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1 Introduction 

1.1 Background 

This report summarises the findings of a Flood Impact Assessment (FIA) undertaken to support the 

Development Application (DA) for the construction of a maintenance shed for Manly Golf Course (the 

Site).  

 

A Pre-lodgement Meeting (PLM) occurred on 7 March 2019 for this Development Application in response 

to preliminary plans prepared by Leffler Simes Architects dated 18 October 2018. The primary purpose of 

this FIA is to address the recommendations made by Council’s Flood Engineer and aim to demonstrate 

the Applicant’s ability to satisfy relevant controls outlined in Manly Council’s Development Control Plan 

(DCP).  

1.2 Objectives of this Report 

The overall objectives of this FIA are to: 

◼ Describe the current flood affectation at the site. 

◼ Identify whether the proposed works are likely to have a significant impact on flood behaviour within the 

site.  

◼ Identify whether the proposed works have the potential to increase the flood affectation of neighbouring 

properties. 

◼ Recommend measures to mitigate the potential impacts on flood behaviour within the site and at 

neighbouring properties.   
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2 Site Description 

2.1 Location 

The maintenance facility at Manly Golf Course is located in the south-eastern portion of Lot 30 of 

DP649787, near the intersection of Kenneth Road and Balgowlah Road, Manly (refer to Figure 2-1).  The 

site is currently zoned RE2 – Private Recreation under the Manly Local Environmental Plan 2013.  Vehicle 

access to the maintenance facility is via Kenneth Road.   

 

 

Figure 2-1: Site Locality Plan 

2.2 Existing Site Conditions  

The site generally grades from south to north and is considered to be very flat, with a grading generally 

towards the fairway of the 2nd hole on the golf course.  Aerial imagery showing the existing site condition is 

presented below as Figure 2-2.  A Site Survey plan prepared by LTS Lockley is included in Appendix A.   

 

The existing maintenance facility consists of: 

◼ A single-storey maintenance shed, approximately 24m by 18m.  This shed is constructed as a slab on 

ground, with a floor level of 2.49 mAHD.   

◼ A demountable building, approximately 15m by 13m, that includes a staff / meeting room, kitchen, 

amenities and timber veranda.  This building is elevated above ground and has a floor level of 

approximately 3.23 mAHD.   

◼ A corrugated steel shed, approximately 10m by 9m, adjacent to the staff room.  The shed has a floor 

level of approximately 2.80 mAHD.   

◼ Two awnings, each approximately 8.5m by 8.5m.   

Manly Golf Course 
Maintenance Facility 
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◼ Material stockpile enclosures, for select materials used in the upkeep of the golf course (e.g. sand, 

mulch).   

 

There is no formal parking for staff or visitors to the facility, although around 10-12 vehicles typically park 

on the site on weekdays during business hours (mostly staff parking and some occasional visitors).   

 

 

Figure 2-2: Site Aerial Plan (source: nearmap, image date 22/10/2019) 

 

Ground levels within and adjacent to the maintenance facility vary from approximately 2.2 - 2.3 mAHD 

near the amenities building to approximately 1.9 - 2.0 mAHD in the north-eastern portion of the site.  The 

level on the driveway entry off Kenneth Road is approximately 2.3 mAHD (at the property boundary).  

2.3 Existing Flooding Conditions 

Consistent with advice received from Northern Beaches Council as outlined in the PLM notes (8 March 

2019), the following predicted flood levels derived from the Manly Lagoon Flood Study (BMT WBM, 2013) 

apply to the site: 

◼ 1% AEP Flood Level – RL 3.16 mAHD (NB: this is the level of the 1% AEP catchment event with a 

5% AEP ocean water level) 

◼ Flood Planning Level (FPL) – RL 3.66 mAHD (equivalent to the 1% AEP Flood Level plus 500mm 

freeboard, which is consistent with the Manly Development Control Plan 2013 guideline for FPL).   

◼ Probable Maximum Flood (PMF) level – RL 5.65 mAHD.   

◼ Flood Risk Precinct – medium to high.    
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3 Proposed Development 

3.1 Description of Works 

The proposed upgrades to the maintenance facility consist of:  

◼ Demolition of the existing maintenance shed and surrounding concrete pavement.   

◼ A 58 metre long by 16 metre wide single-storey building to replace the existing maintenance shed.  The 

majority of the floorspace will be used for golf cart storage and workshop space.  The shed will be 

constructed as an elevated concrete slab, supported by piled foundations.   

◼ A concrete hardstand adjacent to the new maintenance building, including manoeuvring area for 

maintenance vehicles, and provision of parking for up to 12 cars (for employees and visitors to the 

maintenance facility).   

◼ New material storage enclosures on the eastern side of the hardstand area, each approximately 6 

metres by 4 metres.   

 

A Site Plan showing the proposed maintenance facility upgrades is included in Appendix B.   

3.2 Proposed Building Floor Level 

A key issue for the proposed development is managing the flood risk associated with potential inundation 

of the site due to flooding.  As discussed further in subsequent sections, the site is prone to flooding due 

to events as frequent as the 20% AEP event (almost equivalent to 5 year ARI).   

 

The selection of the proposed building floor level and level of the adjacent hardstand area poses two 

conflicting issues relating to flood risk management: 

1 Setting the proposed building floor level as high as possible – noting the low-lying and flood prone 

nature of the existing maintenance facility.   

2 Minimising the volume of fill associated with raising the building and adjacent hardstand as far as 

possible (due to implications for flood storage) – noting the higher the building floor level, the higher the 

surrounding hardstand (having regard to access requirements between the two) and therefore the 

greater the volume of fill required to raise finished ground levels above existing.   

 

Constraints that applied to determining an appropriate building floor level included: 

◼ Existing flood levels and flood hazard (velocity and depth) within the site (refer to Section 4.3 and 

Section 4.4) 

◼ Existing ground levels within the maintenance facility and along the property boundary adjacent to 

Kenneth Road.   

◼ The volume of earthworks required to raise the proposed building and its adjacent hardstand, as well 

as any compensatory earthworks (cut) required to offset any fill and therefore satisfy Council’s 

development control relating to no loss of flood storage.   

 

In order to arrive at a suitable building floor level, considering the conflicting constraints listed above, the 

proposed maintenance building has been designed with a suspended floor rather than slab on ground.  

While a suspended slab poses significant additional cost and more complex constructability, it is 

considered the most appropriate solution to achieve a floor level higher than existing, whilst minimising the 

volume of fill required across the site.  The final design of the proposed works will generate a net cut 

volume of approximately 100 m3, hence a minor increase in flood storage. 
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Various site grading and cut / fill scenarios have been tested during design development to determine an 

appropriate building floor level and the likely volumes of cut and fill associated with the building and its 

adjacent hardstand.  Ultimately, the proposed works involve setting the building floor level at 

RL 3.16 mAHD, which is equivalent to the 1% AEP Flood Level at the site.   

 

It is acknowledged that the Flood Planning Level (FPL) at the site is defined as the 1% AEP Flood Level 

plus 500mm freeboard (i.e. 3.66 mAHD).  However, considering the ground levels along the property 

boundary at Kenneth Road, the proposed position of the building on the site and the maximum allowable 

gradient on the concrete hardstand areas (1:20 or 5%), a building floor level any higher than 3.16 mAHD 

would not be feasible.  As noted above, the building would be used only for storage of vehicles and as a 

workshop, it would of course not be habitable. 

 

It is also acknowledged that the floor level of the existing maintenance facility is at 2.49 mAHD, which is 

0.67 metres below the proposed building floor level and 1.17 metres below the FPL.  Therefore, the 

proposed building upgrade would provide a solution that would reduce the likelihood of building inundation 

(flood damages) due to flooding in the Manly Lagoon catchment.  The solution also improves the existing 

available flood storage at the site. 

3.3 Earthworks and Grading Strategy 

In order to provide a design solution that results in no net loss of flood storage, it is proposed that there be 

an average of 1.2 metre depth (clearance) between final ground level and the underside of the suspended 

slab to offset the approximate 500m3 of fill across the hardstand and driveway. The elevation of the 

building floor and the opening to the undercroft area under the building will be sufficient to prevent the 

collection of flood debris and will not impede upon the flow paths.   
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4 Relevant Documents 

4.1 Manly Local Environmental Plan 2013 

The Manly Local Environmental Plan 2013 makes local planning provisions in relation to the development 

of land within the former Manly LGA, which is now part of the amalgamated Northern Beaches LGA.  

Clause 6.3 of the Manly LEP relates to flood planning, and its sub-clauses are relevant to the proposed 

maintenance facility upgrade works.  These are reproduced below for ease of reference: 

 

Clause 6.3 – Flood planning 

(1) The objectives of this clause are as follows— 

(a)  to minimise the flood risk to life and property associated with the use of land, 

(b)  to allow development on land that is compatible with the land’s flood hazard, taking into 
account projected changes as a result of climate change, 

(c)  to avoid significant adverse impacts on flood behaviour and the environment. 

(2)  This clause applies to land at or below the flood planning level. 

(3)  Development consent must not be granted to development on land to which this clause 
applies unless the consent authority is satisfied that the development— 

(a)  is compatible with the flood hazard of the land, and 

(b)  is not likely to significantly adversely affect flood behaviour resulting in detrimental 
increases in the potential flood affectation of other development or properties, and 

(c)  incorporates appropriate measures to manage risk to life from flood, and 

(d)  is not likely to significantly adversely affect the environment or cause avoidable erosion, 
siltation, destruction of riparian vegetation or a reduction in the stability of river banks or 
watercourses, and 

(e)  is not likely to result in unsustainable social and economic costs to the community as a 
consequence of flooding. 

(4)  A word or expression used in this clause has the same meaning as it has in the Floodplain 
Development Manual (ISBN 0 7347 5476 0) published by the NSW Government in April 2005, 
unless it is otherwise defined in this clause. 

(5)  In this clause— 

flood planning level means the level of a 1:100 ARI (average recurrent interval) flood event 
plus 0.5 metre freeboard. 

4.2 Manly Development Control Plan 2013 

The following principles and consequent objectives outlined in the Manly Development Control Plan 2013 

(Amendment 11) pertain to flooding: 

◼ Section 3.7 – Stormwater Management 

Objective 1 – To manage urban stormwater within its natural catchments and within the development 

site without degrading water quality of the catchments or cause erosion and sedimentation.  

Objective 2 – To manage construction sites to prevent environmental impacts from stormwater and 

protect downstream properties from flooding and stormwater inundation.  

Objective 3 – To promote ground infiltration of stormwater where there will be no negative 

(environmental) impacts and to encourage on-site stormwater detention, collection and recycling.  

Objective 4 – To make adequate arrangements for the ongoing maintenance of stormwater facilities. 
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◼ Section 5.4.3 – Flood Prone Land 

A full list of the relevant development controls for Flood Prone Land (Section 5.4.3) is reproduced in 

Table 6-1.  

4.3 Manly Lagoon Flood Study (2013) 

BMT WBM prepared the Manly Lagoon Flood Study in 2013 to define historical, existing and likely future 

flood behaviour within the Manly Lagoon catchment.  Relevant extracts from the 2013 Flood Study are 

included in Appendix C.   

 

The main findings of the study showed that:   

◼ Longer duration events typically result in the worst-case flooding conditions in Manly Lagoon. As the 

Lagoon provides the majority of flood storage, the lower reaches of the tributary catchments are 

dominated by lagoon water levels. 

◼ Catchment derived flooding is more severe than ocean-derived flooding for equivalent design events.  

◼ Generally the worst affected areas from flooding of Manly Lagoon include the lower parts of the 

catchment, including the Site. The 1% AEP flood extent as documented in the Flood Study shows the 

majority of the site is inundated due to elevated water levels from Manly Lagoon (refer to Figure 4-1).   

◼ Peak flood water levels are likely to progressively increase due to climate change, resulting in an 

increase in mean sea level over time.  This could cause more regular tidal inundation of low-lying flood-

prone land.   

 

 

Figure 4-1: 1% AEP Flood Depth Map Extract from Manly Lagoon Flood Study (2013) 

 

Manly Golf Course 
Maintenance Facility 
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A summary of the modelled peak flood levels reported in the 2013 Flood Study for catchment derived 

flooding only (not including effects of ocean water levels) are reproduced below in Table 4-1.   

Table 4-1: Modelled peak flood levels near the Manly Golf Course Maintenance Facility (BMT WBM, 2013) 

Location 
Modelled peak flood level for catchment derived event (mAHD) 

20% AEP 5% AEP 1% AEP PMF 

Upstream of Pittwater Road Bridge 

(approx. 550 metres north of the Site) 
2.4 2.7 3.0 5.6 

Upstream of Manly Golf Course Floodway 

(approx. 350 metres west of the Site) 
2.8 3.0 3.2 5.7 

 

In addition to the flood levels derived for catchment flooding only, various scenarios were modelled for 

joint probability of catchment flooding and elevated ocean water levels.  These results are summarised in 

Table 4-2.   

Table 4-2: Modelled peak flood levels near the Manly Golf Course Maintenance Facility (BMT WBM, 2013) 

Location 

Modelled peak flood level for joint probability (catchment and ocean) (mAHD) 

1% AEP (9 hour) 

catchment event 

1% AEP  

ocean event 

1% AEP 

catchment + 

5% AEP ocean 

5% AEP 

catchment + 

1% AEP ocean 

Upstream of Pittwater Road Bridge 

(approx. 550 metres north of the Site) 
3.0 2.5 3.1 2.9 

Upstream of Manly Golf Course Floodway 

(approx. 350 metres west of the Site) 
3.1 2.5 3.2 2.9 

4.4 Manly Lagoon Floodplain Risk Management Study & Plan (2018) 

The Manly Lagoon Floodplain Risk Management Study & Plan (FRMS&P), prepared by WMAwater in 

October 2018, assessed the full existing flood risk within the catchment and provided a range of mitigating 

measures for managing flood risks for the area.  

 

The contents of the report include: 

◼ A description of data collection, methodologies, community consultation, floodplain management 

policy;  

◼ A study of the existing and future flood environment; 

◼ A discussion of the extent and damage of flooding; 

◼ Proposed floodplain risk management measures; and 

◼ A cohesive Floodplain Risk Management Plan.  

 

Peak flood levels for catchment derived flooding (i.e. excluding ocean influence) were presented in the 

2018 FRMS&P, which were slightly different to those presented in the 2013 Flood Study.  A summary of 

these levels is presented below in Table 4-3.   
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Table 4-3: Modelled peak flood levels near the Manly Golf Course Maintenance Facility (WMAwater, 2018) 

Location 
Modelled peak flood level for catchment derived event (mAHD) 

10% AEP 5% AEP 1% AEP PMF 

Upstream of Pittwater Road Bridge (approx. 

550 metres north of the Site) 
2.55 2.69 2.96 5.75 

Downstream of Manly Golf Course Floodway 

(approx. 350 metres west of the Site) 
2.56 2.70 2.97 5.75 

 

It is noted the flood levels reported in the 2018 FRMS&P are at the downstream side of the Manly Golf 

Course floodway (northern side of Kenneth Road), whereas the 2013 Flood Study reported flood levels on 

the upstream (southern) side of the floodway.  

 

Flood categorisation undertaken by WMAwater shows the extent of the site is either Flood Storage or 

Flood Fringe, which are associated with low to medium hazard flooding (i.e. relatively low flood depths 

and/or velocities).   

 

 

Figure 4-2: Hydraulic categories – 1% AEP event (WMAwater, 2018) 

 

Flood hazard mapping included in the 2018 FRMS&P shows the hydraulic hazard categories within the 

Site are generally H3-H4 due to the 1% AEP event (refer to Figure 4-3) and H5 due to the PMF (refer to  

Figure 4-4).   
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Figure 4-3: Extract of True Hydraulic Hazard map for the 1% AEP event (WMAwater, 2018) 
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Figure 4-4: Extract of True Hydraulic Hazard map for the PMF event (WMAwater, 2018) 
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5 Flood Model Summary 

5.1 Model Setup 

The model developed within the Manly Lagoon FRMS&P (WMAwater, 2018) has been used as the basis 

for the flood modelling for the purpose of this FIA.  The model developed by WMAwater was purchased 

from Council by Manly Golf Club and provided to RHDHV to further develop a proposed scenario model 

for the purpose of preparing this FIA.   

 

Hydrologic modelling was undertaken using XP-RAFTS and two-dimensional hydraulic modelling was 

undertaken using TUFLOW. 

5.2 Existing Scenario 

The existing scenario was modelled utilising the base TUFLOW model prepared by WMAwater for the 

Manly Lagoon FRMS&P.  No amendments were made to the existing scenario model for the purpose of 

determining differences between the proposed scenario and existing scenario models.  The existing 

scenario model did not include the existing maintenance building, which is situated at a level below the 

extent of the 1% AEP flood.   

5.3 Proposed Scenario 

The proposed scenario flood model was developed by amending the Digital Elevation Model (DEM) in the 

base model to include the extent of the proposed maintenance building and hardstand area as shown in 

Figure 5-1. It should be noted that the final design of the proposed works will generate a net cut volume of 

approximately 100 m3. No other changes were made to the model.   

 

 

Figure 5-1: Building Floor and Hardstand Design Plan 
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As previously noted, the proposed building FFL has been adopted at 3.16 mAHD, which is equivalent to 

the adopted 1% AEP Flood Level for the site.   

5.4 Model Results 

The model was run for the 20% AEP, 5% AEP and 1% AEP design storm events.  A summary of the 

differences between the proposed scenario and existing scenario for these three design events is 

summarised below.   

5.4.1 20% AEP 

The flood model results for the 20% AEP event indicate minor changes in flood depth and extent within 

the Site.  The results also indicate a potential increase in flood levels at properties of 1mm, however it is 

noted that this is within the level of accuracy of the model itself.  Difference mapping for the 20% AEP 

event is presented in Figure 5-2.   

 

 

Figure 5-2: 20% AEP flood difference mapping 

5.4.2 5% AEP 

The flood model results for the 5% AEP event indicate no changes in flood depth and extent within the 

Site, other than within the extent of the proposed maintenance building.  The results indicate a potential 

increase in flood level of 1mm at one property on the corner of Balgowlah Road and Alexander Street, 

however it is noted that this level difference is within the level of accuracy of the model itself.  Difference 

mapping for the 5% AEP event is presented in Figure 5-3.   
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Figure 5-3: 5% AEP flood difference mapping 

5.4.3 1% AEP  

The flood model results for the 1% AEP event indicate no changes in flood depth and extent within the 

Site, other than within the extent of the proposed maintenance building.  The results indicate a potential 

decrease in flood level of up to 2mm at properties on the eastern side of Balgowlah Road, however it is 

noted that this level difference is within the level of accuracy of the model itself.  Difference mapping for 

the 1% AEP event is presented in Figure 5-4.   
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Figure 5-4: 1% AEP flood difference mapping 

5.5 Summary of Model Results 

The results of the proposed scenario flood modelling confirm that the proposed development will have no 

measurable flood impact on adjacent properties.  Any changes in flood behaviour, depths and levels 

would be confined to the Site and would be a direct result of changes in ground and building floor levels 

due to the proposed maintenance facility renewal works.   
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6 Compliance with Manly DCP 

Section 5.4.3 of Manly Development Control Plan 2013 outlines the relevant controls that apply to all flood 

prone land within the former Manly LGA.  For the purposes of this analysis, the construction of the 

maintenance shed at the site is classified as Business & Industrial development, located within a High 

Flood Risk Precinct. Table 6-1 identifies the relevant prescriptive controls included in Council’s DCP and 

includes the appropriate measures taken to address them.  For ease of reference, the development matrix 

of flood prone risk precincts included in the Manly DCP is reproduced below as Figure 6-1.   

 

 

 

Figure 6-1: Manly DCP Development Matrix for flood risk precincts 

 

NB: cells shaded in yellow represent controls that were specifically raised by Council in the PLM notes 

dated 8 March 2019.   

Table 6-1: Performance Criteria for Flood Prone Land  

Control 

ID 

Prescriptive Controls for Flood Prone Land in  

Manly Development Control Plan (Section 5.4.3) 

RHDHV response to Development Control Criteria  

A1 Development (including earthworks and subdivision) 

shall not be approved unless it can be demonstrated in a 

Flood Management Report that it complies with the 

Flood Prone Land Design Standard, including: 

(a) There is no net loss of flood storage/ floodway;  

(b) There are no adverse changes in flood levels and 

velocities caused by alterations to the flood conveyance; 

(c) There are no adverse effects on surrounding 

properties; and  

(d) It is sited to minimise exposure to flood hazard.   

As shown on drawing PA1966-RHD-00-C-1010 (RevA), 

included in Appendix D, the proposed works will 

generate a net cut volume of approximately 100 m3.  This 

will be achieved by: 

• Constructing the new maintenance building as a 

suspended slab (rather than a slab on ground), with 

compensatory cut under the suspended slab.  The 

average depth of cut under the building would be in 

the order of 350mm.   
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Control 

ID 

Prescriptive Controls for Flood Prone Land in  

Manly Development Control Plan (Section 5.4.3) 

RHDHV response to Development Control Criteria  

A3 The applicant shall include in their submission, 

calculations to illustrate that any fill or other structures 

that reduce the total flood storage are replaced by 

Compensatory Works.  

• Grading the hardstand from the southern face of the 

proposed building to the car parking area at a 

maximum gradient of 1:20 (5%).  This will generate 

some cut toward the southern end of the carpark (up 

to 400mm deep).   

 

As presented in Section 5.4, the proposed development 

will cause no adverse changes in flood levels.  Also, 

considering the site is situated within land categorised as 

either flood fringe or flood storage (refer to Figure 4-2), 

the proposed changes would also not result in significant 

changes to flood conveyance or velocities. 

B1 Flood mitigation works or stormwater devices that 

modify a major drainage system, stormwater system, 

natural water course, floodway or flood behaviour within 

or outside the development site may be permitted 

subject to demonstration through a Flood Management 

Report that they comply with the Flood Prone Land 

Design Standard found on Council’s webpage.  

The proposed development will not impact existing 

drainage infrastructure, watercourses or floodways.   

B2 A Section 88B notation under the Conveyancing Act 

1919 may be required to be placed on the title 

describing the location and type of flood mitigation works 

with a requirement for their retention and maintenance.  

Whilst not preferred, the potential need to note the 

proposed compensatory earthworks on a Section 88B 

instrument is acknowledged.  We envisage this would be 

discussed between Council and Manly Golf Club prior to 

finalising conditions of consent for construction and 

occupancy of the proposed works.   

C1 All buildings shall be designed and constructed as flood 

compatible buildings in accordance with Reducing 

Vulnerability of Buildings to Flood Damage: Guidance on 

Building in Flood Prone Areas (Hawkesbury-Nepean 

Floodplain Management Steering Committee, 2006).  

The design of the maintenance shed and all associated 

components has been done so in accordance with this 

guideline – albeit this document largely applies to 

residential dwellings.   

 

C2 All structures must be designed and constructed to 

ensure structural integrity up to the Flood Planning 

Level, taking into account the forces of floodwater, wave 

action, flowing water with debris, buoyancy and 

immersion. Structural certification shall be provided 

confirming the above.  

Where shelter-in-place refuge is to be provided the 

structural integrity is to be to the Probable Maximum 

Flood level.  

The structural integrity of the proposed maintenance 

building will be maintained up to the FPL, which is 

500mm above the proposed FFL of the building 

(3.16 mAHD).  Certification of the structural integrity of 

the building will be provided by the Structural Engineer.   

 

No shelter-in-place refuge is to be provided, therefore this 

provision would not apply.   

C3 All new electrical equipment, powerpoints, wiring, fuel 

lines, sewerage systems or any other service pipes and 

connections must be waterproofed and/or located above 

the Flood Planning Level. All existing electrical 

equipment and power points located below the Flood 

Planning Level must have residual current devices 

installed that turn off all electricity supply to the property 

when flood waters are detected.  

Proposed electrical services (including power outlets) will 

be installed at or above the FPL (i.e. 500mm above the 

proposed floor level of the building).  No other services 

(e.g. fuel, sewerage) will be required for the maintenance 

facility.   

 

All existing electrical services will be removed as part of 

the demolition of the existing maintenance building.   

D1 Hazardous or potentially polluting materials shall not be 

stored below the Flood Planning Level unless 

adequately protected from floodwaters in accordance 

with industry standards.  

Hazardous or potentially polluting materials will not be 

stored below the FPL during construction or use of the 

proposed maintenance facility.  This requirement will be 

incorporated into a Plan that covers the operation and 

maintenance of the golf course.   
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Control 

ID 

Prescriptive Controls for Flood Prone Land in  

Manly Development Control Plan (Section 5.4.3) 

RHDHV response to Development Control Criteria  

D2 Goods, materials or other products which may be highly 

susceptible to water damage are to be located/stored 

above the Flood Planning Level.  

This requirement will be incorporated into a Plan that 

covers the operation and maintenance of the golf course.   

E1 Development shall comply with Council's Flood 

Emergency Response Planning for Development in 

Pittwater Policy and the outcomes of any Flood Risk 

Emergency Assessment Report where it applies to the 

land.  

The document titled Flood Emergency Response 

Planning for Development in Pittwater Policy appears to 

have been rescinded (it is not included in the current 

version of Council’s DCP).   

 

The flood emergency response requirement would apply 

to employees and visitors of the maintenance facility.  

Evacuation of the site would be available either via 

Kenneth Road and Balgowlah Road to the golf course 

club house, or via the underpass under Kenneth Road 

and through golf course land to the club house.  

Considering the location of the site at the downstream 

extent of the Manly Lagoon catchment, and the critical 

storm duration being the 9 hour event, there would be 

ample warning time available in the event of a flood event 

likely to exceed the 1% AEP event to evacuate 

employees and visitors to the site.   

 

Ground levels above the PMF are also available on Pine 

Street, which is approximately 100m from the proposed 

development.  

E2 New development must provide an appropriately sized 

area to safely shelter in place above the Probable 

Maximum Flood level and appropriate access to this 

area should be available from all areas within the 

development.  

As described above, evacuation of the Site would be 

available to the golf course club house located on 

Balgowlah Road at the southern end of the golf course.  

Based on the existing ground levels, the proposed 

building floor level, the use of the site as a maintenance 

facility and the depth of flooding in the PMF, shelter-in-

place is not considered an appropriate strategy to 

mitigate risks associated with extreme flood events 

(greater than the 1% AEP event).   

F1 New floor levels within the development shall be at or 

above, the Flood Planning Level.  

A reduced Flood Planning Level may be considered only 

where it is permitted in this Development Control Plan.  

The structure must be flood proofed (wet or dry) to the 

Flood Planning Level. This control cannot be applied to 

critical or vulnerable uses.  

As discussed in Section 3.2, the floor level has been set 

at 3.16 mAHD, which is the nominated 1% AEP Flood 

Level for the Site and 670mm above the floor level of the 

existing maintenance building.   

Flood proofing of the building will be undertaken up to the 

FPL, and will consist of: 

• Elevated electrical services and power outlets.   

• Facilities for storage of hazardous or potentially 

polluting materials (fuel).   

• Goods or materials that are susceptible to water 

damage.   
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Control 

ID 

Prescriptive Controls for Flood Prone Land in  

Manly Development Control Plan (Section 5.4.3) 

RHDHV response to Development Control Criteria  

F2 All development structures must be designed and 

constructed so as not to impede the floodway or flood 

conveyance on the site, as well as ensuring no loss of 

flood storage in a 1% AEP Event.  

Where the dwelling is located over a flow path it must be 

elevated on suspended pier/pile footings such that the 

level of the underside of all floors including balconies 

and decks within the flood affected area are at or above, 

or raised to the Flood Planning Level to allow clear 

passage of the floodwaters under the building. The 

development must comply with the Flood Prone Land 

Design Standard.  

The maintenance building is proposed to have a 

suspended slab floor at 3.16 mAHD. There is to be an 

average of 1.2 metre depth (clearance) between ground 

level and the underside of the suspended slab to offset 

the approximate 500m3 of fill across the hardstand and 

driveway. This compensatory action will ensure there is 

no net loss in flood storage volume as a result of the 

proposed works. The elevation of the building floor and 

the opening to the undercroft area under the building will 

be sufficient to prevent the collection of flood debris and 

will not impede upon the flow paths.   

F3 Where the lowest floor has been elevated to allow the 

passage of flood waters, a restriction shall be imposed 

on the title of the land, pursuant to S88B of the 

Conveyancing Act confirming that the undercroft area is 

not to be enclosed.  

The undercroft area of the building will not be partially 

enclosed with either intermittent segmental blocks, 

breezeblocks or louvres to prevent the ingress of debris 

into the undercroft area.  The materials adopted will 

suitably allow the passage of floodwaters under the 

building to enact flood storage.   

F6 Any existing floor level may be retained below the Flood 

Planning Level when undertaking a first floor addition 

provided that:  

(a) it is not located within a floodway;  

(b) there is no increase to the building footprint below 

the Flood Planning Level;  

The works proposed for this project do not include 

anywhere that an additional floor is added to an existing 

floor level, hence this control is not applicable.  

F8 The minimum floor level of any first floor additions shall 

be at or above the Probable Maximum Flood Level.  

The scope of this project does not include any works 

where an additional floor is added to an existing floor 

level, hence this control is not applicable. 

F10 Consideration may be given to a minimum floor level for 

the first 5m from the street front of new development in 

business zonings below the Flood Planning Level 

provided it can be demonstrated that it complies with the 

Flood Prone Land Design Standard.  

This control would not apply, as the proposed 

maintenance building is set back at least 40 metres from 

Kenneth Road.   

G1 Open carpark areas and carports shall not be located 

within a floodway.  

As demonstrated in Figure 4-2, the Site (including the 

proposed open car park and maintenance building) will 

not be located in a floodway.  

G2 The lowest floor level of open carparks and carports 

(unroofed or with open sides) shall be constructed no 

lower than the natural ground levels.  

The lowest level of the proposed car park along the 

southern edge of the hardstand area will be constructed 

slightly lower than existing ground levels (approximately 

250mm), in order to provide a suitable gradient on the 

hardstand and to satisfy the requirement for no net loss of 

flood storage.   

G3 All enclosed car parks must be protected from 

inundation up to the relevant flood planning level. For 

example, basement carparks must be provided with a 

crest at the entrance, the crest of which is at the relevant 

Flood Planning Level.  

All access, ventilation and any other potential water 

entry points to any enclosed car parking shall be above 

the relevant Flood Planning Level.  

Council will not accept any options that rely on electrical, 

mechanical or manual exclusion of the floodwaters from 

entering the enclosed carpark.   

There will be no enclosed car parking for employees and 

visitors to the maintenance facility.   
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Control 

ID 

Prescriptive Controls for Flood Prone Land in  

Manly Development Control Plan (Section 5.4.3) 

RHDHV response to Development Control Criteria  

G4 Vehicle barriers or restraints are to be provided to 

prevent floating vehicles leaving the site where there is 

more than 300mm depth of flooding in a 1 percent AEP 

flood event.  

The minimum height of the vehicle barriers or restraints 

must be at or above the Flood planning Level.  

Vehicle barriers or restraints must comply with the Flood 

Prone Land Design Standard.  

The maintenance facility is surrounded by cyclone fencing 

to a height of approximately 1.8 metres (i.e. top of fence 

level approximately 3.8 mAHD, which is at least 600mm 

above the 1% AEP Flood Level at the Site).   

G5 Enclosed Garages must be located at or above the 

1% AEP level  

We note the definition of garage in the Manly DCP is ‘a 

partially or fully enclosed roofed structure for the parking 

of vehicles and includes a carport type structure attached 

to another structure or building’. The proposed 

maintenance facility satisfies the definition of a garage, as 

the structure will be solely used for the parking and 

maintenance of golf course maintenance vehicles and 

golf carts.  The proposed building floor level has been set 

at RL 3.16 mAHD, equivalent to the 1% AEP Flood Level, 

and therefore complies with this control.   

G6 Carports must comply with the Flood Prone Land Design 

Standard.  

The planned works do not include the construction of a 

carports, hence this control is not applicable.   

G7 Where a driveway is required to be raised it must be 

demonstrated that there is no loss to flood stage 

(storage) in the 1 percent AEP flood event and no 

impact on flood conveyance through the site.   

The driveway access off Kenneth Road will be raised to 

suit the proposed grading of the adjacent hardstand area.  

As demonstrated on drawing PA1966-RHD-00-C-1010 

(RevA), included in Appendix D, the proposed building 

works and site grading will result in no net loss of flood 

storage.   

H1 Fencing, including pool fencing, shall be designed so as 

not to impede the flow of flood waters and not to 

increase flood affectation on surrounding land. 

Appropriate fencing must comply with the Flood Prone 

Land Design Standard in addition to other regulatory 

requirements of pool fencing.  

No additional permanent fencing is included within the 

scope of this development, hence this control is not 

applicable.  

I1 Pools located within the 1 percent AEP flood extent are 

to be in-ground, with coping flush with natural ground 

level. Where it is not possible to have pool coping flush 

with natural ground level, it must be demonstrated that 

the development will result in no net loss of flood storage 

and no impact on flood conveyance on or from the site.  

All electrical equipment associated with the pool 

(including pool pumps) is to be waterproofed and/or 

located at or above the Flood Planning Level.  

All chemicals associated with the pool are to be stored 

at or above the flood planning level.  

There are no pools included within the scope of this 

development, hence this control is not applicable.  
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7 Summary and Recommendations 

This Flood Impact Assessment report summarises the existing flood affectation of the site of proposed 

maintenance facility upgrade works at Manly Golf Course.   

 

Flood modelling of the proposed upgrade scenario confirms that the proposed works will not significantly 

impact on flood behaviour within or adjacent to the site.  This is based on the proposed built form and 

earthworks strategy, which incorporates compensatory cut under the proposed building to offset fill 

required for the hardstand adjacent to the new building.   

 

Measures that are recommended to mitigate potential impacts on flood behaviour have been incorporated 

into the architectural and structural design of the proposed building, as well as the civil design of the 

proposed hardstand and parking area adjacent to the building.  Additional measures in response to 

Council’s specific flood planning controls are outlined in Table 6-1.   
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Site Survey Plan 
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Appendix B 

Proposed Maintenance Facility Upgrades 

Leffler Simes Architects, March 2020 
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Appendix C 

Extracts from Manly Lagoon Flood Study 

BMT WBM, 2013 
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7 DESIGN FLOOD RESULTS 

A range of design flood conditions were modelled, the results of which are presented and discussed 

below.  The simulated design events included the 50% AEP, 20% AEP, 10% AEP, 5% AEP, 

2% AEP, 1% AEP, 0.5% AEP, 0.2% AEP, 0.1% AEP and PMF events for catchment derived flooding 

and the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and 0.5% events for ocean derived 

flooding.  A series of design flood maps for selected events are provided in Appendix A. 

7.1 Peak Flood Conditions 

7.1.1 Catchment Derived Flood Events 

The design flood results are presented in a flood mapping series in Appendix A.  For the simulated 

design events including the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP, 0.5% AEP, 0.2% AEP, 

0.1% AEP and PMF events, a map of peak flood level, depth and velocity is presented covering the 

modelled area. 

Predicted flood levels at selected locations are shown in Table 7-1 for the full range of design event 

magnitudes considered.  The locations of reported flood levels are shown in Figure 7-1. 

Similar peak flood levels are reached over the general area of the Lagoon water body, extending from 

Queenscliff Bridge to the upper reaches on each tributary channel.  This indicates the relative control 

of the entrance condition on peak flood levels across the Lagoon body.  Flood levels along the 

tributary channels naturally increase moving up higher within the catchments. 

7.1.2 Ocean Derived Flood Events 

The design flood results are presented in a flood mapping series in Appendix A.  For the simulated 

design events including the 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP and 0.5% AEP events, 

a map of peak flood level, depth and velocity is presented covering the modelled area. 

Predicted flood levels at selected locations are shown in Table 7-2 for the full range of design event 

magnitudes considered.  The locations of reported flood levels are shown in Figure 7-1. 

All events are modelled with an open entrance condition (refer Section 6.3).  For lower order events 

that occur during a closed entrance condition the berm may offer some form of flood protection.  

However, for large ocean derived events the entrance berm would be overtopped or in some cases 

destroyed.  The same peak flood level is reached across the Lagoon area, corresponding to the peak 

ocean surge level. Accordingly there is no attenuation of the tide surge through the Lagoon body 

given the relatively small storage volume. 

7.1.3 Joint Catchment and Ocean Derived Flood Events 

Predicted peak flood levels at selected locations for the coincident catchment and ocean flooding 

scenarios are shown in  Table 7-3.  The coincident flooding scenarios presented include:  

• 1% AEP catchment rainfall with 5% AEP design ocean condition; and 

• 5% AEP catchment rainfall with 1% AEP design ocean condition. 
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 Table 7-1 Modelled Peak Flood Levels for Catchment Derived Design Events 

Location 
Modelled Peak Flood Level (m AHD) 

50% 
AEP 

20% 
AEP 

10% 
AEP 

5% 
AEP 

2% 
AEP 

1% 
AEP 

0.5% 
AEP 

0.2% 
AEP 

0.1% 
AEP 

PMF 

US Queenscliff Bridge (Manly Lagoon) 2.2 2.3 2.5 2.6 2.7 2.8 2.9 3.2 3.3 5.4 

US Pittwater Rd Bridge (Manly Lagoon) 2.3 2.4 2.5 2.7 2.8 3.0 3.1 3.3 3.4 5.6 

Riverview Parade (Manly Lagoon) 2.3 2.4 2.6 2.7 2.8 3.0 3.1 3.3 3.4 5.7 

US Kentwell Rd Culvert (Manly Lagoon) 2.9 3.0 3.1 3.2 3.3 3.3 3.4 3.5 3.5 5.7 

US Manly Golf Course Floodway (under Kenneth Rd) 2.6 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 5.7 

US Condamine St Culvert (Manly Creek) 3.9 4.1 4.2 4.5 4.7 4.9 5.0 5.2 5.3 6.3 

DS Condamine St Culvert (Brookvale Creek) 5.8 5.9 6.0 6.1 6.2 6.2 6.3 6.4 6.5 7.0 

US Condamine St Culvert (Burnt Bridge Creek) 7.9 9.4 10.0 10.7 11.0 11.2 11.3 12.0 12.1 12.3 

US Clearview Place Culvert (Brookvale Creek) 19.8 20.5 20.6 20.9 21.2 21.4 21.6 22.1 22.3 24.3 

US Burnt Bridge Creek Deviation Culvert (Burnt 
Bridge Creek) 

32.2 32.7 33.1 33.4 33.8 34.2 34.6 34.9 35.0 36.1 

US Bangaroo St Culvert (Burnt Bridge Creek) 39.3 40.4 40.7 40.9 41.0 41.1 41.2 41.5 41.6 42.3 
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Figure 7-1 Design Event Peak Flood Level Reporting Locations 
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 Table 7-2 Modelled Peak Flood Levels for Ocean Derived Design Events 

Location 
Modelled Peak Flood Level (m AHD) 

20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 0.5% AEP 

US Queenscliff Bridge 
(Manly Lagoon) 

1.9 2.1 2.2 2.4 2.5 2.7 

US Pittwater Rd Bridge 
(Manly Lagoon) 

1.9 2.1 2.2 2.4 2.5 2.7 

Riverview Parade (Manly 
Lagoon) 

1.9 2.1 2.2 2.4 2.5 2.7 

US Kentwell Rd Culvert 
(Manly Lagoon) 

1.8 2.1 2.2 2.4 2.5 2.7 

US Manly Golf Course 
Floodway (under Kenneth 
Rd) 

1.9 2.1 2.2 2.4 2.5 2.7 

US Condamine St Culvert 
(Manly Creek) 

1.9 2.1 2.2 2.4 2.5 2.7 

 Table 7-3 Modelled Peak Flood Levels for Joint Design Events 

Location 

Modelled Peak Flood Level (m AHD) 

1% AEP 9-hour 
Catchment 

Event 

1% AEP Ocean 
Event 

1% AEP 
Catchment + 

5% AEP Ocean 

5% AEP 
Catchment + 

1% AEP Ocean 

US Queenscliff Bridge (Manly Lagoon) 2.8 2.5 3.1 2.8 

US Pittwater Rd Bridge (Manly Lagoon) 3.0 2.5 3.1 2.9 

Riverview Parade (Manly Lagoon) 3.0 2.5 3.2 2.9 

US Kentwell Rd Culvert (Manly Lagoon) 3.2 2.5 3.3 3.1 

US Manly Golf Course Floodway (under Kenneth 
Rd) 

3.1 2.5 3.2 2.9 

US Condamine St Culvert (Manly Creek) 4.9 2.6 4.9 4.5 

DS Condamine St Culvert (Brookvale Creek) 6.1 - 6.1 6.0 

US Condamine St Culvert (Burnt Bridge Creek) 10.0 - 10.0 8.8 

US Clearview Place Culvert (Brookvale Creek) 20.5 - 20.5 20.2 

US Burnt Bridge Creek Deviation Culvert (Burnt 
Bridge Creek) 

32.6 - 32.6 32.3 

US Bangaroo St Culvert (Burnt Bridge Creek) 40.1 - 40.1 39.5 

Figure 7-2 shows the peak flood inundation extents of the 10% AEP, 1% AEP and PMF flood events.  

The overall extent of inundation particularly in the lower catchment around the Lagoon doesn’t 

change significantly with increasing flood event magnitude, however, the depth of flooding increases 

with event severity.  
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Figure 7-2 Design Peak Flood Inundation Extents 

 

  



DESIGN FLOOD RESULTS 84 

 
K:\N2069_MANLY_LAGOON_FLOOD_STUDY\DOCS\R.N2069.005.03_FINALREPORT.DOCX   

7.2 Design Flood Hydrographs 

A range of storm durations were modelled in order to identify the critical storm duration for design 

event flooding in the Manly Lagoon catchment.  Design durations considered included the 0.5-hour, 

1-hour, 1.5-hour, 2-hour, 3-hour, 4.5-hour, 6-hour, 9-hour, 12-hour, 18-hour and 24-hour durations.  

Outputs from the model simulations indicate that the maximum peak inflows to Manly Lagoon are 

generally derived when using a design storm duration of 6 to 9 hours.  In the upper reaches of some 

of the tributary catchments, the 1 to 2-hour duration provided for the highest peak flows.  

A plot of the water level response at the location of the Kentwell Road culvert on Manly Lagoon 

provides a good representation of general flood response in the catchment. Figure 7-3 shows the 

simulated water level time series at Kentwell Road for the 1% AEP 2-hour and 9-hour storm 

durations. This location is approximately at the limit of where the influence of Manly Lagoon flooding 

ends and the local catchment flood condition becomes the dominant flooding condition. This is further 

illustrated in Figure 7-4 showing a plot of the critical duration for the 1% AEP event across the lower 

part of the catchment. Within the broader Lagoon and the lower reaches of the tributary channels, the 

longer 9 hour duration events provide for the peak flood water levels in the system. Kentwell Road on 

the Brookvale Creek tributary represents the approximate limit where the shorter duration 2-hour 

event for local flooding becomes the critical duration.  

Figure 7-3 shows the flood peak for the 2-hour and 9-hour durations to be almost the same level at 

Kentwell Road. The 2-hour duration water level profile is largely driven by the local flooding generated 

in the Brookvale Creek catchment. The relatively small catchment provides for a rapid water level 

response to rainfall, within peak flood conditions being reached within 1-2 hours. 

 

Figure 7-3 Simulated Water Level Response at Kentwell Road, Brookvale Creek 
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Figure 7-4 Critical Duration across the Catchment for the 1% AEP Event 
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The 1% AEP 9-hour water level time series shown in Figure 7-3 represents significantly longer storm 

duration with a greater overall runoff volume. The plot shows a dual peak with the local catchment 

contribution peaking at around 4-hours before the higher peak at around 6-hours. This later peak 

represents the peak flood condition being reached in the broader Manly Lagoon. Further upstream 

within Brookvale Creek, there is less influence from the Lagoon flood level in which short duration 

local catchment flooding becomes the clear dominant flooding mechanism. This type of flood 

behaviour is similar on the other small tributaries where the critical durations in the upper reaches are 

relatively short as shown in Figure 7-4. 

The rapid water level rise as seen in Figure 7-3 has implications for flood planning and emergency 

response given the potential for limited available warning time before the onset of peak flood 

conditions. Critical durations are similar for most of the other design event return periods. For the 

PMF event, the critical duration for the broader Lagoon area is the 5-hour duration with the 0.5 and  

1-hour events typically the critical duration for the local flooding in the upper tributaries. 

The simulated 1% AEP 9-hour duration hydrographs for each of the main tributaries at the confluence 

with Manly Lagoon and the Lagoon hydrograph at Queenscliff Bridge are shown in Figure 7-5.  Also 

shown for reference is the combined inflows to the Lagoon from the tributary catchments.  The effect 

of the storage on attenuating flows through the Lagoon is evident in comparing the combined inflow 

hydrograph to the Queenscliff Bridge hydrograph.   

 

Figure 7-5 Sub-catchment Contributions to Manly Lagoon (1% AEP Event) 

The rates of rise of the hydrographs are to some to degree dependent on the adopted temporal 

patterns across the range of design storm event durations.  However, the response shown in     
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Figure 7-5 with a rapid rise in flow over 1 to 2 hours is generally typical of the catchment response.  

Even shorter response times may be apparent in the upper reaches of the catchments. 

For the simulated 1% AEP design event the combined peak inflow into Manly Lagoon is some 

220 m
3
/s.  The relative inflows for other selected design event magnitudes are shown in Figure 7-6 for 

comparison.  

 

Figure 7-6 Combined Inflows to Manly Lagoon for Sample Design Events 

7.3 Comparison with Previous Studies 

A comparison of the peak flood levels from the current study with those of the 1992 Manly Lagoon 

Flood Study (MHL, 1992) (refer Section 2.2.1.1) for Riverview Parade (representative of a general 

Lagoon water body level) is shown in Table 7-4. 

Generally the water levels simulated between the current study and 1992 Manly Lagoon Flood Study 

(MHL, 1992) are of a similar order with typical variations less than 0.2m when comparing like for like 

model conditions (typical of order of accuracies expected through a model calibration process). 

The variation in the peak flood levels between the current study and 1992 Manly Lagoon Flood Study 

(MHL, 1992) may be attributed to the following factors: 

• Differences in modelling approach and software; 

• Differences in topographical data sets; 

• Assumptions in regard to design entrance conditions; 
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• Improved model calibration and use of historical data; 

• Changes to flow structures; 

• Catchment land use changes. 

Table 7-4 Comparison of Peak Flood Levels to 1992 Manly Lagoon Flood Study (Riverview Parade) 

Event Scenario 

Peak Flood Level (m AHD) 

Current Study 

1992 Manly 
Lagoon Flood 
Study (MHL, 

1992) 

1% AEP Catchment Event (entrance closed) 3.0 2.7 

5% AEP Catchment Event (entrance closed) 2.7 2.5 

20% AEP Catchment Event (entrance closed) 2.4 2.2 

PMF Event 5.7 5.1 

1% AEP Catchment Event / 5% AEP Ocean Event 3.2 2.7 

5% AEP Catchment Event / 1% AEP Ocean Event 2.9 2.8 

The main contributions to flows in Manly Lagoon come from the largest tributary sub-catchments 

being Brookvale Creek, Manly Creek and Burnt Bridge Creek.  A summary of the design peak flows 

from each tributary for the 1% AEP event are summarised in Table 7-5.  Shown for comparison in the 

table are the peak discharges from the 1992 Manly Lagoon Flood Study (MHL, 1992). 

Table 7-5 Design Peak Tributary Flows (1% AEP Event) 

Sub-catchment 

Peak 1% AEP Flow (m
3
/s) 

Current 
Study 

1992 Manly Lagoon 
Flood Study 
(MHL, 1992) 

Brookvale Creek 79 83 

Manly Creek 90  84 

Burnt Bridge Creek  89 77 

7.4 Design Flood Behaviour 

The design flood mapping in Appendix A presents the peak design flood condition throughout the 

catchment, giving the peak flood extents, depth and velocity distributions.  
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There are a number of areas within the Manly Lagoon catchment which represent the most significant 

flood risk exposure to existing property. The worst affected areas are typically in the lower parts of the 

catchment and most severely impacted on by major flooding in Manly Lagoon. 

Extensive areas of the lower Manly Lagoon area are subject to significant inundation even for 

relatively frequent flood events such as of the order of 20% AEP. Largely however, the inundation is 

limited to existing open space area, such as the Golf Courses, Nolan Reserve, Passmore Reserve 

etc. Significantly, even at these low order events the Balgowlah and Pittwater Roads adjacent to 

Keirle Park and Manly Golf Course are inundated.  

With increasing flood magnitude, these low-lying areas around the Manly Lagoon foreshore are 

subject to significant inundation. For events of the order of the 5% AEP more extensive areas of 

existing residential area can be impacted upon, particularly in the Golf Parade/Rolfe Street/Alexander 

Street areas adjacent to Balgowlah Road and the Riverview Parade area. The eastern end of 

Campbell Parade which services a commercial/industrial sector is also relatively low-lying. Extensive 

lengths of Balgowlah Road and Pittwater Road are subject to significant inundation which would 

impact on trafficability.  

On Burnt Bridge Creek the most significant areas of flood risk are around the Balgowlah Industrial 

Estate. This area is serviced by a significant trunk drainage system, however, in major events such 

as the 1% AEP may be subject to increasing overland flows as the trunk drainage system capacity is 

exceeded.  

In the upper reaches of Burnt Bridge Creek, flooding inundation is typically confined to the creek 

corridors. However, many properties extend to the creek lines such that significant inundation can 

occur within residential lot boundaries even for relatively small flood events. Being relatively steep 

catchments, the dwellings on the lots adjacent to the creek channel are typically at higher levels, with 

the major inundation limited to yard areas closer to the creek.  

There appears to be no major concerns in regard to existing development adjacent to Manly Creek. 

Outside of the creek channel the major inundation is limited to the open space areas of David 

Thomas Reserve ad Miller Reserve.  

The Brookvale Industrial area and Warringah Mall represent the most significant existing 

development at risk of flooding within Brookvale Creek catchment. Whilst significant trunk stormwater 

drainage systems exist for these areas, once the capacity is exceeded, overland flooding through the 

industrial/commercial areas can occur. Typically inundation is mainly in car park areas and along 

access roads.  

Under PMF conditions, extensive areas of development are subject to inundation depths in excess of 

2m. The main areas worst affected are similar to the areas discussed above including the lower 

foreshore areas, Riverview Parade residential area, Balgolwah Industrial Area, Brookvale Industrial 

and Warringah Mall. Within these areas there is potential for a high concentration of people to at 

significant risk. At these PMF levels, long sections of the major transport routes would not be 

trafficable including, Pittwater Road, Condamine Street, Burnt Bridge Deviation and Balgowlah Road. 

The loss of major flood evacuation routes will have impacts for flood emergency management.  
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7.5 Hydraulic Classifications 

There are no prescriptive methods for determining what parts of the floodplain constitute floodways, 

flood storages and flood fringes.  Descriptions of these terms within the Floodplain Development 

Manual (NSW Government, 2005) are essentially qualitative in nature.  Of particular difficulty is the 

fact that a definition of flood behaviour and associated impacts is likely to vary from one floodplain to 

another depending on the circumstances and nature of flooding within the catchment. 

The hydraulic categories as defined in the Floodplain Development Manual are: 

Floodway - Areas that convey a significant portion of the flow. These are areas that, even if partially 

blocked, would cause a significant increase in flood levels or a significant redistribution of flood 

flows, which may adversely affect other areas. 

Flood Storage - Areas that are important in the temporary storage of the floodwater during the 

passage of the flood.  If the area is substantially removed by levees or fill it will result in elevated 

water levels and/or elevated discharges.  Flood Storage areas, if completely blocked would 

cause peak flood levels to increase by 0.1m and/or would cause the peak discharge to increase 

by more than 10%. 

Flood Fringe - Remaining area of flood prone land, after Floodway and Flood Storage areas have 

been defined.  Blockage or filling of this area will not have any significant effect on the flood 

pattern or flood levels. 

A number of approaches were considered when attempting to define flood impact categories across 

the Manly Lagoon catchment.  Approaches to define hydraulic categories that were considered for 

this assessment included partitioning the floodplain based on: 

• Peak flood velocity; 

• Peak flood depth; 

• Peak velocity * depth (sometimes referred to as unit discharge); 

• Cumulative volume conveyed during the flood event; and 

• Combinations of the above.  

The definition of flood impact categories that was considered to best fit the application within the 

Manly lagoon catchment, was based on a combination of velocity*depth and depth parameters.  The 

adopted hydraulic categorisation is defined in Table 7-6. 

Preliminary hydraulic category mapping for the 20% AEP, 5% AEP, 1% AEP and PMF design events 

is included in Appendix A (Figures A-22, A-23, A-24 and A-25).  It is also noted that mapping 

associated with the flood hydraulic categories may be amended in the future, at a local or property 

scale, subject to appropriate analysis that demonstrates no additional impacts (e.g. if it is to change 

from floodway to flood storage). 
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Table 7-6 Hydraulic Categories 

Floodway 
Velocity * Depth > 

0.5 m
2
/s 

Areas and flowpaths where a significant proportion 

of floodwaters are conveyed during a flood 

(including all bank-to-bank creek sections).   

Flood Storage 
Velocity * Depth < 

0.5 m
2
/s and Depth > 

0.5 m 

Floodplain areas where floodwaters accumulate 

before being conveyed downstream.  These areas 

are important for detention and attenuation of flood 

peaks. 

Flood Fringe 
Velocity * Depth < 

0.5 m
2
/s and Depth < 

0.5 m 

Areas that are low-velocity backwaters within the 

floodplain.  Filling of these areas generally has little 

consequence to overall flood behaviour. 

7.6 Provisional Hazard 

The NSW Government’s Floodplain Development Manual (2005) defines flood hazard categories as 

follows: 

High hazard – possible danger to personal safety; evacuation by trucks is difficult; able-bodied adults 

would have difficulty in wading to safety; potential for significant structural damage to buildings; 

and 

Low hazard – should it be necessary, trucks could evacuate people and their possessions; able-

bodied adults would have little difficulty in wading to safety. 

The key factors influencing flood hazard or risk are: 

* Size of the Flood 

* Rate of Rise - Effective Warning Time 

* Community Awareness 

* Flood Depth and Velocity 

* Duration of Inundation 

* Obstructions to Flow 

* Access and Evacuation 

The provisional flood hazard level is often determined on the basis of the predicted flood depth and 

velocity.  This is conveniently done through the analysis of flood model results.  A high flood depth will 

cause a hazardous situation while a low depth may only cause an inconvenience.  High flood 

velocities are dangerous and may cause structural damage while low velocities have no major threat. 

Figures L1 and L2 in the Floodplain Development Manual (NSW Government, 2005) are used to 

determine provisional hazard categorisations within flood liable land.  These figures are reproduced in 

Figure 7-7. 
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Figure 7-7 Provisional Flood Hazard Categorisation 

The provisional hydraulic hazard is included in the mapping series provided in Appendix A for the 

20% AEP, 5% AEP, 1% AEP and PMF events (Figures A-26, A-27, A-28 and A-29). 

7.7 Sensitivity Tests 

A number of sensitivity tests have been undertaken on the modelled flood behaviour in the Manly 

Lagoon catchment.  In defining sensitivity tests, consideration is given to the most appropriate tests 

taking into account catchment properties and simulated design flood behaviour.  The tests 

undertaken have included: 

• Increased hydraulic roughness; 

• Structure blockage;  

• Lagoon entrance condition;  

• Rainfall losses; 

• Lagoon initial water level; and 

• Manly Dam initial water level. 

The rationalisation for each of these sensitivity tests along with adopted model 

configuration/parameters and results are summarised in the following sections.  The impact of the 

sensitivity tests on the standard design 1% AEP flood condition is also presented in Appendix A as a 

series of peak water level afflux diagrams (Figure A-41 – Figure A-51). 

7.7.1 Hydraulic Roughness 

Sensitivity tests on the hydraulic roughness (Manning’s ‘n’) were undertaken by applying a 25% 

decrease and a 25% increase in the adopted values for the baseline design conditions.  Whilst a 

calibration process has been undertaken with respect to available data, and adopted design 
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COLOUR
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VOL (m3)
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