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Foreword 

The Northern Lakes FRMS&P has been prepared in accordance with the New South Wales 

Governmentôs Floodplain Development Manual (2005). The manual guides implementation of 

the NSW Governmentôs Flood Prone Land Policy (2005), the primary objective of which is to: 

reduce the impact of flooding and flood liability on individual owners and occupiers of flood 

prone property, and to reduce private and public losses resulting from floods, utilising 

ecologically positive methods wherever possible. 

Under the policy, primary responsibility for floodplain risk management rests with local 

government. Financial and technical assistance is provided to councils by the Environment, 

Energy and Science group (EES) of the Department of Planning, Industry and Environment 

(DPIE; previously Office of Environment and Heritage/OEH). 

The Floodplain Development Manual defines the following steps in the Floodplain Risk 

Management Process: 

¶ Formation of a Floodplain Risk Management Committee 

¶ Data Collection 

¶ Flood Study Preparation 

¶ Floodplain Risk Management Study Preparation 

¶ Floodplain Risk Management Plan Preparation 

¶ Floodplain Risk Management Plan Implementation. 

Council is responsible for management of flood prone land throughout the Central Coast Local 

Government Area (LGA). In accordance with the floodplain risk management process, Central 

Coast Council (CCC; Wyong Shire Council at the time) oversaw the completion and adoption 

of the Northern Lakes Flood Study in 2013 to define flood behaviour and risk throughout the 

study area.  

CCC engaged MHL to complete the Floodplain Risk Management Study and Floodplain Risk 

Management Plan phases of the process for the Northern Lakes study area, with funding from 

the then Office of Environment and Heritage (OEH) through the NSW Governmentôs Floodplain 

Management Program. Flood modelling has been updated in the current study and provided 

a basis to assess options to manage flood risk. The ultimate outcome of the study is the 

delivery of this Floodplain Risk Management Study and Plan, with the plan detailing options 

recommended for adoption by CCC in managing flood risk. 

The Northern Lakes Floodplain Risk Management Working Group (the Working Group) was 

formed by CCC in 2017 to fulfil the functions of a Floodplain Risk Management Committee as 

described in the Floodplain Development Manual (NSW Government 2005).  

The Working Group comprises of representatives from: 

¶ Central Coast Council 

¶ NSW Department of Planning, Industry and Environment (DPIE) 

¶ NSW State Emergency Services (SES) 

The report was prepared by Matthieu Glatz and Bronson McPherson. 
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Executive summary 

Description of Study 

Central Coast Council (CCC) commissioned NSW Governmentôs Manly Hydraulics Laboratory 

(MHL), with financial assistance from the NSW State Government, to prepare the Northern 

Lakes Floodplain Risk Management Study and Plan. The study area includes the local 

catchments surrounding Lake Munmorah, Budgewoi Lake and the northern half of Tuggerah 

Lake. 

Central Coast Council has been managing flood risks within the study area over many years. 

Councilôs Development Control Plan (DCP) ensures that proposed developments in the 

floodplain consider flood risk. The current study draws upon state-of-the-art flood modelling 

techniques to reassess potential flood problems and to re-evaluate the suite of available 

floodplain management measures to better manage the risk to life and property posed by 

flooding. 

The study was overseen by the Northern Lakes Floodplain Risk Management Working Group, 

which comprises of councillors and staff from Council, officers from the Department of 

Planning, Industry and Environment (then the Office of Environment and Heritage) and the 

NSW State Emergency Service. There has also been opportunity for residents and businesses 

within the study area to provide input to the investigation through the engagement process 

(Section 5). 

 

Principal Outcomes 

The principal outcomes of this study: 

¶ The 2015 Northern Lakes Flood Study was reviewed and updated (Section 6) and 

estimates of flood extents, levels, depths and velocities were provided for the 20% Annual 

Exceedance Probability (AEP), 5% AEP, 1% AEP and probable maximum flood (PMF) 

events; 

¶ Mapping of the Flood Life Hazard categories and hydraulic categories were provided to 

inform the Central Coast DCP (Section 7); 

¶ Definition of the flood problem by assessment of building inundation, road inundation, 

emergency response classifications and flood damages; about 290 dwellings and 23 

businesses would be flooded above floor in the 1% AEP event, though generally to shallow 

depths (239 residential and 11 commercial are flooded by less than 300 mm); the estimated 

average annual damages is $7.1 million and the net present value of damage is $105.7 

million (Section 8); 

¶ Further definition of the flood problem by a formal risk assessment; this shows that 

catastrophic damage to houses is largely confined to very rare events (medium risk) but 

moderate damage is expected in frequent events (high risk); areas of pronounced risk in 

the study area include Gascoigne Rd and Lett St in Gorokan, Karangal Cres in Buff Point, 

and the back of the dune at Canton Beach; 

¶ An assessment of potential floodplain management measures (Section 10) and detailed 

evaluation of flood modification options (Section 11), property modification options 
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(Section 12) and response modification options (Section 13); 

¶ An assessment of the potential impacts of climate change (Section 14); 

¶ A recommended Floodplain Risk Management Plan (FRMP) for the Northern Lakes study 

area (Section 15). 

 

Floodplain Risk Management Plan 

The Northern Lakes FRMP is summarised in Table ES.1 and Figure ES.1. The 

recommended measures have been selected from a range of available options, after an 

assessment of the impacts on flooding, as well as economic, environmental and social 

considerations. 

The recommended measures are summarised below:  

Flood modification measures 

¶ Greenacre Ave, Lake Munmorah culvert upgrade  

¶ Crossingham St, Canton Beach culvert upgrade  

¶ Pathway and culvert upgrade between Lett St, Gorokan and Tuggerah Lake  

¶ Woodland Parkway Reserve entrance excavation 

 

Property modification measures 

¶ Prepare a scoping study including detailed floor level survey, consultation and site 

inspections to further assess feasibility of establishing a small voluntary house raising 

scheme 

¶ Prepare Councilôs flood-proofing Guidelines as suggested; prepare a one-page, 

graphic summary of the Guidelines  

¶ Review and adopt the revised flood risk management provisions of Central Coast DCP 

including freeboards for the study area  

 

Response modification measures 

¶ Improve emergency response planning: 

-  Update Local Flood Sub-Plan in view of the flood risk information in the Northern 

Lakes FRMS&P; 

-  Encourage and assist community members who are likely to be impacted by 

flooding to prepare and update their own flood emergency plans. 

¶ Develop an optimised flood warning system: 

-  Alarm the Toukley rain gauge so that it issues email/SMS when rain triggers are 

reached; 

-  A new real-time rain gauge in the vicinity of Lake Munmorah/Freemans; 

-  Transition towards a system where people living or working in the floodplain can 

be stay informed via a web portal that allows access to data; 
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-  Devise appropriate messages to accompany the rainfall alerts; 

-  Although outside of the scope of an overland flood study, develop a Tuggerah 

Lakes flood warning system as questionnaire results showed that community 

perception links significant flooding to management of the Tuggerah Lakes. 

¶ Prepare dam break analyses for both existing Gorokan Park basin and sport fields 

directly east of Lake Haven Shopping Centre 

¶ Flood Education: 

-  Develop a library or mobile display using historical flood photos, modelled flood 

extents and appropriate messaging; 

-  Develop an accessible flood emergency plan template suitable for use by Northern 

Lakes businesses, in conjunction with Wyong Regional Chamber of Commerce; 

-  Hold a Business FloodSafe Breakfast in conjunction with Wyong Regional 

Chamber of Commerce; 

-  Conduct ómeet-the-streetô type events for residents at four key locations in 

catchment; 

-  Engage with students at Local Schools to help them understand flood behaviour 

near the school and to promote safe responses; 

-  Install signage in flood prone carparks; 

-  Install flood depth indicators at ~5 low-points on roads; 

-  Install signage in any detention basins where flooding could pond. 

 

Funding 

The total capital cost of implementing the Plan is about $4.1M, comprised mainly of the four 

flood modification measures. Upgrade of the pathway and culvert under Lett St in Gorokan 

would have a Benefit Cost Ratio (BCR) of 1.48 while the Woodland Parkway Reserve 

channel excavation would have a BCR of 1.6. The Greenacre Rd culvert upgrade in Lake 

Munmorah and the Crossingham St culvert upgrade in Canton Beach would have BCR of 

0.76 and 0.89 respectively. 
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Table ES.1 - Northern Lakes Floodplain Risk Management Plan  

Report 
section  

Floodplain Management Measure  
Implementation 
Responsibility  

Initial 
cost  

Ongoing 
cost  

Priority  Timing  Resourcing  Comments  

 FLOOD MODIFICATION MEASURES        

11.3.1 Greenacre Ave, Lake Munmorah culvert upgrade CCC $829K $0* Medium 1-2 yrs CCC, DPIE  

11.3.2 Crossingham St, Canton Beach culvert upgrade CCC $1,344K $0* Medium 1-2 yrs CCC, DPIE  

11.3.4 Pathway and culvert upgrade between Lett St, 

Gorokan and Tuggerah Lake 

CCC $1,085K $0* High 0-1 yr CCC, DPIE  

11.3.5 Woodland Parkway Reserve entrance excavation CCC $642K $0 High 0-1 yr CCC, DPIE Subject to 

environmental 

impact assessment 

of excavation 

 PROPERTY MODIFICATION MEASURES        

12.1, 

12.2, 

12.3 

Prepare a scoping study including detailed floor level 

survey, consultation and site inspections to further 

assess feasibility of establishing a small voluntary 

house raising scheme 

CCC $20K $0 Low > 2 yrs DPIE, CCC  

12.3 Prepare Councilôs flood-proofing Guidelines as 

suggested; prepare a one-page, graphic summary of 

the Guidelines 

CCC $15K $0 Medium 1-2 yrs DPIE, CCC  

12.4 Review and adopt the revised flood risk management 

provisions of Central Coast DCP including freeboards 

for the study area 

CCC Staff 

costs 

$0 High 0-1 yr CCC  

 RESPONSE MODIFICATION MEASURES        

13.2 Improve emergency response planning: 

¶ Update Local Flood Sub-Plan in view of the flood 
risk information in the Northern Lakes FRMS&P; 

¶ Encourage and assist key floodplain community 
members who are likely to be impacted by flooding 
to prepare and update their own flood emergency 
plans 

NSW SES, Local 

Emergency 

Management 

Committee 

(LEMC) 

Staff 

costs 

$0 High 0-1 yr NSW SES, 

Local 

Emergency 

Management 

Officers 

(LEMOs) 
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Report 
section  

Floodplain Management Measure  
Implementation 
Responsibility  

Initial 
cost  

Ongoing 
cost  

Priority  Timing  Resourcing  Comments  

13.1 Improve flood warning system: 

¶ Alarm the Toukley rain gauge so that it issues 
email/SMS when rain triggers are reached; 

¶ a new real-time rain gauge in the vicinity of Lake 
Munmorah/Freemans  

¶ Transition towards a system where people living or 
working in the floodplain can stay informed via a 
web portal that allows access to data 

¶ Devise appropriate messages to accompany the 
rainfall alerts 

¶ Tuggerah Lake Warning System 

CCC, NSW SES $70K 

 

$20K p.a. Medium 1-2 yrs DPIE, CCC, 

NSW SES 

 

13.2 Prepare dam break analyses for both existing 

Gorokan Park basin and sport fields directly east of 

Lake Haven Shopping Centre 

CCC $10K $0 Medium 1-2 yrs CCC  

13.3 Flood Education: 

¶ Develop a library or mobile display using historical 
flood photos, modelled flood extents and 
appropriate messaging; 

¶ Develop an accessible flood emergency plan 
template suitable for use by Northern Lakes 
businesses, in conjunction with Wyong Regional 
Chamber of Commerce; 

¶ Hold a Business FloodSafe Breakfast in conjunction 
with Wyong Regional Chamber of Commerce; 

¶ Conduct ómeet-the-streetô type events for residents 
at four key locations in catchment; 

¶ Engage with students at Local Schools to help them 
understand flood behaviour near the school and to 
promote safe responses; 

¶ Install signage in flood prone carparks; 

¶ Install flood depth indicators at ~5 low-points on 
roads; 

¶ Install signage in any detention basins where 
flooding could pond 

NSW SES, CCC $90K 

 
($5K 
display,  

$5K 

template, 

$20K 

breakfast, 

$40K four 

meet-the-

street 

events, 

$20K for 

~15 signs) 

$0 High 1-2 yrs DPIE, NSW 

SES, CCC 

Signage may 

require community 

concurrence at 

each location 

TOTAL   $4,105K $20K p.a.     
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Figure ES.1 ï Floodplain Risk Management Plan 
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1. Introduction 

NSW Governmentôs Manly Hydraulics Laboratory (MHL) was engaged by Central Coast 

Council (CCC) to undertake the Northern Lakes Floodplain Risk Management Study and 

Plan (FRMS&P) with funding from the Environment, Energy and Science group (EES) of the 

Department of Planning, Industry and Environment (DPIE), then Office of Environment and 

Heritage (OEH) through the NSW Governmentôs Floodplain Management Program. 

There have been various hydrologic and hydraulic studies undertaken for the Northern Lakes 

catchments. The most recent was the Northern Lakes Flood Study (Cardno, 2015). This 

flood study documents flood behaviour across the catchment for a range of design floods for 

existing topographic and development conditions.  

The objective of this project is to undertake a Floodplain Risk Management Study and to 

develop a Floodplain Risk Management Plan for the Northern Lakes catchment focusing on 

overland flooding. Mainstream flooding generated by elevated levels in the Northern Lakes is 

not part of this study. 
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2. Background 

2.1 The study area 

The Northern Lakes catchments are located on the Central Coast of New South Wales and 

occupy a combined area of 33.5km2. Figure 2.1  illustrates the extent of the study area. 

The study area comprises a number of suburbs that surround the inter-connected Lake 

Munmorah, Budgewoi Lake and Tuggerah Lake; namely Wyongah, Gorokan, Lake Haven, 

Charmhaven, San Remo, Buff Point, Budgewoi, Halekulani, Lake Munmorah, Noraville, 

Toukley and Norah Head. The study area is comprised largely of residential development, 

with areas of commercial, light industrial, open space and bushland occurring in smaller 

amounts throughout the area. The downstream areas of the catchment are impacted by 

flooding from Tuggerah Lakes. 

The area is fast growing. Figure 2.2 illustrates the urbanisation of areas around the 

Tuggerah Lakes between 1941 and 1998 (based on CSIRO, 1999).  

2.2 History of flooding and rainfall 

A number of historical floods were reported by local ecologists and fishermen in ñEcology of 

the Tuggerah Lakes ï An Oral Storyò (CSIRO, 1998) as it impacted the local aquatic ecology. 

Floods occurred fairly regularly in the 1920-50 period with events in 1927, 1928, 1931, 1947 

and 1949 mentioned multiple times. Other floods that were mentioned included the 1954, 

1956, 1964, 1972, 1974 and 1990 events.  

The 1927, 1946, 1949 and 1964 events appear to be the largest floods. However, it is 

important to note that most of the floods mentioned in this report appear to be lake flooding 

rather than overland floods, with elevated lake levels generated by closed lake entrance.  

Based on existing rainfall gauges within the catchment (more details are provided in 

Section 3.1), over 100mm of daily rainfall occurred in June 1991, August 1998, October 

2004, June 2007, January 2013 and June 2016.  

CSIRO (1999) presented a summary of the major rainfall events recorded for Wyong 

between 1885 and 1998. The list of rainfall has been reproduced in Table 2.1. It can be 

observed that the various heavy rainfalls occur at regular interval with some occasional 

clusters of heavy rainfalls over a few years and some gaps with no heavy rainfall for 10-15 

years.  
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Figure 2.1 ï Study area location 

Aerial Source: Google Map 
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Figure 2.2 ï Urbanisation between 1941 (Left) and 1998 (Right) around Tuggerah Lakes  

Source: CSIRO, 1999
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Table 2.1 ï Major Rainfall events over 200mm for Wyong between 1885 and 2021  

Source: CSIRO, 1999 until May 1998 and  completed  by Toukley Rainfall Gauge managed by MHL to 2021 

Date Rainfall (mm) Date Rainfall (mm) 

June 1885 274 mm in 3 days February 1956 215 mm in 3 days 

May 1889 440 mm in 4 days March 1958 201 mm in 4 days 

March 1894 215 mm in 6 days May 1962 276 mm in 5 days 

January 1895 246 mm in 4 days April 1963 250 mm in 4 days 

August 1899 251 mm in 4 days June 1964 432 mm in 8 days 

June 1900 212 mm in 4 days January 1972 218 mm in 5 days 

April 1905 389 mm in 2 days March 1977 261 mm in 3 days 

March 1907 261 mm in 4 days March 1978 247 mm in 8 days 

December 1920 
341 mm in 8 days 
(242 mm in 4 days) May 1978 207 mm in 5 days 

Dec 1921 ï Jan 1922 410 mm in 14 days May/June 1978 217 mm in 3 days 

January 1924 268 mm in 4 days February 1981 218 mm in 2 days 

May 1925 311 mm in 10 days November 1984 203 mm in 4 days 

December 1926 298 mm in 3 days July 1988 204 mm in 2 days 

April 1927 390 mm in 5 days December 1989 
292 mm in 3 days (266 mm 
in 1 day) 

February 1929 264 mm in 5 days February 1990 405 mm in 2 days 

October 1929 290 mm in 7 days April 1990 202 mm in 6 days 

March 1930 267 mm in 8 days February 1992 214 mm in 3 days 

June 1930 284 mm in 3 days May 1998 237 mm in 5 days 

March 1942 461 mm in 8 days August 1998 231 mm in 10 days 

May 1943 
376 mm in 13 days 
(246 mm in 4 days) April 1999 207 mm in 10 days 

June 1945 304 mm in 7 days May 2001 222 mm in 4 days 

April 1946 658 mm in 5 days February 2002 210 mm in 6 days 

January 1948 206 mm in 5 days June 2007 211 mm in 3 days 

January 1949 293 mm in 2 days April 2008 286 mm in 7 days 

June 1949 321 mm in 6 days February 2013 218 mm in 7 days 

June 1950 270 mm in 5 days June 2016 202 mm in 7 days 

July 1952 284 mm in 4 days March 2021 
450 mm in 10 days (240 
mm in 2 days) 

May 1953 
473 mm in 8 days 
(248 mm in 3 days)   

Note: some events may be missing due to gaps in records 
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2.3 Previous studies 

Previous studies relevant to this report have been reviewed and key findings are reported 

below. 

2.3.1 Northern Lakes Flood Study 

This flood study was completed in 2015 and is the first stage of the current project.  

Community consultation was undertaken as part of this study and it was found that 

respondents had a relatively high flood awareness. However, it was noted that residents who 

have experienced flooding are more likely to complete and return the questionnaire and as 

such, it is possible that the wider community has a lower flood awareness. 

The study consisted of the construction of a two-dimensional TUFLOW hydraulic model 

based on a 2007 LiDAR dataset and complemented by survey of key hydraulic structures 

and channel/creek cross sections. The model used a 2m cell size and was separated into 5 

sub-models. The model included pipes with a diameter over 0.15m and adopted the following 

pits opening due to lack of existing data: 

¶ Combination inlets with a 2.4m lintel and a 0.9m by 0.6m grate for road pits; and,  

¶ An inlet with a 0.9m by 0.6m (0.54m2) grate for pits located in open space.  

An on-grade and sag inlet curve were developed for both of these pits. The model used a 

10% blockage rate for culverts and structures with a diagonal length greater than 6m and a 

50% blockage rate for culverts and structures with a diagonal length less than 6m. 

For the design events, lake levels of 0.5m AHD for the 20% and 5% AEP events and 0.6m 

AHD for the 1% AEP and PMF events were adopted.  

The TUFLOW model was validated by using three independent methods: 

¶ Sub-catchment flows were verified using an independent hydrological model (XP-RAFTS) 

and comparison with the Probabilistic Rational Method (PRM), as described in AR&R 

(1987).  

¶ Model results were compared against community observations to ensure that the results 

accurately depict what the community has experienced in past floods.  

¶ The results were ground-truthed to ensure that the flow behaviour shown in the models 

was reasonable given the catchment conditions.  

Critical duration for all events up to 1% AEP was found to be 1.5 hour while the PMF event 

had two main critical durations depending on the location so an envelope of the 15 minute 

and 30-minute durations was adopted for this event. This confirms the independence from 

the Lake flooding that peaks after 2 to 5 days. 

The direct rainfall approach was applied for the TUFLOW model and this method consists of 

applying rainfall directly onto the DEM of a two-dimensional domain without the use of a 

hydrologic model. This method is the most appropriate approach for the modelling of 

overland flooding as the rainfall applied on the model will find its way down the catchment by 

following the low points and various flowpaths located within the elevation dataset. Hence the 

velocity would along the flowpaths be closer to the real event. It is also important to note that 
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this approach uses the ground elevation and hence, other items such as buildings and 

vegetation have been removed from the DEM. 

This methodology requires some filtering of the extent as the rainfall is applied to the entire 

model and it is therefore necessary to remove areas of very shallow depths. The filtering was 

applied in the flood study using the following criteria: 

¶ Depths greater than 0.15m; OR 

¶ Velocities greater than 2m/s. 

Table 2.2 presents the number of flood-affected properties in the Northern Lakes 

catchments area as calculated in the flood study. 

Table 2.2 ï Flood affected properties  

Source: Northern Lakes Flood Study, 2015  

Flood Event Number of property lots 

affected by flood 

PMF 6,625 

1% AEP 2,142 

5% AEP 1,569 

20% AEP 992 

 

Flood hazard, hydraulic categories and performance of detention basins were defined, and 

key facilitiesô flood affectations were listed.  

Climate change was also assessed by applying 15% and 30% increases in rainfall intensity, 

which generated 35% and 70% increases in the number of affected lots for the 1% AEP flood 

event. However, the increase in flood depth was reported to be generally insignificant. 

Preliminary flood damage assessments were also completed. 

2.3.2 Tuggerah Lakes Floodplain Risk Management Study and Plan   

This study was adopted by Council in March 2015. It analyses the flooding generated by 

Budgewoi Lake, Lake Munmorah and Tuggerah Lake. This study is complementary to the 

current study as it focuses on the lake (mainstream) flooding while the current study focuses 

on the overland flooding.  

The level of the three lakes was found to be identical with a typical level of 0.30m AHD 

±0.05m. The study covered the surroundings of the Northern Lakes shoreline up to 3m AHD. 

The maximum recorded lake level was 2.1m AHD in 1949. Peak design flood levels were 

reported as presented in Table 2.3. The flood modelling for this study showed that a uniform 

peak water level was applicable to all three lakes.  
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Table 2.3 ï Northern Lakes Fl ood Levels  

Source: Tuggerah Lakes FRMSP, 201 4 

Event Flood Level (m AHD) 

PMF 2.70 

1% AEP 2.23 

5% AEP 1.80 

20% AEP 1.36 

50% AEP 0.91 

Flood modelling was completed using a WBNM hydrologic model and a MIKE11 hydraulic 

model. The study determined a critical duration for the flooding of the lakes of 2 to 5 days 

and highlighted that water levels in the lakes are influenced by the entrance condition at The 

Entrance. 

2.4  Relevant policies, legislation and guidance 

Appropriate land use planning is one of the most effective measures available to floodplain 

managers, especially to control future risk but also to reduce existing flood risks as 

redevelopment occurs. The following sections discuss existing planning legislation and 

policies that affect the development of land within the Central Coast Council Local 

Government Area. 

2.4.1 National provisions 

2.4.1.1 Australian Rainfall & Runo ff, 2019 

Australian Rainfall and Runoff (AR&R) is a national guideline document, data and software 

suite that is used for the estimation of design flood characteristics in Australia. This is the 4th 

edition of AR&R, after the 1st edition was released by Engineers Australia in 1958. 

Geoscience Australia supports AR&R as part of its role to provide authoritative, independent 

information and advice to the Australian Government and other stakeholders to support risk 

mitigation and community resilience. 

AR&R is pivotal to the safety and sustainability of Australian infrastructure, communities and 

the environment. It is an important component in the provision of reliable and robust 

estimates of flood risk. Consistent use of AR&R ensures that development does not occur in 

high risk areas and that infrastructure is appropriately designed. 

2.4.1.2 Building Code of Australia  

The 2016 edition of the Building Code of Australia (BCA) introduced new requirements 

related to building in Flood Hazard Areas (FHAs), which provide a minimum construction 

standard across Australia for specified building classifications in FHAs up to the Defined 

Flood Event (DFE). 

The DFE is analogous to the planning flood event and is most commonly the 1% AEP flood. 

FHAs are defined in the BCA as encompassing land lower than the flood hazard level (FHL), 
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which in turn is defined as óthe flood level used to determine the height of floors in a building 

and represents the DFE plus the ófreeboardô. Therefore, FHAs would typically be defined as 

those areas falling within the flood planning area. 

Volume One, BP1.4 and Volume Two, P2.1.2 specify the Performance Requirements for the 

construction of buildings in FHAs. They only apply to buildings or parts of buildings of 

Classes 1, 2, 3, 4 (residential), 9a (healthcare) and 9c (aged-care). These Performance 

Requirements require a building in an FHA to be designed and constructed to resist flotation, 

collapse and significant permanent movement resulting from flood actions during the DFE. 

The actions and requirements to be considered to satisfy this performance requirement 

include but are not limited to: 

¶ Flood actions; 

¶ Elevation requirements; 

¶ Foundation and footing requirements; 

¶ Requirements for enclosures below the flood hazard level; 

¶ Requirements for structural connections; 

¶ Material requirements; 

¶ Requirements for utilities; and 

¶ Requirements for occupant egress. 

The Deemed-to-Satisfy (DTS) provisions of Volume One, B1.6 and Volume Two, 3.10.3.0 

require buildings in the classes described above and located in FHAs to comply with the 

ABCB Standard for Construction of Buildings in Flood Hazard Areas 2012 (the ABCB 

Standard). 

The ABCB Standard specifies detailed requirements for the construction of buildings to which 

the BCA requirements apply, including: 

¶ Resistance in the DFE to flood actions including hydrostatic actions, hydrodynamic 

actions, debris actions, wave actions and erosion and scour; 

¶ Floor height requirements, for example that the finished floor level of habitable rooms 

must be above the Flood Hazard Level (FHL); 

¶ The design of footing systems to prevent flotation, collapse or significant permanent 

movement; 

¶ The provision in any enclosures of openings to allow for automatic entry and exit of 

floodwater for all floods up to the FHL; 

¶ Ensuring that any attachments to the building are structurally adequate and do not 

reduce the structural capacity of the building during the DFE; 

¶ The use of flood-compatible structural materials below the FHL; 

¶ The siting of electrical switches above the FHL, and flood proofing of electrical 

conduits and cables installed below the FHL; and 

¶ The design of balconies etc. to allow a person in the building to be rescued by 

emergency services personnel, if rescue during a flood event up to the DFE is 

required. 

Building Circular BS13-004 (NSW Department of Planning and Infrastructure, 2013) 

summarises the scope of the BCA and how it relates to NSW planning arrangements. The 

scope of the ABCB Standard does not include parts of FHA that are subject to flow velocities 

exceeding 1.5 m/s or are subject to mudslide or landslide during periods of rainfall and runoff 
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or are subject to storm surge or coastal wave action. 

It is particularly noted that the Standard applies only up to the DFE, which typically will 

correspond to the level of the 1% AEP flood plus 0.5 m freeboard. The Building Circular 

emphasises that because of the possibility of rarer floods, the BCA provisions do not fully 

mitigate the risk to life from flooding. 

The ABCB has also prepared an Information Handbook for the Construction of Buildings in 

Flood Hazard Areas. This Handbook provides additional information relating to the 

construction of buildings in FHA but is not mandatory or regulatory in nature. 

In the NSW planning system, the BCA takes on importance for complying development 

under the State Environmental Planning Policy (Exempt and Complying Development 

Codes) 2008. Certain development on the floodplain is also required to satisfy the 

requirements of the BCA under Wyong Development Control Plan 2013 (currently being 

revised). The Building Circular also indicates that following development approval, an 

application for a construction certificate (CC) will require assessment of compliance with the 

BCA. 

2.4.2 State provisions 

2.4.2.1 Environmental Planning and Assessment Act 1979  

General 

The NSW Environmental Planning and Assessment Act 1979 (EP&A Act) creates the 

mechanism for development assessment and determination by providing a legislative 

framework for development and protection of the environment from adverse impacts arising 

from development. The EP&A Act outlines the level of assessment required under State, 

regional and local planning legislation and identifies the responsible assessing authority. 

Prior to development taking place in NSW a formal assessment and determination must be 

made of the proposed activity to ensure it complies with relevant planning controls and, 

according to its nature and scale, conforms with the principles of environmentally sustainable 

development. 

Section 7.11 Development Contributions 

Section 7.11 (previously Section 94) of the EP&A Act enables councils to collect contributions 

from developers for the provision of infrastructure that is necessary as a consequence of 

development. This can include roads, drainage, open space and community facilities. Each 

council must develop a Section 94 Contributions Plan which demonstrates a quantifiable link 

between the development intensification and the need for the additional infrastructure as well 

as a detailed costing of such infrastructure and formulae to be used to determine contributions 

from each type of development. 

Section 9.1 Directions ï Direction No. 4.3 (Flood Prone Land) 

NSW flood-related planning requirements for local councils are set out in Ministerial Direction 

No. 4.3 Flood Prone Land, issued in 2007 under the then Section 117 (now Section 9.1) of the 

EP&A Act. It requires councils to ensure that development of flood prone land is consistent 

with the NSW Governmentôs Flood Prone Land Policy as set out in the Floodplain Development 



MHL2571 ï 11 

© Crown 2021 Classification:  Public 

Manual (NSW Government, 2005). It requires provisions in a Local Environmental Plan on 

flood prone land to be commensurate with the flood hazard of that land. In particular, a planning 

proposal must not contain provisions that: 

¶ Permit development in floodway areas; 

¶ Permit development that will result in significant flood impacts to other properties; 

¶ Permit a significant increase in the development of that land; 

¶ Are likely to result in a substantially increased requirement for government spending 

on flood mitigation measures, infrastructure or services; and 

¶ Permit development to be carried out without development consent except for the 

purposes of agriculture, roads or exempt development. 

The Direction also requires that councils must not impose flood related development controls 

above the residential flood planning level (FPL, typically the 1% AEP flood plus 0.5m 

freeboard) for residential development on land, unless a relevant planning authority provides 

óadequate justificationô for those controls to the satisfaction of the Director-General. 

Section 10.7 Planning Certificates 

Planning certificates are a means of disclosing information about a parcel of land. Two types 

of information are provided in planning certificates: information under Section 10.7(2) and 

information under Section 10.7(5) of the EP&A Act. (Note that previously this clause was 

Section 149). 

A planning certificate under Section 10.7(2) discloses matters relating to the land, including 

whether or not the land is affected by a policy that restricts the development of land. Those 

policies can be based on identified hazard risks (Environmental Planning and Assessment 

Regulation 2000, Clause 279 and Schedule 4 Clause 7), and whether development on the 

land is subject to flood-related development controls (EP&A Regulation, Schedule 4 Clause 

7A). If no flood-related development controls apply to the land (such as for residential 

development in so-called ólowô risk areas above the FPL, unless óadequate justificationô has 

been satisfied), information describing the flood affectation of the land would not be indicated 

under Section 10.7(2). A lot that is a óflood control lotô under the Codes SEPP is a prescribed 

matter for the purpose of a certificate under section 10.7(2). 

A planning certificate may also include information under Section 10.7(5). This allows a 

council to provide advice on other relevant matters affecting land. This can include past, 

current or future issues. 

Inclusion of a planning certificate containing information prescribed under section 10.7(2) is a 

mandatory part of the property conveyancing process in NSW. The conveyancing process 

does not mandate the inclusion of information under section 10.7(5) but any purchaser may 

request such information be provided, pending payment of a fee to the issuing council. 

2.4.2.2 State Environmental Planning Policies (SEPPs)  

SEPPs are the highest level of planning instrument and generally prevail over Local 

Environmental Plans. 
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SEPP (Housing for Seniors or People with a Disability) 2004 

State Environmental Planning Policy (Housing for Seniors or People with a Disability) 2004 

aims to encourage the provision of housing (including residential care facilities) that will 

increase the supply of residences that meet the needs of seniors or people with a disability. 

This is achieved by setting aside local planning controls that would prevent such development. 

Clause 4(6) and Schedule 1 indicate that the policy does not apply to land identified in another 

environmental planning instrument as being, amongst other descriptors, a floodway or high 

flooding hazard. 

SEPP (Infrastructure) 2007 

State Environmental Planning Policy (Infrastructure) 2007 aims to facilitate the effective 

delivery of infrastructure across the State by identifying development permissible without 

consent. SEPP (Infrastructure) 2007 allows Council to undertake stormwater and flood 

mitigation work without development consent. 

SEPP (Exempt and Complying Development Codes) 2008 

A very important SEPP is State Environmental Planning Policy (Exempt and Complying 

Development Codes) 2008, which defines development which is exempt from obtaining 

development consent and other development which does not require development consent if 

it complies with certain criteria. 

Clause 1.5 of this óCodesô SEPP defines a óflood control lotô as óa lot to which flood related 

development controls apply in respect of development for the purposes of dwelling houses, 

dual occupancies, multi dwelling housing or residential flat buildings (other than development 

for the purposes of group homes or seniors housing)ô. These development controls may apply 

through a Local Environment Plan (LEP) or Development Control Plan (DCP). Exempt 

development is not permitted on flood control lots, but some complying development is 

permitted. 

Clause 3.5 states that complying development is permitted on flood control lots where a 

Council or professional engineer can certify that the part of the lot proposed for development 

is not a flood storage area, floodway area, flow path, high hazard area or high-risk area. The 

Codes SEPP specifies various controls in relation to floor levels, flood compatible materials, 

structural stability (up to the PMF if on-site refuge is proposed), flood affectation, safe 

evacuation, car parking and driveways. 

In addition, Clause 1.18(1)(c) of the Codes SEPP indicates that complying development must 

meet the relevant provisions of the Building Code of Australia. 

SEPP (Coastal Management) 2018 

SEPP (Coastal Management) 2018 aims to promote an integrated and co-ordinated 

approach to land use planning in the coastal zone. For areas mapped as ócoastal wetland 

and littoral rainforestsô ï including sizeable areas in the study area near the three lakes ï 

development consent is required for the clearing of native vegetation, and for earthworks, 

construction of a levee, draining the land and environmental protection works, and for any 

other development. For areas mapped as ócoastal environment areasô ï covering much of the 

study area ï development consent must not be granted unless the consent authority has 

considered whether the proposed development is likely to cause an adverse impact on ñthe 
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integrity and resilience of the biophysical, hydrological (surface and groundwater) and 

ecological environmentò amongst other factors. The development must be designed, sited 

and managed to either avoid, minimise or mitigate adverse impacts. 

2.4.2.3 NSW Flood Related Manuals  

Floodplain Development Manual, 2005 

The Floodplain Development Manual 2005 (the Manual) was gazetted on 6 May 2005 and 

relates to the development of flood liable land. It incorporates the NSW Flood Prone Land 

Policy, which aims to reduce the impacts of flooding and flood liability on individual owners and 

occupiers of flood prone property and to reduce private and public losses resulting from floods, 

using ecologically positive methods wherever possible. To implement this policy and achieve 

these objectives, the Manual espouses a merit approach for development decisions in the 

floodplain, taking into account social, economic, ecological and flooding considerations. The 

Manual confirms that responsibility for management of flood risk remains with local 

government. It assists councils in their management of the use and development of flood prone 

land by providing guidance in the development and implementation of local floodplain risk 

management plans. 

At the time of preparing this report, the Floodplain Development Manual is being updated. 

Guideline on Development Controls on Low Flood Risk Areas, 2007 

The Guideline on Development Controls on Low Flood Risk Areas ï Floodplain Development 

Manual (the Guideline) was issued on 31 January 2007 as part of Planning Circular PS 07-

003 at the same time as the Section 117 (now Section 9.1) Directive described previously. The 

Guideline is intended to be read as part of the Floodplain Development Manual. 

It stipulates that unless there are exceptional circumstances, councils should adopt the 100-

year flood as the flood planning level (FPL) for residential development and that óunless there 

are exceptional circumstances, councils should not impose flood related development controls 

on residential development on land é that is above the residential FPLô.  

An adequate freeboard should then be applied to the 100-year flood level to allow for potential 

inaccuracies in available data and limitation of the flood models. 

Flood related development controls are not defined but would include any development 

standards relating to flooding applying to land, that are a matter for consideration under Section 

4.15 (previously Section 79C) of the EP&A Act. 

The Guideline states that councils should not include a notation for residential development on 

Section 10.7 (previously Section 149) certificates for land above the residential FPL if no flood 

related development controls apply to the land. However, the Guideline does include the 

reminder that councils can include ósuch other relevant factors affecting the land that the 

council may be aware [of]ô under Section 10.7(5) of the EP&A Act. 

In proposing a case for exceptional circumstances, a council would need to demonstrate that 

a different FPL was required for the management of residential development due to local flood 

behaviour, flood history, associated flood hazards or a particular historic flood. Justification for 

exceptional circumstances would need to be agreed by relevant State Government 

departments prior to exhibition of a draft local environmental plan or a draft development 
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control plan that proposes to introduce flood related development controls on residential 

development above the default FPL. 

At the time of preparing this report, the Guideline is being reviewed. 

2.4.3 Local provisions 

In NSW, local government councils are responsible for managing flood risk within their Local 

Government Areas (LGAs). A Local Environmental Plan (LEP) is used to establish what land 

uses are permissible and/or prohibited on land within the LGA and sets out high level flood 

planning objectives and requirements. A Development Control Plan (DCP) sets the 

standards, controls and regulations that apply when carrying out development or building 

work on land. 

A merger between Wyong Shire Council and Gosford City Council to form the Central Coast 

Council was announced in May 2016. At the time of preparing this report (September 2019), 

development applications within the study area continue to be assessed based on the former 

Wyong Shire planning controls. 

This section briefly describes and reviews the flood-related controls within the Wyong Shire 

policies, with a view to flood behaviour in the Northern Lakes study area. 

2.4.3.1 Wyong Local Environmental Plan 2013  

Wyong Local Environmental Plan 2013 (Wyong LEP 2013) outlines the zoning of land, what 

development is allowed in each land use zone and any special provisions applying to land.  

Flood planning and floodplain risk management are addressed in clauses 7.2 and 7.3.  

These are reproduced in Figure 2.3.  Clause 7.2 relates to land at or below the flood 

planning level (FPL), sometimes called the óflood planning areaô.  Clause 7.3 relates to land 

between the FPL and the PMF.  The FPL is defined in Wyong LEP 2013 as óthe level of a 

1:100 ARI (average recurrent interval) flood event plus 0.5 metre freeboardô. 

The appropriateness of the existing Wyong LEP 2013 for managing flood risk in the Northern 

Lakes local catchments is considered under the following headings: 

¶ Flood planning area definition 

¶ Evacuation challenges 

Flood planning area definition 

Flood planning levels (FPLs) and the flood planning area (FPA) are important tools in the 

management of flood risk.  The FPA is used to define the area where flood-related 

development controls apply.  For those areas contained within the FPA, the FPLs are 

frequently used to establish the elevation of critical components of a development, such as 

minimum floor levels. 

The FPL is typically derived by adding a freeboard to a specific design flood.  This specific 

design flood is frequently referred to as the ñplanningò flood.  The freeboard is intended to 

account for any uncertainties in the derivation of the planning flood level.   

The adoption of the 1% AEP flood for setting the flood planning level (FPL) is considered 

appropriate for the Northern Lakes local catchments. A more frequent design flood would 

expose communities to too great a risk, while a rarer event is not considered warranted given 
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the modest flood height range between the 1% AEP flood and the PMF across most of the 

catchment. 

Traditionally a 0.5 metre freeboard has been added to the planning flood to define the FPL 

and this FPL has been extended laterally until it encounters higher ground to define the FPA.  

While this approach is suitable for areas bound by higher ground (e.g., lakes, creek, rivers), it 

is not necessarily appropriate for urban catchments where the FPL may not be contained by 

higher ground. 
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Figure 2.3 ï Extract from Wyong LEP 2013 Clauses 7.2 and 7.3  

Note: version dated 28 February 2019 

 

7.2   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)  ǘƻ ŀƭƭƻǿ ŘŜǾŜƭƻǇƳŜƴǘ ƻƴ ƭŀƴŘ ǘƘŀǘ ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǘƘŜ ƭŀƴŘΩǎ ŦƭƻƻŘ ƘŀȊŀǊŘΣ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ 

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 Plan. 

 
7.3   Floodplain risk management 
(1) The objectives of this clause are as follows: 

(a)  in relation to development with particular evacuation or emergency response issues, to enable 
evacuation of land subject to flooding in events exceeding the flood planning level, 

(b)  to protect the operational capacity of emergency response facilities and critical infrastructure during 
extreme flood events. 

(2) This clause applies to land between the flood planning level and the level of a probable maximum flood. 
(3) Development consent must not be granted to development for the following purposes on land to which this 

clause applies unless the consent authority is satisfied that the development will not, in flood events 
exceeding the flood planning level, affect the safe occupation of, and evacuation from, the land: 
(a)  air strips, 
(b)  air transport facilities, 
(c)  child care centres, 
(d)  correctional centres, 
(e)  educational establishments, 
(f)  electricity generating works, 
(g)  emergency services facilities, 
(h)  group homes, 
(i)  helipads, 
(j)  home-based child care, 
(k)  hospitals, 
(l)  hostels, 
(m)  public utility undertakings, 
(n)  respite day care centres, 
(o)  (Repealed) 
(p)  seniors housing, 
(q)  sewerage systems, 
(r)  water supply systems. 

(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 Plan. 
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In recognition of the challenges involved in mapping the FPA in an urban catchment, studies 

for other nearby catchments (e.g., óTuggerah Lakes Southern Catchments Flood Studyô, 

WMAwater, 2018; óKillarney Vale and Long Jetty Catchments Floodplain Risk Management 

Studyô, Catchment Simulation Solutions, in progress) have defined the FPA by incorporating 

a rainfall intensity increase to the 1% AEP event and using the inundation extent from this 

simulation to define the FPA.  The rainfall intensity increase serves as a factor of safety (i.e., 

freeboard), thereby incorporating an allowance for uncertainty while ensuring a hydraulically 

realistic FPA is provided.  For this study, a similar approach was adopted whereby the FPA 

was defined by re-simulating the 1% AEP flood with a 30% increase in rainfall to account for 

uncertainties (see Section 9.1). 

For FPLs relevant to minimum floor levels, a variable freeboard (i.e. 0.3 metre freeboard 

across the majority of the study area affected by overland flows with modest flood height 

ranges, and 0.5 metre freeboard across localised areas and the lakesô foreshores) may be 

appropriate.   

However, the model LEP clause taken up in Wyong LEP 2013 ï stipulating only a 0.5 metres 

freeboard ï does not allow this flexibility.  As Central Coast Council consolidates the Wyong 

and Gosford LEPs into a single instrument, and as it considers the diversity of flood 

mechanisms across the LGA, it is possible that even more flexibility will be considered 

appropriate to define flood planning areas.  It is therefore recommended that Council seek to 

amend the definition of flood planning level to cater for flexible requirements.  For example: 

óFlood planning level means the level of a 1:100 ARI (average recurrent interval) flood event 

plus 0.5 metres freeboard, or other freeboard as determined in relevant studies and plans.ô 

Evacuation challenges 

Flood modelling undertaken for the Flood Study and this Floodplain Risk Management Study 

identifies a number of features of flood behaviour that indicate evacuation in advance of, or 

during, a flood is likely to be impractical, and that on-site refuge may be an acceptable or 

safer emergency response: 

¶ The worst flooding in these local catchments results from short storms (<60 minutes) 

¶ Roads may be flooded in less than 30 minutes after the commencement of a storm.  As a 

result, there is unlikely to be sufficient time to evacuate from parts of the catchments 

before roadways are inundated 

¶ For overland flooding, the roadways are likely to be impassable for a relatively short time, 

which means a limited period of isolation 

¶ Depths of inundation across most of the study area are typically shallow and the flood 

hazard indicates that most buildings are unlikely to suffer structural damage. It is noted 

that a number of properties, in the order of 20, have flooding for the 1% AEP flood above 

0.5m. 

 

Clause 7.3 of Wyong LEP is focussed on the evacuation of land subject to flooding in events 

exceeding the flood planning level.  If this clause is strictly applied, any development 

application for the listed land uses in the Northern Lakes local catchments is likely to fail 

because the very fast-rising inundation prevents safe evacuation.  Council may wish to seek 
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approval to amend this clause to provide Council with discretion to be assured of safe 

evacuation or safe on-site refuge above the PMF. 

 

2.4.3.2 Wyong Development Control Plan 2013  

Supporting Wyong LEP 2013 is the Wyong Development Control Plan 2013 (Wyong DCP 

2013), which at the time of writing continues to set the design and construction standards 

that apply when carrying out development within the Northern Lakes study area. 

This section considers controls that may be appropriate to manage overland flow inundation 

risks in the Northern Lakes local catchments, which along with recommendations for similar 

overland flow catchments, could be considered as a new Central Coast DCP is prepared. 

Floor level 

Given the modest flood height range, a freeboard of 0.3m rather than the normal 0.5m is 

considered appropriate for setting the flood planning level (FPL) across the majority of the 

study area.  The FPL, in turn, sets minimum habitable floor levels for new dwellings. 

Historically, concessions to floor level controls were sometimes permitted for commercial or 

industrial land uses, reasoning that businesses have capacity to tolerate more risk.  Recent 

floods however have shown that flooding can cause severe damage to modern equipment 

and to livelihoods that depend on that business, which argues against lower floor levels for 

these uses. 

Sensitive uses and critical infrastructure typically have the PMF level as the minimum 

habitable floor level, which is considered appropriate. 

Given the observation from past floods that significant damage to precious contents can 

occur in garages, sheds or ñstorage areasò, it is also considered appropriate to set minimum 

floor levels for non-habitable buildings or rooms.  This could be to a lesser standard such as 

the 5% AEP flood. For example: 

Floor levels to be 300mm above the finished ground level or equal to or greater 

than the 5% AEP flood level (whichever is higher). 

Parts of the Northern Lakes overland flow floodplains that are also subject to flooding from 

the lakes should be subject to the higher FPL that applies to the land. 

Building components 

It is considered appropriate that any part of buildings constructed below the FPL should be 

installed with flood-compatible components.  This is also consistent with the requirement in 

the Codes SEPP. 

Structural soundness 

It could be argued that in areas of shallow overland flow, a requirement to demonstrate the 

structural soundness of a building is unnecessary. However, since such a provision is 

contained in the Codes SEPP, it would be inconsistent to apply a lesser standard in the DCP 

for land below the flood planning level. 
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Inundation effects 

It is considered appropriate that new buildings should not worsen inundation on adjacent 

properties. This also is consistent with a requirement in the Codes SEPP. However, there is 

an argument for defining what constitutes a significant adverse flood impact (e.g. >20 mm 

rise). 

Car parking and driveway access 

Car parking controls are important given the ease with which vehicles can become buoyant 

and float and then become floating debris with potential to block culverts and pose 

environmental hazards. Carport floor levels could arguably be set at the 5% AEP level or 

300mm above the ground level, whichever is higher. 

Driveway access controls are considered less critical (for single dwellings) for land subject to 

short-lived, shallow overland flows since there may be negligible warning of floods, no 

opportunity for safe evacuation, and relatively short durations of isolationðsuggesting that 

for this catchment, on-site refuge above the PMF may be safer than evacuation. 

Evacuation 

Given the impracticality and perhaps even the danger of evacuationðif flood conditions on 

roads are worse than those encountered at a propertyðand the relatively short duration of 

isolationðhaving controls for the Northern Lakes overland flow catchments that require 

evacuation may be inappropriate.  In addition, the incremental difference in flood depths 

between the 1% AEP event and the PMF suggest that requiring a proportion of floor space 

within new dwellings to be above the PMF level to serve as an on-site refuge in extreme 

floods is not essential for this catchment.  It would, however, be a desirable feature, given the 

fickleness of human behaviours during floods, which could see people get into difficulties if 

their houses commence to flood and result in a burden for rescuers.  The cost of providing a 

higher floor space may not be prohibitive and would be a sensible long-term resilience 

measure. 

Fencing 

Fencing can have a significant impact on overland flows.  Ideally, it should not impede the 

flow of floodwaters so as to result in additional flood impacts on surrounding land and should 

be able to withstand flooding or to collapse in a controlled manner to prevent a ówaveô 

causing additional problems downstream.  Council could consider introducing specific 

controls for fencing on land below the FPL, such as prohibiting brick/masonry fences (likely 

to create impediments).  It is recognised however that implementing fencing controls can be 

difficult. 
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3. Data collection and review 

Available data were collated and reviewed to develop a better understanding of the study 

area and determine the adequacy and currency of the existing data.  

3.1 Available data 

3.1.1 Historic data 

Historic flooding data are limited and were found from anecdotal publication and community 

consultation. 

3.1.2 Rainfall and water level data 

MHL manages a number of rainfall and water level recording stations within or in the vicinity 

of the study area these gauges include: 

¶ Toukley Rainfall and Water Level Station (211401) since February 1985 

¶ Wyee Rainfall Station (561097) since May 1992 

¶ Hamlyn Terrace Rainfall Station (561133) since March 2010 

¶ Wallarah Creek Bridge Water Level Station (211420) since May 1994 

The daily rainfall data and 15-minute water level data for the various stations are provided in 

Figure 3.1 and Figure 3.2 respectively. 

 

 
Figure 3.1 ï Hourly rainfall data in vicinity of study area  
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Figure 3.2 ï 15-min water level data in the vicinity of study area  

3.1.3 Intensity-Frequency-Duration  

Figure 3.3 presents the rainfall Intensity-Frequency-Duration (IFD) diagram for the study 

area. The IFDs represent the design rainfalls for a range of duration and rainfall depth. These 

IFDs were obtained from the Bureau of Meteorology (BoM) for specific AEPs and duration 

combinations across the catchment. Two sets of IFDs are displayed (the AR&R 1987 and the 

AR&R 2016 versions). It can be observed that the rainfall intensity of the shorter duration 

events has increased in the IFDs between 1987 and 2016 which may lead to shorter critical 

duration. This is further discussed in Section 6.2. 

 

Figure 3.3 ï Comparison of 1987 and 2016 IFD from BoM  
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3.2 Topographic data 

A digital elevation model (DEM) was provided by Council at the beginning of the study. This 

DEM was compared to the DEM extracted from the TUFLOW model constructed as part of 

the 2015 flood study and the following observations were made: 

¶ Some discrepancies in the order of ±0.2m were relatively common throughout the study 

area and some areas had changes larger than ±0.5m; 

¶ Councilôs latest DEM was generally lower than the modelôs DEM with some emphasis in 

highly vegetated sections as the latest DEM is expected to better capture the ground level 

through the vegetation; 

¶ Some higher levels were observed in a few places and appeared to represent low-lying or 

ponding area that may have contained water at the time of the LiDAR investigation; 

¶ Some steps in the topographic data provided by Council were observed (typically in the 

order of ~0.25m). These steps do not appear to be present in the DEM used into the 

model; and 

¶ A large discrepancy in level was observed along the northern boundary of TUFLOW Sub-

Model 2 which represented an area where the modelled DEM was incorrectly dropped to 

2 m AHD. 

Following review of the DEM, it was found that correcting the steps present in the DEM 

would involve a significant amount of work while these steps were unlikely to generate any 

significant impact on flood depth and flood classification. The latest DEM from Council was 

therefore adopted and the flood model was updated accordingly. 

The TUFLOW model extent was also required to be extended at a few locations within the 

catchment and this is discussed in more details in Section 6.  

3.3 Survey for flood damage assessment 

3.3.1 Floor survey criteria  

A number of criteria were used to prioritise buildings for floor level survey. These criteria 

consider the level of risk as shown by the results of the emergency response classification, 

flood hazard and hydraulic categorisation. The criteria are: 

¶ Inclusion of any property classified as a Flood Island or Trapped Perimeter Area 

¶ Inclusion of any property located in the floodway of the 1% AEP flood event 

¶ Inclusion of any property with a flood hazard category larger or equal to H4 (i.e. unsafe for 

people and vehicles) during a 1% AEP flood event 

¶ Inclusion of high-risk properties (e.g. school, aged care facility) with a flood hazard 

category larger or equal to H4 during a PMF flood event 

¶ Inclusion of properties with more than 0.15 m flood depth at the building during a 1% AEP 

event and/or over 0.30 m flood depth during a PMF event.  
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3.3.2 Survey methodology 

The floor level survey was completed using a desktop analysis approach. The properties 

matching the criteria described above were checked using aerial photographs, available 

DEM data, Google Street View and other property information available online. This included 

approximately 3045 residential property and over 30 commercial/industrial properties. A 

number of these properties had multiple buildings/businesses present on their lot and each 

individual building/business was counted as a stand-alone property for the purpose of floor 

level estimation and calculation of flood damages. It is noted that a number of properties 

matched the selection criteria but the building on the property was not impacted by the flood 

and so was not considered. 

The following information was gathered into a spreadsheet: 

¶ The location of the main entrance of the building on each lot. A point was placed at the 

appropriate location to determine the local flood level. 

¶ The location of the most representative ground level based on building location and 

quality of available DEM (e.g. should a property be on a slope the appropriate side of the 

lot most representative of the floor level was selected). A point was placed at this location 

to obtain a ground level point. 

¶ A level difference between the ground level and the floor level was then estimated and 

was typically based on the number of steps leading to the front door assuming a 0.15 m 

step height. Ground level was directly used for slab-on-ground type properties. 

¶ Type of property (commercial, industrial or residential) 

¶ Construction type (slab-on-ground or high-set) 

¶ Number of stories of the building 

¶ An estimate of the wall type (e.g. fibro or brick) 

¶ A comment describing the quality of the estimation based on visibility or availability of the 

data 

¶ Comments about the property (e.g. poor visibility, multiple units) 

A site visit was conducted on 21 January 2019 to ground truth the survey results and check 

some of the properties that were not visible using the desktop approach. 

It is noted that some properties were inaccessible and floor level was estimated using the 

ground level assuming two steps difference to the floor levels (this is the most common type 

of property) or a similar number of steps to the neighbouring properties when all the 

properties of an area have similar elevation. Moreover, some of the available data may have 

been a few years old and sporadic changes to some properties may have occurred. 

However, while this may potentially vary the flood damage results for some individual 

properties, it should not change the general observations of key areas of interest where high 

damages are occurring. 

More details on the flood damage assessment which uses these data is provided in 

Section 8.6. 
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4. Site visit and meetings 

4.1 Initial site visit 

MHL project team undertook a site inspection of the study area on 13 September 2017. The 

purpose of this inspection was to familiarise the team with the local area and understand 

where the key areas of concern are located. Areas that were highlighted by the flood study 

as at flood risk and areas where a large number of survey respondents mentioned that 

flooding issues occurred were inspected as a priority. Photographic records of key hydraulic 

structures were also gathered. A map presenting the location of the photographic records is 

presented in Figure 4.1.  

The main observations that were made during the initial site visit are: 

¶ Several locations are very low lying 

¶ A number of locations may require drainage upgrades as part of the management options 

¶ Some trash racks/GPTs require maintenance.  

4.2 Pits and pipes inspection 

A second site inspection was completed on 6 March 2018 to ground truth the pits and pipes 

layers. The locations that were inspected are also presented in Figure 4.1. More details on 

the ground-truthing inspection are provided as part of the pits and pipes review in 

Section 6.3.2. 

4.3 Meetings with Council and working group 

4.3.1 Inception meeting 

An inception meeting with Council and DPIE was organised at the time of the initial site visit 

on 13 September 2017 to develop an understanding of the study area and hot spots. 

4.3.2 Progress meeting 1 

A progress meeting was held between Council, DPIE and MHL on 17 May 2018. The 

objective of the meeting was to discuss the work completed to date, key flooding areas, 

mapping criteria, flood hazards, emergency response classifications and flood planning area, 

determine best methodology for community questionnaire distribution and identify the next 

steps of the project.  

4.3.3 Progress meeting 2 

A progress meeting was held between Council, DPIE, NSW SES and MHL on 10 April 2019. 

The objective of the meeting was to discuss the work completed to date, community 

consultation results, flood damage assessment and preliminary management option analysis. 

Another objective was to obtain an agreement on the preferred 10 management options to 

analyse in detail as part of the next steps of the project. 
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Figure 4.1 ï Photographs and pits/pipes inspection locations 

Aerial Source: Google Map 



MHL2571 ï 26 

© Crown 2021 Classification:  Public 

5. Community consultation 

5.1 Consultation process 

Consultation provides an opportunity for various stakeholders, including the community, to 

collaborate together in developing the Northern Lakes FRMS&P. Engaging the community 

throughout the process provides both an opportunity to garner useful feedback and ideas 

regarding potential floodplain management measures, and to increase community 

acceptance of the floodplain risk management plan. 

The consultation program for the FRMS&P has included the following activities: 

¶ Inception and progress meetings between the consultant and Council 

¶ Meetings of the Northern Lakes Floodplain Risk Management Working Group 

¶ Consultation with agencies and stakeholders 

¶ Development of a project website 

¶ Letter and questionnaire for property owners 

¶ Letter and questionnaire for business proprietors 

¶ Public Exhibition of the Draft Northern Lakes FRMS&P Report including: 

-  Community information sessions 

-  Collation and review of community submissions. 

These activities are described at greater length below. 

5.2 Working group 

The Northern Lakes Floodplain Risk Management Study & Plan Working Group (the Working 

Group) was formed by Council in order to provide a forum that brings together the diverse 

expertise and community knowledge that is needed to address technical, social, economic 

and ecological issues concerning floodplain risk management in the study area. The Working 

Group fulfils the functions of a Floodplain Risk Management Committee as described in the 

Floodplain Development Manual (NSW Government, 2005). 

The Working Group comprises of representatives from: 

¶ Central Coast Council 

¶ DPIE 

¶ NSW State Emergency Services (SES) 

5.3 Agency/stakeholder consultation 

The consultant has engaged with a number of relevant agencies and stakeholders with an 

interest in the study, as listed in Table 5.1. 

 



MHL2571 ï 27 

© Crown 2021 Classification:  Public 

Table 5.1 ï Agenc y/Stakeholder consultation summary  

Agency/stakeholder Mode of contact Issues 

Central Coast Council Meetings, telephone, email Multiple 

DPIE NSW Meetings, email General 

NSW SES  Meetings Flood Response Planning 

Business Proprietors Questionnaire General 

5.4 Website 

A website was developed to provide information about the study including a link to the online 

community questionnaire (Figure 5.1).  

 

Figure 5.1 ï Study Website 

5.5 Letter and questionnaires 

5.5.1 Approach 

On 3 August 2018, a total of 4948 letters were distributed to all property owners (excluding 

Council or Government) identified as being flood affected (i.e. within the PMF flood extent). 

The letter alerted the residents and businesses of the online survey that was available to 

complete. A copy of the letter is included in Appendix A of this report. 

The survey was also advertised through social media and on the project website. 

From 3 August to 14 September 2018 an online survey was made available seeking 
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community input about historic flood flooding and ideas about floodplain management 

options in the study area. The survey is included in Appendix A. A hardcopy of the survey 

was mailed to a number of residents at the same time as the community letter. 

The online survey used the Floodengage platform as it provides information about the 

various management options which allows building up the awareness of local residents. This 

platform also allows the community and stakeholders to assign ten importance criteria that 

help to rank the pre-selected management options. This helps to identify a recommended set 

of options. The weightings were developed by Floodengage with inputs from various experts 

to assign justifiable and consistent scores to the floodplain management options for social, 

safety, environmental/ecological, economic and flood behaviour constraints. 

5.5.2 Survey results 

A total of 462 responses were received. This represents a response rate of 9.3%. A total of 

19 responses were provided using the online Floodengage and 443 hardcopy responses 

were submitted. Results of the survey are provided in Figure 5.2, Figure 5.3, Table 5.2 

and Table 5.3.  

Figure 5.2 presents the location of the respondents to the survey. This map also presents if 

the property has been impacted by flooding or not according to the residents. On this figure, 

green lots highlight the properties that have been classified as flood-free by the resident and 

red lots highlight the properties that have been impacted by flood according to the resident. It 

is noted that this is the perception of the residents and that interpretation of impact can vary 

(e.g. property considered not flooded when building has not been flooded while property is 

actually impacted). 

Figure 5.3 presents the summary of the answers to the community questions. The majority 

of the respondents are local residents with only 10 commercial/industrial respondents, 4 

farming/rural and 8 people did not respond. There is a majority of people having lived at their 

address for over 20 years. About 44% of respondents have been affected by floods with the 

primary impacts being flooding of garage/sheds (26.2%) or flooding of access road (18.8%). 

7.4% of the respondents mentioned that their property was flooded above building floor and 

8% experienced sewerage system failure.  

The response behaviour also varies with the main responses including remain at property 

(34.8%) and secure valuables and goods at risk (35.1%).  

The critical factors influencing the decisions to evacuate or stay at the property include 

primarily the family safety with close to 54% of the respondents as well as availability of 

access road, care for pets/animals and provision of a flood warning (all with approximately 

25% of respondents). About a quarter of respondent believe that their house cannot be 

flooded. 

Just over half of the respondents provided comments and suggestions and the majority 

provided their contact details. The most recurrent suggestions from the community include: 

¶ kerb and gutter construction where non-existent (12.8% of respondents); 

¶ upgrade of drainage system (17.5%); 

¶ maintenance of drainage systems and GPTs (13.6%); 

¶ development of an entrance management or dredging plan for the lakes (13.6%); 
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¶ investigation of a secondary lake opening (2.8%); 

¶ maintenance of creeks/wetlands (3.2%); and  

¶ improved development control/prevent overdevelopment (3.5%).  

Other suggestions are listed in Table 5.2. 

Table 5.3 summarises the importance of each selection criteria as well as the associated 

recommended management options ranking based on the weighting developed by 

Floodengage.  The preferred option appears to be development of local flood policies and 

development controls and local flood disaster plans, and that large structural options are 

typically at the bottom of the list. 
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Figure 5.2 ï Location of Respondents to the Survey  
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Figure 5.3 ï Summary of Questionnaire Responses  
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Table 5.2 ï Community Consultation Suggestions  

Suggestions Percentage of Respondents 

Stormwater / Drainage Upgrade 17.5% 

Maintenance of drainage / channels/ maintenance plan 13.6% 

Kerb and Gutter 12.8% 

Dredging / maintenance of Lake Entrance / widening of channel 9.5% 

Better Development control / Less development 3.5% 

Clearing / Cleaning of wetlands / creeks 3.2% 

Second opening in lake system 2.8% 

Properties to deal with own runoff 1.5% 

Train entrance of lakes / Breakwall(s) at entrance 1.5% 

Build Dam / levee / elevated banks or side of channel or drains 1.3% 

Rock wall or levee around lake / raise shoreline 0.9% 

Sewerage upgrade / GPT 0.6% 

No open drain channels as drainage system 0.4% 

Additional community consultation 0.4% 

Construction of Detention Basin 0.4% 

Review drainage design at property (as new drainage system 
increased flooding issue) 0.4% 

Analyse effect of wrecks and debris 0.2% 

Build up front lawns 0.2% 

Relocate dredge spoil placement location 0.2% 

Dredge Wyong River Mouth 0.2% 

Road regrading 0.2% 

Reduce lake level 0.2% 

Develop flood warning system 0.2% 

Consideration of future conditions 0.2% 

More open spaces used as flow path 0.2% 

Build swales 0.2% 

Voluntary purchase 0.2% 

Fence off gullies (drowning risk for children) 0.2% 

Close off key roads during flood to reduce car generated waves 0.2% 

Better flood education and how to reduce impact of property 
on flooding 0.2% 

Creation of wildlife pond for flood mitigation 0.2% 

Dredge entire lake 0.2% 

pump water out of lake 0.2% 
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Table 5.3 ï Selection Criteria ratings from the community and resulting recommended 
managements options  

Source of score: Floodengage  

SELECTION CRITERIA 

How Important is it that the flood management 
option addresses the following criteria? 

Importance 

None Slight Moderate High Extreme 

Improves community access and recreational use 29.4% 29.4% 17.7% 11.8% 11.8% 

Does not disadvantage individual members of the 
community: 

41.2% 17.7% 29.4% 0.0% 11.8% 

Provides safety to the community during flooding 70.6% 23.5% 0.0% 5.9% 0.0% 

Raises community awareness and understanding of 
the local flood risk: 

47.1% 23.5% 23.5% 0.0% 5.9% 

Does not threaten local plants and animals and their 
habitat: 

29.4% 11.8% 23.5% 35.3% 0.0% 

Does not cause water quality issues: 52.9% 23.5% 5.9% 11.8% 5.9% 

Initial costs (i.e. design / construction) require minimal 
council expenditure: 

11.8% 5.9% 52.9% 17.7% 11.8% 

Requires minimal ongoing council expenditure after 
implementation 

23.5% 17.7% 41.2% 11.8% 5.9% 

Reduces flood damages to the community: 70.6% 17.7% 11.8% 0.0% 0.0% 

Does not cause negative flood impacts to other areas 
(both upstream and downstream): 

58.8% 23.5% 17.7% 0.0% 0.0% 

RECOMMENDED OPTIONS 

Flood Management Options Score 

Local Flood Policies and Development Controls 340 

Local Flood and Disaster Plans 321 

Voluntary Purchase / Removal 280 

Upper Storey Flood Free Refuge 278 

Flood Awareness 274 

Local Flood Warning and Flood Forecasting Systems 274 

Notifying Prospective Buyers and Developers of Flood Prone Land (Section 149 
Certificate) 

250 

Flood Proofing 221 

Voluntary House Raising 209 

Riparian Vegetation Management 187 

Debris Control Structure 159 

Stormwater Upgrades 158 

Culvert / Bridge Upgrade 143 

Flood Detention Basin 119 

Concrete Levee 100 

Channel Realignment 86 

Concrete Lined Channel 61 

Earthen Levee 59 

Increased Infiltration Capacity 34 

Rainwater Tank 17 
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5.6 Public exhibition 

The final stage of the community consultation for this study was the public exhibition of the 

draft Northern Lakes FRMS&P report. This document was exhibited between 15 February 

and 12 March 2021 to give the opportunity to the community to submit any comment on the 

recommended floodplain management measures. The invitation letter is provided in 

Appendix A. 

During the public exhibition period, the community also had the opportunity to: 

¶ attend one of the two face-to-face information sessions that occurred on 2 and 3 March 

2021 at Blue Haven Community Centre and Halekulani Community Hall respectively. 

¶ book one-on-one virtual sessions. 

A total of 15 submissions were received at the conclusion of the public exhibition period. Ten 

respondentsô submission focussed on lake flooding and potential options to alleviate such 

flooding or lake water quality. Since this is not the main focus of this report, the comments 

were forwarded to the appropriate section of Council. The following items have been 

discussed by residents: 

¶ Some properties on Cudgegong St are subject to similar issues as Villa Close. 

Sections of the reports discussing Villa Close have been adjusted to also include 

Cudgegong Street. 

¶ A query was made regarding the lack of options in the low-lying area of Buff Point. It is 

noted that options have been suggested to limit flooding from overland flooding while 

not exacerbating flooding from the lake. 

¶ Another query was made regarding the lack of options along Tuggerawong Rd near 

Jensen Road. It appears that this area is subject to shallow depth and therefore did not 

generate damages as severe as other areas limiting the cost-effectiveness of a local 

option. Part of the issue may be due to local drainage and this was forwarded to the 

appropriate section of Council.  

¶ Some concern was raised about the Greenacre Ave culvert option justification due to 

the reduction in number of properties flooded over floor as presented in Table 11.1. A 

clarification footnote was added to this table and it is noted that cost-benefit ratios will 

be compared to other similar options in NSW prior to be implemented.  

¶ A map naming error that has now been fixed. 

¶ Clarification was requested on the separation of overland and lake flooding. This is 

undertaken to understand the impact of each type of flooding. 

¶ Provision of feedback on the questionnaire format and validity as well as clarification 

request on rainfall data used in the study. It is noted that the study is based on design 

rainfall provided through the Bureau of Meteorology.  

¶ Suggestion to always flood-proof sewer pump motors and add flood markers on all low-

lying roads and areas with information on the severity of the flood.  

¶ Clarification was requested in regard to the amount of rain that is required to cause 

flash-flooding. A section describing the rainfall Intensity-Frequency-Duration (IFD) 
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diagrams has been added to the report to provide more information on duration and 

rainfall depths required to trigger key flood events (e.g. the 1% AEP event). 

¶ Some queries on past approvals were forwarded to the relevant section of Council.  

One submission was also received from Council in regards to the critical duration of the area 

of the model that has been extended to include Tuggerawong (as presented in Figure 6.5). 

This area includes a large low-lying vegetated area that acts as a number of large basins 

separated by the various roads such as Jensen Road, Warner Avenue and Billabong Place. 

The impact of these large basins is a significant change in critical duration and the local 

catchment had to be run for a longer critical duration of 48 hours for all event except the PMF 

for which the duration increased to 2 hours. The local catchment was subsequently modelled 

using TUFLOW HPC (Heavily Parallelised Compute) to allow for faster runtime and an 

envelope of the shorter and longer durations was developed for this catchment. The extent of 

this model is presented in Figure  5.4. 

 

Figure  5.4 ï TUFLOW HPC model extent  
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6. Review of current flood study 

6.1 Preamble 

The first step of this study consisted of reviewing the existing data. As part of this review, an 

important component is the review of the hydrologic and hydraulic models that have been 

used in the Flood Study. Details of the review are provided in this section. 

6.2 Hydrologic analysis 

6.2.1 AR&R 2019 rainfall 

AR&R 2019 Rainfall comparison 

Since the completion of the flood study in 2015, a new set of Australian Rainfall and Runoff 

guidelines have been developed in 2016 and further amended in 2019 (AR&R 2019). The 

2015 Flood Study hydrologic analysis was completed using the AR&R 1987 guidelines and 

were applied to a direct rainfall TUFLOW model. It was therefore required to compare 

existing model to the latest guidelines from AR&R 2019. 

For the purpose of the AR&R 2019 discussion, the model was trimmed down to a 

representative subcatchment to undertake a comparison between existing 2015 Flood Study 

and AR&R 2019 results. Figure 6.1 presents the subcatchment selected for the flood model 

review. This subcatchment was selected as it has a size similar to a number of catchments 

within the study area and is also subject to a number of flood issues (e.g. there was a 

relatively large number of survey respondents affected by flooding in this catchment 

according to the 2015 Flood Study). 

Design rainfall depths for the 20%, 5% and 1% AEP events were obtained from the Bureau 

of Meteorology (BoM) online Intensity-Frequency-Duration (IFD) tool, as derived from 

standard procedures defined in AR&R 2019. The Probable Maximum Precipitation (PMP), as 

used to determine the PMF, was calculated using the Generalised Short Duration Method 

(GSDM) as defined by BoM (2003) and this method is also recommended in AR&R 2019 so 

the PMF would therefore not change. 

Flood modelling data such as IFDs, temporal patterns, areal patterns and areal reduction 

factors are available on the data hub page of AR&R 2019 for multiple events and durations. 

For each design event and each duration, 10 temporal patterns were recommended to be 

applied by AR&R 2019. The TUFLOW model was then run using the direct rainfall method 

for each set of pattern, duration and event. For each duration, an average of the peak water 

level of each temporal pattern was calculated at four locations representative of the 

catchment and the pattern with the water level closest to this average level was selected as 

design temporal pattern. The largest of these design temporal patterns allowed the 

determination of the critical duration. Figure 6.2 illustrates the location of the reference 

points where the water levels results were compared between the AR&R 2019 and the 2015 

Flood Study. The points were chosen to cover the downstream end of the eastern branch of 

the catchment, the western branch of the catchment and the area where both branches are 

merging. 
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Figure 6.1 ï Subcatchment used for flood model review 

Aerial Source: Google Map 
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Figure 6.2 ï Locations of points for result comparison 

Aerial Source: Google Map 



MHL2571 ï 39 

© Crown 2021 Classification:  Public 

AR&R 2019 rainfall comparison results 

Once all the scenarios were run, the results were consolidated in a graphical format. Figure 

6.3 presents the results of the comparison at the four reference points for the 1% Annual 

Exceedance Probability (AEP). On each graph: 

¶ The red circle represents the 1% AEP water level and critical duration as calculated by 

the existing 2015 flood study; 

¶ The green triangles are the results of the 10 patterns for each duration (10, 15, 30, 60, 

90 and 120 minutes); 

¶ The black triangles represent the average water levels; and 

¶ The blue diamonds highlight the level of the pattern closest to this average value for 

each duration. 

It can be noted that the critical duration for the 1% AEP is 30 minutes. Critical durations 

based on these water levels for all design events ranged between 30 minutes and 60 

minutes for the 20%, 5% and 1% AEP events. Critical duration from the 2015 Flood Study by 

Cardno was 90-minute duration for these three events. This is consistent with the 

observation made on the IFD comparison between 1987 and 2016 in Section 3.1.3. 

However, it was noted that the difference in level between the results of the existing study 

(red circle) and of the method applying the AR&R 2019 guidelines (highest blue diamond) 

are very minor. Resulting water levels were also similar for the 20% AEP and the 5% AEP. 

The difference in water level typically varies between ±0.00m and ±0.06m.  

Given the small difference in flood levels between the existing and updated models, the 

existing model was adopted for the development of management options instead of 

developing a new model using the AR&R 2019 guidelines. 

6.2.2 AR&R 2019 losses 

At the time of the analysis completed as part of this study, the AR&R 2019 data hub provided 

initial and continuing losses of -99mm and 2.4mm respectively. Since these values appears 

erroneous and following recommendation from AR&R 2019 developers to prioritise calibrated 

values over the data hub values, the values modelled as part of the flood study were 

considered appropriate as they were developed following calibration against historical 

events.  
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Figure 6.3 ï Water level comparison results 
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6.3 Hydraulic analysis 

The model used in the 2015 Flood Study is the two-dimensional model TUFLOW. This model 

is widely used in flood modelling as it allows complex 1D/2D interactions and modelling of 

drainage system. 

The catchment was subdivided into 5 sub-catchments in the TUFLOW hydraulic model to 

optimise the computing time. Each of the five subdivisions of the model has been numbered 

and highlighted in red in Figure 6.4. The model appears generally adequate for use in the 

development of the management options apart from a few boundary conditions and 

pits/pipes issues that are further described below. 

6.3.1 Boundary conditions review 

A number of issues were identified as part of the review along the boundaries of the model. 

The issue areas that were extended as part of this study are highlighted in green in Figure 

6.4 and further details are provided below: 

¶ There is a part of the catchment that was not fully covered by the hydraulic model at 

the south-western corner of the catchment near Wadalba as illustrated in Figure 6.4 

(Issue Area 1) and Figure 6.5. In this figure, the red line represents the boundary of 

the hydraulic model and it can be noted that the western section of the local drainage 

catchment was not included, hence underestimating the flooding at this location. 

Extension of the catchment to include the green area (approx. 5 km2) was therefore 

required and included into the model. It is noted that a part of the catchment is also 

located to the west of Hillcrest Ave and was outside of the current scope of work. This 

section of the catchment may contribute some minor flow in larger floods; however, it is 

not expected to lead to significant change in level due to the presence of Hillcrest Ave. 

This is particularly true for the planning levels that are governed by the lake flooding 

(these levels are about 1 m higher than the levels in the current study). 

¶ Instabilities were found along some of the upstream boundaries of the hydraulic model 

in subdivision 2. These were due to modified ground levels incorrectly reduced to 2 m 

AHD generating a significant step from levels higher than 30 m AHD at the top of the 

catchment. While these steps should not have impacted the existing results as they 

occurred beyond the ridges of the catchment, they generated stability issues and these 

levels along the limits of the model were therefore corrected and set back to the correct 

values of over 30 m AHD. 

¶ The flood extent appeared prematurely cut at some location along the boundary of the 

model. The model extent was therefore extended as required to include the areas near 

the ridge of the model which would contribute some additional flows into the study 

area. For example, at Issue Areas 2 and 3 in Figure 6.4, Figure 6.6 and Figure 6.7, 

the top of the catchment was not included into the model and extension was therefore 

required. 

¶ The culvert under Greenacre Ave, Lake Munmorah was misrepresented into the model 

with only one 3600mm x 1800mm cell instead of two. This was corrected as described 

in the following section which reduced the local flooding upstream of the culvert. 
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¶ At Issue Area 4 (Figure 6.4 and Figure 6.8), while the flood water typically flows 

down in an eastward direction, a part of the flood water also flows down in a 

northwards direction into the Colongra Catchment during extreme events (e.g. PMF). 

Extension of the model at this location was undertaken to determine the impact of this 

spill on the neighbouring catchment. 

¶ Issue Area 5 (Figure 6.4 and Figure 6.9) represents a local 43 ha sub-catchment that 

was not included into the model and could have impacted the flood level into the 

Colongra Swamp directly at the back of Sunnylake Shores. 

¶ Issue Areas 6 and 7 (Figure 6.4, Figure 6.10 and Figure 6.11) are minor sections of 

the pacific highway that were not included into the hydraulic model. Some of the flood 

water may potentially flow along the road and back into the catchment. While this 

adjustment would have minor impact on the overall flooding, it was undertaken for 

completeness. 

¶ Issue Area 8 (Figure 6.4 and Figure 6.12) is a 55 ha sub-catchment leading to a 

reservoir generated by Birdie Beach Road. Impact of this reservoir on the water level 

west of Birdie Beach Road and potential overtopping of the road during large flood 

event was investigated. It was found that the flooding remained in the catchment and 

did not overtopped the road. 

¶ One of the upstream boundary conditions type in sub-catchment 4 was set up as an 

ocean boundary condition (HT condition or lake level vs time) instead of a head flow 

condition (HQ condition or stage discharge) to allow the water to flow out of the model 

past the ridge without imposing an incorrect water level. This generated some local 

instabilities in the model and was corrected. 

¶ The downstream boundary levels (i.e. lake levels) used in the original flood study 

model are listed in Table 6.1. These levels have been adopted for the current study as 

they are consistent with the focus of the flood model being on overland flooding rather 

than lake flooding. 

Table 6.1 ï Downstream lake levels  

Design events Downstream boundary levels (m AHD) 

20% AEP 0.5 

5% AEP 0.5 

1% AEP 0.6 

PMF 0.6 
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Figure 6.4 ï Boundary condition issues in existing model 
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Figure 6.5 ï Issue Area 1 
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Figure 6.6 ï Issue Area 2 
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Figure 6.7 ï Issue Area 3 
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Figure 6.8 ï Issue Area 4 
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Figure 6.9 ï Issue Area 5 
























































































































































































