management during and after 

construction on hydrological 

attributes such as volumes, flow rates, 

management methods and re-use 

options. 

Refer Section 1.7 for key water 

management objectives and 

Section 2 & 3 for supporting 

assessments.   

There is no change to existing 

flow or discharge volumes or 

rates, hence no impact from the 

Proposal. 

g) Identification of proposed monitoring 

of hydrological attributes. 

Refer Appendix C for DRAFT 

Maintenance and Monitoring 

requirements associated with the 

specified drainage system and 

water quality measures. 
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Water and Hydrology Where Addressed 

9. The EIS must map the following features 

relevant to flooding as described in the 

Floodplain Development Manual 2005 (NSW 

Government 2005) including: 

a) Flood prone land. 

Refer Section 4 for flood and 

overland flow assessments. 

b) Flood planning area, the area below 

the flood planning level 

Refer Section 4 for flood and 

overland flow assessments. 

c) Hydraulic categorisation (floodways 

and flood storage areas) 

Refer Section 4 for flood and 

overland flow assessments. 

d) Flood hazard 
Refer Section 4 for flood and 

overland flow assessments. 

10. The EIS must describe flood assessment 

and modelling undertaken in determining the 

design flood levels for events, including a 

minimum of the 5% Annual Exceedance 

Probability (AEP), 1% AEP, flood levels and 

the probable maximum flood, or an equivalent 

extreme event. 

Refer Section 4 for flood and 

overland flow assessments. 

It is confirmed that a Developers 

Agreement has been made with 

Fairfield City Council and one of 

their three preferred flood 

modellers (Catchment 

Simulation Solutions) who have 

completed the TUFLOW 

modelling, with interpretation of 

the results completed by Costin 

Roe Consulting. 

11. The EIS must model the effect of the 

proposed development (including fill) on the 

flood behaviour under the following 

scenarios: 

a) Current flood behaviour for a range of 

design events as identified in 14 

above.  This includes the 0.5% and 

0.2% AEP year flood events as 

proxies for assessing sensitivity to an 

increase in rainfall intensity of flood 

producing rainfall events due to 

climate change. 

Refer Section 4 for flood and 

overland flow assessments 

12. Modelling in the EIS must consider and 

document:  
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a) Existing council flood studies in the 

area and examine consistency to the 

flood behaviour documented in these 

studies. 

Refer Section 4 for flood and 

overland flow assessments. 

It is confirmed that a Developers 

Agreement has been made with 

Fairfield City Council and one of 

their three preferred flood 

modellers (Catchment 

Simulation Solutions) who have 

completed the TUFLOW 

modelling using Councils 

existing flood model.  The result 

of the modelling has been 

interpreted by Costin Roe 

Consulting. 

b) The impact on existing flood 

behaviour for a full range of flood 

events including up to the probable 

maximum flood, or an equivalent 

extreme flood. 

Refer Section 4 for flood and 

overland flow assessments. 

c) Impacts of the development on flood 

behaviour resulting in detrimental 

changes in potential flood affection of 

other developments or land. This may 

include redirection of flow, flow 

velocities, flood levels, hazard 

categories and hydraulic categories 

Refer Section 4 for flood and 

overland flow assessments. 

d) Relevant provisions of the NSW 

Floodplain Development Manual 

2005. 

Refer Section 4 for flood and 

overland flow assessments. 

13. The EIS must assess the impacts on the 

proposed development on flood behaviour, 

including: 

a) Whether there will be detrimental 

increases in the potential flood 

affectation of other properties, assets 

and infrastructure. 

Refer Section 4 for flood and 

overland flow assessments. 

It is noted that the existing 

development site is free of the 1% 

AEP extent, being the Defined 

Flood Event (DFE) and 

applicable for impact assessment.  

It is confirmed there is no change 

in flooding conditions as a result 

of the development. 
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Water and Hydrology Where Addressed 

b) Consistency with Council floodplain 

risk management plans. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

c) Consistency with any Rural 

Floodplain Management Plans. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

d) Compatibility with the flood hazard 

of the land. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

e) Compatibility with the hydraulic 

functions of flow conveyance in 

floodways and storage in flood 

storage areas of the land. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

f) Whether there will be adverse effect 

to beneficial inundation of the 

floodplain environment, on, adjacent 

to or downstream of the site. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

g) Whether there will be direct or 

indirect increase in erosion, siltation, 

destruction of riparian vegetation or a 

reduction in the stability of riverbanks 

or watercourses. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

The receiving waters are noted to 

be a concrete lined drainage 

channel hence opportunity for 

erosion is nil. 

h) Any impacts the development may 

have upon existing community 

emergency management arrangements 

for flooding. These matters are to be 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 
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discussed with the NSW SES and 

Council. 

Councils flood planning 

requirements. 

i) Whether the proposal incorporates 

specific measures to manage risk to 

life from flood. These matters are to 

be discussed with the NSW SES and 

Council. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

The site is noted to be above the 

PMF level, hence risk 

management measures for 

occupants of the site will be 

consistent with any local area 

plans, and onsite refuge is able to 

be made during local rainfall and 

flood events. 

j) Emergency management, evacuation 

and access, and contingency measures 

for the development considering the 

full range or flood risk (based upon 

the probable maximum flood or an 

equivalent extreme flood event). 

These matters are to be discussed with 

and have the support of Council and 

the NSW SES. 

Refer Section 4 for flood and 

overland flow assessments 

including confirmation of 

Councils flood planning 

requirements. 

The site is noted to be above the 

PMF level, hence risk 

management measures for 

occupants of the site will be 

consistent with any local area 

plans, and onsite refuge is able to 

be made during local rainfall and 

flood events. 

k) Any impacts the development may 

have on the social and economic costs 

to the community as consequence of 

flooding. 

Refer Section 4 for flood and 

overland flow assessments. 

It is noted that the existing 

development site is free of the 1% 

AEP extent, being the Defined 

Flood Event (DFE) and 

applicable for impact assessment.  

It is confirmed there is no change 

in flooding conditions, social or 

economic cost to community as a 

result of the development. 
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1.8 Structure of Report & Key Objectives 

Water Cycle Management (WCM) is a holistic approach that addresses competing 

demands placed on a region’s water resources, whilst optimising the social and 

economic benefits of development in addition to enhancing and protecting the 

environmental values of receiving waters. 

Developing a WCMS at the SSDA stage of the land development process provides 

guidance on urban water management issues to be addressed for the estate and 

development as a whole.  This assists urban rezoning and estate infrastructure planning 

for the industrial development proposed on the land. 

This WCMS has been prepared to inform the DPIE and Council that the development is 

able to provide and integrate WCM measures into the stormwater management strategy 

for estate.  It presents guiding principles for WCM across the precinct which includes 

establishing water management targets and identifying management measures required 

for future building developments to meet these targets. 

Several WCM measures have been included in the WCMS and engineering design, 

which are set out in this report and the attached drawings.  The key WCM elements and 

targets which have been adopted in the design are included in Table 1.4 following. 

Table 1.4. WCM Objectives 

Element Objectives Reference 

Surface Water & 

Water Quantity 

Wetherill Park Industrial Area: 

OSD is not required within the Wetherill Park 

Industrial Area. 

 

Section 4.2 of 
Fairfield City 

Councils Stormwater 

Management Policy 

2017 

 

Water Quality Protection of aquatic ecosystems, visual amenity and 

secondary contact recreation. 

 

Load-based pollution reduction targets based on an 

untreated urbanised catchment: 

Gross Pollutants 90% 

Total Suspended Solids 80% 

Total Phosphorus 55% 

Total Nitrogen 40% 

Total Hydrocarbons 90% 
 

Section 6.2 of 

Fairfield City 
Councils Stormwater 

Management Policy 

2017 
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Element Objectives Reference 

Flooding  Buildings and habitable areas set 500mm above the 1% 

AEP storm event. 

No affectation to upstream downstream or adjoining 

properties as a result of development 

Fairfield City 

Councils Stormwater 
Management Policy 

2017 

NSW Floodplain 

Development Manual. 

 

Water Supply Reduce Demand on non-potable water uses. 

Provide rainwater tanks which result in an 80% 

reduction of rainwater for industrial and commercial 

properties. 

Section 5.4 of 

Fairfield City 

Councils Stormwater 

Management Policy 

2017 

Erosion and 

Sediment Control 

Appropriate erosion and sedimentation control 

measures must be described in the environmental 

assessment for all stages of construction to mitigate 

potential impacts to receiving trunk drainage channel. 

Landcom Blue Book 

Council  

DPIE 

 

A summary of the how each of the WCM objectives will be achieved and where they 

are addressed in the report are described below.  Reference to the relevant sections of 

the report should be made for further and technical details relating to the WCM 

measures: 

• Stormwater Quality Management (Refer Section 2) 

There is a need to target pollutants that are present in stormwater runoff to minimise 

the adverse impact these pollutants could have on downstream receiving waters. 

The required pollutant reductions are included in Table 1.4 of this document and 

MUSIC modelling has been completed to confirm the reduction objectives can be 

met for the development. 

A series of Stormwater quality improvement devices (SQID’s) have been 

incorporated in the design of the proposal.  The proposed management strategy will 

include the following measures: 

• Initial/ primary treatment via a gross pollutant trap (OceanSave GPT). 

• Tertiary treatment via proprietary filtration system (OceanProtect Jellyfish). 

Reference to Section 6 of this document should be made for detailed Stormwater 

Quality modelling and measures. 

Management of stormwater measures are necessary to ensure effectiveness of the 

specified water quality treatment train.  Refer to Appendix C for DRAFT 

Maintenance and Monitoring of water quality measures during operational period of 

the development. 
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• Stormwater Quantity Management (Refer Section 3) 

The intent of this criterion is to manage the impact of urban development on 

existing drainage system by limiting post-development discharge within the 

receiving waters to the pre-development peak, and to ensure no affectation of 

upstream, downstream or adjacent properties where required. 

All sites within the Wetherill Park Industrial Area drain via trunk drainage systems 

to Prospect Creek via one of two Councils Regional detention systems.  The 

Proposal drains to the Rosford Street Regional detention system which is located in 

the Rosford Street reserve and playing fields.   

No site specific OSD or water quantity measures are required or proposed as part of 

the development based on the infrastructure already present within the Wetherill 

Park Industrial Area. 

Refer to Section 3 of the document for further discussion on water quantity 

management. 

• Flood Management (refer Section 4) 

The proposed development considered flooding and large rainfall events associated 

with the adjacent trunk drainage channel and within Redfern Street.  It is noted that 

the site in its current conditions is sited at a minimum of 0.5m above the 1% AEP 

flood level and the PMF. 

The following measures have been incorporated in the design: 

o All buildings are sited 500mm above the 1% AEP design flood level of The 

trunk drainage channel. 

o Development is clear of the 1% AEP flood extent; 

o Requirements of Council have been met regarding works in and around flooding 

areas; and 

o Overland flow paths to manage runoff in large storm events have been made 

including achieving at least 500mm freeboard to building levels from the flow 

paths. 

• Water Cycle Management/ Rainwater Reuse 

Rainwater reuse measures will be provided as part of future building development 

designs. For industrial and residential development, the rainwater tank size will be 

determined to meet the 80% non-potable reuse requirement. The reduction in 

demand will target non-potable uses such as toilet flushing and irrigation.  Refer 

Section 5. 

• Erosion and Sediment Controls (refer Section 2 & Appendix C) 

An erosion and sediment control program will be employed during construction 

period to ensure that sediment laden runoff is contained on site and discharge runoff 

meets acceptable criteria.  Measures will be provided in accordance with Landcom 

Blue Book.  A DRAFT Soil and Water Management Plan has been included for 

information in Appendix C. 
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1.9 Policy Framework 

The below sets out the legislation and planning instruments considered in the preparation 

of this sub plan.   

Table 1.5 lists regulatory guidelines and documents relevant to the assessment. 

Table 1.5. Regulatory Documents and Guidelines 

Legislation Description Relevance to the assessment 

Environmental 
Planning and 
Assessment Act 1979 

This Act establishes a system of 
environmental planning and 
assessment of development 

Projects for the State. 

Obligations issued under Part 4 of the 
EP&A Act are addressed in this plan. 

Protection of the 
Environmental 
Operations Act 1997 

The objectives of this Act relate to 
the protection of the environment 
through pollution prevention and 
cleaner production, among others. 

Relevant sections of the Act, including 
duties to report pollution incidents and 
disposal regulations have been 
incorporated into this plan and incident 
response procedures. 

A key legislative requirement applicable 

to construction soil and water 
management is Section 120 of the 
Protection of the Environment Operations 
Act 1997 which relates to pollution of 
waters and the need to implement all 
reasonable and feasible measures to 
minimise the risk of pollution of waters. 

Part 5.7 of the Act requires that a pollution 
incident causing or threatening material 

harm to the environment be notified to 
EPA and other relevant authorities.  
Material harm constitutes actual or 
potential harm to the health or safety of 
humans and/or ecosystems that is not 
trivial, or results in actual or potential loss 
or property damage of amounts in excess 
of $10,000 in total. 

Contaminated Land 
Management Act 1979 

The general object of this Act is to 
establish a process for 
investigating and (where 
appropriate) remediating land that 
the EPA considers to be 
contaminated significantly enough 
to require regulation under 

Division 2 of Part 3, and to ensure 
that contaminated land is managed 
with regard to the principles of 
ecologically sustainable 
development. 

Contamination on site must be assessed 
and managed in accordance with this act. 

Division 2, Part 3, Section 11-17 of this 
Act details requirements for the 
Management of Contaminated Land. 

Water Management 
Act 2000 

The objects of this Act are to 
provide for the sustainable and 
integrated management of the 

water sources of the State for the 
benefit of both present and future 
generations. 

Although it is not envisaged that any 
construction activities would be 
undertaken on waterfront land, any 

waterfront activities that do occur would 
be conducted generally in accordance with 
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Legislation Description Relevance to the assessment 

the NSW Office of Water’s Guidelines for 
Controlled Activities. 

Fisheries 
Management Act 1994 

The objectives of this Act seek to 
conserve fishery resources, fish 
stocks and key fish habitats. 

This assessment has been prepared to 
maintain existing flow regimes 
surrounding the site and to contain water 
onsite within sediment basins until 

discharged with strict water quality 
requirements.  No impacts to fisheries are 
envisaged as a result of Project 
construction. 

Dangerous Goods 
Regulation (Road and 
Rail Transport) 2014 

The main objects of this 
Regulation are to give effect to the 
standards, requirements and 
procedures of the Code so far as 

they apply to the transport of 
dangerous goods by land transport, 
and to promote consistency 
between the standards, 
requirements and procedures 
applying to the transport of 
dangerous goods by land transport 
and other modes of transport. 

Provisions relating to the storage and 
transport of dangerous good, such as 
fuelling procedures and fuel storage, are to 
be considered in this plan. 

Commonwealth 
Environmental 
Protection and 
Biodiversity 
Conservation Act 
1999 

The objectives of this Act seek to 
promote environmental protection, 
ecologically sustainable 
development, biodiversity 
conservation and the promotion of 
heritage, among others. 

Requirements under EPBC Approval (No. 
2011/6086) have been considered during 
the preparation of this CSWMP. 

Additional guidelines and standards considered in relation to the management of soil 

and stormwater include: 

• Managing Urban Stormwater – Soils and Construction Volume 1, 4th Edition 

(Landcom 2004); 

• Managing Urban Stormwater: Soils and Construction − Installation of Services, 

Volume 2A (OEH 2008); and 

• Australian Rainfall and Runoff – Volume 1 (2001), Engineers Australia. 

• Managing Urban Stormwater: Source Control – 1998 (NSW EPA); 

• Managing Urban Stormwater: Treatment Techniques – 1997 (NSW EPA); 

• Managing Urban Stormwater: Soils & Construction – 2004(LANDCOM);  

• Stormwater Management Policy - 2017 (Fairfield City Council); 

• Water Sensitive Urban Design – “Technical Guidelines for Western Sydney” by URS 

Australia Pty Ltd, May 2004; 

• Botany Bay & Catchment Water Quality Improvement Plan – 2011 (Sydney 

Catchment Management Authority) 
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2 SURFACE WATER QUALITY 

2.1 Objectives and Performance Targets 

The objectives and performance targets for the Proposal have been derived from the 

following key documents: 

• Prospect Creek Open Space Corridor Plan of Management (Fairfield City 

Council, Holroyd City Council, NSW DIPNR 2004) 

• Botany Bay & Catchment Water Quality Improvement Plan (Sydney Catchment 

Management Authority 2011) 

• Stormwater Management Policy (Fairfield City Council 2017) 

2.1.1 Objectives 

There is a need to provide a design which incorporates the principles of Water Sensitive 

Urban Design (WSUD) and to target pollutants that are present in the stormwater so as 

to minimise the adverse impact these pollutants could have on receiving waters and to 

also meet the requirements specified by Council. 

Council has nominated, in their Stormwater Management Policy 2017, the 

requirements for stormwater quality to be provided for all new developments with 

reference to such documents as the EPA’s Manual on Managing Urban Stormwater 

(Treatment Techniques) and relevant Australian Standards. 

The key objectives for stormwater management for the Proposal include: 

• Maintain or improve existing water quality.  

• To protect the aquatic environment of the downstream waterways including 

Prospect Creek.  

• Prevent bed and bank erosion and instability of waterways.  

• Provide sufficient flows to support aquatic environments and ecological processes.  

• Incorporate a Water Sensitive Urban Design (WSUD) approach.  

2.1.2 Performance Targets 

The water quality objectives proposed to be adopted for the Proposal are based on the 

objectives set out in the Stormwater Management Policy (Fairfield City Council 

2017).  These are presented in terms of annual percentage pollutant reductions on a 

developed catchment as follows: 

Gross Pollutants 90% 

Total Suspended Solids 80% 

Total Phosphorus 55% 

Total Nitrogen 40% 

Total Hydrocarbons 90% 
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Water quality for the catchment will require provision of a treatment train of water 

quality improvement devices.  Proposed and constructed systems include a gross 

pollutant trap (GPT) to surface drainage systems and proprietary filtration systems for 

final water polishing.  Water quality measures will need to be provided for the whole of 

catchment in accordance with this document. 

 

2.2 Operational Water Quality Management Features 

2.2.1 Existing 

The existing site has residual drainage systems as part of previous operations.  The 

existing system mainly comprises in-ground pipe network which convey site runoff to 

an existing 1200mm diameter piped culvert which conveys site runoff into Council 

drainage in Victoria Road and the trunk drainage channel to the south-east of the 

development site.   

There is limited or no existing water quality treatment measures on the site.   

Other than the site connection drainage, these existing systems will be removed as part 

of the Early Works approved by Council. 

 

2.2.2 Proposed 

Roof, hardstand, car parking, roads and other extensive paved areas are required to be 

treated by the Stormwater Treatment Measures (STM).  The STM shall be sized 

according to the whole catchment area of the Site.  The STM’s for the development are 

based on a treatment train approach as discussed in the NSW EPA document Managing 

Urban Stormwater: Treatment Techniques to ensure that all of the objectives above are 

met. 

Treatment of the Proposal during operational phase is proposed to be made via a 

vortech style GPT (Ocean Protect OceanSave or similar) with oil baffle, in conjunction 

with a proprietary filtration device (Ocean Protect Jellyfish).   

Reference to drawing Co13738.01-DA40 to Co13738.01-DA42 show the location of 

the proposed STM with visual representation shown in Figure 2.1 below. 
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  Typical GPT    Jellyfish Filtration System 

Figure 2.1. Visual Representation of Treatment Measures 

In order to assist with the containment fire water runoff, provision of an automated shut 

off valve is proposed upstream of the discharge to Council drainage and open drainage 

channel.  The shut off valve will comprise a keystone or knife-gate valve with an 

electric actuator which is triggered by the fire alarm.  The sizing of storage will be 

completed at Construction Certificate stage to meet a minimum 90minute sprinkler 

discharge storage volume.  It is noted that storage is proposed to be made within the 

drainage system, and within bunded areas of the buildings.   

 

2.3 Existing Environment 

The existing environment and receiving waters are noted to be highly urbanised.  

Section 2.1 of the Botany Bay & Catchment Water Quality Improvement Plan describes 

the key water quality issues associated with urbanisation which affect this waterway as 

follows: 

• Replacement of pervious surfaces with impervious which reduces filtration of 

nutrients, capture of sediments 

• Increased sediment loading through urban activities; 

• Increased gross pollutant and litter loading through urban activities 

• Infrastructure such as sewer overflow which increase nutrients, sediment and 

pathogens in waterways; 

• Destruction of riparian corridors. 

The existing receiving waters are noted to comprise in-ground pipe work and concrete 

lined open channel as described in Section 1.4 of this plan.  Conveyance within 
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ecological sensitive systems will not occur until Prospect Creek following management 

of quantity within the Rosford Street Regional Detention Basin, which is approximately 

1200m downstream of the development site. 

The existing health of the concrete lined trunk drainage is considered low, however not 

relevant for assessment being an engineered structure with no ecological value. 

 

2.4 Soil and Water Management (Construction Phase) 

Section 1 provides a summary of the construction works for the Proposal.  While all 

construction activities have the potential to impact on water quality, the key activities are:  

• Erosion and sediment control installation.  

• Grading of existing earthworks to suit building layout, drainage layout and 

pavements.  

• Stormwater and drainage works.  

• Service installation works. 

• Building construction works. 

Without any mitigation measures and during typical construction activities, site runoff 

would be expected to convey a significant sediment load.  A Soil and Water Management 

Plan (SWMP) and Erosion and Sediment Control Plan (ESCP), or equivalent, would be 

implemented for the construction of the Proposal.  The SWMP and ESCPs would be 

developed in accordance with the principles and requirements of Managing Urban 

Stormwater – Soils & Construction Volume 1 (‘Blue Book’)(Landcom, 2004).  

In accordance with the principles included in the Blue Book, a number of controls have 

been incorporated into a preliminary ESCP (refer to accompanying Drawings in 

Appendix A) and draft SWMP in Appendix C.  

The sections below outline the proposed controls for management of erosion and 

sedimentation during construction of the Proposal.  

Sediment Basins  

Sediment basins have been sized (based on 5 day 85th percentile rainfall) and located to 

ensure sediment concentrations in site runoff are within acceptable limits. Preliminary 

basin sizes have been calculated in accordance with the Blue Book and are based on ‘Type 

F’ soils.  These soils are fine grained and require a relatively long residence time to allow 

settling.  

Sediment basins for ‘Type F’ soils are typically wet basins which are pumped out 

following a rainfall event when suspended solids concentrations of less than 50 mg/L 

have been achieved.  
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Sediment Fences  

Sediment fences are located around the perimeter of the site to ensure no untreated runoff 

leaves the site.  They have also been located around the existing drainage channels to 

minimise sediment migration into waterways and sediment basins.  

Stabilised Site Access  

For the proposal, stabilised site access is proposed at one location at the entry to the works 

area.  This will limit the risk of sediment being transported onto public roads.  

Other Management Measures  

Other management measures that will be employed are expected to include:  

• Minimising the extent of disturbed areas across the site at any one time.  

• Progressive stabilisation of disturbed areas or previously completed earthworks to 

suit the proposal once trimming works are complete.  

• Regular monitoring and implementation of remedial works to maintain the 

efficiency of all controls.  

It is noted that the controls included in the preliminary ESCP are expected to be reviewed 

and updated as the design, staging and construction methodology is further developed for 

the Proposal. 

 

2.5 Stormwater Quality Modelling (Operational Phase) 

2.5.1 Stormwater Quality Modelling Methodology 

A MUSIC (Model for Urban Stormwater Improvement Conceptualisation) model has 

been utilised to model the effectiveness of the proposed water quality system.  This model 

has been released by the Cooperative Research Centre for Catchment Hydrology 

(CRCCH) and is a standard industry model for this purpose. MUSIC is suitable for 

simulating catchment areas of up to 100 km2 and utilises a continuous simulation 

approach to model water quality. 

By simulating the performance of stormwater management systems, MUSIC can be used 

to predict if these proposed systems and changes to land use are appropriate for their 

catchments and are capable of meeting specified water quality objectives (CRC 2002). 

The water quality constituents modelled in MUSIC and of relevance to this report include 

Total Suspended Solids (TSS), Total Phosphorus (TP) and Total Nitrogen (TN). 

The pollutant retention criteria nominated in Section 1.7 and 2.1.2 of this report were 

used as a basis for assessing the effectiveness of the selected treatment trains. 

A MUSIC model “13738.01_Rev4.sqz” was set up to examine the effectiveness of the 

water quality treatment train and to predict the load-based pollution reduction 

requirements have been achieved for development. 

The models were set up using the NSW MUSIC Modelling Guide and Fairfield City 

Council’s Stormwater Management Policy which references Appendix O for MUSIC 

modelling parameters.  The layout of the MUSIC model is presented in Appendix F. 

 



 

Co13738.01-05b.rpt  41 

2.5.2 Rainfall Data 

Six-minute pluviographic data was sourced from the Bureau of Meteorology (BOM) as 

nominated below for nearby Liverpool weather station.  Evapo-transpiration data for the 

period was sourced from the Sydney Monthly Areal PET data set supplied with the 

MUSIC software. 

Input      Data Used 

Rainfall Station    67035 Liverpool (Whitlam) 

Rainfall Period    1 January 1967 – 31 December 1976 

(10 years) 

Mean Annual Rainfall (mm)   857 

Evapotanspiration    Sydney Monthly Areal PET 

Model Timestep    6 minutes 

2.5.3 Rainfall Runoff Parameters 

Parameter     Value 

Rainfall Threshold    1.40 

Soil Storage Capacity (mm)  170 

Initial Storage (% capacity)   30 

Field Capacity (mm)    70 

Infiltration Capacity Coefficient a  210 

Infiltration Capacity exponent b  4.7 

Initial Depth (mm)    10 

Daily Recharge Rate (%)   50 

Daily Baseflow Rate (%)   4 

Daily Seepage Rate (%)   0 

 

2.5.4 Pollutant Concentrations & Source Nodes 

Pollutant concentrations for source nodes are based on Sydney Catchment Authority land 

use parameters as per the Table 2.1.: 

Flow Type Surface 

Type 

TSS (log10 values) TP (log10 values) TN (log10 values) 

Mean Std Dev. Mean Std Dev. Mean Std Dev. 

Baseflow Roof 1.20 0.17 -0.85 0.19 0.11 0.12 

 Roads 1.20 0.17 -0.85 0.19 0.11 0.12 

 Landscaping 1.20 0.17 -0.85 0.19 0.11 0.12 

Stormflow Roof  1.30 0.32 -0.89 0.25 0.30 0.19 

 Roads 2.43 0.32 -0.30 0.25 0.34 0.19 

 Landscaping 2.15 0.32 -0.60 0.25 0.30 0.19 

Table 2.1. Pollutant Concentrations 

The MUSIC model has been setup with a treatment train approach based on the pollutant 

concentrations in Table 2.1 above and the catchments shown in Appendix A. 

The relevant stormwater catchment sizes are shown figuratively in Appendix A . 
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2.5.5 Treatment Nodes 

Ocean Save, Jellyfish and detention basin nodes have been used in the modelling of the 

interim and ultimate conditions.  It is noted that an existing interceptor will remain on site 

however is not included in the modelling, hence the model is considered conservative.  

Typical visual representation of the treatment measures is shown in Figure 2.1 below. 

 

2.5.6 Modelling Layout 

The model layout is included in Figure 2.1 below. 

Figure 2.1. MUSIC Model Layout 

 

2.5.7 Modelling Results 

Table 2.3 shows the results of the MUSIC analysis for development.   

The reduction rate is expressed as a percentage and compares the post-development 

pollutant loads without treatment versus post-development loads with treatment over the 

modelled catchment. 
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 Source Residual Load % Reduction Target Met 

Flow (ML/yr) 60.4 58 4 NA 

Total Suspended Solids 

(kg/yr) 

10700 1790 83.3 Y 

Total Phosphorus (kg/yr) 21.2 8.95 57.8 Y 

Total Nitrogen (kg/yr) 138 82.2 40.5 Y 

Gross Pollutants (kg/yr) 1550 42.2 97.3 Y 

Table 2.3. MUSIC analysis results 

 

2.5.8 Modelling Discussion 

MUSIC modelling has been performed to assess the effectiveness of the selected 

treatment trains and to ensure that the pollutant retention requirements have been met.  

The model results in Table 2.3 indicate that, through the use of the STM’s in the treatment 

train, pollutant load reductions for Total Suspended Solids, Total Phosphorous, Total 

Nitrogen and Gross Pollutants will meet the target reductions for both interim and 

ultimate conditions. 

As can be seen, the proposed treatment train achieves reductions greater than the required 

pollutant reduction objectives.  This will ensure any variance in assumed arrangements in 

the final building layouts will not affect the overall outcomes of the solution, and also to 

ensure overall reduction values are met. 

Hydrocarbon reduction values, although not modelled, will achieve 90% reduction in the 

interim and ultimate conditions.  Further discussion on hydrocarbon removal which is not 

readily modelled in MUSIC is provided in Section 2.5.9 as follows. 

 

2.5.9 Hydrocarbon Removal 

The proposed facility would be expected to produce relatively low source loadings of 

hydrocarbons.  Potential sources of hydrocarbons would be limited to leaking engine 

sumps or for accidental fuel spills/leaks.  The potential for hydrocarbon pollution is low 

and published data from the CSIRO indicates that average concentrations from Industrial 

sites are in the order of 10mg/L and we would expect source loading from this site to be 

near to or below this concentration as further discussed below.   

Hydrocarbon removal cannot be readily modelled with MUSIC software however there 

is sufficient information on the expected source loads and treatment.   

Hydrocarbon Sources 

The average storm flow concentration of hydrocarbons in an industrial facility is 9.5mg/L 

(3 & 30mg/L 95% confidence limits) sourced from Fletcher T, Duncan H, Poelsma P & 

Lloyd S, 2004: Stormwater Flow and Quality, and the Effectiveness of Non-Proprietary 

Stormwater Treatment Measures - A review and Gap Analysis. Cooperative Research 

Centre for Catchment Hydrology, Technical Report 04/8; 
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Filtration Treatment  

Removal of hydrocarbons within the filtration system is shown to occur due to several 

mechanisms. 

Removal of oil, grease and hydrocarbons will take place due to entrainment to sediments. 

Research by Hseih (2005) has also shown that 97% of hydrocarbons are trapped and 

contained in the first few centimetres of a filtration system (i.e. filter swales and bio-

retention systems).  These are then broken down via organic processes in a period of 2-3 

days. 

GPT Treatment  

The vortech type GPT is reported to provide between 82-94% reduction in hydrocarbons 

and free oils. 

The following information relating to the performance of a CDS GPT has been provided 

by the product manufacturers (noting similar equivalent subject to final detail design to 

be installed): 

As with nutrient capture there is also a high correlation of oils and grease 

removal with sediment capture in CDS Units. 

UCLA have reported 50-80% of oil and grease may be attached to sediments. 

Hoffman 1982: “Our data confirm the observations of the workers in that 

hydrocarbons are primarily associated with particulate material (83 – 93%)”. 

CRCCH 1999: “Colwill found 70% of oil and approximately 85% PAH to be 

associated with solids in stormwater. That study subsequently demonstrated that 

over a period of dry weather conditions, increasing concentrations of oil become 

associated with particulates with the highest oil content found in the sediment 

range of 200μm to 400μm. 

CSIRO 1999: In the category of “attached pollutants” CDS Units were the only 

GPT device to even be considered capable of capturing anything. 

CDS Units can also capture free floating oil spills. However, when most of the 

oil is associated with fine particulates and sediments, CDS Units remove very 

high levels of oils and greases due to their very high capture rate of those fine 

particles.  

Hydrocarbon Treatment Conclusion 

Overall, when combining a treatment train of CDS (OceanSave or equivalent) and 

filtration systems, a reduction of greater than 90% of hydrocarbons is achieved.  It is noted 

that the hydrocarbon removal could be achieved with the GPT alone. 

Given the expected low source loadings of hydrocarbons and removal efficiencies of the 

treatment devices we consider that the requirements of the consent have been met for the 

Proposal. 
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2.6 Construction impact assessment 

Section 2.4 discusses proposed soil and water quality measures to be provided during 

typical construction activities, site runoff to reduce significant sediment loads from 

leaving the site. 

A Soil and Water Management Plan (SWMP) and Erosion and Sediment Control Plan 

(ESCP), or equivalent, would be implemented for the construction of the Proposal.  The 

SWMP and ESCPs would be developed in accordance with the principles and 

requirements of Managing Urban Stormwater – Soils & Construction Volume 1 (‘Blue 

Book’)(Landcom, 2004).  

Based on the provision of noted measures it is concluded that potential for water quality 

impacts can be mitigated during construction and that any impacts would be minor. 

 

2.7 Operational impact assessment 

Section 2.2 and 2.5 discusses proposed soil and water quality measures to be provided 

during operational phase, and confirmation through MUSIC modelling that the proposed 

STM’s meet recommended target pollutant reductions and water quality objectives for 

the Proposal  

Based on the provision of noted measures it is concluded that potential for water quality 

impacts will be mitigated during operational phase of the Proposal. 
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3 SURFACE WATER QUANTITY MANAGEMENT 

3.1 Water Quantity Objectives 

Water quantity criteria has been based on the following key document: 

• Stormwater Management Policy 2017 (Fairfield City Council 2017) 

The intent of the water quantity criterion is to manage the impact of urban development 

on existing drainage system by limiting post-development discharge within the 

receiving waters to the pre-development peak, and to ensure no affectation of upstream, 

downstream or adjacent properties where required. 

As set out in Section 1.7 of this plan and included in Section 5.2 of Council Stormwater 

Management Policy 2017, there is no requirement for any site within the Wetherill Park 

Industrial Area to have on-site detention to management stormwater quantity. 

 

3.2 Existing Environment 

The existing site comprises residual drainage associated with former uses on the site.  

The existing site (prior to earthworks) comprises predominately pervious surfaces. 

All sites within the Wetherill Park Industrial Area drain via trunk drainage systems to 

Prospect Creek via one of two Councils Regional detention systems.   

The existing receiving waters are noted to comprise in-ground pipe work and concrete 

lined open channel as described in Section 1.4 of this plan.  The trunk drainage system 

provides conveyance of runoff from all sites in the Wetherill Park Industrial Area to 

Prospect Creek following management of quantity within the Rosford Street Regional 

Detention Basin, which is approximately 1200m downstream of the development site 

located in the Rosford Street reserve and playing fields. 

 

3.3 Water Quantity Management Features 

There are no water quantity measures required or proposed as part of the development 

based on the infrastructure already present within the Wetherill Park Industrial Area and 

the requirements of Fairfield City Council. 

The existing discharge location is proposed to be utilised at the south-east corner of the 

Proposal.  Refer drawings in Appendix A for discharge location and details. 

 

3.4 Construction impact assessment 

Section 2.4 discusses proposed mitigation measures to be provided during typical 

construction activities, site runoff to reduce significant sediment loads from leaving the 

site.   

A Soil and Water Management Plan (SWMP) and Erosion and Sediment Control Plan 

(ESCP), or equivalent, would be implemented for the construction of the Proposal.  The 

SWMP and ESCPs would be developed in accordance with the principles and 
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requirements of Managing Urban Stormwater – Soils & Construction Volume 1 (‘Blue 

Book’)(Landcom, 2004).  

The ESCP includes provision of sediment control basin which will capture and manage 

runoff during construction to the 85th percentile rainfall event, prior to discharge of in a 

controlled manner. 

Based on the provision of noted mitigation measures it is concluded that potential for 

water quantity impacts can be mitigated during construction. 

 

3.5 Operational impact assessment 

In relation to the water runoff assessment, as discussed in Section 3.2, the site is 

considered to be predominately comprised of impermeable surfaces.  Following 

construction of the Proposal, the extent of impermeable surface remains consistent with 

existing, hence the change in peak flows associated with the development is negligible. 

Further, in relation to waterway stability, given there is no change in impervious 

surfaces or hence peak flows, impact on sensitive receiving waterway (Prospect Creek 

1200m from the site and downstream of the regional detention system) is negligible and 

flows are further managed within the Rosford Street Regional Detention Basin system.  

Potential for scour of receiving waters is also confirmed as no impact given discharge to 

the existing concrete lined and walled trunk drainage channel. 

Based on the assessment it is concluded that additional mitigation measures are not 

required to mitigate impact associated with water quantity during operational phase of the 

Proposal. 
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4 FLOODING 

4.1 Flooding Introduction and Previous Studies 

Flooding assessment for the Wetherill Park area has been completed for Council and is 

included in their Wetherill Park Overland Flow Study 2015 (the council report will be 

referred to as the Council Flood Study from hereon.  The Council Flood Study was 

prepared for Council by Cardno. 

As part of the pre-application consultation with Fairfield City Council and SEAR’s 

requirements, Council required modelling be undertaken using their existing model and 

as such has been completed by Catchment Simulation Solutions (CSS).  CSS are noted to 

be one of three Council Preferred Consultants who have access to Council’s flood model 

and are able undertake the modelling.  Council’s requirements are for the interpretation 

of the results produced by CSS are to be completed by a different engineering consultancy 

experience in flooding and overland assessments, and in this regard the interpretation has 

been undertaken by Costin Roe Consulting and included in this report. 

 

4.2 Existing Environment 

The proposal has been identified by Council as being adjacent to medium risk flooding 

on Redfern Street, and low risk flooding on Victoria Street. 

Figure 4.1 shows an excerpt of the 1 in 100-year ARI flood (1% AEP) extent per the FCC 

Study.  This figure shows the site to be clear of the flood extent during the 1 in 100-year 

ARI event, hence works on site will not affect or impact existing flooding for councils 

defined flood event (the 1 in 100-year ARI event).   

Some overland flow is noted to be present in Redfern Street (attributed to overland flow 

in the street), also in Victoria Street (overtopping of water at the culvert crossing of the 

open drain/ trunk drainage system described in this report).  



 

Co13738.01-05b.rpt  49 

 

Figure 4.1. Excerpt of 1 in 100-year ARI Flood Extent 

Figure 4.2 shows an excerpt of the PMF flood extent per the FCC study.  This figure 

shows the site to be generally clear of flooding during the PMF.  The overland flow shown 

in Figure 4.1 in Redfern Street (attributed to overland flow in the street) is shown to 

encroach the northern end of the site.  The extent of flooding at the low point in Victoria 

Street (overtopping of water at the culvert crossing of the open drain/ trunk drainage 

system described in Section 3 of this report) also increases however does not encroach 

the property.   

The PMF flood is shown generally clear of the property and not expected to affect internal 

operations or safe egress of internal occupants of the site.  Further review of flooding 

would be included as part of a separate future building development application in due 

course.   
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Figure 4.2 Excerpt of PMF Flood Extent 

The site is generally clear of overland flow flooding as shown on the FCC Flood Extent 

Maps.  Flooding in proximity to the development site is not expected to affect the 

operation of the facility or flood liability of the proposed development. 

 

4.3 Methodology 

4.3.1 Hydrological Assessment of Existing Catchment 

CSS have reproduced the existing flood model locally in the area of the proposed 

development, construction as a pre-development condition.  The flood model comprises 

a two-dimensional hydrodynamic flood model based on the Tuflow modelling engine.  

The flood model used in Fairfield City Council flood studies, as referenced above, uses 

rain-on-grid hydrology. 

CSS has been supplied with a three-dimension digital terrain model of the proposed civil 

engineering design, and the proposed in-ground drainage system for use in their post 

developed flood assessment. 

Pre and post developed flood scenarios have been compared to confirm the effect of the 

development on the existing conditions and to understand flood planning requirements 

for the precinct. 

It is noted that the modelling of the pre-developed conditions has been based on limited 

information pertaining to the existing drainage system.  The predeveloped conditions 

have been modelled without any existing drainage systems included (noting that existing 

drainage systems are however present on the site).  The post development conditions, and 

drainage layout however are known and as such were included in the post development 

modelling by CSS.  Some differences in timing of discharge and the point of discharge 
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between pre and post development conditions have been identified and discussed in 

further sections of the report. 

 

4.3.2 Existing Flood Conditions 

The existing flood scenario shows overland flow from four sources as described in 

Section 4.2 of this report.  The overland flow assessment shows the flow paths being 

generally clear of the development site, though located in areas adjacent to the site, with 

minor encroachment in extreme flood events on Redfern Street.  Figure 4.3 shows the 

pre-development flood levels for the 5% AEP (1 in 20 year ARI) event and Figure 4.4 

shows the flood output for the 1% AEP event.   

Refer to Appendix G, Figures G1 to G15 for flood depth, velocity and hazard 

categorisation for pre-development/ existing conditions. 

Figure 4.3 Flood Depth Output – 5% AEP (1 in 20-year ARI), Pre-Development 
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Figure 4.4 Flood Depth Output – 1% AEP (1 in 100-year ARI), Pre-Development  

Figure 4.5 Flood Depth Output - PMF, Pre-Development  
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4.3.3 Developed Site Flooding 

The developed flood scenario for the 5% AEP, 1% AEP events and PMF event is shown 

in Figures 4.6 to 4.8.  Further details for other storms can be found in Appendix G. 

The flood assessment shows the site is free from external flow paths in the storm events 

to the 0.2% AEP (1 in 500yr ARI) storm events.   

The proposed internal drainage system is able to convey the required storm events to the 

point of discharge at the south-east corner of the development site. 

Some minor areas of ponding are shown in the modelling output within the 

development site.  These are noted to be a function of the modelling methodology, 

which comprises a simplified version of the proposed drainage system, in the model.   

Refer to Appendix G, Figures G16 to G30 for flood depth, velocity and hazard 

categorisation for post-development conditions. 

Figure 4.6 Flood Depth Output – 5% AEP, Post Developed 
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Figure 4.7 Flood Depth Output – 1% AEP, Post Developed 

Figure 4.8 Flood Depth Output - PMF, Post Developed 
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4.3.4 Flood Planning Level 

Redfern Street – Western Entry 

The 1% AEP flood level within Redfern Street, at the upstream side of the proposed 

western entry point, is noted to be RL 37.9m AHD.  The flood planning level for the 

entry on Redfern Street is RL 38.4m AHD.  This level is based on 0.5m freeboard to the 

noted 1% AEP flood level in Redfern Street.  

The proposed entry level is set at RL 38.5m, hence meets flood planning requirements. 

The proposed building is noted to be RL 43.00m, hence meets requirements of flood 

planning and immunity. 

 

Victoria Street 

The 1% AEP flood level within Victoria Street is RL 31.3m AHD.  The flood planning 

level for the entry on Victoria Street is RL 31.8m AHD.  This level is based on 0.5m 

freeboard to the noted 1% AEP flood level in Victoria Street. 

The development footprint is noted to be clear of flood affected areas and overland flow 

paths in the 1% AEP hence impact requirements are met for the development. 

The proposed entry level is set at RL 37.1m, hence meets flood planning requirements. 

The proposed basement level is noted to be nominal RL 33.3m, hence meets 

requirements of flood planning and immunity. 

 

4.3.5 Safety and Egress 

Figure 4.2, 4.5 and 4.8 shows the PMF flood extent. 

The PMF extent can be seen to be generally clear of the development site.  Due 

consideration to occupant safety will be necessary during the operation of the Proposal. 

Inundation of Redfern Street and Victoria Street are shown in the pre and post 

developed conditions.  It is noted that the inundation of surrounding roads (particularly 

Redfern Street) would be short duration whilst heavy rainfall is also occurring (likely 

less than or around 30minutes).  On-site refuge would be available during periods of 

intense rainfall and short duration overland flow.  

The proposed facility should have a specific flood management plan which sets out flood 

warden, evacuation zones and responsible persons.  The plan of management should be 

completed in conjunction with relevant Council and SES sub plans as required. 

The NSW SES Local Controller is responsible for monitoring the flood risk over the area 

and for issuing flood warnings to the community.  Any person or group occupying the 

precinct at the time of flood danger should adhere to any warnings issued.  The warning 

message will normally be issued via SMS (phone text) by the SES.  During periods of 

heavy or forecast heavy rainfall it is important that one or some of the occupants of a 

facility should be able to receive such messages.  The occupants must then immediately 

follow the flood evacuation plan in this report or the instructions of the SES controller in 

the area.   
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4.4 Construction Impact Assessment 

All construction works are noted to be clear of the 1% AEP flood extent. 

As noted in Section 2.4, a SWMP and ESCP will be employed during construction that 

will ensure runoff is contained on site in accordance with the Blue Book and minimise 

impact to receiving waters. 

Given that works are proposed clear of 1% AEP flooding and SWMP and ESCP measures 

will be employed, it is concluded that impact associated with flooding during construction 

can be mitigated. 

 

4.5 Operational Impact Assessment 

As shown in Sections 4.1 to 4.3 of this report, the development does not encroach on 

nor impact any flood affected areas.  As such there will be no changes or impacts to 

existing flood conditions or impact as a result of the development.  The assessment 

shows that there is no detrimental effect on surrounding properties due to flooding and 

the development. 

Figure 4.9 shows flood difference (or afflux) for the 1 in 100-year ARI flood scenario. 

Tables 4.1 to 4.5 show flood levels, flood depth, flood velocity, velocity times depth 

and differences for the various reporting points prepared by CSS. 

The development can be seen to have no effect on surrounding roadways or adjacent 

properties. 

Refer to Appendix G, Figures G27 to G34, and Table 4.5 for flood depth difference, 

velocity difference between the pre and post development conditions for a range of 

storms which generally show either consistent pre and post development values or 

minor reductions offsite. 

The minor increase in water levels for Reporting Points 11, 12 and 13 (of 0.03m and 

0.04m) included in the original modelling and submission have now been reduced to less 

than 0.02m and considered to demonstrate now acceptable water level changes.  The 

minor differences noted previously were confirmed to be modelling related, rather than 

an impact from development. 
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Figure 4.9 Flood Afflux – 1 in 100 year 
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Table 4.1 Pre and Post Development Flood Levels 

 

 

Table 4.2 Pre and Post Development Flood Depth 

 

 

  

5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF 5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF

0 - - - - - - - - - 41.6

1 - - - - - 39.4 39.4 39.5 39.5 39.8

2 - - - - - 38.6 38.6 38.6 38.6 38.7

3 37.0 37.0 37.0 37.1 37.3 37.0 37.0 37.0 37.1 37.4

4 37.0 37.0 37.0 37.1 37.3 37.0 37.0 37.1 37.1 37.4

5 36.2 36.3 36.3 36.3 36.7 36.3 36.3 36.3 36.3 36.8

6 35.5 35.6 35.6 35.7 35.9 35.6 35.6 35.6 35.6 35.9

7 - - - - 36.0 33.7 33.7 33.7 33.7 33.9

8 - - - - - 33.7 33.7 33.7 33.7 33.9

9 - - - - - 33.7 33.7 33.7 33.7 33.8

10 31.2 31.3 31.3 31.4 31.9 31.3 31.3 31.3 31.4 31.9

11 27.8 28.1 28.3 28.4 30.1 28.1 28.1 28.3 28.4 30.1

12 27.3 27.7 27.9 28.1 29.7 27.7 27.7 27.9 28.1 29.7

13 27.1 27.6 27.8 28.0 29.4 27.6 27.6 27.8 28.0 29.4

14 26.6 26.8 26.8 26.9 27.9 26.8 26.8 26.8 26.9 27.9

15 32.8 32.8 32.9 32.9 33.1 32.8 32.8 32.9 32.9 33.1

16 - - - - - 33.7 33.7 33.7 33.7 33.9

17 29.1 29.1 29.1 29.1 29.7 29.1 29.1 29.1 29.1 29.7

18 29.3 29.3 29.3 29.3 29.6 29.3 29.3 29.3 29.3 29.6

Existing Flood Level (mAHD) Developed Flood Level (mAHD)
Reporting Location

5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF 5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF

0 - - - - - - - - - 0.18

1 - - - - - 0.79 0.82 0.83 0.85 1.13

2 - - - - - 0.19 0.20 0.20 0.21 0.26

3 0.36 0.40 0.41 0.44 0.65 0.35 0.40 0.42 0.44 0.76

4 0.77 0.81 0.83 0.86 1.08 0.77 0.81 0.83 0.86 1.17

5 0.25 0.33 0.36 0.39 0.73 0.24 0.33 0.36 0.39 0.83

6 0.62 0.68 0.72 0.75 0.98 0.60 0.66 0.69 0.74 0.98

7 - - - - 0.11 0.14 0.16 0.17 0.18 0.34

8 - - - - - 0.38 0.41 0.43 0.44 0.60

9 - - - - - 0.52 0.55 0.56 0.58 0.72

10 0.46 0.52 0.55 0.60 1.12 0.46 0.52 0.55 0.59 1.13

11 1.36 1.63 1.82 1.97 3.63 1.38 1.65 1.83 1.98 3.63

12 1.44 1.86 2.05 2.22 3.83 1.45 1.88 2.06 2.23 3.83

13 2.54 3.03 3.24 3.43 4.85 2.55 3.04 3.24 3.44 4.85

14 2.49 2.63 2.70 2.78 3.80 2.49 2.63 2.70 2.78 3.80

15 0.44 0.48 0.49 0.52 0.75 0.43 0.47 0.48 0.50 0.76

16 - - - - - 0.14 0.16 0.17 0.18 0.32

17 0.16 0.18 0.20 0.22 0.81 0.15 0.17 0.18 0.21 0.81

18 0.12 0.14 0.15 0.17 0.45 0.12 0.14 0.15 0.17 0.49

Existing Flood Depth (m) Developed Flood Depth (m)
Reporting Location
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Table 4.3 Pre and Post Development Flood Velocity 

 

 

Table 4.4 Pre and Post Development Flood Velocity Times Depth 

 

 

  

5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF 5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF

0 - - - - - - - - - 0.4

1 - - - - - 0.3 0.3 0.3 0.3 0.4

2 - - - - - 0.2 0.3 0.3 0.3 0.7

3 1.0 1.0 1.1 1.1 2.0 1.1 1.1 1.1 1.1 2.1

4 0.3 0.3 0.4 0.4 1.0 0.3 0.4 0.4 0.4 0.9

5 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.3

6 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2

7 - - - - 1.1 0.4 0.4 0.4 0.4 0.6

8 - - - - - 0.2 0.2 0.2 0.2 0.4

9 - - - - - 0.2 0.3 0.3 0.3 0.4

10 1.1 1.3 1.4 1.5 2.3 1.1 1.3 1.4 1.5 2.3

11 4.6 4.6 4.8 4.6 6.3 4.7 4.7 4.9 4.9 6.5

12 2.7 2.7 2.8 3.0 6.1 2.8 2.8 2.8 3.0 6.1

13 1.8 1.8 1.9 2.0 2.8 1.8 1.8 1.9 2.0 2.8

14 2.1 2.5 2.6 2.8 4.4 2.1 2.5 2.6 2.8 4.4

15 0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.3

16 - - - - - 0.3 0.4 0.4 0.4 0.5

17 0.3 0.3 0.3 0.3 0.5 0.2 0.3 0.3 0.3 0.5

18 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Existing Flood Velocity (m/s) Developed Flood Velocity (m/s)
Reporting Location

5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF 5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF

0 - - - - - - - - - 0.07

1 - - - - - 0.19 0.21 0.22 0.25 0.44

2 - - - - - 0.04 0.06 0.06 0.07 0.18

3 0.29 0.34 0.38 0.44 1.13 0.29 0.36 0.40 0.46 1.14

4 0.22 0.27 0.30 0.34 1.03 0.23 0.29 0.32 0.37 1.10

5 0.04 0.04 0.04 0.05 0.12 0.03 0.04 0.05 0.05 0.16

6 0.05 0.07 0.08 0.08 0.14 0.05 0.06 0.07 0.08 0.14

7 - - - - 0.12 0.05 0.06 0.06 0.07 0.16

8 - - - - - 0.03 0.04 0.05 0.06 0.20

9 - - - - - 0.05 0.05 0.06 0.06 0.11

10 0.50 0.65 0.72 0.83 2.52 0.50 0.65 0.72 0.83 2.51

11 6.27 7.56 8.79 9.04 23.01 6.45 7.79 8.96 9.66 23.51

12 4.11 5.23 5.95 6.76 23.50 4.16 5.35 5.93 6.86 23.45

13 4.52 5.52 6.15 6.75 13.62 4.55 5.58 6.19 6.80 13.58

14 5.23 6.47 7.05 7.86 16.69 5.25 6.50 7.08 7.90 16.64

15 0.07 0.07 0.08 0.08 0.14 0.06 0.07 0.07 0.08 0.15

16 - - - - - 0.05 0.06 0.06 0.07 0.14

17 0.04 0.05 0.05 0.06 0.26 0.03 0.04 0.05 0.05 0.26

18 0.01 0.01 0.01 0.02 0.05 0.01 0.01 0.01 0.02 0.06

Existing VxD (m2/s) Developed VxD (m2/s)
Reporting Location



 

Co13738.01-05b.rpt  60 

Table 4.5 Pre and Post Development Flood Difference Summary 

 

 

4.6 Climate Change 

An assessment has been undertaken for the effect of climate change on the development.  

The assessment takes into consideration potential effect from increased rainfall intensity 

and sea level rise. 

The effect on development has been assessed for a 10-15% increase in rainfall intensity 

utilising the 0.5% AEP flood event as proxies for climate change (as recommended by 

DPIE in the SEAR’s).  This increase is considered representative of potential climate 

change impacts for the Western Sydney area (being consistent with projected rainfall 

increases in accordance with the New South Wales Department of Environment and 

Climate Change (DECC) ‘Floodplain Risk Management Guideline Practical 

Consideration of Climate Change’ (Table 1, October 2007). 

This assessment shows that the proposed stormwater drainage system and stormwater 

management systems would have sufficient capacity to manage the increased peak flows 

and water volume with minor increase in hydraulic grade line and peak water levels.  We 

confirm the increase in rainfall intensities will achieve the required minimum 0.5m 

freeboard to the proposed entry locations and building levels in relation to local overland 

flow paths in and around the Proposal as included in the modelled flood conditions.   

The site is situated well upstream from any tidally influenced receiving waters including 

expected potential sea level rise of 0.3m.  We confirm the development will not affect or 

be affected by potential sea level rise due to the plan distance and height differences from 

any tidally influenced water bodies. 

 

4.7 Flooding Conclusion 

Flood modelling has been undertaken by Fairfield City Council preferred flood 

modellers, Catchment Simulation Solutions.  The assessment utilised Councils existing 

flood model, to then compare the post development flood scenario and to confirm the 

effect of the development on flooding. 

5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF 5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF 5%AEP 1%AEP 0.5%AEP 0.2%AEP PMF

0 - - - - - - - - - - - - - - -

1 - - - - - - - - - - - - - - -

2 - - - - - - - - - - - - - - -

3 0.00 0.00 0.00 0.00 0.10 0.04 0.03 0.03 0.03 0.08 0.01 0.01 0.02 0.02 0.01

4 0.00 0.00 0.00 0.00 0.09 0.01 0.02 0.03 0.03 -0.02 0.01 0.02 0.02 0.03 0.06

5 -0.01 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.05

6 -0.03 -0.02 -0.02 -0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7 - - - - -2.07 - - - - -0.54 - - - - 0.04

8 - - - - - - - - - - - - - - -

9 - - - - - - - - - - - - - - -

10 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 -0.03 0.00 0.00 0.00 0.00 -0.01

11 0.02 0.02 0.01 0.01 0.00 0.07 0.08 0.06 0.28 0.15 0.18 0.23 0.17 0.62 0.50

12 0.00 0.01 0.01 0.01 0.00 0.03 0.04 -0.02 0.03 -0.01 0.05 0.11 -0.02 0.10 -0.05

13 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 -0.01 0.03 0.06 0.04 0.05 -0.04

14 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 -0.01 0.02 0.04 0.03 0.04 -0.05

15 -0.01 -0.01 -0.01 -0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.01

16 - - - - - - - - - - - - - - -

17 0.00 -0.01 -0.01 -0.01 0.00 -0.01 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 0.00

18 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

Flood Level Difference (m) Velocity Depth Product Difference (m2/s)Flood Velocity Difference (m/s)Reporting 

Location
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The assessment shows that the proposed design allows for the conveyance of the 

existing flow paths without impact from the development.   

The modelling shows that the site is free from external overland flow path.  Further, that 

buildings are able to achieve sufficient flood immunity and safety within the precinct as 

a result of the proposed stormwater management strategy and stormwater management 

measures recommended to be included in the concept. 

The assessment also confirms that the development will be free of flooding from the 

existing flow paths allowing for a minimum freeboard to the 1% AEP flood level of 

500mm.  

The assessment confirms that the proposed development meets councils flooding policy 

and the NSW Floodplain Manual recommendations.  We confirm that no upstream, 

downstream or adjacent properties are adversely affected as a result of the development 

and the CSS modelling confirms acceptable flood management has been provided for 

the development. 
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5 WATER CYCLE MANAGEMENT 

5.1 Water Balance Objectives 

A daily water balance analysis was undertaken to determine the feasibility of the proposed 

rain and stormwater harvesting scheme and in particular the effects of various storage 

sizes for stormwater harvesting along with changes to demand.   

The water balance utilised flows generated using a simple runoff calculation using 

historical rainfall data, analysed for various rainfall patterns including dry, mean and wet 

rainfall years.  The purpose for modelling dry, mean and wet years was to assess the 

performance of various tank sizes given the changes to rainfall patterns. 

 

5.2 Water Use Management Features 

5.2.1 Existing 

Existing water use features comprise Sydney Water Mains supply. 

There are no existing rainwater harvesting systems, or water extractions as the Proposal 

site is currently vacant. 

There are no current irrigated landscaped areas 

 

5.2.2 Proposed 

Proposed management measures for water use are as follows: 

• Existing Sydney Water mains supply is proposed to be maintained throughout the 

duration of the Proposal; 

• Stormwater harvesting through rainwater reuse to reduce demand on non-potable 

water uses; 

• Sprinkler water storage via Sydney Water mains (noting >80% of sprinkler test water 

to be recycled as part of the operational requirements). 

A concept diagram for the proposed re-use scheme on site is shown in Figure 5.1 below. 
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Figure 5.1.  Water Cycle Management Schematic 

A short description of the expected stormwater harvesting for the development is 

described below. 

Stormwater Harvesting 

Stormwater harvesting refers to the collection of stormwater from the developments 

internal stormwater drainage system for re-use in non-potable applications.  Stormwater 

from the stormwater drainage system can be classified as either rainwater, where the flow 

is from roof areas only, or stormwater where the flow is from all areas of the development.  

Rainwater harvesting is proposed for this development, and will be rainwater tank sizing 

will be designed during detail design stage by the hydraulic consultant via a water balance 

assessment.  Rainwater tanks are to be sized with reference to the NSW Department of 

Environment and Conservation document Managing Urban Stormwater: Harvesting and 

Reuse, using a simple water balance analysis to balance the supply and demand, based on 

the base water demands and the requirements of Council. 

The water balance assessment will be based on local rainfall data and specific utilisation 

rates for the facility for re-use of non-potable applications.  The expected reuse 

applications include internal uses such as toilet flushing, and external applications 

including irrigation.  The aim is to reduce the water demand for the development and to 

satisfy the requirements of Council to provide an 80% reduction in water demand. 

In general terms the rainwater harvesting system will be comprised the following 

elements: 

• In-line tank for the collection and storage of rainwater. 
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• Overflow to the in-ground stormwater drainage system sized to cater for the 

catchment being drained to the tank. This will operate at times when the rainwater 

storage tank is full so that rainwater can pass through the tank and continue to be 

discharged via gravity into the stormwater drainage system.  

• Rainwater from the storage tank will be pumped for distribution throughout the 

development in a dedicated non-potable water reticulation system to toilets and 

external irrigation areas. 

• Mains top up to Sydney Water system for prolonged periods of dry weather. 

• First flush diverter and filters to ensure adequate quality of reuse water. 

• Tank will be an underground concrete structure to minimise visual impact. 

Refer drawings in Appendix A. 

 

5.3 Water Balance Assessment 

5.3.1 Internal Base Water Demand 

Indoor water demand has been based an allowance of 0.1kL/day/ toilet or urinal.  No 

allowance is required for disable toilets.  

The above rates result in the following internal non-potable demand: 

  Internal Demand   32 Toilets 3.2kL/day 

The final number of toilets & subsequent re-use for the development shall be confirmed 

during detailed design.  

5.3.2 External Base Water Demand 

The external base water demand has been based on an allowance of 0.4kL/year/m2 as 

PET-Rain for irrigation.  

The above regime for the landscaped area for the site gives the following yearly outdoor 

water demand: 

External Demand (0.4kL/year/m2)  4,600m2  1,840 kL/year  

5.3.3 Rainwater Tank Sizing 

The use of rainwater reduces the mains water demand and the amount of stormwater 

runoff.  By collecting the rainwater run-off from roof areas, rainwater tanks provide a 

valuable water source suitable for flushing toilets and landscape irrigation.  

Rainwater tanks have been designed, using a simple water balance calculation to balance 

the supply and demand, based on the calculated base water demands and proposed roof 

catchment areas. Allowances in the calculation have been made for efficiency of 

collection, absorption/ evaporation losses. 
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Table 5.2. Rainwater Reuse Requirements 

Tank Roof Catchment to 

Rainwater Tank 

(m2) 

Tank Size 

(kL) 

Tank Size in 

MUSIC (kL) 

Predicted Non-Potable 

Demand Reduction  

(%) 

FP3 17,900 200 160 80 

The water balance assessment predicts 80% reduction in non-potable will be met for the 

development with the provision of a minimum 200 kL rainwater tank. 

We note that the final configuration and sizing of the rainwater tanks is subject to detail 

design considerations and optimum site utilisation.   

 

5.4 Construction Impact Assessment 

Construction works will require minimal water demand to service site sheds, dust 

suppression and other construction related operations. 

Water supply for these activities during the construction period will be made via existing 

Sydney Water supply. 

It is considered that impact associated with water use during construction is limited and 

an existing supply is available through the whole of the construction works period. 

 

5.5 Operational Impact Assessment 

Rainwater harvesting is proposed to reduce demand on non-potable applications. 

An existing and reliable water supply is available during operations. 

Impact on environment from water use is considered to be acceptable. 
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6 ADDITIONAL MITIGATION MEASURES 

This report describes a number of design features that will be incorporated into the Proposal 

to manage water quality and hydrology impacts.  The features are considered suitable to 

suitable mitigate all construction and operation impacts related to the Proposal.  

Notwithstanding this, the below measure will be incorporated into the CEMP and OEMP 

to mitigate any residual impacts.  

 

6.1 Construction 

A Soil and Water Management Plan (SWMP) and Erosion and Sediment Control Plan 

(ESCP), or equivalent, will be incorporated into the CEMP for the construction of the 

Proposal.  The SWMP and ESCPs would be developed in accordance with the principles 

and requirements of Managing Urban Stormwater – Soils & Construction Volume 1 

(‘Blue Book’) (Landcom, 2004) and Volume 2 (DECC 2008) and consider the Preliminary 

ESCPs (Appendix C).  The following aspects will be addressed within the SWMP and 

ESCPs:  

• Construction traffic restricted to delineated access tracks, and maintained until 

construction complete  

• Appropriate sediment and erosion controls to be implemented prior to soil disturbance  

• Stormwater management to avoid flow over exposed soils which may result in erosion 

and impacts to water quality 

• Location of stockpiles outside of flow paths on appropriate impermeable surfaces  

• Inspection of all permanent and temporary erosion and sedimentation control works 

prior to and post rainfall events and prior to closure of the construction area  

Construction vehicles will be required to maintain consistency with existing General 

Mass Limit (GML), Concessional Mass Limit (CML) and Higher Mass Limit (HML) 

roads and access routes. 

It is noted that Victoria Street is an existing approved HML road and Redfern Street, 

adjacent to the site is approved for GML and CML vehicles.  During construction and 

operation, the existing road weight limits are proposed to be maintained.  There are no 

proposed changes in the use of HML vehicles on roads not currently approved for HML 

use.   

If HML vehicles are required during construction, access to the site will be made from 

Victoria Street. 

Given there is no proposed change in the existing load limits for the surrounding roads, 

there would no requirement for additional mitigation measures relating to construction 

access. 

Refer to the CBRK TIA for further clarification on road numbers and access 

requirements. 
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6.2 Operation 

An OEMP will be prepared for the Proposal to minimise water and hydrology impacts 

and will include the following: Emergency response and incident management protocols 

will cover the following types of emergency or incident: 

• On-site spills or leaks 

• Off-site discharges 

• Flooding 

In relation to vehicle access during operation, vehicles will be required to maintain 

consistency with existing General Mass Limit (GML), Concessional Mass Limit (CML) 

and Higher Mass Limit (HML) roads and access routes. 

It is noted that Victoria Street is an existing approved HML road and Redfern Street, 

adjacent to the site is approved for GML and CML vehicles.  During operation, the 

existing road weight limits are proposed to be maintained.  There are no proposed changes 

in the use of HML vehicles on roads not currently approved for HML use.   

Given there is no proposed change in the existing load limits for the surrounding roads, 

there would no requirement for additional mitigation measures relating to operational 

access. 

Refer to the CBRK TIA for further clarification on road numbers and access 

requirements. 

 

  



 

Co13738.01-05b.rpt  68 

7 CONCLUSION 

This impact assessment has been prepared to support the Proposal for the development 

and operation of a warehouse and distribution centre for Woolworths. 

An assessment of the impacts relation to soil and water has been prepared which provides 

a best practice solution within the constraints of the existing landform and proposed 

development layout.  Within this strategy a stormwater quantity and quality management 

strategy has been developed to reduce both peak flows and pollutant loads in stormwater 

leaving this site. The stormwater management for the development has been designed in 

accordance with Fairfield City Council’s Stormwater Management Policy 2017. 

The hydrological assessment of the local site drainage confirms that recommended water 

quality and quantity measures will ensure that no adverse impacts result on receiving 

waterways as a result of the development. 

During the operational phase of the development, the proposed stormwater quality 

treatment system incorporating the use of a treatment train of a vortech style GPT (Ocean 

Protect OceanSave or similar) with oil baffle, in conjunction with a proprietary filtration 

device (Ocean Protect Jellyfish) is proposed to mitigate any increase in stormwater 

pollutant load generated by the development.  Stormwater quality modelling was 

undertaken which demonstrated that implementation of the WSUD measures would result 

in improved water quality outcomes consistent with the Fairfield City Council’s 

Stormwater Management Policy 2017 and that stormwater runoff is not detrimental to the 

receiving environment. 

Further it has been confirmed that the development meets flood planning requirements 

and does not impact or encroach on existing flood affected areas.  The assessment shows 

that local post development flows from the site, in conjunction with the flood 

management measures to be adopted in the flooding assessment demonstrates that the site 

discharge will not adversely affect any land, drainage system or watercourse as a result 

of the development. 

During the construction phase, a Sediment and Erosion Control Plan will be in place to 

ensure the downstream drainage system and receiving waters are protected from sediment 

laden runoff. 

The detail contained in this report provides sufficient information to show the consent 

authority that legal points of discharge and a suitable stormwater management strategy is 

available for the development and the requirements associated with the strategy.  It is 

recommended the management strategies in this report be approved and incorporated into 

the future detailed design. 
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Appendix A 

DRAWINGS BY COSTIN ROE CONSULTING 
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Appendix B 

DRAFT  

STORMWATER MAINTENANCE AND MONITORIING 

RECOMMENDATIONS 
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1 MAINTENANCE AND MONITORING 

It is important that each component of the water quality treatment train is properly 

operated and maintained. In order to achieve the design treatment objectives, an indicative 

maintenance schedule has been prepared (refer to Table B.1 below). 

Note that inspection frequency may vary depending on site specific attributes and rainfall 

patterns in the area. In addition to the maintenance requirements below it is also 

recommended that inspections are made following heavy rainfall or major storm events.  

Event heavy rain inspections should be carried out as soon as practicable following an 

intense period of rainfall, (i.e. greater than 100mm over 48 hours), as measured at 

Prospect Dam Weather Station No. 67019. 

 

1.1 Types of Maintenance 

Water Sensitive Urban Design (WSUD) assets require both proactive and reactive 

maintenance to ensure long term system health and performance. 

Proactive maintenance refers to regular scheduled maintenance tasks, whereas reactive 

maintenance is required to address unscheduled maintenance issues.  If an asset is not 

functioning as intended, then rectification may be required to restore the asset back to its 

intended functionality. 

The preferred and recommended approach is for proactive maintenance. 

 

1.1.1 Proactive Maintenance 

Proactive maintenance is a set of scheduled tasks to ensure that the WSUD asset is 

operating as designed. 

Proactive maintenance involves: 

• Regular inspections of the WSUD asset; 

• Scheduled maintenance tasks for issues that are known to require regular attention 

(e.g. litter removal, weed control); and 

• Responsive maintenance tasks following inspections for issues which require 

irregular attention (e.g. sediment removal, mulching, and scour management). 

Proactive maintenance in the first two years after the establishment period (construction 

and planting phases) are the most intensive and important to the long-term success of the 

treatment asset. 

Proactive maintenance is a cost-effective means of reducing the long-term costs 

associated with operating stormwater treatment assets. 

Maintenance activities specific to each WSUD asset type are detailed in the inspection 

and maintenance schedules and checklists provided in the report.  The frequency of 

scheduled maintenance depends on the asset type and the issue being managed. 

As a general guide, scheduled maintenance should be completed on a three to four-month 

cycle.  The checklists provided should be used as a minimum guide to scheduled 
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maintenance tasks and should be amended to suit site conditions and maintenance 

requirements. 

Treatment assets should also be inspected at least once a year during or immediately after 

a significant rainfall event.  This is important to confirm that the treatment system is 

functioning correctly under wet conditions. 

A higher level of scheduled maintenance may be arranged for some treatment assets.  This 

is often the case for treatment assets which are located in high profile locations (e.g. 

streetscapes and parklands), and where public amenity is considered to be a high priority.  

In these cases, a more frequent maintenance regime may be required to remove litter and 

weeds and to ensure vegetation health and cover is maintained to a high level. 

 

1.1.2 Reactive Maintenance 

Reactive maintenance is undertaken when a problem or fault is identified that is beyond 

the scope of proactive maintenance.  Reactive maintenance may occur following a 

complaint about the WSUD asset (e.g. excessive odours or litter). Reactive maintenance 

often requires a swift response and may involve specialist equipment or skills. 

 

1.1.3 Rectification 

Rectification of a WSUD asset is undertaken when the system is not functioning as 

intended, and proactive and reactive maintenance activities are unable to return the asset 

to functional condition. 

The lack of functional performance and therefore failure of a stormwater treatment asset 

may be related to many factors including inappropriate design, poor construction, and 

lack of regular maintenance or end of life cycle.  In many cases, the design of assets has 

not included adequate consideration of the maintenance requirements, in terms of the 

system’s ability to cope with catchment pollutant loads (i.e. sediments) and the frequency 

of maintenance required to maintain the system at a functional level. 

Maintenance planning at the design phase is therefore crucial to both the long-term 

operating costs and the expected life cycle of the treatment system. In general, the 

expected lifecycle of a stormwater treatment asset (e.g. a bio-retention system) that has 

been well designed and constructed and is regularly maintained should be at least 15-20 

years. 

However, the lifecycle for each treatment system will be different and related to: 

• whether the system has been designed, constructed and maintained according to best 

practice; 

• catchment characteristics (influences the quality of the stormwater); 

• the age and general health of the system; and 

• the type of plants that have been used in the system. 

Regular asset condition assessments should be undertaken to monitor the system 

condition and to inform where an asset is in terms of its expected lifecycle. Renewal of a 

system refers to replacing the main elements of the system including: 
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• infrastructure; 

• removing deposited sediment, removing and replacing the topsoil (or filter media in 

the case of a bio-retention system) and profiling the topsoil level back to the design 

levels; 

• re-planting; and 

• pavement and sub-layers (in the case of permeable pavements). 

A WSUD specialist may be required to assess whether a treatment system has reached 

the end of its life cycle and to provide advice on the renewal works. 

Asset condition assessments can also identify assets that need to be rectified.  The 

decision to continue with an increased maintenance regime or to rectify an asset, and over 

what timeframe, can be a difficult one to make. This is because certain maintenance items 

are more important to overall system function than others.  For example, extended 

ponding on the surface of a bio-retention system or persistent scouring of a swale should 

be addressed more rapidly than recurrent weed problems. 

 

1.2 Routine Inspections and Maintenance Schedule for General Stormwater System 

Routine inspections are to be carried out to assess the need for maintenance and are 

primarily concerned with checking the functionality of the stormwater drainage facilities; 

items such as drains, drainage pits, box culverts, detention tanks and rainwater reuse tank 

systems.  Maintenance of these items is vitally important for the ongoing drainage and 

treatment of stormwater. 

Should the inspection reveal that maintenance of any item is required, this is to be 

reported to the building management for action. 

Items that are to be subject to Routine Inspections for Maintenance may comprise, but 

not be limited to those listed in the table below.  This table is to be read in conjunction 

with the Stormwater design drawings. 

It is vitally important that each component of the stormwater system is properly operated 

and maintained. In order to achieve the modelled and design treatment outcomes, a 

maintenance schedule has been prepared (below) to assist in the effective operation and 

maintenance of the various drainage and water quality components. 
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Table B.1. Indicative Maintenance Schedule 

MAINTENANCE 

ACTION 

FREQUENCY 

RANGE 

RESPONSIBILITY PROCEDURE 

SWALES/ LANDSCAPED AREAS 

Check density of 

vegetation and ensure 

minimum height of 

150mm is maintained. 

Check for any 

evidence of weed 

infestation 

Between six 

months and one 

year 

Maintenance 

Contractor 

Replant and/or fertilise, 

weed and water in 

accordance with 

landscape consultant 

specifications 

Inspect swale for 
excessive litter and 

sediment build up 

Between six 
months and one 

year 

Maintenance 

Contractor 

Remove sediment and 
litter and dispose in 

accordance with local 

authorities’ requirements. 

Check for any 

evidence of 

channelisation and 

erosion 

Six monthly/ 

After Major 

Storm 

Maintenance 

Contractor 

Reinstate eroded areas so 

that original, designed 

swale profile is 

maintained 

Weed Infestation Three to six 

Monthly 

Maintenance 

Contractor 

Remove any weed 

infestation ensuring all 

root ball of weed is 

removed. Replace with 

vegetation where 

required. 

Inspect swale surface 

for erosion 

Between six 
months and one 

year 

Maintenance 

Contractor 

Replace topsoil in eroded 
area and cover and secure 

with biodegradable fabric. 

Cut hole in fabric and 

revegetate. 

RAINWATER TANK 

Check for any 

clogging and blockage 

of the first flush device 

3 Monthly/ 

After Major 

Storm 

Maintenance 

Contractor 

First flush device to be 

cleaned out 

Check for any 

clogging and blockage 

of the tank inlet -

leaf/litter screen 

Between six 

months and one 

year 

Maintenance 

Contractor 

Leaves and debris to be 

removed from the inlet 

leaf/litter screen 

Check the level of 

sediment within the 

tank 

Every two years Maintenance 

Contractor 

Sediment and debris to be 

removed from rainwater 

tank floor if sediment 
level is greater than the 

maximum allowable 
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MAINTENANCE 

ACTION 

FREQUENCY 

RANGE 

RESPONSIBILITY PROCEDURE 

depth as specified by the 

hydraulic consultant 

INLET & JUNCTION PITS 

Inside Pit Six Monthly Maintenance 

Contractor 

Remove grate and inspect 

internal walls and base, 

repair where required. 

Remove any collected 

sediment, debris, litter.  

Outside of Pit Four Monthly/ 

After Major 

Storm 

Maintenance 

Contractor 

Clean grate of collected 

sediment, debris, litter 

and vegetation. 

STORMWATER SYSTEM 

General Inspection of 

complete stormwater 

drainage system 

Bi-annually Maintenance 

Contractor 

Inspect all drainage 

structures noting any 

dilapidation in structures 

and carry out required 

repairs. 

WATER QUALITY DEVICE – GPT & FILTRATION SYSTEMS 

Refer to manufacturer 
operation and 

maintenance manual. 

Refer to 
manufacturer 

operation and 

maintenance 

manual. 

Maintenance 

Contractor 

Refer to manufacturer 
operation and 

maintenance manual. 
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Appendix C 

DRAFT  

SOIL AND WATER MANAGEMENT PLAN DURING CONSTRUCTION 
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1 EROSION & SEDIMENT CONTROLS 

An erosion and sediment control plan (ESCP) is shown on drawing Co13738.01-DA20 

with details on DA25.  These are conceptual plans only providing sufficient detail to clearly 

show that the works can proceed without undue pollution to receiving waters.  A detailed 

plan will be prepared once consent is given and before works start. 

 

1.1 General Conditions 

1. The ESCP will be read in conjunction with the engineering plans, and any other plans 

or written instructions that may be issued in relation to development at the subject 

site. 

2. Contractors will ensure that all soil and water management works are undertaken as 

instructed in this specification and constructed following the guidelines stated in 

Managing Urban Stormwater, Soils and Construction (1998) and Fairfield City 

Council specifications. 

3. All subcontractors will be informed of their responsibilities in minimising the 

potential for soil erosion and pollution to down slope areas. 

 

1.2 Land Disturbance 

1. Where practicable, the soil erosion hazard on the site will be kept as low as possible 

and as recommended in Table C.1. 

Land Use Limitation Comments 

Construction areas Limited to 5 (preferably 2) 

metres from the edge of any 

essential construction activity as 

shown on the engineering plans. 

All site workers will clearly recognise 

these areas that, where appropriate, are 

identified with barrier fencing 

(upslope) and sediment fencing 

(downslope), or similar materials. 

Access areas Limited to a maximum width of 

5 metres 

The site manager will determine and 

mark the location of these zones onsite. 

They can vary in position so as to best 

conserve existing vegetation and 
protect downstream areas while being 

considerate of the needs of efficient 

works activities. All site workers will 

clearly recognise these boundaries. 

Remaining lands Entry prohibited except for 

essential management works 

 

Table C.1 Limitations to access 
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1.3 Erosion Control Conditions 

1. Clearly visible barrier fencing shall be installed as shown on the plan and elsewhere 

at the discretion of the site superintendent to ensure traffic control and prohibit 

unnecessary site disturbance. Vehicular access to the site shall be limited to only those 

essential for construction work and they shall enter the site only through the stabilised 

access points. 

2. Soil materials will be replaced in the same order they are removed from the ground. 

It is particularly important that all subsoils are buried, and topsoils remain on the 

surface at the completion of works. 

3. Where practicable, schedule the construction program so that the time from starting 

land disturbance to stabilisation has a duration of less than six months. 

4. Notwithstanding this, schedule works so that the duration from the conclusion of land 

shaping to completion of final stabilisation is less than 20 working days. 

5. Land recently established with grass species will be watered regularly until an 

effective cover has properly established and plants are growing vigorously. Further 

application of seed might be necessary later in areas of inadequate vegetation 

establishment. 

6. Where practical, foot and vehicular traffic will be kept away from all recently 

established areas 

7. Earth batters during temporary works shall be constructed in accordance with the 

Geotechnical Engineers Report (Refer PSM Report) or as general requirement, a 

gradient as practical but not steeper than: 

• 2H:1V where slope length is less than 7 meters 

• 2.5H:1V where slope length is between 7 and 10 meters 

• 3H:1V where slope length is between 10 and 12 meters 

• 4H:1V where slope length is between 12 and 18 meters 

• 5H:1V where slope length is between 18 and 27 meters 

• 6H:1V where slope length is greater than 27 meters 

8. All earthworks, including waterways/drains/spillways and their outlets, will be 

constructed to be stable in at least the design storm event. 

9. During windy weather, large, unprotected areas will be kept moist (not wet) by 

sprinkling with water to keep dust under control. In the event water is not available in 

sufficient quantities, soil binders and/or dust retardants will be used, or the surface 

will be left in a cloddy state that resists removal by wind. 

 

1.4 Pollution Control Conditions 

1. Stockpiles will not be located within 5 meters of hazard areas, including likely areas 

of high velocity flows such as waterways, paved areas and driveways.  Silt/ sediment 

fences and appropriate stabilisation of stockpiles are to be provided as detailed on the 

drawings. 
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2. Sediment fences will: 

a) Be installed where shown on the drawings, and elsewhere at the discretion of the 

site superintendent to contain the coarser sediment fraction (including aggregated 

fines) as near as possible to their source. 

b) Have a catchment area not exceeding 720 square meters, a storage depth 

(including both settling and settled zones) of at least 0.6 meters, and internal 

dimensions that provide maximum surface area for settling, and 

c) Provide a return of 1 meter upslope at intervals along the fence where catchment 

area exceeds 720 square meters, to limit discharge reaching each section to 10 

litres/second in a maximum 20 year tc discharge. 

3. Sediment removed from any trapping device will be disposed in locations where 

further erosion and consequent pollution to down slope lands and waterways will not 

occur. 

4. Water will be prevented from directly entering the permanent drainage system unless 

it is relatively sediment free (i.e. the catchment area has been permanently landscaped 

and/or likely sediment has been treated in an approved device). Nevertheless, 

stormwater inlets will be protected. 

5. Temporary soil and water management structures will be removed only after the lands 

they are protecting are stabilised. 

 

1.5 Waste Management Conditions 

Acceptable bind will be provided for any concrete and mortar slurries, paints, acid 

washings, lightweight waste materials and litter. Clearance service will be provided at 

least weekly. 

 

1.6 Site Inspection and Maintenance 

1. A self-auditing program will be established based on a Check Sheet. A site inspection 

using the Check Sheet will be made by the site manager: 

• At least weekly. 

• Immediately before site closure. 

• Immediately following rainfall events in excess of 5mm in any 24 hour period. 

The self-audit will include: 

• Recording the condition of every sediment control device 

• Recording maintenance requirements (if any) for each sediment control device 

• Recording the volumes of sediment removed from sediment retention systems, 

where applicable 

• Recording the site where sediment is disposed 
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• Forwarding a signed duplicate of the completed Check Sheet to the project 

manager/developer for their information 

2. In addition, a suitably qualified person will be required to oversee the installation and 

maintenance of all soil and water management works on the site. The person shall 

complete a short monthly written report with records kept on site as part of the 

contractor Quality Assurance Documentation.  The responsible person will ensure 

that: 

• The plan is being implemented correctly 

• Repairs are undertaken as required 

• Essential modifications are made to the plan if and when necessary 

The report shall carry a certificate that works have been carried out in accordance with 

the plan. 

3. Waste bins will be emptied, as necessary.  Disposal of waste will be in a manner 

approved by the Site Superintendent. 

4. Proper drainage will be maintained.  To this end drains (including inlet and outlet 

works) will be checked to ensure that they are operating as intended, especially that, 

• No low points exist that can overtop in a large storm event 

• Areas of erosion are repaired (e.g. lined with a suitable material) and/or velocity 

of flow is reduced appropriately through construction of small check dams of 

installing additional diversion upslope. 

• Blockages are cleared (these might occur because of sediment pollution, 

sand/soil/spoil being deposited in or too close to them, breached by vehicle 

wheels, etc.). 

5. Sand/soil/spoil materials placed closer than 2 meters from hazard areas will be 

removed. Such hazard areas include and areas of high velocity water flows (e.g. 

waterways and gutters), paved areas and driveways. 

6. Recently stabilised lands will be checked to ensure that erosion hazard has been 

effectively reduced. Any repairs will be initiated as appropriate. 

7. Excessive vegetation growth will be controlled through mowing or slashing. 

8. All sediment detention systems will be kept in good, working condition. In particular, 

attention will be given to: 

a) Recent works to ensure they have not resulted in diversion of sediment laden water 

away from them 

b) Degradable products to ensure they are replaced as required, and 

c) Sediment removal, to ensure the design capacity or less remains in the settling 

zone. 

9. Any pollutants removed from sediment basins or litter traps will be disposed of in 

areas where further pollution to down slope lands and waterways should not occur. 
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10. Additional erosion and/or sediment control works will be constructed as necessary to 

ensure the desired protection is given to down slope lands and waterways, i.e. make 

ongoing changes to the plan where it proves inadequate in practice or is subjected to 

changes in conditions at the work site or elsewhere in the catchment. 

11. Erosion and sediment control measures will be maintained in a functioning condition 

until all earthwork activities are completed and the site stabilised 

12. Litter, debris and sediment will be removed from the gross pollutant traps and trash 

racks as required. 
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Appendix D 

EARLY WORKS INFRASTRUCTURE DRAWINGS (DA62.1/2021) 

BY COSTIN ROE CONSULTING 
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Appendix E 

COUNCIL CORRESPONDANCE  

  



From: Prawi Woods <prawi.woods@csse.com.au> 

Sent: Wednesday, 5 May 2021 5:03 PM 

To: Mark Wilson 

Cc: Xavier Cure; Darcy Medway; Leonie Gray; David Tetley 

Subject: [Results] 250 Victoria Street Wetherill park - Flood Modelling 

 

Hi Mark and team, 

 

I’m pleased to advise that we have completed the requested flood modelling for 250 Victoria Street 

at Wetherill park. 

 

As you may be aware, this site is potentially at risk of overland flooding.  As a result, we have run 

Fairfield City Council’s Wetherill Park TUFLOW hydraulic model to complete the assessment. The 

assessment was undertaken in three stages: 

 

1) Existing flood assessment: in order to understand the potential flood impacts associated 

with the proposed development it is first necessary to confirm flood behaviour for existing 

(i.e. pre-development) conditions. To ensure the flood model was providing a reliable 

description of existing flood behaviour we made some minor updates to Council’s existing 

model. This included refining the building extents around the site to better reflect present 

day conditions and the impediment to flow afforded by these obstructions.  We also 

included the survey provided by yourself to represent contemporary elevations across the 

site.  Finally, we have also modified the hydrologic/rainfall inputs to enable simulation of the 

0.5% AEP event. 

2) Post-development flood assessment: The model that was used to define existing flood 

behaviour was then updated to include a representation of the proposed development.  This 

included modifications to the building footprint, the inclusion of the proposed drainage 

network and proposed terrain. The proposed GPT and Stormwater Quality Improvement 

device are assumed to be by-passed in the modelled events.  We understand that OSD is 

also proposed, but as details of the OSD are not yet available, this was not represented in 

the post-development model .  

3) Extraction of results: Both the existing and post-development models were used to simulate 

flood behaviour for the 5% AEP, 1% AEP, 0.5% AEP, 0.2% AEP and PMF flood.  The results 

from the simulations were used to prepare a range of results images for existing and post-

development conditions.  This includes: 

• Peak floodwater depths with flood level contours 

• Peak velocity 

• Peak velocity depth product 

 

We also prepared “difference mapping”.  This was prepared by subtracting peak “existing” 

flood results from peak “post-development” flood results and shows the magnitude and 

extent of changes in flood levels, velocity and VxD associated with the proposed 

development (relative to existing conditions). We have also extracted flood results at 

discrete locations to more specifically quantify differences (refer to the results images for 

the reporting locations).  

 

Please note that the flood model utilises a “direct rainfall” modelling approach which results 

in the entire model being “wet”.  Therefore, to distinguish between areas of negligible 

inundations versus more significant inundations, all areas exposed to water depths of less 

than 0.1m have been filtered out or “clipped” out of the results.  



 

The results images are available using the download link below.  Also included below is a link to the 

TUFLOW model results.  However, please note that the results are quite large and you will need 

special software to view the results: 

•  TUFLOW Results Files  

•  Results Images  

 

I trust this provides a suitable summary of the flood modelling work that we have 

completed.  However, if you have any questions or require any additional information please not 

hesitate to contact David Tetley (CC’d) or myself. 

 

Please note that this email is also being forwarded to Fairfield City Council so they are aware of the 

model updates that we have completed and the associated results. 

 

Regards, 

 

Prawi Woods  

Water Engineer 

 

M 0451 791 752 

 

P (02) 8355 5509 

 

prawi.woods@csse.com.au  

 

www.csse.com.au  

 

 

https://catsimsol-my.sharepoint.com/:u:/g/personal/prawi_woods_csse_com_au/EbPRqw3F6rFDooBSXYpfnJUB7w_RaIJHg5OIuNEUW_Wpgg?e=yzOnAn
https://catsimsol-my.sharepoint.com/:u:/g/personal/prawi_woods_csse_com_au/EcnyDXmbjNRNrvfu-cUTUi8BOZ61HZnlKacJzdNxvFBC5Q?e=IT6Qbp
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Appendix F 

MUSIC MODELLING OUTPUT AND MODEL CONFIGURATION 

BY COSTIN ROE CONSULTING 
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Appendix G 

FLOOD MODELLING OUTPUT 

CATCHMENT SIMULATION SOLUTIONS 
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EXISTING FLOOD OUTPUT  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G1- 5% AEP Flood Depths (Existing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G2-5% AEP Flood Velocity (Existing) 
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Figure G3- 5% AEP Velocity Depth (Existing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G4- 1% AEP Flood Depth (Existing) 

  



 

Co13738.01-05b.rpt  89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G5- 1% AEP Flood Velocity (Existing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G6- 1% AEP Velocity Depth (Existing) 
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Figure G7- 0.5% AEP Flood Depth (Existing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G8- 0.5% AEP Flood Velocity (Existing) 
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Figure G9- 0.5% AEP Velocity Depth (Existing) 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure G10- 0.2% AEP Flood Depth (Existing) 
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Figure G11- 0.2% AEP Flood Velocity (Existing) 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure G12- 0.2% AEP Velocity Depth (Existing) 
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Figure G13- PMF AEP Flood Depth (Existing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G14- PMF AEP Flood Velocity (Existing) 

  



 

Co13738.01-05b.rpt  94 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure G15- PMF AEP Velocity Depth (Existing) 
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POST DEVELOPMENT FLOOD OUTPUT 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G16- 5% AEP Flood Depth (Post Development) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G17-5% AEP Flood Velocity (Post Development) 
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Figure G18-5% AEP Velocity Depth (Post Development) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G19- 1% AEP Flood Depth (Post Development) 
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Figure G20- 1% AEP Flood Velocity (Post Development) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G21- 1% AEP Velocity Depth (Post Development) 
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Figure G22- 0.5% AEP Flood Depth (Post Development) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G23- 0.5% AEP Flood Velocity (Post Development) 
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Figure G24- 0.5% AEP Velocity Depth (Post Development) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G25- 0.2% AEP Flood Depth (Post Development) 
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Figure G26- 0.2% AEP Flood Velocity (Post Development) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G27- 0.2% AEP Velocity Depth (Post Development) 
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Figure G28-PMF AEP Flood Depth (Post Development) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G29-PMF AEP Flood Velocity (Post Development) 
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Figure G30- PMF AEP Velocity Depth (Post Development) 
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PRE AND POST DEVELOPMENT COMPARISONS 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G31- 5% AEP Flood Depth (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G32- 5% AEP Flood Velocity (Differences) 
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Figure G33- 5% AEP Velocity Depth (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G34- 1% AEP Flood Depth (Differences) 
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Figure G35- 1% AEP Flood Velocity (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G36- 1% AEP Velocity Depth (Differences) 
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Figure G37 -0.5% AEP Flood Depth (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G38- 0.5% AEP Flood Velocity (Differences) 
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Figure G39-0.5% AEP Velocity Depth (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G40- 0.2% AEP Flood Depth (Differences) 
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Figure G41- 0.2% AEP Flood Velocity (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G42-0.2% AEP Velocity Depth (Differences) 
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Figure G43-PMF AEP Flood Depth (Differences) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G44-PMF AEP Flood Velocity (Differences) 
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Figure G45-PMF AEP Velocity Depth (Differences) 
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