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FOREWORD 
 
In New South Wales the prime responsibility for local planning and the management of flood 
liable land rests with local government.  To assist local government with floodplain 
management, the NSW Government has adopted a Flood Prone Land Policy in conjunction 
with the Floodplain Development Manual. 
 
The Policy is directed at providing solutions to existing flood problems and to ensure that 
new development is compatible with the flood hazard and does not create additional flood 
problems. 
 
The Policy sets out four sequential stages in the process of floodplain management: 
 
1. Flood Study � Assessment to define the nature and extent of 

 flooding. 
 
2. Floodplain Risk Management Study � Comprehensive evaluation of management 

 options with respect to existing and proposed 
 development. 

 
3. Floodplain Risk Management Plan � Formal adoption by Council of a management 

 plan for floodplain risks. 
 
4. Implementation of the Plan � Measures undertaken to reduce the impact of 

 flooding on existing development, and 
 implementing controls to ensure that new 
 development is compatible with the flood 
 hazard. 

 
This Floodplain Risk Management Study and Plan (FRMS&P) constitutes the second and 
third stages of the management process for the Mullet Creek and Brooks Creek catchments.  
In broad terms, the Floodplain Risk Management Study investigated what can be done to 
minimise the effects of flooding in the Mullet Creek and Brooks Creek catchments and 
recommended a strategy in the form of a Floodplain Risk Management Plan. 
 
Wollongong City Council commissioned Bewsher Consulting to prepare this report.  Council 
prepared this document with financial assistance from the NSW Government through the 
Department of Environment, Climate Change and Water (DECCW).  This document does 
not necessarily represent the opinions of the NSW Government or the Department of 
Environment, Climate Change and Water. 
 
The assistance of the Mullet and Brooks Creeks Floodplain Management Committee, 
officers from Wollongong City Council, DECCW, the State Emergency Service and the 
Department of Planning is gratefully acknowledged. 
 
The FRMS&P was formally adopted by Wollongong City Council in February 2010. 
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Mullet and Brooks Creeks Floodplain Risk Management Study & Plan 
 
Addendum � Brooks Creek Modelling 
November 2009 
 
In October 2009, new survey became available indicating that during major floods in 
Brooks Creek, and under certain blockage conditions, flows will breakout onto the F6 
Freeway upstream of the Emerson Road culvert.  These flows could flow off the 
freeway further north, potentially inundating properties in the Byamee Street/Robert 
Street/Bangaroo Avenue area. 
 
The implications of these breakout flows will need to be considered in further flood 
simulations.  In the interim, it appears that the inundation in the Brown Avenue/Beltana 
Avenue/Emerson Road area has been overstated under some blockage scenarios and 
understated in the Byamee Street/Robert Street/Bangaroo Avenue area.  Therefore 
the model results in these areas should not be used without further consultation with 
Council officers. 
 
It is recommended that Council undertake further flood modelling to define the 
behaviour of this breakout as soon as possible.  This modelling will allow the affected 
properties to be correctly identified and the flood risk mapping to be revised.  Options 
to mitigate adverse flood impacts will also need to be considered once the revised 
modelling is available. 
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EXECUTIVE SUMMARY 

Bewsher Consulting Pty Ltd was 
commissioned by Wollongong City Council, 
with financial assistance from the Department 
of Environment, Climate Change and Water 
(DECCW), to prepare a Floodplain Risk 
Management Study and Plan for the 
floodplains of Mullet Creek and Brooks Creek, 
which are located near Dapto.  Council also 
separately undertook investigations to 
consider and manage the West Dapto Release 
Area. 

The study was overseen by the Mullet and 
Brooks Creeks Floodplain Management 
Committee, which comprises councillors and 
staff from Council, officers from DECCW, the 
State Emergency Service and the Department 
of Planning, business stakeholders and 
several community representatives. 

Principal Outcomes 

The principal outcomes of this study include: 
 A revision of the former Flood Study, with 

improved estimates of flood extents, levels 
and depths for the 20%, 10%, 5%, 2% and 
1% Annual Exceedance Probability (AEP) 
events and the probable maximum flood 
(PMF) (BMT WBM, 2010); 

 Estimation of the high, medium and low 
flood risk precincts used for planning 
control (Chapter 4); 

 Definition of the flood problem by 
construction of a Flood Damages 
Database, which quantifies flood damages 
and records information on existing 
potentially flood affected properties within 
the study area up to the PMF (Chapter 5); 

 An evaluation of potential floodplain 
management measures to reduce flood 
damages to existing development, 
incorporating input from the community 
(Chapter 6); 

 A summary of work done to assess and 
mitigate the impacts of flooding associated 
with development of the proposed West 
Dapto Release Area (Chapter 7); 

 Assessment of the potential impacts of 
climate change on flood behaviour, and a 
re-evaluation of potential floodplain 
management measures in view of those 
impacts (Chapter 8); 

 A recommended Floodplain Risk 
Management Plan (FRMP) for the Mullet 
Creek and Brooks Creek floodplains 
(Chapter 9). 

The Floodplain Risk Management Plan 

The Mullet and Brooks Creeks FRMP is 
presented in Table 9.1 and Figure 9.1.  The 
recommended measures have been selected 
from a range of available measures, after an 
assessment of the impacts of flooding, as well 
as environmental, social and economic 
considerations. 

The recommended measures have been 
categorised into high, medium and low priority 
measures, as follows: 

High Priority (within 2 years) 
 Amend planning and development controls: 

1) Prepare a City-wide approach for incorporating climate 
change flood risk into planning controls; 

2) Until the City-wide approach is implemented, include an 
interim climate change allowance in FPLs for Mullet and 
Brooks Creeks, following the approach of �Low� and �High� 
Climate Change FPLs (see Chapter 8); 

3) Revise the 1% AEP design flood level and the FPLs to 
take account of the West Dapto development proposals 
(when confirmed); 

4) Review the standard clause in the draft Wollongong LEP 
and draft West Dapto LEP to ensure consistency with this 
FMRS&P, the Floodplain Development Manual, the 
Illawarra Regional Strategy and relevant planning 
directions; 

5) Incorporate statutory controls in planning instruments for 
implementing and staging the West Dapto development in 
order to manage flood impacts on existing and new 
development; 

6) Amend DCP 54 by adding matrices of planning controls for 
the Mullet and Brooks Creeks floodplains; 

 Revise Local Flood Plan (update flood 
intelligence, establish procedures to deal 
with isolation risks); 

 Improve public awareness through 
issuance of flood certificates, distribution of 
FloodSafe brochures, maintenance of 
Council�s web-site, installation of flood 
marker post and commemoration of 30th 
anniversary of 1984 Mullet Creek flood; 

 Manage riparian corridor through 
preparation of vegetation management 
strategies for Mullet and Brooks Creeks, 
through rehabilitation of the Brooks Creek 
riparian corridor, and by preparation of a 
�Riparian Corridors and Flooding� 
brochure; 

 Continue to apply Lake Illawarra entrance 
opening policy (already being 
implemented); and 

 Continue to implement existing voluntary 
house purchase scheme (Burringbar 
Street). 
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Medium Priority (within 4 years) 
 Study and works to reduce blockage of 

Emerson Road culvert; 
 Install debris control structure upstream of 

the Byamee Street culvert; 
 Conduct minor drainage works near 

Kanahooka Road; 
 Extend voluntary house purchase scheme 

for one house; 
 Establish voluntary house raising/shifting 

scheme for four houses; 
 Prepare guidelines for flood-proofing 

techniques; 
 Install flood warning siren at Kembla Grange 

Industrial Estate; 
 Improve flood warning system especially by 

publishing data from Mullet Creek water 
level recorder in real-time on MHL web-
site; 

 Provide reliable road access to Horsley and 
West Dapto during the 1% AEP flood; and 

 Continue Council�s on-site detention (OSD) 
policy. 

Low Priority (within 7 years) 
 Internal levee works at Kembla Grange 

Industrial Estate. 

Funding 

The total capital cost of implementing the Plan 
is $1.6M, with ongoing maintenance costs of 
about $25K per year.  This would yield 
damage savings of up to $3.3M (net present 
value), resulting in an overall benefit-cost ratio 
(BCR) in excess of 2.0.  It would reduce the 
number of houses flooded above floor level in 
the 1% AEP flood by 47, from 77 to 30. 
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1. INTRODUCTION 
 
Wollongong City Council commissioned Bewsher Consulting Pty Ltd to prepare a Flood 
Study and Floodplain Risk Management Study & Plan (FRMS&P) for Mullet and Brooks 
Creeks.  These creeks flow through the suburb of Dapto and surrounding areas, draining to 
Lake Illawarra (see Figure 1.1). 
 
The Mullet and Brooks Creeks FRMS&P investigate what can be done to minimise the 
effects of flooding.  Specific objectives of the study include: 

 preparation of a flood study; 
 quantification of the flood problem; 
 evaluation of potential floodplain management measures to address the existing flood 

problem and future flood risks (including the development of West Dapto and the 
potential impacts of climate change); and 

 preparation of a recommended Floodplain Risk Management Plan (FRMP) for the Mullet 
and Brooks Creeks floodplains, outlining the best measures to reduce flood damage, 
based on consideration of socio-economic, ecological and engineering issues. 

 
 
1.1 STUDY AREA 
 
The study area comprises two catchments, Mullet Creek and Brooks Creek, which drain 
areas of about 72 km2 and 5 km2, respectively.  Both watercourses discharge separately to 
Lake Illawarra.  Figure 1.1 shows the respective catchment boundaries along with the road 
pattern. 
 
Mullet Creek is located about 8 kilometres south-west of the Wollongong CBD.  A large 
proportion of the catchment is currently undeveloped and is earmarked for development over 
the next 40 years.  It is expected that the population of the West Dapto area will increase by 
approximately 55,000 persons in that time. 
 
The Brooks Creek catchment is an almost fully urbanised catchment located to the south-
east of the Mullet Creek catchment.  It has been included in the study area because there is 
no flood level information available and several properties in the catchment are known to 
experience inundation. 
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FIGURE 1.1 � Location of Mullet Creek and Brooks Creek Catchments 
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1.2 THE GOVERNMENT�S FLOODPLAIN MANAGEMENT PROCESS 
 
The NSW Government�s Flood Prone Land Policy and a Floodplain Development Manual 
(NSW Government, 2005) form the basis of floodplain management in NSW.  The main 
responsibility for managing flood prone lands in NSW rests with local government councils.  
The NSW Government�s Floodplain Management Program is administered by the 
Department of Environment, Climate Change and Water (DECCW) and provides councils 
with technical and financial assistance to undertake flood and floodplain risk management 
studies, and for the implementation of works identified in those studies.  The Department of 
Planning is responsible for assisting councils on land use planning matters consistent with 
the Floodplain Development Manual (NSW Government, 2005). 
 
The primary objective of the Flood Prone Land Policy 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. 
 
For existing developed areas, the impacts of flooding shall be reduced by flood mitigation 
works and measures, including on-going emergency management measures, the raising of 
houses where appropriate and by development controls.  For areas proposed for 
development or redevelopment, the potential for flood losses shall be contained by the 
application of ecologically sensitive planning and development controls. 
 
The implementation of the Flood Prone Land Policy generally culminates in the preparation 
and implementation of a FRMP by Council, which is the ultimate objective of the current 
study.  Community consultation is an important part of the process and this has been 
undertaken via Council�s Floodplain Management Committee and public displays and 
questionnaires with the local community. 
 
The steps in the floodplain management process are summarised in Figure 1.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

FIGURE 1.2 � The Floodplain Risk Management Process 
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1.3 PREVIOUS STUDIES 
 
A number of studies have been previously undertaken to define flood behaviour and to 
evaluate floodplain management options for the Mullet Creek catchment.  The main studies 
are summarised below (refer to BMT WBM, 2010, for a fuller review of previous flood studies 
for Mullet Creek).  No relevant flood-related studies have been undertaken for Brooks Creek. 
 
1.3.1 Mullet Creek Flood Study, 1985 
 
Reference: WM (1985) 
Prepared for: PWD 
By: Laurie, Montgomerie & Petit Pty Ltd in association with Webb, McKeown & Associates 

Pty Ltd 
Date: March 1985 

 RORB and Boyd hydrologic models were developed for the catchment; 
 A 1D steady state backwater model was used for hydraulic modelling; 
 Calibrated to February 1984 and verified to March 1975 and March 1978; 
 5%, 2% and 1% AEP design events were modelled (design rainfall data from BoM). 

 
1.3.2 Mullet Creek Floodplain Management Study, Phase 1, 1987 
 
Reference: WM (1987) 
Prepared for: Wollongong City Council 
By: Webb, McKeown & Associates Pty Ltd 
Date: February 1987 

 Used the Cell model to assess impacts of potential structural options; 
 Options considered included detention basins, levees to protect existing property at 

Burringbar Street and in Brownsville, channel clearing and realignment, filling and 
trapezoidal channels; 

 Non-structural options not considered; 
 No firm recommendations made. 

 
1.3.3 Mullet Creek Flood Study Review, Draft Report, 1997 
 
Reference: WM (1997) 
Prepared for: Wollongong City Council 
By: Webb, McKeown & Associates Pty Ltd 
Date: May 1997 

 Revision of WM (1985); 
 WBNM hydrologic model was developed for the catchment; 
 The 1D unsteady RUBICON model was used to undertake hydraulic assessments in the 

lower catchment, and the steady-state HEC2 model was used for hydraulic modelling in 
the steeper reaches upstream; 

 Calibrated to February 1984 and verified to March 1975 and March 1978; 
 5%, 2% and 1% AEP design events were modelled (design rainfall data from Australian 

Rainfall and Runoff, 1987); 
 Flooding �hot-spots� were identified at three locations: Burringbar Street, Dapto; Kembla 

Grange Industrial Area; and Prince Edward Drive, Brownsville. 
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1.3.4 Mullet Creek Floodplain Management Study, Draft Report, 2000 
 
Reference: WM (2000a) 
Prepared for: Wollongong City Council 
By: Webb, McKeown & Associates Pty Ltd 
Date: January 2000 

 Estimated that about 33 buildings flooded above floor level in the 1% AEP flood; 
 Gave general consideration to flood mitigation dams, retarding basins, river improvement 

works, floodways, levees, catchment treatment, land use zoning, voluntary purchase, 
house raising, flood proofing, flood warning, flood education, and flood insurance; 

 Conducted detailed assessments of retarding basins, river improvement works (snag 
management, dredging, realignment), enlargement of waterway openings, major channel 
works (rowing course scheme), options for the Kembla Grange Industrial area (culvert 
amplification under the Princes Highway, levee upgrading), provision of flood free access 
to West Dapto via the Fowlers Road extension, and flood education; 

 Preferred non-structural solutions over structural; 
 Report not finalised and not adopted by Council. 

 
1.3.5 Mullet Creek Floodplain Management Plan, Draft Report, 2000 
 
Reference: WM (2000b) 
Prepared for: Wollongong City Council 
By: Webb, McKeown & Associates Pty Ltd 
Date: January 2000 

 Recommended voluntary purchase for 13 properties: 1 Hore Street, two properties in 
Darkes Road (one commercial only), 65 Bong Bong Road, six properties in Burringbar 
Street (Nos. 3, 4, 5-7, 6 and 9), 32 Marshall Street, Nos. 52 and 58 Avondale Road; 

 Recommended floor level raising for 56 Avondale Road; 
 Recommended stream clearing and management, amendment of planning certificates, 

setting floor levels of new residential buildings at minimum of 0.5m above 1% flood level, 
revision of Flood Policy, and flood awareness program; 

 Report not finalised and not adopted by Council. 
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2. BACKGROUND INFORMATION 
 
2.1 PHYSICAL DESCRIPTION 
 
Mullet Creek drains a relatively small catchment of 72 km2.  The creek rises at the 
escarpment (often sandstone cliffs) at an elevation of about 600m AHD, and flows a 
distance of about 22 kilometres before reaching Lake Illawarra.  Figure 2.1 shows that the 
headwaters are very steep � the elevation falls from a maximum of 600m to only 50m AHD 
in the foothills only 2.5 kilometres further east.  The floodplain near Lake Illawarra is broad 
and flat, extending up to 2.8 kilometres in width. 
 
Given this small and steep catchment, the propensity for very heavy rain � attributable in 
part to the orographic effect of the escarpment (Reinfelds & Nanson, 2001) � and 
progressive urbanisation, flooding is frequent and floods tend to be very flashy, with rapid 
rises and falls. 
 
Brooks Creek drains a very small catchment � in the order of 5 km2.  It flows a distance of 
about 5 kilometres from an elevation of 120m AHD to Lake Illawarra. 
 
 

 
 
FIGURE 2.1 � Slope Map of the Lake Illawarra Catchment 
(Source: Roper, 2004, p.7) 
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2.2 HISTORY OF FLOODING 
 
Mullet and Brooks Creeks have a long history of flooding.  The earliest known flood occurred 
in June 1860.  Flooding occurred on a frequent basis from 1950 to 1984 (see Appendix A 
for a listing of known historic floods).  Houses are known to have been flooded above floor 
level in May 1925, April 1969, March 1975, May 1978 and February 1984.  Disruption to 
traffic caused by road closures has been a common occurrence.  The February 1984 event 
is thought to be the flood of record in Mullet Creek, when a 24-hour rainfall total of 797mm 
was recorded at Wongawilli.1  Over 100 properties in the Dapto and Brownsville areas were 
damaged.  Severe damage occurred at Kembla Grange industrial estate.  Dozens of people 
had to be rescued by boat or helicopter.  Other precarious rescue accounts are listed in 
PWD (1985): 

�Four men escaped rising floodwaters at Kembla Grange Golf Club by climbing 
onto a piano until rescuers arrived in a boat�. 

�Mr Phillips of Brownsville spent three hours lashed to a pole before the crew of 
a boat reached him. During this he saw his home swept to destruction�. 

 
 
2.3 LAND USE 
 
2.3.1 Existing Land Use 
 
Aerial photography shows that the headwaters of Mullet Creek are mainly forested (see 
Figure 1.1).  Much of the catchment is still used for rural activities.  Dapto, Horsley, 
Brownsville, Kembla Grange and Farmborough Heights represent significant urban uses.  
The Brooks Creek catchment is virtually entirely urbanised. 
 
 
2.3.2 West Dapto Release Area 
 
A large proportion of the Mullet Creek catchment is earmarked for urban development over 
the next 40 years.  The West Dapto Masterplan has identified a developable area of 1,328 
hectares, which is expected to provide space for 19,000 dwellings, housing 55,000 people, 
potentially trebling the existing population.  In addition, 10,200 jobs would be created within 
the area, including the Kembla Grange Employment area.  The development of the West 
Dapto Release Area could affect flood behaviour in a number of ways.  Potential impacts, 
and potential strategies to mitigate the adverse impacts, are detailed in Chapter 7 of this 
report. 
 
 
2.4 VEGETATION 
 
An assessment of vegetation within the Mullet and Brooks Creeks catchments is important 
for the following reasons: 

 To provide an understanding of the ecological characteristics and value of vegetation 
within the study area in order that floodplain management decisions are sympathetic to 
conservation values, cognisant of contemporary Government riparian and biodiversity 
policies and, where appropriate, take advantage of the opportunities provided by existing 
vegetation to form open space areas and linkages; 

 To ensure that any proposed flood mitigation measures, in particular structural 
measures, are not fundamentally unacceptable due to their potential impact upon 
important vegetation areas; 

                                                 
1 www.bom.gov.au/hydro/has/notables.shtml#Notable_Point_Rainfall_Events_New_South_Wales  

http://www.bom.gov.au/hydro/has/notables.shtml#Notable_Point_Rainfall_Events_New_South_Wales
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 To manage riparian vegetation in such a way to improve the river hydraulics (and 
provide other ecological benefits) which may reduce flood levels or prevent the 
redirection of the flow path of floodwaters. Such management needs to recognise that 
revegetation will also occur naturally and may impact flood levels. 

 
 
2.4.1 Endangered Ecological Communities 
 
Council provided GIS layers showing the locations of Endangered Ecological Communities 
and threatened species.  These are shown in Figure 2.2.  Among the endangered 
vegetation communities that intersect with the floodplain are the Estuarine Alluvial Wetland, 
the Floodplain Wetland, the Coastal Swamp Oak Forest, Saltmarsh, the Coastal Grassy Red 
Gum Forest and the Lowland Woollybutt-Melaleuca Forest.  (NPWS, 2003, pp.47-48 
explains the connection between these vegetation communities and endangered ecological 
communities listed under the Threatened Species Conservation Act 1995).  Among the 
threatened fauna species observed in the floodplain are the freckled duck and masked owl. 
 
 

 
FIGURE 2.2 � Endangered Ecological Communities, Mullet and Brooks Creeks 
Catchments 
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2.4.2 Riparian Corridors 
 
A Riparian Corridor Management Study for Mullet Creek was prepared for Wollongong City 
Council in March 2004 (DIPNR, March 2004).  This study developed three categories of 
riparian environmental objectives for the watercourses in the study area, with varied 
minimum riparian zone widths in order to achieve the functioning identified by each objective 
(Table 2.1). 
 
 
TABLE 2.1 � Riparian Management Objectives 
(Source: DIPNR, March 2004, pp.15-20) 
 

Stream category Objective 
Minimum width 

core riparian zone 
(from top of each bank) 

Cat. 1:  
Environmental Corridor 

Provide biodiversity linkages ideally between one 
key destination to another (e.g., the coast and the 
escarpment, or large nodes of vegetation) 

40m + 10m buffer 

Cat. 2:  
Terrestrial and Aquatic Habitat 

Provides basic habitat and preserves the natural 
features of a watercourse (not necessarily linking 
key destinations) 

20m + 10m buffer 

Cat 3:  
Bank Stability and Water Quality 

Has limited (if any) habitat value but contributes to 
the overall basic health of a catchment Normally 10m 

 
 
All the watercourses in the study area were allocated a category (i.e., objective), which is 
shown in Appendix B.  Detailed delineation and mapping of the riparian corridor was 
undertaken for the Mullet Creek catchment, partly based upon the minimum widths listed in 
Table 2.1 (including a 10m vegetated buffer to protect the core riparian zone from edge 
effects), and partly by mapping the geomorphological boundary between the floodplain and 
terrace.  In addition, the study recognised a need to consider development setbacks for 
bushfire asset protection zones, which may be required by the NSW Rural Fire Service.  The 
resultant riparian corridors are shown in Appendix B. 
 
The Riparian Corridor Management Study recognises the interlinkages between floodplain 
risk management and riparian corridor management, with these implications: 

 it is critical that an integrated approach to floodplain risk and riparian corridor 
management is pursued if the objectives of both policies are to be realised; 

 implementation of riparian management strategies should be undertaken in such a 
manner so as not to make flooding worse to existing flood liable development; and 

 structures to treat water quality and/or quantity should not compromise core riparian 
zones. 

 
 
2.5 POTENTIAL ACID SULPHATE SOILS 
 
Acid sulphate soils (ASS) is the common name given to sediment and soil containing iron 
sulphides (principally iron pyrite or iron disulfide).  The exposure of pyrite in these soils to 
oxygen by drainage or excavation, leads to the generation of sulphuric acid.  Acidic leachate 
can dissolve clay and release toxic concentrations of aluminium, iron or other metals into 
water bodies.  As a result, drainage waters from areas of ASS can impact water quality and 
can lead to death or disease of aquatic organisms. 
 
ASS maps have been generated for the Wollongong region by the former DIPNR.  
Figure 2.3 shows that areas with ASS or potential ASS are found on the Mullet Creek 
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floodplain downstream of Bong Bong Road, though areas with a high potential for ASS are 
confined to the area downstream of the Princes Highway.  However, Council�s field testing 
has found this mapping to be imprecise.  Instead, ground elevations have proved to be a 
good guide to the probability of encountering ASS (Table 2.2). 
 
 

 
FIGURE 2.3 � Acid Sulphate Soils, Mullet and Brooks Creeks Catchments 
 
 
TABLE 2.2 � Estimated Association between Elevation and ASS Potential 
(Source: WCC, pers. comm.) 
 

Elevation ASS potential 
< 3.0m AHD >95% 

3.0�4.5m AHD 80% 
4.5�5.0m AHD 20% 
> 5.0m AHD <5% 

 
 
Basic principles for the management of acid sulphate soils are summarised below: 

 Minimise the disturbance of ASS. 
 If soil needs to be excavated and stockpiled, manage the material so as to minimise the 

generation of ASS.  This may include covering the stockpile and installing bunds around 
the stockpile. 

 Implement runoff control measures so that no runoff escapes from the stockpiled 
material to the stormwater system. 
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 For any excavation on the site greater than 500mm below natural ground level, an 
assessment of the presence of acid sulphate soils is required.  In this case, a qualified 
environmental consultant is to collect soil samples and have them analysed by a NATA 
certified laboratory to determine its acid generation and acid neutralisation capacity.  A 
copy of the report must be provided to Council�s Environment and Health Division for 
review, prior to works continuing. 

 Any spoil material extracted or excavated from the foundation must be neutralized with 
commercial lime before it is disposed of or re-used on-site. 

 Techniques for the management of acid sulphate soils should be detailed in an Erosion 
and Sediment Control Plan. 

 
 
2.6 SOCIAL PROFILE 
 
An understanding of social characteristics is an important consideration for floodplain risk 
management studies.  Recent Census data for Postcode 2530 (Avondale, Brownsville, 
Dapto, Kanahooka, Kembla Grange, Koonawarra, Horsley, Huntley, Penrose, Wongawilli) is 
listed in Table 2.3.  Key points are discussed below. 
 
At the 2001 Census, for postcode 2530 (which closely corresponds to the combined Mullet 
and Brooks Creeks catchments): 

 Almost 27,000 people lived in the area. 
 The median age of the community (34 years) was lower than for NSW as a whole, with a 

higher proportion of children (aged less than 15 years) and a lower proportion of elderly 
(aged 65 years and over).  This age profile points to the value of including warning 
messages within flood education initiatives about the dangers of flood �recreation� and 
trying to drive or wade through floodwater. 

 75% of people were Australian-born, compared to 70% for NSW as a whole. 
 88% of people spoke English only, compared to 75% for NSW as a whole.  This high 

proportion of English speakers suggests that the use of English in any flood education 
initiatives such as brochures or warning signs should be adequate.  Among the other 
languages spoken, Macedonian (307 people), Italian (283) and Spanish (254) were the 
most prominent. 

 41% of people used a computer at home, and 32% used the Internet in the week 
preceding the Census. 

 A lesser proportion of dwellings have no motor vehicles, and a higher proportion has 
three or more motor vehicles, compared to NSW as a whole.  The proportion of occupied 
private dwellings in Horsley with two or more motor vehicles increased from 48% to 61% 
from 1996 to 2001 (data from WCC).  For the postcode as a whole, at the 2001 Census 
there was an average motor vehicle ownership rate of 1.7 per occupied private dwelling.  
This statistic is used in estimating flood damages to motor vehicles (see Section 5.3.4). 

 The area consists of 8,375 separate houses (88%), 471 semi-detached, row or terrace 
houses and townhouses (5%) and 473 flats, units or apartments (5%) (data from WCC). 

 Of all occupied private dwellings at the 2001 Census, 7,121 were either fully owned or 
being purchased (75%), while 1,870 were being rented (20%) (data from WCC). 
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TABLE 2.3 � Census Data, 2001, Postal Area 2530 
(Source: Table B01 unless otherwise stated; NSW data from www.abs.gov.au/) 
 

AREA: Postal Area 2530 (NSW) Males Females Persons Prop % NSW 
Prop % 

Total persons 13395 13456 26851 100.0 100.0 

Aged 15 years and over 10196 10472 20668 77.0 79.3 

Aged 65 years and over 1286 1530 2816 10.5 13.1 

Aboriginal 244 224 468 1.7 1.8 

Torres Strait Islander  5 4 9 0.0 0.1 

Both Aboriginal/Torres Strait Islander(b) 6 8 14 0.1 0.1 

Total Aboriginal/Torres Strait Islander 255 236 491 1.8 1.9 

Australian born 10038 10171 20209 75.3 69.9 

Born overseas:      

   Canada, Ireland, NZ, South Africa, UK(c) and USA 1631 1617 3248 12.1  

   Other country(d) 1057 1038 2095 7.8  

  Total Born Overseas 2688 2655 5343 19.9 23.1 

Speaks English only  11853 11886 23739 88.4# 75.0 

Speaks language other than English(e) 1029 1053 2082 7.7# 18.7 

Australian citizen 11956 12009 23965 89.3 86.4 

Australian citizens aged 18 years and over 8353 8671 17024 63.4 64.3 

Unemployed(f) 579 415 994 54.9  

Employed(f) 6458 4870 11328 4.8  

In the labour force(f) 7037 5285 12322 59.8  

Not in the labour force(f) 2900 4832 7732 37.5  

Unemployment rate(f) 8.2 7.9 8.1   
Participation Rate(f) 69.1 50.6 59.8   

Persons enumerated same address 1 years ago(g) 11036 11082 22118 89.6  

Persons enumerated same address 5 years ago(h) 7461 7260 14721 59.3  

Overseas visitor 19 30 49 0.2  

Population Density (Persons per Square km)     109.92    

Use a computer at home [B15] 5711 5284 10995 41.0 40.8 

Used the Internet [B16] 4563 3939 8502 31.7 36.1 

Dwellings with zero motor vehicles [B29]   796 
dwellings 8.4 12.0 

Dwellings with one motor vehicle [B29]   3842 
dwellings 40.5 39.8 

Dwellings with two motor vehicles [B29]   3198 
dwellings 33.7 30.2 

Dwellings with three or more motor vehicles [B29]   1228 
dwellings 13.0 10.8 

 
(a) Overseas visitors included in categories: 'Total persons', 'Aged 15 years and over' and 'Overseas visitor'. 
     All other categories exclude overseas visitors. 
(b) Applicable to persons who are of both Aboriginal and Torres Strait Islander origin. 
(c) Comprises England, Scotland, Wales, Northern Ireland, Channel Islands, Isle of Man and UK n.f.d. 
(d) Includes 'inadequately described', 'at sea', 'not elsewhere classified' and 'not stated' 
(e) Includes 'non-verbal so described' and 'inadequately described' 
(f) Applicable to persons aged 15 years and over 
(g) Excludes persons less than 1 year of age 
(h) Excludes persons less than 5 year of age 
# Data from WCC 
 

http://www.abs.gov.au/
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2.7 HERITAGE ISSUES 
 
2.7.1 Aboriginal Heritage 
 
Archaeologists believe that Aboriginal people lived in the Illawarra for at least 30,000 years 
before the arrival of the Europeans.  The number of Aborigines living in the local area at the 
time of European occupation is not known.  The region was rich in natural resources, and 
able to sustain a relatively large population, thought to have been between 2,000 and 3,000.  
There were many different Aboriginal groups living in the Illawarra region.  The Wadi Wadi 
people occupied the southern part of the Thurawal area with several camp sites around 
Lake Illawarra including Berkeley and Hooka Creek.  Today, middens are found along the 
coastline or on river banks.2 
 
The National Parks and Wildlife Act protects Aboriginal objects and places in NSW.  The 
location of known Aboriginal objects and places is listed on a register known as the 
Aboriginal Heritage Information Management System.  Information from this register can be 
extracted upon payment of a fee.  Any proposed floodplain management works that might 
disturb or damage an Aboriginal object or place require the permission of the Department of 
Environment and Conservation,3 as well as development consent (Wollongong LEP 1990, 
Section 27). 
 
 
2.7.2 European Heritage 
 
In the 1830s the first land grants were made to European settlers in the area, including to 
George Brown after whom Brownsville was later named.  The Wollongong to Kiama Railway 
opened in 1887, with a station at Dapto, which grew into a town servicing the surrounding 
rural areas. 
 
The Wollongong Local Environmental Plan 1990 lists a significant number of heritage items 
located within the study area (e.g., Brownsville Heritage Conservation Area).  These are 
shown at Appendix C in this report.  Any proposed floodplain management works that might 
alter or demolish a heritage item require development consent (Wollongong LEP 1990, 
Section 27). 
 
 

                                                 
2 www.wollongong.nsw.gov.au/library/aboriginalhistory.asp; www.lia.nsw.gov.au/facts/history.html 
3 www.environment.nsw.gov.au/conservation/aboriginalculture.htm  

http://www.wollongong.nsw.gov.au/library/aboriginalhistory.asp;
http://www.lia.nsw.gov.au/facts/history.html
http://www.environment.nsw.gov.au/conservation/aboriginalculture.htm
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3. COMMUNITY CONSULTATION 
 
3.1 CONSULTATION PROCESS 
 
The success of any floodplain management plan hinges on its acceptance by the local 
community and other stakeholders.  This can only be achieved by consulting the community 
at all stages of the decision-making process.  It includes collecting the community members� 
knowledge about flood behaviour in the study area, consultation regarding management 
options, and discussing the issues and outcomes of the study with them. 
 
Community consultation has been an important component of this study.  This has aimed to 
inform the community about the development of the floodplain management study and its 
likely outcomes.  It has also provided an opportunity for the community to participate in the 
study by submitting comments about the flood model and ideas about potential floodplain 
management measures. 
 
The key elements of the consultation process have been as follows: 

 Regular meetings of the Floodplain Management Committee; 
 Project web-site; 
 Community newsletter; 
 Poster display of flood model results; 
 Community questionnaire; 
 Agency and interest group questionnaire; and 
 Public exhibition of the recommended FRMP. 

 
Apart from the last point, these aspects were discussed fully in Working Paper No. 2 � 
Community Consultation (September 2006).  The salient findings are summarised below. 
 
 
3.2 FLOODPLAIN MANAGEMENT COMMITTEE 
 
The study has been overseen by the Mullet and Brooks Creeks Floodplain Management 
Committee.  This committee comprises representatives from: 

 Wollongong City Council (WCC); 
 the Department of Environment, Climate Change and Water (DECCW); 
 the State Emergency Service (SES); 
 the Department of Planning; 
 the local community; and  
 business stakeholders (e.g., BHP, Dapto Chamber of Commerce). 

A list of the 20 members as at August 2004 is contained in the newsletter, included in 
Appendix D. 
 
The Committee has met regularly to hear progress reports and to provide direction.  The 
main agenda items at each meeting are summarised in Table 3.1. 
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TABLE 3.1 � Meetings of Mullet and Brooks Creeks FMC 
 

DATE OF MEETING MAIN AGENDA ITEMS 

12 Jun 2002 Introduction 

27 Jul 2004 Flood model calibration, plans for community consultation 

13 Jul 2006 Status of flood model, review of community consultation, flood risk 
classification, defining the flood problem, the West Dapto Masterplan 

2 Nov 2006 Evaluation of floodplain management options, preparation of draft FRMP 

9 Aug 2007 Review of draft FRMS&P report 

12 Dec 2007 Review of the public exhibition and recommendation to Council that the 
draft FRMS&P be adopted 

 
 
3.3 PROJECT WEB-SITE 
 
A study web-site was developed, containing copies of the newsletter, questionnaire and 
contact details for further information.  The site was located at:  
www.bewsher.com.au/mullet.htm. 
 
 
3.4 COMMUNITY NEWSLETTER 
 
In August 2004, a double-sided A3 newsletter was sent to about 1,000 property owners and 
tenants located within the extent of the Mullet Creek and Brooks Creek (1% AEP) 
floodplains.  The newsletter is included in Appendix D.  The newsletter performed a variety 
of functions: it introduced readers to the study; it reminded them that floods are a serious 
problem in the area; it flagged potential management strategies; it provided answers to 
some frequently asked questions about the �100 year flood� and �probable maximum flood�; 
and it encouraged residents� participation in the study through attendance at a poster display 
and completion of a survey. 
 
 
3.5 POSTER DISPLAY OF FLOOD MODEL RESULTS 
 
Posters were prepared to show the flood model�s depiction of the 1984 flood.  These were 
displayed at the Central and Dapto District libraries during September 2004.  In addition, 
Wollongong City Council held three �manned� displays � one at Dapto Ribbonwood Centre 
on a Wednesday evening, and two at Dapto Mall on Saturday mornings.  These occasions 
provided the community the opportunity of expressing their concerns about flooding and 
ideas for managing the flood problem, directly to Council. 
 
 
3.6 COMMUNITY QUESTIONNAIRES 
 
Along with the newsletters, short questionnaires were posted to about 1,000 property 
owners and tenants within the Mullet Creek and Brooks Creek floodplains.  The 
questionnaire and statistical results are attached in Appendix D.  It was designed to gauge 
residents� views on the flood model results (which were on public display at the time) and 
potential floodplain management measures.  Despite steps taken to achieve a high interest � 
individually-addressed envelopes and covering letters, and a range of mechanisms to return 
the survey including pre-paid envelopes � only 122 responses were received (a response 
rate of about 12%).  Nevertheless, the results are informative. 

http://www.bewsher.com.au/mullet.htm
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3.6.1 Flood Model Evaluation 
 
From the 122 surveys received, 74 respondents (61%) had seen the 1984 flood and 36 of 
these took the trouble to view the flood model�s representation of the 1984 flood depth and 
extent.  Their views on the quality of the match between their flood experience and the 
modelled 1984 flood map are summarised in Figure 3.1: 93% described an �accurate� or 
�reasonable� match and only 4% (1�2 respondents) described a �poor� match.  It was later 
learned that the two locations described as being of a �poor� match were beyond the range 
of the flood model.  Overall, the community�s comments gave a strong endorsement of the 
flood model. 
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FIGURE 3.1 � Community Views on Quality of Match between Flood Experience and 
Flood Model Results, 1984 Flood (N=36) 
 
 
3.6.2 Floodplain Management Measures 
 
Question 7 of the survey asked respondents to indicate their level of support for potential 
types of floodplain management measures.  The proportion of respondents indicating levels 
of support for each option (support, neutral, against, unsure) are listed in the statistical 
summary.  Figure 3.2 summarises the results.  Table 3.2 lists the measures most favoured 
by the community, and Table 3.3 lists the measures opposed (or least favoured) by the 
community. 
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TABLE 3.2 � Floodplain Management Measures Most Favoured by the Community 
 

MEASURE SUPPORTED AGAINST 
e. Clearing creeks of debris 90% 1% 
l. Controls on new buildings (e.g. min. floor levels) 72% 6% 
d. Creek widening and/or dredging 71% 7% 
p. Promoting flood readiness 68% 1% 
f. Removing floodplain obstructions 68% 4% 

 
 
TABLE 3.3 � Floodplain Management Measures Most Opposed by the Community 
 

MEASURE SUPPORTED AGAINST 
h. Filling low-lying land 29% 39% 
j. �Flood-proofing� properties 30% 23% 
g. Constructing permanent levees 36% 19% 
i. Voluntary purchase 42% 13% 

 
 
An overwhelming proportion of respondents (90%) called for the clearing of debris from 
creeks.  There was also strong support (72%), and negligible opposition, for placing controls 
on new buildings such as minimum floor levels.  In the context of general support for most 
options, the proportion of people against the use of fill to raise low-lying land is noteworthy. 
 
A very useful indication of floodplain management measures supported by the community is 
obtained by a question asking �what one or two solutions for dealing with the flood problem 
do you think deserve most consideration, and why?�  From respondents� answers, the most 
common responses were collated and the results are summarised in Figure 3.3. 
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FIGURE 3.3 � Community Views on Solutions to Flood Problem (N=122) 
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Again, a high proportion of respondents (42%) called for clearing the creeks of debris and 
rubbish that could potentially worsen flooding.  Specific areas mentioned in the Mullet Creek 
catchment were near Avondale Road and Cleveland Road, near Burringbar Street and the 
Bong Bong Road bridge, and near North Terrace and Paddington Lane (shopping trolleys 
were mentioned).  Many people petitioned for clearing debris from Brooks Creek, which it 
was said had not been cleared for ten years and was full of fallen trees.  One correspondent 
described the �disgraceful� state of Hooka Creek.  Several respondents suggested that a 
regular program of creek clearing should be implemented, with sufficient council staff to 
resource it. 
 
Figure 3.3 shows that the second-most popular solution to the flooding problem is the 
enlargement of culverts to carry more flow (14%).  More general suggestions to �address the 
damming effect of the north-south transport corridors� also tie into this theme.  Creek 
crossings explicitly mentioned were the Princes Highway and F6 Freeway crossings over 
Mullet Creek, and the Lakelands Drive crossing over Brooks Creek. 
 
Other common suggestions were for dredging, widening or straightening of the creek (14%), 
ensuring the entrance to Lake Illawarra remains open (12%), ensuring flood-free access to 
Horsley and West Dapto (11%) and limiting development on floodplains (10%).  Relating to 
the issue of flood-free access, several respondents called for raising the Bong Bong Road 
bridge and bridge approaches, West Dapto Road and Darkes Road, as well as for the 
construction of the Fowlers Road extension, in order to improve egress. 
 
A few people advocated consideration of detention basins, some wrote generally of 
�improving drainage�, and others wrote of the need to prevent filling within floodplains (filling 
at a nursery along Darkes Road was cited as an example of improper filling).  Five people 
described the need to limit runoff from new development.  A few noted bank erosion 
problems.  One called for stockpiles of coal to be removed from the escarpment.  Another 
called for the Ena Avenue Flood Mitigation Study to be implemented. 
 
 
3.7 AGENCY AND INTEREST GROUP QUESTIONNAIRE 
 
In August 2006, special questionnaires, along with a copy of the newsletter and a map of the 
catchment showing the estimated maximum area subject to inundation, were posted to 20 
agencies or interest groups, listed in Table 3.4.  The questionnaire and responses are 
attached at Appendix D. 
 
In terms of assets that could be damaged, the Roads and Traffic Authority noted that 
flooding could cause damage to pavements, culvert blockages, scouring of embankments, 
and impacts on bridges from debris.  Inundation of the F6 Freeway (which could possibly 
occur in a PMF, though it appears to be a marginal case) would disrupt more than 60,000 
vehicles/ day.  Flooding of the Mullet Creek superstructure could cause damage in excess of 
$10 million. 
 
Sydney Water provided a detailed list of assets exposed to flood risks, including water 
mains, reticulation sewers, sewer rising mains, sewer overflows and sewage pumping 
stations near West Dapto Road and Lakeside Drive (the latter affected by the PMF only).  
The nature of the risk includes: 

 undercutting of foundations or damage by debris that could lead to pipe failure; 
 scouring of creeks and removal of supporting soil that could cause pipe failure; 
 sewer overflows due to high flows in the system and/or blockage caused by debris; and 
 inundation of pumping stations causing damage to electrical components. 
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TABLE 3.4 � Liaison with Agencies and Interest Groups 
 

ORGANISATION RESPONSE 
AGL  
BHP Billiton Illawarra Coal  
Brooks Creek Bushcare Group  
Bureau of Meteorology (BoM) Email 
DECCW Discussions 
Integral Energy  
Manly Hydraulics Laboratory (MHL) Email 
NSW Aboriginal Land Council  
NSW Dept of Commerce  
NSW Dept of Environment and Conservation (EPA) Acknowledged 
NSW Dept of Environment and Conservation (NPWS) Survey 
NSW Dept of Lands  
NSW Dept of Planning (Illawarra)  
NSW Dept of Planning (Transport Planning Branch) Acknowledged 
NSW Dept of Primary Industries (Mineral Resources) Survey 
NSW Fire Brigades  
NSW Dept of Primary Industries (Fisheries) Survey 
NSW Police  
Optus  
Railcorp NSW (Infrastructure)  
Railcorp NSW (Illawarra)  
Roads and Traffic Authority Letter 
Southern Rivers Catchment Management Authority  
State Emergency Services (State Headquarters) Letter 
State Emergency Services (Illawarra - South Coast Region) Discussions 
State Emergency Services (Wollongong Unit) Discussions 
Sydney Water Corporation Ltd Survey 
Telstra Countrywide  

 
 
The approximate cost of damage should all these assets be affected by flooding exceeds 
$1M.  There could also be odour and possible health risks if sewers surcharge.  Any 
disruption to Sydney Water�s water supply and/or wastewater service could also have large 
financial ramifications by way of customer rebates or damages claims.  Sydney Water 
suggested that consideration be given to flood mitigation works on Mullet, Reed and Dapto 
Creeks upstream of key assets.  A watercourse maintenance programme would also reduce 
the risk.  It was suggested that advance warnings of flooding could allow the construction of 
bund walls around the sewage pumping stations. 
 
Sydney Water also provided a list of planned future works within the (PMF) floodplain, which 
includes seven sewage pumping stations.  The total value of these assets exceeds $38M. 
 
The Department of Mineral Resources commented that flooding could impact local coal 
mines.  The existence of coal wash emplacements at Wongawilli and at Kembla Grange, 
and a ROM (run-of-mine) coal stockpile at Elouera Colliery mine west of Wongawilli was 
noted. 
 
The Department of Fisheries noted the important ecological function of flooding in terms of 
filling and flushing wetlands.  The potentially degrading effect of flood mitigation works was 
also noted. 
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The National Parks and Wildlife Service described the importance of Berkeley Nature 
Reserve in Lake Illawarra, since all the vegetation on the islands is classified as Endangered 
Ecological Communities under the Threatened Species Conservation Act 1995.   
 
The Bureau of Meteorology noted that Council operates a number of real time ALERT rain 
gauges in the area, including at Kembla Grange and Wongawilli.  The data from these is 
published on the Bureau�s web-site: www.bom.gov.au/hydro/flood/nsw/greatersyd.shtml.  In 
addition, the Bureau is undertaking a review of flash flood warning services for the Sydney 
area to see how improvements can be made using the new Sydney radar.  New services 
may extend to Wollongong in the future, which may provide potential for �now-casting�, say 
1-3 hours� warning, using radar and rainfall data.  Such an approach can identify very high 
rainfall events that are likely to result in severe flooding problems.  The Bureau, however, 
notes the difficulties of providing effective flash flood warning services for a very small 
targeted area, and offers the following reminder: 

�Any technical improvements with radar based services, for example, will need to be 
complemented with improved (direct) communication systems and ongoing public 
education programmes to ensure that people in the high risk flash flood areas receive 
the warnings in a timely manner and know how to effectively respond to them�. 

 
The State Emergency Service (SES) highlighted three risks associated with isolation as a 
result of flooding: a medical emergency in which the Ambulance Service may be unable to 
reach the patient and unable to transfer them to intensive care; a fire in which the Fire 
Brigade is unable to reach the burning building to perform its fire suppression and rescue 
functions; and the risk of requiring intensive external support (resupply) to maintain 
reasonable living conditions.  The SES would like to see solutions developed to manage 
these isolation risks, in view of the existing exposure and the planned urban growth for West 
Dapto. 
 
 
3.8 PUBLIC EXHIBITION 
 
The draft Mullet and Brooks Creeks Floodplain Risk Management Study & Plan was placed 
on public exhibition during September and October 2007.  This included a poster display at 
Dapto and Wollongong Central Libraries, and two information sessions at the Dapto 
Ribbonwood Centre, with Council staff on hand to answer questions.  A letter informing 
residents of the exhibition was sent to the owners of all properties within the PMF extent.  
Residents were invited to make written submissions on the draft report. 
 
A summary of the 24 submissions received is contained in Appendix D.  Several were 
about the process of community consultation, which will be used to enhance future 
community consultation activities.  A few submissions were received querying the extent of 
the 1% AEP flood depicted in the Flood Study and the draft FRMS&P.  These were 
considered by reference to the computer model�s calibration of the 1984 flood and to the 
ground levels in the DEM.  As was the case in responses to the community questionnaire, 
most submissions drew attention to the condition of Mullet and Brooks Creeks and called for 
the removal of coral trees, willow trees, other weeds and rubbish which are said to infest the 
waterways.  In addition to the recommendations in the Plan for Vegetation Studies for Mullet 
and Brooks Creeks, and for rehabilitation of the Brooks Creek riparian corridor, a further 
recommendation was added to the Plan for the preparation of a brochure which addresses 
the fraught issue of riparian vegetation and flooding.  One submission was received which 
drew attention to some features of Council�s Flood Risk Development Control Plan (DCP 
54).  Whilst there might be merit in an immediate revision, it is suggested that this be 
postponed until a wider review of the entire DCP 54 can be carried out to incorporate climate 
change and other considerations. 
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4. EXISTING FLOOD BEHAVIOUR 
 
4.1 METHODS 
 
Development of a flood model for Mullet and Brooks Creeks is described in detail in the 
Flood Study (BMT WBM, 2010).  The model defines existing flood behaviour and provides a 
basis for assessing floodplain management measures.  The flood model is comprised of a 
hydrologic model (WBNM) and a hydraulic model (TUFLOW, build 2005-05-BA). 
 
The hydrologic model determines the runoff resulting from a particular rainfall event.  The 
model covers the entire catchment.  The primary outputs from the model are hydrographs at 
various locations along the waterways to describe the quantity, rate and timing of stream 
flow that results from rainfall events. 
 
The hydraulic model simulates the movement of floodwaters through the waterway reaches, 
storage elements and hydraulic structures.  The model calculates flood levels and flow 
patterns and also models the complex effects of backwater, roughness, overtopping of 
embankments, waterway confluences, bridge constructions and other hydraulic structures 
across the study area.  A separate hydraulic model was developed for each of Mullet Creek 
and Brooks Creek. 
 
The hydrologic and hydraulic models were calibrated to historical flood events to 
demonstrate the validity of the models.  To calibrate the models, information such as flood 
heights, flooding patterns and velocities during historical flood events was obtained.  
Historical events used in the calibration process are the March 1975 flood (for Mullet Creek) 
and the February 1984 flood (for both Mullet and Brooks Creeks).  The smaller October 
1999 flood event was used for verification for the Mullet Creek model.  The flood model�s 
representation of the 1975 flood is generally good.  The model representation of the 1984 
flood event is generally good for Mullet Creek and is regarded as satisfactory for Brooks 
Creek.  The Mullet Creek flood model adequately represents the peak and timing of the 
1999 flood event. 
 
Design floods are hypothetical floods used for floodplain management studies.  Design 
floods with the following Annual Exceedance Probabilities (AEPs) were modelled in the 
current study: 20%, 10%, 5%, 2% and 1% AEP and the probable maximum flood (PMF) (see 
the glossary for definitions).  Design floods are modelled by applying design rainfall totals 
which are derived from Australian Rainfall and Runoff (1987).  For Mullet Creek, the 2 hour 
and 6 hour storms provided the highest peak flood levels (i.e., the �critical duration�), while 
Brooks Creek had a critical duration of 2 hours.  Because the Lake Illawarra Flood Study 
(Lawson & Treloar, 2001) found that the 36 hour storm duration was the critical duration for 
Lake Illawarra levels, this storm was also simulated.  So, for Mullet Creek three storm events 
were simulated (2 hour, 6 hour, 36 hour) and for Brooks Creek two storm events were 
simulated (2 hour, 36 hour).  Levels provided for Lake Illawarra were adopted as the 
downstream boundary conditions in the Mullet and Brooks Creeks models. 
 
In addition, Council has developed a policy which stipulates the following blockage factors, 
to be applied to structures (i.e., bridges and culverts) across all watercourses when 
calculating design flood levels: 

(i) 100% blockage for structures with a major diagonal opening width of less than 6m. 
(ii) 25% bottom up blockage for structures with a major diagonal opening width of 

greater than 6m.  For bridge structures involving piers or bracing, the major 
diagonal length is defined as the clear diagonal opening between piers/bracing, not 
the width of the channel at the cross section. 

(iii) 100% blockage for handrails over structures covered in (i) and for structures 
covered in (ii) when overtopping occurs. 
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In consultation with Council, three blockage scenarios were undertaken for the Mullet and 
Brooks Creeks models: �Case 0�, where all culverts and bridges were fully open; �Case 1�, 
where all culverts and bridges were blocked according to Council�s blockage policy; and 
�Case 2�, representing a partially blocked case. 
 
Design flood levels presented in the Flood Study show the maximum �envelope� of flood 
levels.  That is, for each of the six design events, the levels recorded are the maximum 
levels from nine simulations for Mullet Creek (three durations and three blockage cases) or 
six simulations for Brooks Creek (two durations and three blockage cases). 
 
 
4.2 RESULTS 
 
4.2.1 Flood Extents and Depths 
 
Complete results are provided in the Flood Study (BMT WBM, 2010).  Key results are 
captured in the following diagrams.  Figure 4.1 shows the flood extents for the 20% AEP, 
5% AEP, 1% AEP and probable maximum flood (PMF) events.  Figure 4.2 shows the flood 
depths above the ground for the 1% AEP event. 
 
The 2 hour duration event is critical in the upper parts of the Mullet Creek catchment, the 6 
hour event in the middle reaches and the 36 hour event in the lower reaches where flooding 
is dominated by levels in Lake Illawarra.  The results show significant out-of-bank flooding in 
the middle and lower reaches of Mullet Creek.  The Princes Highway and F6 Freeway 
crossings over the Mullet Creek floodplain form major constrictions on flood flow.  These 
major road crossings will not be overtopped in a 1% AEP design event (though the Princes 
Highway may be affected by local flooding near West Dapto Road).  A number of roads 
linking Dapto to Horsley are likely to be flooded even in frequent events.  The significance of 
road flooding for evacuation is considered in Section 6.3.3. 
 
At most sites within the Mullet Creek catchment the estimated flows for the 1984 flood 
exceed the predicted flows for the 1% AEP flood (Table 4.1).  The actual flood extent for the 
1984 flood is also more extensive than the modelled 1% AEP flood extent.  A previous 
estimate put the Average Recurrence Interval (ARI) of the 1984 flood as greater than 500 
years (WM, 1997, p.21). 
 
 
TABLE 4.1 � Comparison of Predicted Flows in 1984 Flood and 1% AEP Event 
(Source: Mullet and Brooks Creeks Flood Study) 
 

Location 1984 flood 
(m3/s) 

1% AEP event 
(m3/s) 

F6 Freeway on Mullet Creek 1233 806 

Princes Highway Bridge on Mullet Creek 995 733 

Cleveland Road, Dapto 412 348 

Bong Bong Road, Dapto 463 409 

Ena Avenue, Dapto 442 356 

Sheaffes Creek (downstream of West Dapto Road) 87 117 

Robins Creek (Ritchie Crescent) 690 479 

Reed Creek (Fairwater Drive) 84 46 

Forest Creek (upstream West Dapto Road) 261 183 
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 all  
floods 

The 2007 Flood Study results were compared with the 1997 Flood Study Review (WM, 
1997).  This shows that the predicted flood extents match reasonably well in the upper and 
lower parts of the Mullet Creek catchment, but some discrepancies are apparent in the 
middle reaches.  Flood levels between the two studies generally match well, but at some 
locations the difference between the two studies exceeds 0.5m (the current study yields 
levels both higher and lower than the previous study, depending upon location).  The Flood 
Study report considers a number of reasons for these differences, particularly advances in 
modelling techniques and the application of blockage factors in the current study. 
 
For Brooks Creek, the dominant critical duration event is the 2 hour flood event.  On the 
lowest parts of the creek the 36 hour duration event is critical as peak flood levels are 
dominated by the water levels in Lake Illawarra.  The flow is generally confined to a narrow 
floodplain but properties are affected by overland flow in the middle and lower parts of the 
catchment. 
 
4.2.2 Flood Risk Precincts, Flood Hazards and Floodways 
 
It is important not to confuse �flood risk� with �flood hazard� or �provisional flood hazard�.  
The terms �hazard� and �provisional hazard� are defined in the 2005 Floodplain 
Development Manual and relate to the magnitude of a specific flood.  For example, a site 
may experience high hazard conditions in a 1% AEP flood and low hazard conditions in a 
20% AEP flood.  On the other hand, flood risks (as used to define land use planning 
precincts) do not relate to a single flood, but rather to all floods. 
 
Flood risk precincts consider the probabilities and consequences of flooding over the full 
spectrum of flood frequencies that might occur at a site.  When expressed in mathematical 
notation: 
 
 Flood Risk  =         Probability * Consequence 
 

 
 
 where probability is the chance of a flood occurring, and consequence is the property 

damage and personal danger resulting from the site�s flood characteristics.  Note that 
in carrying out this assessment, the existing land uses and any private 
warning/evacuation plans at the site are ignored, and typical residential land uses 
and the normal public warning/evacuation plans are assumed. 

 
The system adopted by Wollongong Council in its Flood Risk Development Control Plan 
(DCP 54) has been to classify floodplains into three flood risk precincts: �high�, �medium� 
and �low�. 
 
Figure 4.3 shows the high, medium and low flood risk precincts for the Mullet and Brooks 
Creeks floodplains.  These are defined below. 
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 High flood risk precinct includes all areas of the floodplain which would be 
provisionally high hazard in a 1% AEP flood (as according to Figure L2 of the Floodplain 
Development Manual).  In addition to including 1% AEP provisionally high hazard areas 
in the high flood risk precinct, other parts of the floodplain are also included where: 

 
(a) in a 1% AEP event, significant evacuation difficulties exist (e.g. islands 

surrounded by provisionally high hazard conditions); 
 

(b) in floods rarer than a 1% AEP event, the potential for significant or extreme 
consequences exist which are not otherwise apparent from consideration of only 
the 1% AEP flood or more frequent flood events.  Some events that may result 
in these consequences (depending on their scale) include catchment diversions, 
areas subject to overtopping of levees and embankments, areas subject to 
severe bank or bed erosion, or other conditions that can lead to unusually high 
depths, velocities or otherwise produce very dangerous flood conditions.  Whilst 
the probabilities of these events might be low, the consequences can in some 
cases be extreme and thus produce a high risk. 

 
For the Brooks Creek floodplain, an interim riverine corridor extending 10m from the top 
of the creek bank has been included with the high flood risk precinct.  The creek banks 
were defined by reference to aerial photography and a Digital Elevation Model (DEM). 
 

 Medium flood risk precinct is the remaining area inundated in a 1% AEP flood event 
(plus 0.5m freeboard), not defined as the �high� flood risk precinct.  For reasons similar 
to those discussed above under (a) and (b), it is possible for some otherwise �low� flood 
risk areas to be elevated to �medium�, when the flood conditions warrant it, though this is 
rarely required.4 

 
 Low flood risk precinct comprises all remaining areas of the floodplain (defined as the 

limit of inundation in a PMF) but not identified as either a high flood risk or medium flood 
risk precinct, and where the risk of damages is low for most land uses. 

 
 
Areas of provisional high hazard and low hazard in the 1% AEP flood are mapped in the 
Flood Study report (BMT WBM, 2010).  The merit of mapping floodways was discussed with 
Council and DECCW.  Floodways are defined as areas of significant flow that, even if 
partially blocked, would cause a significant redistribution of flood flow.  Often floodways are 
delineated on the basis of the product of flood depth and velocity being greater than 1.0 in 
the 1% AEP flood.  In the case of the Mullet and Brooks Creeks floodplains, generally all 
such areas have been identified to be in the high provisional hazard area in the 1% AEP 
flood, and therefore have been incorporated into the high flood risk precinct.  The proposed 
planning controls (i.e. those in Council�s DCP 54) discourage all new development (apart 
from recreational or non-urban uses) within the high flood risk precinct.  Any �concessional 
development� (for existing property) is permissible only upon the conditions that an 
engineer�s report certifies that the development will not increase flood affectation elsewhere, 
and that safe evacuation is possible (see Appendix F).  For this reason, it was concluded 
that a separate exercise to control development within floodways would add little practical 
value. 
 
 

                                                 
4 Derivation of the medium flood risk precinct was based upon an inverse distance weighted (IDW) algorithm 
being applied to the 1% AEP + 500mm flood surface using the four closest points (BMT WBM, pers. comm.). 
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5. DEFINING THE FLOOD PROBLEM 
 
5.1 FLOOD DAMAGES DATABASE 
 
A flood damages database was prepared to quantify the impacts of flooding in the Mullet 
and Brooks Creeks study area, and to allow an economic appraisal of floodplain 
management options.  A full explanation of methods and results is provided in a working 
paper (Working Paper No. 3 � Flood Damages Database). 
 
The flood damages database lists details of 1,274 properties with buildings (excluding 
sheds) potentially affected by flooding up to the probable maximum flood (PMF).  The 
properties are arranged according to catchment, with 783 properties in the Mullet Creek 
catchment and 491 properties in the Brooks Creek catchment.  The extent of the PMF was 
sourced from the Mullet and Brooks Creeks Flood Study.  The location of buildings was 
determined from a building survey conducted in March 2006 and from high resolution aerial 
photography taken in January 2006. 
 
A list of attributes recorded for each property, together with an explanation of the derivation 
or source of those attributes, is provided in Table 5.1. 
 
 
TABLE 5.1 � Attributes Recorded in Flood Damages Database 
 

Attribute Comment/Source 

Catchment  

Res. or Comm./Ind. Residential or commercial/industrial land use 

WCC PIN Council�s unique identifier for each property 

Address Council 

Legal Description  
(Lot, Section, Plan) Council 

Current Zoning Council 

Res. Code Refers to DECCW�s categories for residential flood damage 
calculation (DIPNR, Feb 2004). 

Comm./Ind. Code Refers to Bewsher Consulting�s categories for commercial and 
industrial damage calculation. 

Wall type Building survey, March 2006. 

Comment  

Ground level and source Surveyed levels from building survey, March 2006.  
Estimated levels from DEM, late 2003. 

Floor level and source Surveyed levels from building survey, March 2006. Estimated 
levels calculated by adding assumed floor heights to ground level. 

Existing design flood levels 
(20%, 10%, 5%, 2%, 1%, PMF) 

From the Mullet and Brooks Creeks Flood Study.  
Note: 20% and 10% unblocked; others blocked. 

Flood Risk Precincts Provisional 
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Council provided property details from their property database in July 2006.  Surveyed floor 
and ground levels were used where available.  Floor level survey data was available for 806 
properties, which corresponds to 63% of the 1,274 properties in the database.  Floor survey 
data was available for a greater proportion of the more frequently flooded buildings.  Of the 
77 houses expected to be flooded above floor level in the 1% AEP event, surveyed floor 
levels are available for 70, corresponding to over 90%. 
 
For properties without surveyed levels, levels were estimated from a Digital Elevation Model 
(DEM) developed by BMT WBM Pty Ltd in late 2003.  Ground levels were extracted at a 
point in the property near the building.  Based on the estimated age of the building, floor 
levels were estimated by adding an assumed �height above ground� to each ground level 
estimate.  In general, the estimated height above ground was 0.5m for more established 
areas (Berkeley, Brownsville, old areas of Dapto, old areas of Kanahooka and Koonawarra) 
and 0.25m for new areas (e.g., around North Terrace in Dapto, Horsley and new areas of 
Kanahooka). 
 
Flood surfaces for the 20%, 10%, 5%, 2% and 1% AEP floods and the PMF were used to 
extract flood levels at the tag point of each property within the database.  For the purposes 
of assessing flood damages and options, in consultation with Council it was decided to adopt 
the approach followed in the Towradgi Creek FRMS&P (Bewsher Consulting, 2003, p.68), 
namely, to use an �unblocked� model for the 20% and 10% AEP floods, on the grounds that 
debris is expected to mobilise at larger flood events with higher discharges and velocities.  
Blocked conditions were still assumed for the 5%, 2% and 1% AEP floods and the PMF. 
 
 
5.2 TYPES OF FLOOD DAMAGE 
 
The definitions and methodology used in estimating flood damages are well established.  
Figure 5.1 summarises all the types of flood damages examined in this study.  The two main 
categories are �tangible� and �intangible� damages.  Tangible flood damages are those that 
can be more readily evaluated in monetary terms, while intangible damages relate to the 
social cost of flooding and therefore are much more difficult to quantify. 
 
Tangible flood damages are divided further into direct and indirect damages.  Direct flood 
damages relate to the loss or loss in value of an object or a piece of property caused by 
direct contact with floodwaters, flood-borne debris or sediment deposited by the flood.  
Indirect flood damages relate to loss in production or revenue, loss of wages, additional 
accommodation and living expenses, and any extra outlays that occur because of the flood. 
 
 
5.3 BASIS OF FLOOD DAMAGES CALCULATIONS 
 
Flood damages have been calculated by applying one of several stage-damage curves to 
every property included in the database.  These curves relate the amount of flood damage 
that would potentially occur at different depths of inundation, for a particular property type, 
whether residential or commercial/industrial. 
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FIGURE 5.1 � Types of Flood Damage 
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5.3.1 Residential 
 
In June 2004, the then Department of Infrastructure, Planning and Natural Resources 
(DIPNR) issued guidelines for the preparation of site-specific residential stage-damage 
curves (DIPNR, Feb 2004).  The guidelines are intended to ensure greater consistency in 
residential flood damage calculations, by detailing new stage-damage data, and by 
facilitating a process whereby various factors are used to automatically adjust the data 
according to location.  Changes in Average Weekly Earnings (AWE) were used as a basis 
for escalating residential damages to year 2006 values, in accordance with advice received 
from DECCW.  Floor type (low-set single storey/slab on ground; high set single storey; 
double storey) was derived from the building survey, or assumed to be low-set if not 
surveyed.  An average house size of 160m2 was adopted, based on a sample of twelve 
houses measured from the aerial photography.  The effective flood warning time was 
estimated at one hour (decided after consultation with the Bureau of Meteorology) and the 
level of awareness was set at low, yielding a damage reduction factor of 0.96 (this 
corresponds to the ratio of actual to potential losses).  It is noted that the DIPNR residential 
stage-damage curves make allowance for both clean-up costs ($4,000 per flooded house) 
and the cost of time in alternative accommodation.  Nevertheless, a further measure of 
indirect damages has been estimated by taking 20% of the total direct damages, in keeping 
with advice received from DECCW. 
 
 
5.3.2 Commercial/Industrial 
 
No standard stage-damage curves have been issued for commercial and industrial 
damages.  The stage-damage relationships used to estimate these damages in this study 
are based on a collation of information from investigations following floods in Sydney (1986), 
Bathurst (1986), Nyngan (1990), Forbes (1990), Inverell (1991) and Coffs Harbour (1996).  
For consistency with the residential damages assessment, actual losses were estimated by 
applying a ratio of actual to potential damages of 0.96.  Indirect commercial/industrial losses 
were estimated as 20% of direct actual commercial/industrial damages, in accordance with 
advice received from DECCW. 
 
 
5.3.3 Infrastructure 
 
In accordance with advice received from DECCW, the actual value of damage to 
infrastructure (including roads and bridges, water supply and sewerage, electricity and 
telephone supplies, natural gas supplies) has been estimated at 15% of the �total damages�.  
No allowance has been made for possible damage reduction in response to flood warnings. 
 
 
5.3.4 Motor Vehicles 
 
Losses to private motor vehicles have been modelled as a separate component of the 
process.  This is to ensure that the assessment of flood mitigation measures is not unduly 
influenced by this component of damages.  Data from the Australian Bureau of Statistics 
indicate a motor vehicle ownership rate of 1.7 per household in the study area.  Not all cars 
will be present during working hours (or possibly even during non-working hours).  If it is 
assumed that 25% of cars will be present during working hours (40 hours per week), and 
90% will be present during non-working hours (128 hours per week), then the expected 
number of vehicles present at any given time that a flood may occur is calculated as 1.3 per 
household.  Obviously the number varies depending on the assumptions made.  Vehicles 
are assumed to be at the same ground level as the houses with which they are associated. 
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Based on insurance data from the Katherine flood (Jan 1998), Wollongong flood (Aug 1998) 
and Canberra bushfire (Jan 2003), it is assumed that the average cost of a written-off motor 
vehicle is in the order of $12,000.  Damage is expected to begin at a depth over the ground 
of 0.3m, and a write-off is assumed to occur at a depth of 0.6m over the ground. 
 
For consistency with other components of the damages assessment, the same damage 
reduction factor of 96% has been allowed for in estimating actual motor vehicle damages. 
 
Damages to commercially owned vehicles are not assessed, since these may already be 
accounted for as part of direct commercial/industrial damages. 
 
 
5.3.5 Social 
 
Intangible, or social, flood damages are not readily quantifiable in monetary terms.  Physical 
contact with floodwaters can cause residents to suffer physical and mental impacts to their 
health.  Evacuation, the loss of personal property and cleaning up can trigger significant 
stress and trauma.  While difficult to quantify, in keeping with advice received from DECCW, 
social damages have been estimated as 25% of �total damages�, which are interpreted as 
the sum of direct residential damages and direct commercial/industrial damages.  No 
additional allowance has been made for possible damage reduction in response to flood 
warnings, since the direct residential damages (which dominate the total direct damages) 
are based on standard curves that already make an allowance for the benefits of flood 
warning. 
 
 
5.4 ECONOMIC ANALYSIS 
 
An economic appraisal is required for all proposed capital works in NSW, including flood 
mitigation measures, in order to attract funding from the State Government's Capital Works 
Program.  Economic appraisal is also referred to as Cost Benefit Analysis.  The NSW 
Government Guidelines for Economic Appraisal (NSW Treasury, 1997) details the State 
Government's requirements for economic appraisal, while a summary document entitled 
Economic Appraisal � Principles and Procedures Simplified (NSW Treasury, 1999) aims to 
improve the understanding of the principles of economic appraisal. 
 
An economic appraisal is a systematic means of analysing all the costs and benefits of a 
variety of proposals.  In terms of flood mitigation measures, benefits of a proposal are generally 
quantified as �the avoided costs associated with flood damages�.  The avoided costs of flood 
damage are then compared to the capital (and on-going) costs of a particular proposal in the 
economic appraisal process. 
 
Average annual damage (AAD) is a measure of the cost of flood damage that could be 
expected each year by the community, on average.  It is a convenient yardstick to compare 
the economic benefits of various proposed mitigation measures with each other and the 
existing situation. 
 
The �present value� of flood damage is the sum of all future flood damages that can be 
expected over a fixed period (usually 20 years) expressed as a cost in today�s value.  The 
present value is determined by discounting the future flood damage costs back to the 
present day situation, using a discount rate of 7%. 
 
A flood mitigation proposal may be considered to be potentially worthwhile if the benefit�cost 
ratio (the present value of benefits divided by the present value of costs) is greater than 1.0.  
In other words, the present value of benefits (in terms of flood damage avoided) exceeds the 
present value of (capital and on-going) costs of the project. 
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However, whilst this direct economic analysis is important, it is not unusual to proceed with 
urban flood mitigation schemes largely on social grounds, that is, on the basis of the 
reduction of intangible costs and social and community disruption.  In other words, the 
benefit�cost ratio could be calculated to be less than 1.0. 
 
Net present value is a useful tool to complement the benefit�cost ratio in the economic 
appraisal process.  A flood mitigation proposal may be considered to be potentially 
worthwhile if the net present value (the present value of benefits minus the present value of 
capital and on-going costs) is greater than zero. 
 
 
5.5 SUMMARY OF FLOOD DAMAGES 
 
A summary of predicted flood damages for the Mullet and Brooks Creeks study area is 
provided in Table 5.2.  More detailed results are provided in Appendix E.  Key results are: 

 4 houses would be flooded above floor level in the 10% AEP flood; 
 11 businesses would be flooded above floor level in the 10% AEP flood; 
 A 10% AEP flood is expected to cause damages in the order of $1.4 million; 
 77 houses would be flooded above floor level in the 1% AEP flood; 
 21 businesses would be flooded above floor level in the 1% AEP flood; 
 A 1% AEP flood is expected to cause damages in the order of $10.0 million; 
 The annual average damage within the study area is about $930,000, which is a 

measure of the cost of flood damage that could be expected each year, on average, by 
the community; 

 The present value of damages within the study area is about $9.9 million, which 
represents the maximum sum that could be spent on flood mitigation measures if an 
economic benefit/cost ratio of 1.0 is required and all flood damages can be avoided; 

 
 
TABLE 5.2 � Summary of Flood Damages by Event 
 

Flood Event Predicted Actual Damage 
in Flood Event ($2006) 

* Average Annual 
Damage ($2006) 

* Present Value of 
Damage ($2006) 

20% AEP $0.8M 
10% AEP $1.4M 
5% AEP $6.6M 
2% AEP $7.9M 
1% AEP $10.0M 

PMF $54.0M 

$930,000 $9,880,000 

 
*  Based on treasury guidelines of a 7% discount rate and expected life of 20 years 
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The breakdown of houses and commercial/industrial buildings flooded in each catchment in 
the 1% AEP flood is shown in Table 5.3.  This shows that more than twice as many houses 
in the Brooks Creek catchment would be expected to be inundated above floor level in the 
1% AEP flood, compared to the Mullet Creek catchment.   
 
Figure 5.2 shows the distribution of houses and businesses flooded above floor level for 
both the 10% and 1% AEP floods.  Some �hot-spots� can be identified from these maps: 

 Burringbar Street, Dapto (where a voluntary house purchase scheme has 
been in operation for some years); 

 Kembla Grange industrial area, where several businesses would be flooded 
even in the 10% AEP event; 

 Essex Street, Berkeley; and 
 Much of the Brooks Creek floodplain, especially Beltana Avenue. 

 
TABLE 5.3 � Summary of Flood Damages by Area 
 

Number of buildings flooded above floor 
in 1% AEP event 

Catchment 

Residential Commercial/ 
Industrial 

Annual 
Average 
Damage 
($2006) 

Present 
Value of 
Damage 
($2006) 

Mullet 19 18 $450,000 $4,740,000 
Brooks 58 3 $490,000 $5,160,000 

TOTAL 77 21 $930,000 $9,880,000 
 
 
The different components of flood damage are summarised in Table 5.4.  The AAD would 
be about $800,000 if motor vehicles were excluded. 
 
TABLE 5.4 � Components of Flood Damage for Mullet and Brooks Creeks (AAD) 
($2006) 
 

 Damage Component Method Assessed Cost  
A. Direct Residential Dwelling Damage DECCW curves $204,000 21% 
B. Direct Residential Property Damage DECCW curves $166,000 18% 
C. Indirect Residential Damage 20% of (A + B) $74,000 8% 
D. Direct Commercial/Industrial Damage BC curves $127,000 14% 
E. Indirect Commercial/Industrial Damage 20% of D $25,000 3% 
F. Infrastructure & Public Sector Damage 15% of (A + B + D) $75,000 8% 
G. Social Damage 25% of (A + B + D) $125,000 13% 

 SUB-TOTAL  $796,000  
H. Private Motor Vehicle Damage BC curves $138,000 15% 

 TOTAL  $933,000 100% 
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6. EVALUATION OF FLOODPLAIN MANAGEMENT 
MEASURES 

 
Floodplain management measures can be divided into three general groups: 

1) those that modify flood behaviour; 

2) those that modify property in order to minimise flood damage; and 

3) those that modify people�s response to flooding. 
 
Measures that modify flood behaviour usually include structural works that attempt to lower 
flood levels, or to divert floodwaters away from areas that would otherwise flood.  These type 
of measures are those most favoured by the community (see Figure 3.3), including clearing 
the creeks of overgrowth and rubbish, enlarging culverts, dredging the creek, keeping an 
open entrance to Lake Illawarra and constructing detention basins. 
 
Measures that modify property in order to minimise flood damage include voluntary house 
purchase, voluntary house raising or house reconstruction, �flood-proofing� and controls on 
new development. 
 
Measures that modify people�s response to flooding include measures that provide 
additional warning of flooding, improved emergency management planning and improved 
public awareness of the flood risk. 
 
A range of assessment criteria have been used for evaluating potential floodplain 
management measures within the study area.  These are described below.  A qualitative 
assessment has been undertaken for each floodplain risk management option according to 
these criteria.  Table 6.1 provides the scores used for each criterion for this qualitative 
assessment. 
 

 Number of buildings protected in the 1% AEP flood 
 
A prime indicator of the effectiveness of a measure in reducing the potential for flood 
damage and the risk to life is the reduction in the number of buildings that are affected by 
significant floods. 
 

 Financial feasibility 
 
Measures proposed within the FRMP must be capable of being funded.  There are 
various sources of funding that may be utilised, including funding related to the 
development of new release areas (Section 94 Contributions) and funding from Council, 
with assistance from the Government�s Floodplain Management Program administered by 
DECCW, for the alleviation of existing flood problems. 
 

 Economic merit 
 
The ratio of the benefit divided by the cost (i.e. the benefit/cost ratio) is a common 
measure of assessing economic feasibility.  Theoretically, no investment should be made 
on a measure if the benefit/cost ratio does not exceed one (i.e. if the benefits do not 
exceed the costs).  However, traditionally many floodplain risk management measures 
have been undertaken where this is not the case because the intangible benefits (i.e. 
social benefits and reduced risks to life, which are not readily quantified) are 
considerable.  Benefit/cost ratios can also be useful in ranking competing options. 
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 Community acceptance 
 
An understanding of community attitudes towards any proposed floodplain management 
measures is essential.  Strongly negative community attitudes often would be enough to 
deter the implementation of a proposal which otherwise had merit.  Community views on 
potential floodplain management measures were assessed early in the study through 
distribution of the community questionnaire.  These results were discussed in 
Section 3.6.2.  Further opportunity for comment was provided during public exhibition of 
the draft Mullet and Brooks Creeks FRMP (Section 3.8). 
 

 Environmental impact 
 
Floodplain management measures involving structural works may often have significant 
environmental impacts.  Impacts such as those on vegetation, Aboriginal heritage, visual 
amenity and soil erosion/sedimentation must be considered when evaluating works within 
floodplains. 
 

 Impact on flood behaviour 
 
The impact on flood behaviour caused by any measure needs to be considered for 
upstream and downstream locations.  These impacts can include changes in flood levels, 
changes in velocities or alteration of flow directions.  Reducing impacts in one location 
can lead to adverse impacts elsewhere (e.g. clearing riparian vegetation in upper 
catchment areas or filling significant flood storage areas is � in the absence of 
compensatory measures � expected to increase downstream flows). 
 

 Performance during large floods 
 
All measures must be assessed in the knowledge that large floods, i.e. larger than the 1% 
AEP flood, or larger than any known historical flood, will happen at some time in the 
future.  It is vital that the options do not expose the community to unacceptable risks by 
providing a false sense of security. 
 

 Technical feasibility 
 
If the proposed measures involve structural works, these works must be able to be 
constructed and be free from major technical constraints. 
 

 Political/administrative feasibility 
 
Any recommended measure will have more chance of success if it involves little if any 
disruption to current political and administrative structures, attitudes and responsibilities.  
Council and other authorities also have various strategic objectives concerning 
development within the study area. 
 
 

Potential floodplain management measures for the study area are discussed below.  Each 
measure is included in a qualitative assessment matrix (Table 6.2) to assess its relative 
merits, thereby determining whether it should be included in the Mullet and Brooks Creeks 
FRMP. 
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6.1 MEASURES THAT MODIFY FLOOD BEHAVIOUR 
 
6.1.1 Detention Basins 
 
Not recommended for further consideration 
 
 
Detention basins act to temporarily store floodwater from upper catchment areas during 
floods, releasing the water at a controlled rate.  This tends to reduce peak flows and levels 
downstream of the basin sites.  As a measure to mitigate existing risks in the Mullet Creek 
floodplain, constructing detention basins could be difficult to justify.  This is because: 

 a relatively low number of houses in the Mullet Creek floodplain are inundated above 
floor level in the 1% AEP flood; 

 these houses are widely distributed, which could require multiple basins to commit 
sufficient catchment to make a difference (cf. Figure 5.2); 

 consequently the economic merit for a single basin, for example, in the upper reaches of 
Robins Creek, is low (benefit-cost ratio <0.1); 

 the flood model results also indicate that the Princes Highway and F6 Freeway already 
function as detention basins, holding back the flow. 

 
A measure of detention storage is currently provided by basins located in the headwaters of 
the Brooks Creek catchment.  It might be feasible to provide additional detention storage 
there (e.g., by excavation), but it is considered that this would commit insufficient catchment 
area to make much difference. 
 
As a measure to offset increased flows arising from the urbanisation of West Dapto, 
detention basins may have merit (see Chapter 7). 
 
 
6.1.2 On-site Stormwater Detention (OSD) 
 
Recommendation: Continue to apply Council�s OSD policy and incorporate into overall 

program of WSUD 
 
 
A consequence of increasing urbanisation and intensiÞcation of development, without proper 
safeguards, is an increase in stormwater runoff.  This increase can overload existing 
drainage systems, both major and minor, with resulting nuisance and potential damage to 
existing properties. 
 
Council requires that developers include detention storage in developments, to alleviate the 
problem.  Detention storage involves the provision of depressed areas or specific storage in 
paved or landscaped areas that are provided with relatively small stormwater outlets, to 
detain a volume of water for a short duration during more intense storms.  This is intended to 
prevent or mitigate any increase in peak stormwater ßow rates from development and delays 
the peak volume of runoff. 
 
Council�s On-site Stormwater Detention Code (WCC, 2006) has this objective:  

To ensure that for all rainfall events up to and including the 1 in 100 year 
Average Recurrence Interval event, new developments and redevelopments do 
not increase stormwater peak flows in any downstream areas. 
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OSD requirements generally apply to all types of development and redevelopment on both 
flood-prone and flood-free sites, including subdivisions.  Development that increases the 
impervious surface area of a site by less than 100m2, or that lies within the 5 year ARI flood 
extent is excluded. 
 
Council could incorporate its OSD policy into an overall program of Water Sensitive Urban 
Design (WSUD), which can be defined as �the integration of urban planning development 
with the management, protection and conservation of the water cycle as a whole�.  Types of 
WSUD techniques include grass or vegetated swales, infiltration trenches, bio-retention 
systems, wetlands, porous pavers, rainwater tanks and grey water reuse (see 
www.wsud.org). 
 
However, it is noted that it is not possible to anticipate whether rainwater tanks will be 
empty, half-full or full during a major flood event.  Their primary purpose is for efficient use of 
rainwater, and any benefits for flood mitigation are incidental.  Similarly, WSUD structures 
typically are designed to function at smaller rainfall events. 
 
Nevertheless, it is recommended that Council continue to implement its OSD policy, and to 
incorporate this into an overall program of WSUD. 
 
 
6.1.3 Enlarge Waterway Area 
 
Recommendations: 

1) Study to investigate works to reduce blockage of Emerson Road culvert 
2) Works to reduce blockage of Emerson Road culvert 

 
 
Bridges and culverts can sometimes act as a restriction to flood flows, leading to an increase 
in upstream flood levels.  Flood contour maps for Mullet Creek confirm that the Princes 
Highway and the F6 Freeway represent significant barriers to flood flows.  A large afflux is 
also associated with the Emerson Road culvert in Brooks Creek. 
 
6.1.3.1 Princes Highway and F6 Freeway, Mullet Creek 
 
One of the solutions to the flooding problem put forward by members of the community was 
to increase the waterway area in the vicinity of the Princes Highway and F6 Freeway 
crossings over Mullet Creek.  One way this could be achieved would be to widen the 
openings, but replacing the road embankments with more abutments would come at great 
expense and involve unacceptable disruptions to traffic along major arterial roads, which 
have been in place for a long time. 
 
Another way to enlarge the waterway opening could be by excavation under the structures.  
The current state of the area under the bridges is shown in Figure 6.1. 
 
The DEM in the vicinity of the Princes Highway was examined, showing that the 11th green 
of The Grange Golf Course is raised above the surrounding floodplain, with an embankment 
of about 4.2m AHD on its western side.  The northern approach to the old road bridge 
across Mullet Creek (5.0m AHD), about 250m downstream, also presents an obstruction to 
flood flows.  A model run was conducted to assess the benefits of excavating about 
10,000m3 of soil from the left bank floodplain from the railway crossing, under the Princes 
Highway, to the old road bridge crossing.  This indicated that the 1% AEP flood would be 
reduced by a maximum of 0.18m near the railway crossing, and by less than 0.10m over a 
more extensive area upstream.  Based on this reduction, two houses would no longer be 
flooded above floor level in the 1% AEP flood, and damage savings of about $40K would 
result.  This compares to a capital cost in the order of $400K (allowing some cut and fill, 
some disposal, and fairway and green reshaping), which yields an unfavourable benefit-cost 

http://www.wsud.org
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ratio (BCR) of 0.1.  Also, it might be difficult to secure the support of the Golf Club for any 
works that affect its course.  This is especially so since the Club raised the 11th green for the 
express purpose of reducing the frequency of inundation, which had damaged the green on 
4-5 occasions prior to its being raised.  Given the low BCR and probable opposition from the 
Golf Club, this excavation is not recommended. 
 
Community concern was raised about blocks of concrete on the floodplain below the F6 
Freeway crossing over Mullet Creek, said to be left over from the time of construction.  It is 
understood that the Roads and Traffic Authority, which owns this bridge, has examined this 
issue in the past and reached the conclusion that ground levels generally correspond to the 
original design.  An inspection of the area confirmed the existence of one large concrete 
block (Figure 6.1d).  While this could be removed, given the relatively extensive waterway 
area, it is not expected to provide much benefit in terms of improved flood conveyance.  In 
regards to enlarging the waterway area through excavation, the DEM shows that there could 
be potential for some excavation along the left bank floodplain.  However, like the scenario 
modelled at the Princes Highway bridge, it is considered that excavation would not eliminate 
the afflux.  Reductions in 1% AEP flood levels would be slight, and with existing flood depths 
upstream in excess of 1.5m, any improvements would be barely noticeable.  Moreover, there 
is little existing development upstream of the F6 Freeway crossing that could benefit � the 
nearest building currently inundated in the 1% AEP flood is the Golf Course clubhouse over 
1,200m upstream.  The BCR would therefore be unfavourable. 
 
 

a: Left bank below Princes Hwy, looking 
downstream towards 11th green 

b: Below Princes Hwy, looking south towards 
right bank 

c: Right bank below F6 Freeway d: Below F6 Freeway, looking north 
 

FIGURE 6.1 � Views below the Princes Hwy and F6 Freeway Mullet Creek crossings 
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6.1.3.2 Emerson Road, Brooks Creek 
 
Figure 5.2 indicates that the largest concentrated exposure of houses expected to be 
flooded above floor level in the 1% AEP event is in Beltana Avenue, upstream of the 
Emerson Road culvert.  Figure 6.2 shows that the main reason for this concentration is the 
application of Council�s blockage policy (Section 4.1) to the three box culvert that allows 
passage of Brooks Creek beneath the Emerson Road crossing (Figure 6.3a).  
Consequently, a strategic approach to addressing this problem could be: 

1) to replace the existing three box culvert (each 3.0m wide and 2.2m high) with a larger 
opening, such as a BEBO� arch; and/or  

2) to manage upstream vegetation in order to minimise the potential for blockage; 
and/or  

3) to install debris control structures upstream of the existing culvert. 
 
An analysis of the damages database indicates that mitigating the floods in such a manner 
as to shift the 1% AEP flood extent to the unblocked scenario in Figure 6.2 would lead to 
damage savings of $2.1M upstream of the culvert.  This substantial figure is evidence for the 
concentration of exposure in this area resulting from culvert blockage. 
 
Figure 6.3b shows an example of a BEBO� arch.  The cost of replacing the existing three 
box culvert with a BEBO� arch is estimated at about $500K, though a precise costing would 
need to be determined after design drawings were prepared.   
 
The potential to eliminate or reduce culvert blockage by management of the upstream 
vegetation also exists.  This might involve reconfiguration of the open space areas upstream 
of the culvert to minimise the potential for culvert blockage.  Such work could also involve 
installation of one or more debris control structures, at an estimated cost of $65K per 
structure. 
 
Further investigation into the various options that are available is recommended via a small 
scoping study (cost estimated at $30K).  An important consideration during such a scoping 
study will be any potential exacerbation of downstream flood levels, and the need to 
incorporate offset works (if any) should these increases be found to be significant. 
 
For the purposes of estimating the cost of works, we have allowed for a scoping study, a 
BEBO� arch (or similar) and a debris control structure.  (If an arch is constructed, it has 
been assumed that users of the Emerson Road bridge over the F6 Freeway would be 
diverted to the Fowlers Road bridge to the north or to the Princes Highway underpass to the 
south � no allowance has been made for a temporary crossing). 
 
Damage savings are estimated on the assumption that the existing culverts would be fully 
blocked in the 5%, 2% and 1% AEP events, and that a BEBO� arch (or similar) would be 
25% blocked, in keeping with Council�s conduit blockage policy.  Given the extent of 
exposed houses in the area that would benefit from reduced flood levels, the damage 
savings are significant, and the BCR of the proposed works is highly favourable (2.6). 
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FIGURE 6.2 � Beltana Avenue Flood Extents 

 
 

a: Existing culvert b: BEBO� arch (Source: Humes) 

FIGURE 6.3 � Existing and Potential Culvert, Emerson Road over Brooks Creek 
 
 

House floor flooded in 1% AEP event 
(existing case) 
 

1% AEP flood extent (blocked) 
 
 
1% AEP flood extent (unblocked) 
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6.1.4 Channelisation 
 
Not recommended for further consideration 
 
 
Channelisation works seek to increase the hydraulic capacity of the stream by widening, 
deepening, realigning and clearing obstructions.  This can reduce peak flood levels on the 
adjacent floodplain but can also exacerbate flooding downstream.  Such works would also 
require careful consideration for management of environmental impacts and natural creek 
rehabilitation. 
 
A detailed proposal for a multi-function flood mitigation works and recreational facility was 
submitted to the Mullet Creek Floodplain Management Committee in 1997, involving 
excavation of a 2400m long x 150m wide channel from Lake Illawarra to William Beach 
Park, excavation of a smaller channel along Gibsons Creek, construction of a 500m long 
concrete-lined spillway from Beach Park to just west of the Princes Highway, and 
construction of a 1800m long trapezoidal concrete drain from the spillway to just upstream of 
Burringbar Street (Figure 6.4 shows the locations of these works). 
 
Considering hydraulics alone, the proposal has a good deal of merit.  The shorter, smoother 
channels would be expected to significantly enhance conveyance of floodwaters compared 
to the existing channels, particularly for small to moderate flood events. 
 
However, when these works were considered in a previous floodplain management study 
(WM, 2000, pp.28-31), the proposal was not supported largely because of economic and 
environmental considerations. 
 
The overall cost of the proposed works was estimated at $16.5M in 1994 dollars.  This 
estimate did not include a provision for land resumption, removal of spoil, necessary 
structures and works at major crossings, and project management.  Indexing the estimated 
cost (of $16.5M) to 2006 dollars using changes in the CPI suggests that the current cost of 
works would exceed $23.2M, in addition to the additional cost estimate exclusions 
mentioned above.  This compares to the present value of flood damages in the Mullet Creek 
floodplain of $4.7M (Table 5.3).  It is clearly apparent that on economic grounds the 
proposal cannot be recommended. 
 
The Floodplain Development Manual (NSW Government, 2005) also requires that the 
principles of Ecologically Sustainable Development (ESD) be taken into account, which 
means that floodplain management measures should conserve natural resources so that 
ecological processes are maintained (see the glossary for a full definition).  Channelisation is 
actively discouraged in contemporary riparian and biodiversity policies and in the Riparian 
Corridor Management Study (DIPNR, March 2004, p.37, endorsed by Council) because it 
has the potential to increase flood problems downstream, to induce channel instability both 
upstream and downstream, to destroy riverine habitat and ecological function, and to 
increase maintenance costs.  Some of the proposed works intersect with the location of 
Endangered Ecological Communities (Figure 2.2).  Consequently, the proposed works are 
not only economically unviable they would also be most unlikely to secure Government 
support on environmental grounds. 
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6.1.5 Manage Riparian Vegetation 
 
Recommendations: 

1) Prepare Mullet Creek Vegetation Management Strategy 
2) Prepare Brooks Creek Vegetation Management Strategy 
3) Rehabilitate Brooks Creek corridor 
4) Install debris control structure upstream of the Byamee Street culvert 
5) Prepare a brochure about riparian corridors and flooding 

 
 
6.1.5.1 Mullet Creek 
 
Council has endorsed the principle of riparian corridors set out in the Riparian Corridor 
Management Study (see Section 2.4.2).  This could see the establishment of riparian 
corridors in the Mullet Creek catchment, to provide biodiversity linkages between the 
escarpment and the coast (see Appendix B). 
 
At first glance it appears that a move to revegetate the corridors could conflict with the 
community�s expressed desire to �clear� the creeks (Figure 3.2, Figure 3.3).  In addition, 
Sydney Water described the potential for debris to cause damage to its many existing and 
planned assets located within the floodplain (Section 3.7). 
 
However, the establishment of riparian corridors need not necessarily worsen flooding.  
Indeed, the Riparian Corridor Management Study stipulates that �implementation of riparian 
management strategies should be undertaken in such a manner so as not to make flooding 
worse to existing flood liable development� (DIPNR, March 2004, p.35, emphasis added).  In 
areas of existing development, there may be potential to vary the width of riparian corridors 
and the density of the vegetation, in order to reduce adverse impacts.  It may also be 
necessary to construct detention basins or to excavate areas of the floodplain to offset any 
adverse effects. 
 
Consideration of the hydraulic impacts of revegetating the riparian corridor and modelling of 
necessary compensatory works have been investigated as part of the flooding assessment 
of the West Dapto Release Area (see Chapter 7).  The Technical Working Group 
overseeing that work agreed upon on a narrower revegetated corridor referred to as a �core 
revegetation area�, sufficient to meet the riparian objectives of particular creeks (Figure 7.1).  
A densely planted area was assumed. 
 
Prior to implementing riparian corridors, it is recommended that a detailed Mullet Creek 
Vegetation Management Strategy should be prepared.  This strategy would need to address 
a number of issues including the acceptability of riparian corridors against non-flood related 
criteria and mechanisms for implementing and maintaining riparian corridors on private land. 
 
The objectives of the Mullet Creek Vegetation Management Strategy should include the 
following: 

(a) Be consistent with and integrated into the West Dapto LEP; 

(b) Be integrated with Council�s Riparian Corridor DCP under preparation; 

(c) Remove exotic plant species from the creek corridor to improve the hydraulic function of 
the creek; 

(d) Provide for the rehabilitation of the creek corridor with endemic plant species which are 
flood compatible; 

(e) Create an environment which is sympathetic to the ecology of the creek and, in 
particular, fauna habitat; 
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(f) Provide a rehabilitated creek corridor which allows for access by the general community 
for recreation and education; and 

(g) Ensure that the potential for soil erosion and destabilisation of the creek banks is 
addressed by providing for the managed and staged rehabilitation of the creek. 

 
The chief outcome of the detailed vegetation management strategy would be a plan detailing 
the implementation of riparian corridors � who will be responsible for undertaking the work?, 
who will manage the works (Council/developers/Lake Illawarra Authority)?, what will be the 
DCP/LEP requirements?, how will regulatory compliance be achieved?, what species would 
be planted and where would they be planted?, at what stages would planting proceed?, 
what community education is required?, how are the corridors to be maintained so as not to 
exacerbate flood risk? 
 
The cost of developing such a plan is estimated to cost about $80K, plus Council staff costs.  
The plan will require liaison between Council, DECCW, Department of Planning, Bushcare 
groups and local residents.  Implementation of the plan would be ongoing. 
 
 
6.1.5.2 Brooks Creek 
 
Figure 6.5 shows the current-day condition of Brooks Creek upstream of Byamee Street.  
The creek is infested with weeds and urban debris, and the potential for blockage of culverts 
is significant.  It is recommended that a Brooks Creek Vegetation Management Strategy 
should be prepared to guide rehabilitation of this creek corridor.  This would adopt the same 
objectives as the Mullet Creek study described above, and a further $20K has been allowed.  
It is also recommended that Council work with community groups to clear weeds from the 
creek, to revegetate it with appropriate flood compatible native species and to maintain it in a 
state that reduces the potential for blockage during floods, improves the waterway�s health, 
and provides an environmental asset that is enjoyed by the local community.  The cost of an 
initial clean up is estimated at $40K, with $20K annual maintenance costs. 
 
 

A: Brooks Creek upstream of the Byamee Street 
culvert 

b: Looking downstream towards the Byamee 
Street culvert 

 
FIGURE 6.5 � Brooks Creek upstream of Byamee Street culvert 
 
 
Based on blocked conditions, six townhouses and a house downstream of Byamee Street 
could be flooded above floor level in the 1% AEP flood.  The flood model suggests that 
these buildings would not be flooded if the culvert was unblocked (since blockage causes 
water to flow over the road, inundating properties downstream).  Damage savings of up to 
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$480K could accrue in an unblocked scenario, though most of the savings would be due to 
the reduction of flooding in yards.  In addition to the above recommendation to rehabilitate 
the creek corridor, it is recommended that Council install a debris control structure upstream 
of the Byamee Street culvert, at a cost of about $65K.  Assuming that about half of the 
potential damage savings are achieved (since the proposed works may not eliminate all 
blockage) yields a BCR of 3.7. 
 
 
6.1.5.3 Riparian Corridor and Flooding Brochure 
 
A feature of the community�s input to the Mullet and Brooks Creeks FRMS&P has been the 
repeated requests for the Council to clear the creeks of overgrowth and rubbish in order to 
allow the free flow of floodwater (Section 3.6; Section 3.8).  In response to this pervasive 
concern, it is recommended that Council prepare a City-wide brochure addressing the issue 
of riparian corridor management in relation to flooding.  Council�s �Facts on Flooding� 
brochure contains some information about watercourses, mentioning that Council is unable 
to maintain watercourses in private ownership, and encouraging owners to keep 
watercourses clean.  This material could be expanded using these considerations: 

 The importance of Wollongong�s creeks (e.g. ecological, geomorphological, hydraulic, 
aesthetic functions � explains why creeks can�t simply be �cleared� of vegetation); 

 Challenges for managing Wollongong�s creeks (e.g. urban waste, weeds, private 
ownership); 

 What is Council doing to manage riparian corridors? (e.g. gross pollution traps, penalties 
for dumping, removal of rubbish, creek ranger (?)); and 

 What can you do to manage riparian corridors? (e.g. include diagrams/photos of suitable 
planting regime). 

 
The cost of preparing and printing a �Riparian Corridor and Flooding� brochure is estimated 
as $20K. 
 
 
6.1.6 Essex Street Levee 
 
Not recommended for further consideration 
 
 
A concentration of flood-liable houses in Essex Street, Berkeley, is evident from Figure 5.2.  
One potential option for addressing this exposure is to construct a levee through the Council 
reserve between Hooka Creek and the houses on the western side of Essex Street and 
Sussex Street.  A diagram showing the possible route of a levee is shown in Figure 6.6.  
The levee would need to be almost 1,000m long in order to tie into Council-owned ground 
above the 1% AEP flood extent, unless it could be tied to higher ground within Berkeley 
South Public School, in which case it would be about 730m long.  A profile taken along the 
levee route indicates that an average depth of fill of 1.7m would be required to provide for a 
design level to the 1% AEP flood level plus 0.5m freeboard.  The estimated cost of the works 
(site establishment, earth fill, topsoil, reinforced grass, drainage) is in the order of $2.1M.  
Flood damage savings are estimated at $400K, yielding a benefit-cost ratio of 0.2.  Other 
issues that would need to be assessed are: 

 Internal drainage.  Local stormwater runoff could be trapped behind the levee 
(Figure 6.6).  Provision for internal drainage would need to be made in the design. 

 Loss of flood conveyance and storage.  It is possible that flood levels elsewhere (e.g., in 
Hertford Street, Berkeley) could increase due to a loss of storage in this area. 
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 Loss of amenity and visual impact.  A levee up to 2m high would establish a barrier 
between the residents and Hook Creek, possibly disrupting views. 

 Privacy/Security.  A levee could lead to a decline of privacy and/or security for 
residences backing onto the Council reserve. 

 Environmental impacts.  Figure 2.2 suggests that a levee could interfere with an 
endangered ecological community and threatened fauna species. 

 False sense of security.  Levee banks tend to induce a false sense of security among the 
people they �protect�.  The common misperception that a levee solves all flood problems 
can result in catastrophic losses in the event of overtopping, since people are unlikely to 
be prepared for these rarer events. 

 
Based on the above analysis, particularly the low economic merit and the impacts on local 
drainage, amenity and the environment, a levee at Essex Street is not recommended for 
further consideration.  It is likely that alternative, more cost-effective measures are available 
for dealing with the flood problems in this area. 
 
 

 
FIGURE 6.6 � Possible Route for Essex Street Levee 

(Note: DEM in background, with lighter blue representing higher ground than darker blue) 
 
 

Essex Street Levee 

1% AEP flood extent 

House floor flooded in 1% AEP event 
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6.1.7 Install flap gate 
 
Recommendations: 

1) Install flap gate on pipe beneath Kanahooka Road 
2) Clear and maintain pipe 
3) Regrade footpath near No. 2 Prince Edward Drive 

 
 
Flooding at Nos. 2 and 4 Prince Edward Drive appears to be caused by water backing up 
from Mullet Creek towards the south-west, through a 1.05m diameter pipe under Kanahooka 
Road.  This source of flooding could be alleviated by installing a flap gate on the pipe, 
allowing local stormwater to escape towards the creek, but preventing the creek from 
backing up through the pipe.  Care needs to be taken to ensure that the pipe is not blocked 
with silt (cf. Figure 6.7a).  In addition, footpath regrading works are needed to prevent water 
leaving Prince Edward Drive adjacent to No. 2 Prince Edward Drive.  The cost of these 
works is estimated at about $20K.  Eliminating backwater flooding up to the 1% AEP event 
at Nos. 2 and 4 Prince Edward Drive gives damage savings of $60K, yielding a favourable 
BCR of 3.0. 
 

a: Culverts beneath Kanahooka Road, looking 
upstream 

b: Looking upstream from Kanahooka Road 
towards No. 2 Prince Edward Drive 

 
FIGURE 6.7 � Kanahooka Road culvert 
 
 
6.1.8 Kembla Grange Industrial Area 
 
Recommendations: 

1) Complete internal levee works in Northern area 
2) Install flood warning siren 

 
 
Figure 5.2c shows a concentration of commercial/industrial buildings flooded above floor 
level in the Kembla Grange Industrial area, which is situated on both sides of the Princes 
Highway (separated into the �Northern� and �Southern� areas, respectively � see 
Figure 6.8).  Many of these buildings would be flooded even in the 10% AEP event.  A 
number of options to protect the area with levees were investigated in WM (1990).  The 
proposals also involved a diversion of Gibsons Creek, upstream of the railway, to the �flood 
runner� to the south.  Costs were estimated between $2.9M and $3.6M in 1989 dollars, with 
BCRs in the order of 0.3.  The proposals were not implemented.  For the Northern area, 
enlargement of the Gibsons Creek culvert was considered as part of the Mullet Creek 
Floodplain Management Study (WM, 2000a, pp.24-25), but was found to result in an 
insufficient reduction in flood depth to make it worthwhile.  The Study suggested that the 
levee at the southern end of the northern area could be upgraded to the level of the railway 
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line.  The Mullet Creek Floodplain Management Plan (WM, 2000b) concluded that the most 
suitable floodplain management measure for the entire industrial area would be to allow 
filling to an appropriate level as redevelopment occurs.  This would be at the cost of the 
owners, and has not yet been implemented. 
 
 
6.1.8.1 Internal levee works 
 
A levee located at the southern end of the Northern area (see Figure 6.9a) appears to be 
free from overtopping up to the 2% AEP design event.  This could offer protection from 
frequent Mullet Creek floods.  The DEM suggests that minor works are required to raise the 
western extremity of the levee (currently about 5.5m AHD) to the level of the railway (5.8m 
AHD), which also functions as a levee. 
 
However, the flood model shows that the area protected by the levee could still be inundated 
by local floodwater from Gibson�s Creek, even in the 20% AEP flood.  While there is some 
protection from levees within the site, the DEM indicates that these levees are discontinuous 
(see Figure 6.8).  An example is the low-lying internal road crossing over Gibson�s Creek, 
which cuts through two levees (see the foreground of Figure 6.9b).  Extending the levees 
either side of Gibson�s Creek, with a raised crossing, would afford better protection to the 
site, and also create more head for flow through the culvert under the Princes Highway.  
However, other low-lying areas on the north-west boundary of the property would also need 
to be raised to offer full protection. 
 
It is recommended that these internal levee works be constructed, at an estimated cost of 
about $50K.  Since the �protected� properties are for commercial use, the works would be 
unlikely to receive Government funding, which is normally directed towards safeguarding 
existing residential properties. 
 
 
6.1.8.2 Flood warning siren 
 
A full consideration of the potential for flood warning systems is provided in Section 6.3.1.  
While there are significant difficulties in providing meaningful forewarning of floods in the 
Mullet Creek catchment, discussions with Manly Hydraulics Laboratory (MHL), which 
operates an automatic water level recorder on Mullet Creek, suggests that there may be 
potential for improvements especially for an area such as the Kembla Grange Industrial 
estate.  Currently, data from the water level recorder is not shown on a real-time basis on 
MHL�s web-site.  This could be rectified (data updated every 15 minutes) at a cost of about 
$15K.  Another option could be to install a flood siren.  This would cost about $1-2K for a 
siren and $15K for MHL to set up an SMS linkage with a siren.  A siren would only be of 
value if people are able to recognise a siren, interpret its meaning, and take appropriate 
action (such as removing vehicles) prior to egress being cut.  This implies the need for 
ongoing education to sustain flood readiness.  Even then, if a flood arose at night, no one 
might be in a position to respond. 
 
Nevertheless, in view of the potential damage savings even with minimal warning, it is 
recommended that a local flood warning system using a siren be established.  The cost of 
upgrading MHL�s web-site is subsumed under the recommendation in Section 6.3.1. 
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FIGURE 6.8 � Digital Elevation Model for Kembla Grange Industrial Area 
 
 

a: Existing levee at southern end of Northern 
area, looking south-east 

b: Industrial premises within Northern area, 
looking north 

 
FIGURE 6.9 � Kembla Grange Industrial Area 
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6.1.9 Lake Illawarra Entrance 
 
Recommendation: Continue to apply the entrance opening policy, as stated in the draft Lake 

Illawarra FRMS&P 
 
 
Mullet and Brooks Creeks flow into Lake Illawarra, which is connected to the ocean by a 
1.7 km long entrance channel.  The entrance has continually changed under the influence of 
catchment runoff and coastal processes such as tides, wave action, wind and littoral 
sediment drift.  A closed channel could raise peak flood levels in the Lake and consequently 
in the lower areas of creeks draining to the Lake.  The community has expressed concern 
that the Lake entrance remains open to prevent this occurring (Figure 3.3).  In 2001 the 
Lake Illawarra Authority completed �Stage 1� of entrance works, including a southern training 
wall, at a cost of about $5M.  This did not prevent the Lake from closing in August 2002.  
Further works (�Stage 2�) began in June 2006, including a northern training wall and 
dredging of the entrance channel, at an estimated cost of $4M (Lawson & Treloar, 2006, 
pp.44-45).  In addition to these works which will reduce the frequency of Lake closure, the 
Lake Illawarra Authority has a policy to mechanically open the Lake (should it close) when 
water levels in the Lake reach 0.8m AHD (which is about 500mm above normal Lake level) 
(Lawson & Treloar, 2006, p.42).  It is recommended that this policy continue to be applied. 
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6.2 MEASURES THAT MODIFY PROPERTY 
 
6.2.1 Voluntary House Purchase 
 
Recommendations: 

1) Continue VP Scheme at Burringbar Street 
2) Invite owner of 30 Darkes Road to participate in VP Scheme 

 
 
Under a voluntary purchase (VP) scheme, Council offers to purchase flood liable properties 
if and when they became available for purchase, subject to the availability of funds at the 
time.  VP is not compulsory acquisition and affected property owners can expect to receive 
market values, or potentially higher than market values, since valuations by the State 
Valuation Office assume no VP scheme is in place and disregard development constraints 
that may apply on that land due to its flood prone nature.  Land purchased under a VP 
scheme is, typically, required to revert to public open space/parkland. 
 
Council has been operating a VP scheme in Burringbar Street Dapto for about 20 years.  
From an estimated 31 properties when the Scheme began, seven have yet to be purchased: 

 6-8 Burringbar St  23 Burringbar St 
 17 Burringbar St  25 Burringbar St 
 19 Burringbar St  65-67 Bong Bong Road 
 21 Burringbar St  

 
If these remaining properties are purchased and demolished, flood damage savings of 
$270K would result.  The estimated cost to complete the Scheme is about $2.1M (assuming 
a cost of $300K per property), yielding a benefit-cost ratio of slightly higher than 0.1.  Based 
on economic criteria alone, completing the Scheme would be difficult to justify.  However, 
the Scheme provides a number of other benefits particularly with regard to reducing potential 
risks to life.  Figure 5.2 shows that all but one of the properties are expected to be inundated 
above floor level in the 1% AEP flood, and one is expected to be affected even in the 10% 
AEP flood.  Removing the properties would therefore remove a sizeable and concentrated 
flood exposure.  One benefit would be to free up the SES to devote its resources elsewhere.  
There could also be some opportunity for ecological enhancement, such as facilitating 
riparian corridors. 
 
Because the Burringbar Street VP Scheme has been long established, and in view of the 
intangible benefits described above, it is recommended that the Scheme be continued until 
its completion. 
 
An assessment of the 77 houses in the study area expected to be inundated above floor 
level in the 1% AEP flood suggests that one other house is suitable for inclusion in a VP 
Scheme (see Table 6.3 and Table 6.4).  This property at 30 Darkes Road is located in an 
area of high provisional hazard, is expected to be flooded above floor level in the 20% AEP 
flood, and to a depth of 1.0m in the 1% AEP flood.  Given the low-lying nature of the road, 
the house would be isolated even in very frequent flooding.  A few features may count 
against VP.  The dwelling is double-storey, so the higher level might provide refuge even 
from a PMF.  Second, the dwelling is located on a large rural lot, so unless only a portion is 
purchased, the cost might be prohibitive.5  Assuming a cost of $400K, with damage savings 
of $110K, yields a BCR of 0.3. 

                                                 
5 Possibly costs could be minimised by Council offering to purchase the property, removing the house, rezoning it 
to prevent residential development, then selling it. 
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6.2.2 Voluntary House Raising/Shifting 
 
Recommendation: Invite four houses to participate in a VHR scheme  
(56 Essex Street, Lot 1 DP 742288 Fairwater Drive, 2A Shone Avenue, 27 Cambridge Road) 
 
 
Raising houses with low-set floor levels has proved to be an effective floodplain 
management measure for various locations throughout NSW.  Fairfield City Council has 
been implementing a successful house raising program in the Prospect Creek catchment for 
many years. 
 
Various forms of house raising schemes can be considered.  The easiest form of house 
raising occurs where houses are of either timber or fibro construction.  Fairfield Council�s 
experience in Prospect Creek has shown that such houses can be raised by 1�2m for a cost 
of about $60K (for a review of typical costs, see Bewsher Consulting, 2006). 
 
Physically raising houses of brick veneer or full brick construction is more costly, and in most 
cases impractical.  One solution for these dwellings is to completely rebuild the house at a 
higher level, which may or may not be accompanied by a change in home ownership.  With 
a change in home ownership, Council could acquire the property, demolish the existing 
house, and sell the vacant building lot with appropriate floor level controls.  Based on the 
experience of Fairfield Council, the typical net cost for this option is about $80K per house. 
 
The State and Commonwealth Governments provide financial subsidies for house raising 
schemes, where houses are eligible.  Criteria for eligibility typically include: 

 Residential dwellings on freehold or strata title land; 
 Single storey houses; 
 Existing, low-set houses; 
 Houses that do not benefit from other proposed flood management measures; and 
 Houses with the main habitable floor level below the selected flood level threshold (e.g., 

the 5% AEP flood or 2% AEP flood). 

In the case of severe flood risks � say, where house floors could be flooded in the 5% AEP 
event � the Government may pay a subsidy based on the full cost of house raising.  In 
marginal cases, subsidies have been provided for the first $10K cost to raise a particular 
house, with the homeowner required to pay the difference. 
 
An assessment of the 77 houses in the study area expected to be inundated above floor 
level in the 1% AEP flood suggests that four might meet the criteria for inclusion in a VHR 
Scheme (see Table 6.3 and Table 6.4).  Houses at 56 Essex Street, Lot 1 DP 742288 
Fairwater Drive, 2A Shone Avenue and 27 Cambridge Road are expected to be wet in the 
5% AEP flood.  Although the depths of overfloor flooding in the 1% AEP flood are not very 
great, the frequency of flooding suggests that there would be benefits in raising these 
houses.  Two of the houses (Fairwater Drive and Shone Avenue) appear to be secondary 
dwellings on large rural lots, which are located in an area of high hydraulic hazard.  Instead 
of raising these houses, it may be preferable to relocate them to land above the 1% AEP 
flood extent, which is available on both lots.6  Damage savings of $260K would accrue if 
these four houses were raised or shifted.  Assuming a cost of $60K per structure, the BCR is 
a favourable 1.1. 
 
As well as reducing tangible flood damages, raising houses can alleviate anxiety about 
future floods.  It can also provide under-house space for non-habitable uses such as 

                                                 
6 Here the West Dapto Release Area would need to be considered also, since both rural properties fall within 
proposed development areas. 
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garages and laundries.  Another potential advantage of house raising is enhanced resale 
values. 
 
The disadvantages of house raising are that steps to gain access may be unsuitable for 
some people, raised houses can alter the streetscape unless all the houses in an area are 
raised, and people living in raised houses are often less likely to evacuate which may pose 
problems in the rare event that a flood surpasses the raised floor level. 
 
Nevertheless, particularly in view of the reduced flood risk, it is recommended that the 
owners of the four mentioned houses be invited to participate in a VHR scheme. 
 
6.2.3 Flood-proofing 
 
Recommendation: Prepare flood-proofing guidelines 
 
 
Individual properties can be modified to reduce the impacts of flooding by the construction of 
flood retaining walls outside the house (similar to levees in function), waterproofing walls of 
houses, placing shutters across doors and vents, and raising sensitive items like electrical 
power-points.  These kind of techniques are known collectively as �flood-proofing� 
techniques.  Examples are shown in Figure 6.10.  Today many products are commercially 
available including: 

 Floodgate Australia (www.floodgateaustralia.com); 
 Demountable Flood Defence System (www.bauer.de/demflood/index.html); 
 Pallet Barriers (www.palletbarrier.com/en/index.htm); and 
 BLOBEL Flood Protection Systems (www.blobel.com/blobel-spill-control-barriers.html). 

 
Floodgate Australia reports that an adult can use the �Floodgate�� product to seal a 
doorway in only two minutes.  For larger openings such as driveways, a fast-fit stanchion 
has been developed that enables a series of Floodgates to be deployed.  Prices for single 
units in the 680mm-high range start at $850.  Prices for larger entrances which include 
Floodgate, stanchion and the installation of stanchion coupling mechanisms start at $1,700 
per metre (Keith Jackson, Floodgate Australia, pers. comm., Oct 2006). 
 
Many houses in the study area are expected to be flooded above floor level to relatively 
shallow depths in the 1% AEP flood.  These houses would benefit from flood-proofing 
techniques.  In Table 6.3 and Table 6.4, flood-proofing has been explicitly recommended for 
11 houses inundated above floor level in the 2% AEP flood, for which other mitigation 
measures have not been recommended.  It could also be employed for the houses just 
flooded in the 1% AEP event, for which an explicit recommendation has not been listed. 
 
Commercial and industrial properties in the Kembla Grange industrial estate could also be 
amenable to the use of flood-proofing techniques (e.g., Kembla Grange Golf Course 
clubhouse, Figure 6.11). 
 
A condition for flood-proofing (especially, for constructing permanent flood walls around 
properties) would be that no adverse effect could be caused to adjacent properties through 
loss of storage or conveyance. 
 
Flood-proofing can be implemented at no cost to Council, or with some nominal contribution 
(such as production of a brochure outlining techniques at a cost of $20K), to encourage such 
works. 
 

http://www.floodgateaustralia.com
http://www.bauer.de/demflood/index.html
http://www.palletbarrier.com/en/index.htm
http://www.blobel.com/blobel-spill-control-barriers.html
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a: A wall and flood gate protect a house from 
shallow floods b: A flood gate protects a warehouse 

 
FIGURE 6.10 � Examples of flood-proofing 
(Source: Floodgate Australia) 
 
 
 
 

 
 

FIGURE 6.11 � Kembla Grange Golf Course Clubhouse 
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6.2.4 Planning and Development Controls 
 
Recommendations:  

1) Prepare a City-wide approach for incorporating climate change flood risk into 
planning controls 

2) Until the City-wide approach is implemented, include an interim climate change 
allowance in FPLs for Mullet and Brooks Creeks, following the approach of �Low� and 
�High� Climate Change FPLs (see Chapter 8) 

3) Revise the 1% AEP design flood level and the FPLs to take account of the West 
Dapto development proposals (when confirmed) 

4) Review the standard clause in the draft Wollongong LEP and draft West Dapto LEP 
to ensure consistency with this FRMS&P, the Floodplain Development Manual, the 
Illawarra Regional Strategy and relevant planning directions 

5) Incorporate statutory controls in planning instruments for implementing and staging 
the West Dapto development in order to manage flood impacts on existing and new 
development 

6) Amend DCP 54 by adding matrices of planning controls for the Mullet and Brooks 
Creeks floodplains 

 
 
6.2.4.1 Flood Planning Levels (FPLs) 
 
The flood planning level (FPL) is the flood level plus freeboard selected for planning 
purposes, and directly determines the area of land subject to flood-related building and 
development controls. 
 
Selection of the FPL is one of the most critical decisions in floodplain risk management, and 
is not easy.  It should be based on an understanding of the flood behaviour, together with 
the balancing of the social, economic and environmental consequences of flooding, 
including the potential for property damage and the risk to human life.  Traditionally, only one 
FPL has been selected for a particular area, but current thinking is to consider more than 
one FPL for different types of developments or locations within the floodplain. 
 
The adoption of a single FPL may be unduly restrictive for some types of land uses.  For 
example, whilst it may be appropriate to locate some land uses � such as hospitals, aged 
and disabled care facilities, Police stations, SES headquarters, telephone exchanges, etc � 
above the PMF, it can be argued that residential, commercial/industrial or recreational land 
uses do not require such restrictive control.  The adoption of a single FPL can also generate 
misconceptions about flood risk.  Residents situated within the floodplain (i.e., the area 
below the probable maximum flood) but above the FPL, often mistakenly believe that they 
are not at risk from flooding. 
 
To overcome the shortcomings of a single FPL, a �graded� set of controls that allow for the 
variation of risk with flood frequency/hazard and land use, was adopted for the Towradgi 
Creek FRMS&P.  This approach is supported by the Floodplain Development Manual (NSW 
Government, 2005, p.K-4) and has since been incorporated into Council�s flood risk 
Development Control Plan (DCP 54), and in particular, into the matrices which prescribe 
planning and development controls. 
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The FPL for new residential development within Wollongong City LGA is currently set as the 
1% AEP flood level plus freeboard of 500mm (DCP 54).  The alternative would be to use a 
historical flood, such as the 1984 flood in the case of Mullet Creek.  The higher of the 
modelled 1984 flood levels and the 1% AEP flood levels, plus freeboard, could be set as the 
FPL, and it is understood that this approach enjoys some support in the community.  
However, the Consultant suggests that the 1% AEP flood is preferable for these reasons: 

 consistency with the Floodplain Development Manual (NSW Government, 2005, p.2); 
 consistency with Council�s approach to recent development approvals within the Mullet 

and Brooks Creeks floodplains, and to other floodplains within Wollongong City LGA; 
 the unacceptable increase in flood risks and damages, should a lower level be adopted; 
 the 1% AEP flood is smaller than the 1984 flood for most areas in Mullet Creek 

(Table 4.1) so is likely to be more acceptable to the community; 
 the modelled 1% AEP flood represents an envelope of maximum flood heights for that 

design event (based on nine simulations for Mullet Creek), and so represents a more 
even-handed approach across the floodplain than could be achieved by using a 
particular historical event such as the 1984 flood. 

 
In recent years there has been growing recognition of the potential flood impacts of climate 
change.  Accordingly, Chapter 8 documents an investigation of the sensitivity of flood levels 
in the Mullet and Brooks Creeks floodplains, and the potential implications for FPLs.  It is 
recommended that Council prepare a City-wide approach for incorporating climate change 
flood risk into its planning controls, including revisions to DCP 54 and other planning 
instruments.  In the interim, given the noted sensitivity of the Mullet and Brooks Creeks 
catchments to climate change flood risk � especially towards Lake Illawarra where sea level 
rise could have a substantial influence � it is recommended that an interim climate change 
allowance be included in FPLs for Mullet and Brooks Creeks to preserve the current level of 
protection.  This allowance should vary through the catchments and according to land use, 
as per the discussion of �Low� and �High� Climate Change FPLs outlined in Chapter 8.  
Some additional modelling may be required to produce all the FPLs referred to in DCP54. 
 
In view of the proposed development of West Dapto, and the modelling that has been 
undertaken to assess its impacts on flooding (Chapter 7), consideration was given to using 
the 1% AEP flood levels (plus freeboard) for the West Dapto ultimate development scenario 
prepared in April 2007 as the basis for FPLs.  In the opinion of the Consultant, whilst the 
model that was used to assess the West Dapto proposals is sophisticated and rigorous, the 
assumptions relating to the development proposals which formed the input to the model (in 
particular the assumptions about the compensatory measures, such as excavation) 
introduced uncertainty into the model results.  It is very likely that as the development 
proposals are better formulated, changes, and possibly significant changes, will occur.  For 
example, the configuration of detention basins is likely to change.  So while the model has 
served the aim of establishing the practicality of rezoning, it has not established the final 
flood levels for the development, which cannot occur until the subdivision planning is carried 
out.  More work is required before the compensatory works can be finalised and the flood 
levels (and new FPLs) can be determined.  Consequently it is recommended that the 1% 
AEP flood levels and the FPLs be revised when the West Dapto development proposals, 
including compensatory measures, are confirmed. 
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6.2.4.2 Wollongong and West Dapto LEPs 
 
The Wollongong Local Environmental Plan (LEP) 1990 was previously amended by adding a 
standard clause in relation to development within flood prone land (now clause 26) and 
Flood Prone Lands Maps. 
 
It is noted that Council is preparing two draft LEPs to replace the Wollongong LEP 1990: 

 The draft Wollongong LEP will apply to the lower and upper reaches of the Mullet Creek 
catchment and to the Brooks Creek catchment, beyond the West Dapto Release Area; 

 The draft West Dapto LEP will apply to the middle reaches of Mullet Creek within the 
West Dapto Release Area. 

 
It is recommended that Council review the standard clause to ensure consistency with this 
FRMS&P, the Floodplain Development Manual, the Illawarra Regional Strategy and relevant 
planning directions.  At the time of writing (April 2009), the flood clauses of the two draft 
LEPs were being reviewed by Council in consultation with DECCW and the Department of 
Planning.  Among the issues being considered are: 

 the definition of flood prone land by flood maps in the draft LEPs, which is not supported 
and is not recommended for Mullet and Brooks Creeks; and  

 the need to incorporate provisions to consider the potential impacts of climate change on 
flooding. 

 
Council will also need to review the standard clause in the West Dapto LEP in order to 
incorporate provisions for implementing and staging of filling, basins or any other flood 
compensatory works such that new development incrementally or in total will not cause 
adverse impacts on existing development and such that flood impacts on new development 
are appropriately managed in accordance with best practice. 
 
6.2.4.3 Development Control Plan (DCP) 54 
 
Council has adopted a DCP �Managing Our Flood Risks (DCP 54)� to provide further 
guidance on development in flood prone areas.  At the time of writing (April 2009), Council 
was about to commence a review of the DCP in order to: 

 integrate into Council�s proposed City-wide DCP and West Dapto DCP; 
 incorporate comments from Council planners and other practitioners; 
 incorporate recent enhancements to the flood risk template DCP; and 
 incorporate climate change flood risk. 

 
In the short term, it is recommended that DCP 54 be amended by adding planning matrices 
for Mullet Creek and Brooks Creek.  The Schedules will be similar to Appendix F which 
contains the current matrix for Towradgi Creek, except that the high flood risk precinct does 
not include an interim riverine corridor for Mullet Creek.  The definition of the high flood risk 
precinct in the DCP will also need to be amended to allow for the exclusion of the 10m 
interim riverine corridor for some areas of the City including Mullet Creek where riparian set-
backs have been estimated via a more detailed mapping process (described in DIPNR, 
2004).  The cost for the requisite advertising and exhibition of the amended DCP is 
estimated at $5K, plus Council staff costs. 
 
If Council were to progress the City-wide revisions described above promptly, they could be 
combined with the specific revisions to DCP 54 for Mullet and Brooks Creeks recommended 
above. 
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6.3 MEASURES THAT MODIFY PEOPLE�S RESPONSE TO FLOODING 
 
Actual flood damages can be reduced if an effective flood warning system is in place, if 
appropriate and up-to-date emergency plans have been constructed, and if the flood-prone 
community is aware of the risk and prepared to respond.  Measures to improve the 
community�s response to flooding were considered in detail in Working Paper No. 4 � Flood 
Warning, Emergency Management and Flood Awareness (September 2006).  The salient 
findings are summarised below (with some modifications). 
 
 
6.3.1 Improve Flood Warning System 
 
Recommendations: 

1) Explore the potential for improved flash flood warning services using radar-rainfall 
(BoM) 

2) Data from the Mullet Creek water level recorder be made available in real-time on 
MHL�s web-site (MHL) 

3) Develop plans for targeted warnings at recognised flood �hot-spots� (SES) 
 
 
Flooding of a number of properties located in the lower portions of the Mullet and Brooks 
Creeks floodplains is expected to be dominated by conditions in Lake Illawarra.  Given a 
critical duration of 36 hours, the draft Lake Illawarra Floodplain Management Study 
estimated that a warning time of approximately 12 hours may be available in such areas 
(Lawson & Treloar, 2006, p.41).  Options to improve flood warning were considered.  The 
study recommended (p.73): 

�detailed consideration of expanding the current Caravan Park flood warning system 
to an email or SMS flood information service for all residents in the floodplain�. 

Given that flood warning in the areas strongly influenced by Lake Illawarra has been the 
subject of a separate study, the focus of this study is on those properties located further up 
the Mullet and Brooks Creeks catchments, where flood warning times would be much 
shorter. 
 
Mullet Creek has a relatively small and steep catchment, with a propensity for very heavy 
rain � attributable in part to the orographic effect of the escarpment (Reinfelds & Nanson, 
2001) � leading to floods that tend to be very flashy, with rapid rises and falls.  This is well 
illustrated by the February 1984 flood.  No official flood warning was issued, and the need 
for �many dangerous rescues and evacuations� implies that many people were caught 
completely by surprise (PWD, 1985, p.26). 
 
Brooks Creek drains a very small catchment � in the order of 5 km2 � and would have 
negligible time between rainfall and runoff. 
 
In such situations, the provision of an effective flood warning service is problematic.  This is 
recognised by the Commonwealth Bureau of Meteorology (BoM), the organisation 
responsible for issuing flood warnings in Australia.  For very small catchments, the Bureau is 
unable to run the required fine-scale computer models in a real-time operational mode.  
Furthermore, the completion of all the necessary tasks in only a few hours is difficult.  
Consequently, the Bureau does not issue specific predictions for catchments in which the 
time between the flood-producing rain and the flood is less than 6 hours, which includes 
Mullet and Brooks Creeks catchments. 
 
Nevertheless, the Bureau does offer four services that may be of some benefit in alerting the 
emergency services and community to the threat of flooding (Table 6.5).  Unfortunately, 
none of these services provides much precision in terms of the likely spatial and temporal 
distribution of flooding (let alone the magnitude of flooding). 
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TABLE 6.5 � Bureau Warning Services of Potential Benefit in Flash Flood Catchments 
(Source: McKay, 2004, p.3) 
 

General Weather forecast 
General weather forecasts may indicate the likelihood of heavy rain from synoptic scale events, 
typically with more than 24 hours notice. 
 
Flood Watch 
A �Flood Watch� is issued by the NSW Flood Warning Centre, typically providing 24 to 48 hours 
notice that flooding is possible based upon current catchment conditions and future rainfall, which 
is predicted by computer models of the atmosphere. 
 
Severe Weather Warning 
A �Severe Weather Warning� is issued for synoptic scale events when one or more of the 
following hazardous phenomena are forecast: 

 Gale force winds (average 10-minute wind speed exceeding 62 km/h)  
 Damaging winds (peak wind gusts exceeding 89 km/h )  
 Destructive winds (peak wind gusts exceeding 124 km/h)  
 Torrential rain and/or flash flooding  
 Damaging surf conditions leading to significant beach erosion 

 
Severe Thunderstorm Warning 
A �Severe Thunderstorm Warning� is issued by the Severe Weather Team, typically providing 0.5 
to 2 hours� notice of impending severe storms.  These forecasts are based upon radar and, if 
available, data from field stations, reports from storm spotters, as well as an analysis of the 
synoptic situation. 

 
 
The Bureau�s NSW Flood Warning Centre acknowledges that there may be some potential 
to develop a �now-casting� service (i.e., providing a lead time of 1�3 hours) using radar and 
rainfall data (see Section 3.7).  The Bureau is currently undertaking a review of flash flood 
warning services for the Sydney area, to assess the potential for developing new services 
using the new Sydney radar.  These may extend to Wollongong in the future, though the 
technical difficulties of providing effective flash flood warning services for a very small 
targeted area are noted.  Moreover, any technical improvements will need to be 
complemented with improved direct communication systems and ongoing public education 
programmes to ensure people in the high risk flash flood areas receive the warnings in a 
timely manner and know how to effectively respond to them. 
 
Another means of strengthening local capacity to anticipate flood emergencies is to monitor 
real-time rainfall.  The Bureau publishes real-time rainfall for gauges at Wongawilli and 
Kembla Grange on its web-site: www.bom.gov.au/hydro/flood/nsw/greatersyd.shtml (also 
Huntley Colliery, Cleveland Road and Dombarton Loop).  Manly Hydraulics Laboratory 
(MHL) maintains several rain gauges in the catchment and records this data on their web-
site (mhl.nsw.gov.au/www/sc_lill.htmlx), though not in real-time.  The State Emergency 
Service (SES) is able to monitor this data and undertake �what-if� scenarios, such as 
assuming that that the rainfall rate for the past hour will continue for another hour.  However, 
the spatial variability of rain across the catchment means that this data needs to be 
interpreted with care. 
 
Another potential means of monitoring the likelihood of flooding is from MHL�s continuous 
stage recorder located on the western side of the Princes Highway on the northern bank of 
Mullet Creek.  As discussed in Section 6.1.8.2, currently this data is not available in real-
time on MHL�s web-site, but it could be made so at a cost of about $15K. 
 
If, based on advice from the Bureau, the exceedance of rainfall thresholds and other tools, 
the SES determines that flash flooding is possible, pre-designed warning messages could 
be issued to the media.  The SES has already prepared these messages for the 
Wollongong/Shellharbour/Kiama area.  It may also be possible to undertake limited �narrow-

http://www.bom.gov.au/hydro/flood/nsw/greatersyd.shtml
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casting�, that is, specific warning to targeted clients, via mobile public address systems (e.g. 
loud-hailer from Police vehicle), telephone, and possibly door-knocking. 
 
An example of how the warning task happens in practice was provided by the (then) SES 
Division Controller, Illawarra South Coast. 
 

�During a severe rainfall event in June 2003, we had a verbal "heads up" from 
the BoM, via State Headquarters, about 3-4 days before the event.  A Severe 
Weather Warning was issued about 24 hours before the event.  We issued a 
media release and started doing radio interviews.  We chose our language in the 
written release and on the radio carefully, communicating the Bureau's 
prediction, giving general safety tips, and trying to make sure that the community 
understood the risk and the possibilities, but using hedging language like "could", 
"perhaps", �possibly", "if the weather worsens" etc.  In the end, we had a couple 
of hundred jobs, but there was no real wide scale flooding.  Most of the deaths 
during flooding in Australia result from driving into or attempting to walk through 
flood water, or kids playing around stormwater drains.  I have been trying to beef 
up these aspects of our warnings.� 

 
The provision of an effective, formal flood warning system for catchments that respond so 
quickly to rainfall will always be problematic.  Time is the primary constraint � for flash flood 
catchments, it is very difficult to predict a flood and communicate a flood warning to the 
community-at-risk, while still allowing time for people to do something about it.  
Nevertheless, a few options have been considered, and the following recommendations are 
made:  

 the Bureau continue to explore the potential for improved flash flood warning services 
using the Sydney radar and the real-time rain gauges; 

 MHL publish data from the Mullet Creek water level recorder at the Princes Highway 
bridge in real-time on their web-site; and 

 the SES develop plans for targeted warnings at recognised �hot-spots� through the 
catchments (see Figure 5.2). 

 
In Section 6.1.8.2 it was also recommended that a flood warning siren be installed at the 
Kembla Grange Industrial Estate, which would be tied to the Mullet Creek stream gauge. 
 
It is clear that any advances in flood prediction and communication will need to be met by 
flood-ready communities if benefits are to result (see Section 6.3.4). 
 
 
6.3.2 Revise Local Flood Plan 
 
Recommendation: Revise Local Flood Plan using new flood intelligence, and establish 
procedures to deal with isolation risks (see Section 6.3.3) (SES) 
 
 
A revised edition of the Local Flood Plan for Wollongong City was completed in March 2004.  
This comprehensive document details for the Wollongong Local Government Area: 

 responsibilities for managing flood emergencies (principally the SES, with appropriate 
assistance from the Police, Wollongong City Council, Bureau of Meteorology, fire 
services, and other organisations); 

 what is to be done to prepare for floods; 
 the conduct of response operations; and 
 the coordination of immediate recovery measures from flooding. 
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The Plan stipulates that it should be reviewed when new information from flood studies 
becomes available.  This new information includes: 

 design flood levels, depths and extents for every property within the floodplain; 
 surveyed or estimated ground and floor levels for every property within the floodplain; 
 flood risk precincts; and 
 the location of �hot-spots� (Figure 5.2) and road low-points (Figure 6.12). 

 
 
6.3.3 Improve Access to Horsley and West Dapto 
 
Recommendation: Provide reliable road access to Horsley and the planned West Dapto 
urban area during the 1% AEP event 
 
 
An important consideration in relation to emergency management planning is the issue of 
the disruption of transport routes and isolation of communities.  Consultation with the 
community has identified this as a prominent concern within the Mullet Creek study area 
(Section 3.6).  In addition, the SES has highlighted three risks associated with isolation: a 
medical emergency in which the Ambulance Service may be unable to reach the patient and 
unable to transfer them to intensive care; a fire in which the Fire Brigade in unable to reach a 
burning building to perform its fire suppression and rescue functions; and the risk of 
requiring intensive external support to maintain reasonable living conditions (Section 3.7). 
 
Figure 6.12 shows the 20%, 5% and 1% AEP and probable maximum flood extents for 
selected areas.  The maps also provide an approximate elevation of road and rail low-points, 
together with flood levels at those locations.  Based on this analysis, the Princes Highway at 
Kembla Grange could be cut by local flooding even in frequent events (this is consistent with 
the Local Flood Plan).  In contrast, the F6 Freeway (especially the south-bound lanes) 
appears to be almost entirely free of inundation even in the PMF (this too is consistent with 
the Local Flood Plan).  However, the main South Coast railway could be cut at several 
locations: near the West Dapto Road crossing at Kembla Grange; south of the Darkes Road 
crossing; and immediately west of Maccabe Street, Dapto.  Roads providing access to the 
suburb of Horsley (population 6,800 at the 2006 Census) and surrounding rural areas in the 
western part of the Mullet Creek catchment could all be cut � West Dapto Road, Darkes 
Road, Bong Bong Road, Cleveland Road and Avondale Road could all be inundated in the 
20% AEP flood.  Access to a few properties appears to depend upon a private road at the 
southern end of Burringbar Street, which would be cut in frequent flooding.  The period of 
isolation for properties located west of Mullet Creek could approach nine hours during a 
flood like the 1984 flood. 
 
As part of the planning for the proposed West Dapto development, which could see an 
additional 19,000 dwellings and 55,000 people living in the area, proposals to construct or 
upgrade roads to provide access during a 1% AEP event were developed.  The cost of the 
proposed Fowlers Road extension (including the Fairwater Drive West link) was estimated at 
$70M, and the cost to upgrade West Dapto Road (including bridges) was estimated at 
$31M.  Huntley Road was also proposed to be raised (see Figure 7.1). 
 
At the time of writing, it is not absolutely certain whether the West Dapto release will take 
place, and when the various stages will be implemented, so it would be imprudent to place 
sole reliance for addressing the existing isolation problems on implementation of West 
Dapto.  The existing situation is unsatisfactory and requires provision of improved access 
irrespective of whether further development occurs or not.  Some consideration has also 
been given to raising Bong Bong Road above the 1% AEP level, which would also 
necessitate a switch back bridge over the railway.  This is estimated to cost in the order of 
$20M. 
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It is recommended that reliable road access to Horsley and the planned West Dapto urban 
area be provided during the 1% AEP event.  Prior to the provision of that access, steps 
should be taken urgently to equip residents to exercise a degree of self-reliance (e.g., by 
using brochures to point out the dangers of wading or driving through floodwater) and to 
establish alternative procedures should medical emergencies or the need for resupply arise 
(e.g. helicopters, boats).  The latter recommendation is subsumed under Section 6.3.2. 
 
 
6.3.4 Improve Public Awareness 
 
Recommendation: Increase and sustain public flood awareness by issuing certificates 
(Council), distributing brochures (Council, SES), maintaining web-site (Council), installing 
flood marker (Council), and commemorating 30th anniversary of 1984 flood in February 
2014 (Council, SES) 
 
 
Actual flood damages can be reduced, and safety increased, where communities are �flood-
ready�. 

�People who understand the environmental threats they face and have 
considered how they will manage them when they arise will cope better than 
people who lack such comprehension�  Many people who live and work in flood 
liable areas have little idea of what flooding could mean to them � especially in 
the case of large floods of severities well beyond their experience or if a long 
period has elapsed since flooding last occurred.  It falls to the combat agency, 
with assistance from councils and other agencies, to raise the level of flood 
consciousness and to ensure that people are made ready for flooding.  In other 
words, flood-ready communities must be purposefully created.  Once created, 
their flood-readiness must be purposefully maintained and enhanced.� 
(Keys, 2002, p.52) 

 
It is difficult to assess what proportion of people currently living or working within the Mullet 
Creek and Brooks Creek floodplains witnessed the very severe flood of February 1984.  Out 
of the 122 responses to the August 2004 community survey, 74 (61%) witnessed the flood.  
It seems likely that those who returned the survey have a higher level of awareness (and 
experience?) of floods than those who did not (the total response rate was about 12%).  
While some minor floods have been experienced since 1984 (e.g., October 1999), it is 
probable that the current, overall levels of flood awareness and flood readiness would be 
low.  General measures to enhance the community�s awareness of flooding issues and 
capacity to respond received good support in the community survey.  This section explores 
some of these measures in relation to the Mullet and Brooks Creeks floodplain. 
 
6.3.4.1 Certificates 
 
In the Consultant�s view, perhaps the key measure for raising a community�s awareness of 
flooding is via the regular issuing of �flood certificates� to all occupiers of the floodplain.  
These flood certificates would inform individual property owners of the flood situation at their 
particular property.  It is the site-specific nature of this advice (cf. a generic brochure) that 
offers the best chance of overcoming the scepticism typical of a community that has not 
experienced serious flooding for many years.  Only after floodplain occupants accept that 
they could have a problem are they ready to take on board ideas about addressing that 
problem.  From the community survey, 62% of respondents indicated support for the issuing 
of flood notification certificates, while 2% objected.  The certificate would contain vital 
information such as the expected flood levels in a range of design floods.  It could also 
provide information on ground and floor levels where this information is available.  This 
would allow an assessment of the depths of flooding over the property and building floor.  
Where property levels are unknown, residents could be encouraged to obtain these levels 
using a registered surveyor, or to request Council to provide these levels for a fixed fee. 
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Much of the data necessary to prepare these flood certificates will be available from this 
study.  The property database will need to be incorporated into Council�s GIS and 
mechanisms established to keep the data up-to-date.  It would be relatively simple to print 
out a flood certificate for one or more properties once this link was established. 
 
A sample flood certificate is included as Figure 6.13.  The certificate could be attached to 
Section 149 certificates and also posted out with Council�s rates notices every 1�2 years. 
 
6.3.4.2 Brochures 
 
A FloodSafe brochure, jointly sponsored by the SES, the NRMA Insurance Group, and 
Wollongong City Council, was produced and distributed to flood-affected residents shortly 
after the 1998 floods.  As part of the current study, a newsletter was prepared and 
distributed in August 2004 to all homeowners and tenants for properties situated in the 1% 
AEP floodplain.  Also, the SES has recently published a FloodSafe brochure for 
�Wollongong Southern Suburbs�, which includes Mullet and Brooks Creeks.  Census data 
(2006) for Dapto and Kanahooka indicate that the area is comprised of a relatively high 
proportion of English-only speakers (90% and 89%, respectively).  This suggests that it may 
not be necessary to produce FloodSafe brochures in other languages for this area, though it 
is noted that brochures in six other languages can be downloaded from the SES web-site 
(although these brochures contain some information specific to the Canterbury Council 
area): www.ses.nsw.gov.au/infopages/3846.html. 
 
6.3.4.3 Web-site 
 
Council makes available a good deal of useful flood information on its web-site, including a 
summary of the floodplain management process, a history of flooding in Wollongong, details 
about how to obtain flood information, answers to frequently asked questions, and advice on 
becoming flood prepared. 
 
6.3.4.4 Markers 
 
Another method of raising flood awareness is the construction of one or more flood markers 
in the Mullet and Brooks Creeks floodplains.  From the community survey, 67% of 
respondents indicated support for the installation of markers (e.g., on telegraph poles), while 
2% objected.  Placement of signs in relation to travel routes is critical to their effectiveness in 
delivering messages, so the most appropriate locations may be next to some of the main 
bridges across the creeks (e.g., Bong Bong Road).  The height of the February 1984 flood, 
the levels of design floods, and a simple message (e.g., �Mullet Creek Floods�) could be 
recorded on the flood sign.  An example of such a sign along the Woronora River is shown 
in Figure 6.14.  This sign has proved to be very effective element in raising community 
awareness (Molino & Huybrechs, 2004). 
 
6.3.4.5 Meter Box Labels 
 
Another means of communicating property-specific flood and floor-level information to 
residents is by attaching labels inside electrical meter boxes.  This has the advantage over 
brochures in that they are not easily mislaid, they remain with the house when residents 
move on, and they will be noticed from time to time (Molino & Huybrechs, 2004). 
 
 

http://www.ses.nsw.gov.au/infopages/3846.html
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FIGURE 6.13 � Sample Flood Certificate 
 

Wollongong City Council 
 

Flood Certificate 
 

 
Certificate Issued for Property at:  25 Example Crescent, Dapto 
      Lot 25, DP 25252 
 
Owners Name:     Mr D. & Mrs I. Citizen 
 

 
1. Classification of Flood Risk 
 
Council records indicate that the above property is located within a Medium 
Flood Risk area. 
 
Land that is potentially subject to inundation is classified as low, medium or high flood risk. 
Council has prepared a development control plan known as �Managing our Flood Risks� that 
provides details of flood related development controls that may be applicable.  
 
2. Known Floor and Ground Levels 
 

The lowest habitable floor level of the main building 
on this property is :

 
5.0m AHD 

Source of information : Council Survey 
March 2006 

The lowest ground level on this property is : Not known 
Source of information :  

  
If the floor level and/or ground level are currently unknown and you would like to know what 
the levels are; this can be surveyed by a registered surveyor.   Alternatively, Council can 
arrange this for a fee of $90. 
 
3. Estimated Flood Levels 
 
Flood levels in the vicinity of the above property have been extracted from 
the Mullet and Brooks Creeks Flood Study (BMT WBM, 2010). 
 

Size of Flood* Flood Level Depth over Lowest 
Floor Level 

Depth over Lowest 
Ground Level 

Probable Maximum Flood 6.6m AHD 1.6m Not known 
  1% AEP Flood 5.1m AHD 0.1m Not known 
  2% AEP Flood 4.8m AHD Not flooded Not known 
  5% AEP Flood Not flooded Not flooded Not known 
10% AEP Flood Not flooded Not flooded Not known 
20% AEP Flood Not flooded Not flooded Not known 

*The Probable Maximum Flood (or PMF) is extremely rare. 
A 1% AEP flood is a large flood. It has a 1 in 100 (ie 1%) chance of occurring in any year. 
A 2% AEP flood has a 1 in 50 (ie 2%) chance of occurring in any year. 
A 5% AEP flood has a 1 in 20 (ie 5%) chance of occurring in any year. 
A 10% AEP flood has a 1 in 10 (ie 10%) chance of occurring in any year. 
A 20% AEP flood is more frequent.  It has a 1 in 5 (i.e. 20%) chance of occurring in any year. 

 
______________________ 
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FIGURE 6.14 � Flood Marker, Woronora River 
 
 
6.3.4.6 Workshops 
 
Although typically involving only a small segment of the affected community, running 
workshops can be a highly effective method of improving flood readiness for those present.  
Workshops could be used as a follow-up to other measures that generate initial interest 
(especially, the distribution of flood certificates).  One possibility in the study area would be 
to organise a �business breakfast� for the businesses exposed to flood risks in Kembla 
Grange.  This could introduce the businesses to the SES Business FloodSafe Toolkit. 
 
6.3.4.7 Commemorations 
 
The commemoration of severe floods, in round-number anniversary years, has been an 
important means of raising flood awareness.  The SES has led or participated in several 
such ventures, including in 1999 the 50th anniversary of the devastating Kempsey flood of 
1949.  Commemorative events have featured (Keys, 2002): 

 Public meetings to discuss floods, flood plans and flood management strategies; 
 Radio interviews; 
 Newspaper articles; 
 The production of flood videos; 
 The display of flood photographs and other flood memorabilia; 
 Guided tours to inspect and explain local flood mitigation systems; 
 Street parades featuring flood response agency personnel; and 
 School projects with flood themes. 

 
The 30th anniversary of the February 1984 flood would be an appropriate time to recall this 
severe flood. 
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6.3.4.8 Recommendations 
 
A variety of techniques are available to build and maintain flood-ready communities.  
Education strategies need to be well conceived, with clear and realistic goals.  For Mullet 
and Brooks Creeks, short warning times limit the amount of property protection that can 
safely be achieved (though motor vehicles might be saved even with very little forewarning).  
Nevertheless, flood education can have an important role in teaching safe actions during 
floods, and thereby reduce the risk to human life. 
 
Seven methods for raising community awareness have been considered.  It is suggested 
that the Council and the SES liaise to determine the particular combination of measures best 
suited to the Mullet and Brooks Creeks floodplain.  For the purposes of the Plan, a multi-
faceted approach involving the preparation and distribution of certificates and brochures, the 
installation of a flood marker near the Bong Bong Road Mullet Creek crossing, and the 
commemoration of the 30th anniversary of the 1984 flood have been costed. 
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7. WEST DAPTO RELEASE AREA 
 
 

The text in this chapter has not been updated from that prepared for the public 
exhibition draft report dated August 2007.   Work to that date contributed to the 
preparation of the draft Wollongong Local Environmental Plan (West Dapto) 
2007.  Since then, ideas about managing the potential flood impacts of the 
proposed West Dapto development have progressed.  A review of West Dapto 
Release Area planning was undertaken by the Growth Centres Commission 
(GCC, 2008; see also Bewsher Consulting, 2008).  This recommended 
abandonment of the large-scale cut and fill strategy previously proposed.  Four 
�enhanced storage areas� were proposed for Forest, Robins, Reed and Mullet 
Creeks.  Land subject to a high flood hazard was recommended for acquisition.  
The recommended approach to managing climate change flood risk was to 
retain the existing 1% AEP floodplain and to set higher minimum fill levels for the 
developable area footprint to take account of potential flood level increases.  As 
at April 2009, issues are continuing to be discussed, further changes to the 
proposed development and strategies for managing flood impacts are likely, and 
additional flood modelling to confirm a workable strategy will be required. 

 
 
As mentioned in Section 2.3.2, much of the Mullet Creek catchment is earmarked for urban 
development over the next 40 years.  Development of what is currently rural land could 
potentially exacerbate the existing flood problems if appropriate flood mitigation works and 
planning controls are not incorporated into the development of the Release Area. 
 
As part of the preparation of the West Dapto Release Area Local Environmental Study, 
Council formed a Technical Working Group (TWG) and commissioned comprehensive flood 
modelling of the potential impacts of the development using the computer model that was 
established for the Mullet and Brooks Creeks Flood Study (see BMT WBM, 2010 and 
Section 4.1 of this report).  The TWG included relevant agencies including the Department 
of Planning and DECCW.  Bewsher Consulting Pty Ltd and BMT WBM Pty Ltd were tasked 
to model the flood impacts, and where unacceptable impacts were identified, to employ 
compensatory measures in order to achieve an acceptable outcome. 
 
It should be noted that the purpose of this modelling was to identify whether it would be 
possible to offset the adverse flood impacts associated with the development proposals with 
compensatory works, as a precursor to rezoning.  Provided that sufficient compensatory 
works are employed, the modelling has demonstrated that in regard to flood impacts, 
rezoning can be achieved without affecting third parties unacceptably.  However, the final 
form and location of the compensatory works has not been established and it is likely that 
changes will occur, requiring further modelling at a later stage.  Issues relating to Aboriginal 
heritage and environmental impacts also have not yet been assessed. 
 
Details about the West Dapto flood modelling exercise are available in the West Dapto 
Release Area Flood Modelling Compendium, which has been provided to Council (Bewsher 
Consulting, 2007).  This chapter summarises the potential impacts of the West Dapto 
development on flood behaviour (Section 7.1), the results of modelling to assess the flood 
impacts and to resolve unacceptable impacts (Section 7.2) and potential obstacles to the 
implementation of the modelled compensatory measures (Section 7.3).  
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7.1 POTENTIAL IMPACTS OF DEVELOPMENT UPON FLOOD BEHAVIOUR 
 
The development of the West Dapto Release Area could potentially affect flood behaviour in 
a number of ways.  The principal ones comprise: 
 
(a) Increasing the Impervious Area and Decreasing Travel Times within the Release 

Area � When areas are urbanised, there is generally an increase in the 
imperviousness of the catchment which reduces infiltration into the ground and 
increases the volume of runoff.  In addition, runoff travelling across the surface of the 
land will generally occur faster particularly if it is conveyed in road gutters, pipes and 
formalised drainage systems.  The net result of the increase in imperviousness and 
reductions in travel times generally leads to higher downstream runoff discharges 
and volumes, and with peak values occurring earlier than under natural conditions.  
Concern has been raised about the potential effects of urbanisation on flood levels in 
both the Mullet Creek catchment and in Lake Illawarra. 

 
 These effects of urbanisation are controlled and mitigated against through the 

proposed use of a combination of local area stormwater measures (e.g., detention 
basins) and water sensitive urban design measures at source.  As part of the Water 
Cycle Management Study carried out by URS Australia Pty Ltd, approximately 40 
detention basins are proposed to be constructed throughout the Release Area (see 
Figure 7.1).  These detention basins have been designed to compensate for the 
impacts of the development discussed above, in addition to a number of other water 
cycle management objectives. 

 
(b) Filling of the Release Area � Land identified as having development potential will be 

above the 1% AEP flood level.  Use of land currently located below the 1% AEP flood 
standard for potential development or development related activities may require 
filling to bring it up to this level.  Given that Council�s Flood Planning Level for new 
residential development includes 500mm freeboard, and that filling the land to this 
level would provide the advantage to developers and home-owners of avoiding the 
�medium� flood risk precinct classification, the modelling has assumed filling to the 
level of the 1% AEP flood plus freeboard. 
 
The filling of any land within the floodplain can have three potential consequences: 

 obstruction of flow conveyance leading to an increase in upstream water levels; 
and/or 

 reduction of existing floodplain storage leading to an increase in downstream 
flood flows; and/or 

 alterations of the direction of floodplain flows leading to geomorphic impacts and 
potentially increasing velocities, causing scour and erosion risks, which may lead 
to sedimentation in some areas. 

 
In order to be able to demonstrate the suitability of site filling it will be mandatory that 
a strategy is in place to have these consequences satisfactorily assessed and 
managed via planning controls. 
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(c) Riparian Corridors � Development within the Release Area will provide an 
opportunity for the objectives of the Illawarra Riparian Corridor Management Study 
(DIPNR, March 2004) to be implemented.  In many cases this will allow for 
revegetation of riparian corridors with natural species and with greater vegetation 
densities consistent with contemporary Government policy, including contributing to 
the Southern Rivers Catchment Action Plan (SRCAP) targets, to State-wide Natural 
Resource Management targets to improve the condition of river ecosystems, and to 
the Illawarra Regional Strategy.  Whilst this additional vegetation has the potential to 
increase friction for the flow of floodwaters and thereby increase flood levels (in the 
absence of other mitigating measures), it also provides significant ecological benefits 
in addition to reducing stream bank erosion.  Appropriate riparian vegetation in the 
upper catchment areas will minimise the higher risks of locating development too 
close to high energy streams and will also reduce downstream flooding by 
attenuating (reducing) downstream flood flows. 

 
(d) Bridges � The current proposals for the Release Area include approximately 20 

bridges and culverts that will be constructed on spine roads over major creek 
crossings within the Mullet Creek Catchment (see Figure 7.1).  In a number of cases 
these structures will replace current bridges or culverts that are inundated in a 1% 
AEP flood event.  All new bridge decks will be located above the 1% AEP flood level 
and will allow uninterrupted road traffic throughout the Release Area (and beyond) 
during events up to and including the 1% AEP flood. 
 

 Whilst these bridges will improve road access and evacuation safety during times of 
flood, there is potential for the new structures to adversely impact flood behaviour 
immediately upstream of the bridge particularly if the structure becomes blocked or 
partially blocked with debris.  All waterway crossings will be subject to stringent 
controls including the application of Council�s conduit blockage policy (see 
Section 4.1) and design analysis to ensure that adverse impacts are assessed and 
mitigated where possible. 
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7.2 ASSESSMENT OF POTENTIAL IMPACTS OF DEVELOPMENT 
 
7.2.1 Criteria for Acceptability of Flood Impacts 
 
Following a meeting of the TWG in November 2006, Council decided that the results of the 
various model runs would be interpreted according to a matrix of �acceptable impacts�, 
which is summarised in Table 7.1.  According to the matrix, development that results in 
decreased or stable flood levels is �acceptable�, whereas increased flood levels are 
evaluated depending upon the property zoning and the location relative to the proposed 
riparian corridor.  Increased flood levels affecting urban zoned land (i.e. residential, 
commercial or industrial) beyond the proposed riparian corridor are considered 
�unacceptable�, whereas increased flood levels affecting non-urban zoned land within the 
proposed riparian corridor are considered �acceptable�.  Increased flood levels affecting 
urban land within the corridor, or non-urban land beyond the corridor, are �not preferred�.  
Note that the terms �acceptable�, �unacceptable� and �not preferred� refer to the practicality 
of the development process not the environmental impacts themselves, that is: 

 �acceptable� � through the normal development processes (e.g., fine-tuning the 
mitigating measures, or by other means such as compensation) these flood impacts can 
be effectively managed so that third parties are not adversely affected; 

 �unacceptable� � indicates that it is unlikely that it will be possible to provide 
development in a manner that will not adversely affect third parties; 

 �not preferred� � achieving an outcome whereby third parties are not adversely affected 
may present challenges, though the normal development processes should enable these 
impacts to be satisfactorily managed. 

 
TABLE 7.1 � Criteria for Acceptability of West Dapto Flood Impacts 
 

Increased flood levels 
Existing zoning 

Within riparian corridor Beyond riparian 
corridor 

Decreased or stable 
flood levels 

Urban �Not preferred� �Unacceptable� �Acceptable� 

Non-urban �Acceptable� �Not preferred� �Acceptable� 
 

Note: the terms �acceptable�, �unacceptable� and �not preferred� are defined in the text immediately preceding the table. 
 
 
7.2.2 Impacts on Flood Levels in Lake Illawarra 
 
One potentially adverse impact of the West Dapto development is on flood levels in Lake 
Illawarra.  The flood model indicates that the West Dapto development, when fully 
implemented (after 40 years), would result in an additional 507,000m3 runoff volume from 
Mullet Creek for the 1% AEP 36 hour design storm (about a 1.4% increase).  Given the 
surface area of Lake Illawarra is approximately 35 km2, this equates to an increase in the 
1% AEP lake level of less than 15mm (see Table 7.2).  The impact of the planned 
development on more frequent events (the 2%, 5%, 10% and 20% AEP floods) was 
estimated roughly by factoring down the volume increase in proportion to the design rainfall 
depths reported in the Mullet and Brooks Creeks Flood Study (BMT WBM, 2010).  The 
results are shown in Table 7.2. 
 
In view of the many potential factors that could influence lake levels, such as global sea level 
rise, as well as the current application of 0.7m freeboard when assessing flood planning 
levels for the lake, Council�s TWG considered that an increase of less than 0.015m is 
insignificant over the 40 year implementation period.  Nevertheless, it is recommended that 
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this potential impact be considered in consultation with the Lake Illawarra Authority, 
Shellharbour City Council and the Lake Illawarra Floodplain Management Committee.  It is 
also recommended that the issue be considered in the next review of the Lake Illawarra 
FRMP. 
 
 
TABLE 7.2 � Estimated Impact of West Dapto Development on Lake Illawarra Flood Levels 
 

 EXISTING CASE WEST DAPTO DEVELOPED CASE 

AEP Flood level  
(m AHD)* 

Houses flooded 
above-floor** 

Increased volume 
(m3) 

Increased level 
(mm) 

Extreme 3.24 786 Not assessed Not assessed 

1% AEP 2.30 189 507,000 10-15mm 

2% AEP 2.03 53 ~450,000e  10-15mme 

5% AEP 1.81 16 ~370,000e  10-15mme 

10% AEP 1.57 3 ~310,000e    5-10mme 

20% AEP 1.40 2 ~270,000e    5-10mme 
 

Notes: 
*  Draft Lake Illawarra FRMS&P (Lawson & Treloar, 2006, p.12) (note that levels reduce near the entrance) 
**  Draft Lake Illawarra FRMS&P (Lawson & Treloar, 2006, p.31) 
e  Changes to volume and level estimated by application of factors using design rainfall depths, and assuming lake area 

remains constant at 35km2 
 
 
7.2.3 Impacts on Flood Levels in the Mullet Creek Catchment 
 
A series of model runs were undertaken for the 1% AEP (unblocked) design flood in Mullet 
Creek.  These model runs assessed the potential impacts on flooding described in 
Section 7.1 and tested ways of ameliorating any adverse impacts, especially through the 
local detention basins proposed to be constructed throughout the Release Area, as well as 
through compensatory excavation of floodplains.  Figure 7.1 shows the latest proposal for 
the areas to be filled, the areas to be excavated, the spine roads with bridges and culverts, 
the areas for revegetation, the sites of the local detention basins, and the site of a potential 
large regional basin.  The key results are summarised here: 
 
a) Any adverse impacts on hydrology arising from an increase in imperviousness are 

resolved satisfactorily by the 40 local detention basins. 
 
b) A series of test runs was conducted with the riparian corridors revegetated.  Initially 

the entire width of the riparian corridors was proposed to be revegetated.  After 
further input from the TWG a narrower area of revegetation to the minimum extent 
needed to meet the riparian objectives of particular creeks was included in the 
model.  Despite this, it was found that significant increases in the 1% AEP flood 
levels were still occurring, especially in the area downstream of the Princes Highway.  
As a consequence it was decided that only the revegetated corridor upstream of the 
Princes Highway would be included in the model (also, that revegetation was not 
acceptable along Dapto Creek upstream of West Dapto Road) (Figure 7.1).  In this 
area, the adverse effects of revegetating the floodplain were largely offset by 
compensatory excavation, and any residual effects were found not to violate the 
principles for acceptable impacts summarised in Table 7.1.  Flood impacts from the 
riparian corridors could also be managed by reducing the roughness by planting 
flood compatible species with an appropriate maintenance strategy. 
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c) Following a preliminary analysis, Council decided that only the three spine roads 
(West Dapto Road, Fowlers Road extension, Huntley Road) with their bridges and 
culverts would be included in the model (Figure 7.1).  These roads are intended to 
provide safe access to West Dapto in the 1% AEP flood.  A series of iterations were 
conducted to ensure adequate conveyance of floodwater through the structures, 
while at the same time minimising the size of the structures to reduce costs.  The 
modelling shows that sufficiently large structures have insignificant adverse effects 
upon flood levels. 

 
d) A preliminary assessment based on the development footprints provided to the 

Consultant suggests that about 1.2 million cubic metres of fill may be required to set 
the land at the FPL of the 1% AEP flood plus 0.5m freeboard.  The objective of filling 
this land is to provide future development areas above the FPL. 

 
 Excavating fill from local floodplains performs two functions � as a source of 

development fill and to offset the impact of the loss of floodplain storage on flood 
behaviour.  For the purposes of this exercise, some 90 excavation areas were 
modelled along the floodplains upstream from the Princes Highway, at nominal 
depths of either 0.5m or 1.0m (with a few at 2.0m) (see Figure 7.1).  Excavation from 
the areas shown would yield approximately 1.0 million cubic metres of fill.  Note that 
the locations of all potential excavation areas are preliminary.  Consideration was 
taken of environmental constraints including endangered ecological communities, but 
some of the modelled excavation areas immediately upstream of the Princes 
Highway intersect with potential acid sulphate soils (Section 2.5), and Aboriginal 
heritage and geomorphic stability may also be constraining factors.  Further 
investigation to determine the viability and depth of excavation, and to ensure the 
areas remain free draining and function effectively, would be required in future 
stages of the project. 

 
e) A number of �combined� model runs were made, which include all aspects of the 

development and proposed mitigation measures (including changes in hydrology and 
the local detention basins).  Each run involved minor variations to the extent of 
revegetation, bridge openings, and the extent of fill and excavation in order to 
achieve a satisfactory outcome.  Figure 7.2 presents the 1% AEP flood depths and 
contours for the �combined� ultimate development scenario (unblocked). 

 
 Figure 7.3 presents an �impacts� map that shows the changes in the 1% AEP flood 

levels (unblocked) from the existing case to the West Dapto ultimate development 
scenario with mitigation measures in place.  This shows that the 1% AEP flood levels 
over much of the Mullet Creek floodplain downstream of Ena Avenue would be 
reduced by up to 0.5m.  Levels downstream from the F6 Freeway would be 
unchanged.  Levels within many of the tributaries would be raised as a consequence 
of revegetation and in come cases as a result of the loss of flood storage due to the 
filled areas. 

 
 Figure 7.4 presents the acceptability of these impacts according to the criteria set 

out in Table 7.1.  This indicates that changes in the 1% AEP flood levels for most 
areas would be �acceptable�, because the levels are reduced or unchanged or the 
increases are confined to non-urban land uses within the riparian corridor, where 
development potential would be restricted in any case.  Although two areas are 
coloured pink � on the north-western side of Horsley and open space attached to 
Dapto High School � under existing conditions these areas would be flooded to 
greater than 1.5m during the 1% AEP flood and are likely to be considered high 
hazard, so neither area would be considered to have any significant development 
potential.  The increase in flood level near Dapto High School would also be 
relatively small � less than 0.1m.  A few areas coloured yellow remain in the vicinity 
of West Dapto Road, but it is expected that these will be resolved at a more detailed 
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stage of modelling by providing further openings under West Dapto Road and 
possibly by reducing the extent and/or density of revegetation. 

 
 In summary, the West Dapto flood impact modelling exercise demonstrates that with 

sufficient ameliorative measures in place, the proposed development will not 
exacerbate existing flood problems, and in some areas will reduce those flood 
problems. 

 
f) Another model run for the 1% AEP flood was conducted to assess the benefit of 

constructing a large �on-line� detention basin on Mullet Creek upstream from Ena 
Avenue, which would provide additional storage of approximately 160,000m3 
(Figure 7.1).  The basin would be dry most of the time, but could hold water to a 
maximum level of about 24.3m AHD, which would reduce the peak outflow in the 1% 
AEP flood immediately below the basin to approximately 85% of the �combined� 
scenario without the basin.  The peak water levels would be reduced by up to 0.1m 
for much of the Mullet Creek floodplain below the basin site, and in places by up to 
0.5m.  In view of the expense of a basin, the potential to increase downstream 
hazard for events that exceed the design flood and the satisfactory mitigation of flood 
impacts that can be achieved using the mitigation strategies described above 
(assuming their implementation), it is considered that a large regional basin on Mullet 
Creek would be difficult to justify. 

 
 A second large regional basin located towards the downstream end of Reed Creek 

was initially proposed as a measure to offset the loss of storage due to the fill 
platforms proposed for Reed Creek.  Council considered that because the basin 
footprint intersected with an endangered ecological community (see Figure 2.2), the 
basin was not viable. 

 
A further analysis was undertaken of the �combined� development scenario with the 
proposed mitigation measures (excluding the large detention basin) for the probable 
maximum flood (PMF).  The modelling indicates that the development and mitigation 
measures would result in reduced flood levels for much of the Mullet Creek floodplain below 
Ena Avenue, but with some local increases that are not confined to the riparian corridor.  As 
would be expected in such a rare event, some of the development areas, even those filled to 
the level of the 1% AEP flood plus 0.5m freeboard, would be inundated.  Whilst a detailed 
examination of depth and/or velocity conditions in such an event has not been carried out, it 
appears that the new development areas could be designed so that the possibility of life-
threatening flood conditions is avoided.  During detailed design, the assumed fill level (i.e. 
1% AEP flood level plus 0.5m) will no doubt be refined, which in turn could alter flood 
behaviour in an extreme event, so a further model assessment might be required at that 
time.  Another issue to be considered is whether the development proposals might cause 
life-threatening conditions beyond the development areas in urban zoned land outside the 
riparian corridor.  The modelling indicates that modest increases in the level of the PMF 
could affect some existing residential areas on the northern side of Horsley and at 
Brownsville, as well as commercial and industrial zoned land.  Such increases are unlikely to 
exacerbate threats to life to any significant extent. 
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7.3 PRACTICALITIES FOR IMPLEMENTATION 
 
Although this exercise has demonstrated that the flooding impacts of the West Dapto 
development can be solved from an engineering point-of-view, there are a number of issues 
to be considered in terms of the practicality and viability of implementing the development 
scheme and proposed solutions: 

 Ownership and maintenance of the 40 small detention basins. 
 Ownership and maintenance of the revegetated corridors and riparian zone.  In older 

areas of Wollongong (e.g., Fairy and Cabbage Tree Creeks), maintaining a creek free 
from exotic species and able to flow freely has been problematic when large portions of 
the creek reside in private ownership.  Simply revegetating the riparian corridors without 
subsequent maintenance could be an undesirable environmental outcome and lead to 
worsened flooding.  Also, the community has expressed a strong desire for vegetation 
within the creek channels to be carefully controlled (Figure 3.2, Figure 3.3, cf. 
Section 6.1.5.1).  Further consideration of the tenure and management of the riparian 
corridors is therefore strongly recommended. 

 Cost of spine roads.  While flooding problems caused by road crossings can be 
addressed through larger bridges and culverts, this creates additional expense.  One 
option mooted at the TWG meeting would be to locate a spine road on higher ground to 
the north of West Dapto Road, instead of raising West Dapto Road with its many bridges 
and culverts. 

 Practicalities of large-scale excavation from private land.  The location of all potential 
excavation areas are preliminary, and no consideration was made in the above analysis 
about the status of the land from which fill was excavated, whether public or private.  
Further investigation to determine the viability of excavation, including the possibility of 
compensation, would be required in future stages of the project. 

 Impacts of floodplain excavation on stream morphology including potential impacts on 
erosion.  Excavated areas may also be prone to sedimentation, particularly where fluvial 
deposits are excavated.  It is therefore recommended that a Geomorphic Assessment be 
undertaken of the proposed floodplain excavations to establish impacts on stability and 
potential for sedimentation. 

 Some of the modelled sites for excavation coincide with potential Acid Sulphate Soils 
(ASS) (Figure 2.3), which would require an ASS Management Plan be prepared 
(Section 2.5).  Consultation with ASS experts is recommended. 

 Some of the modelled sites for excavation are likely to coincide with sites of significance 
for Aboriginal archaeology (Section 2.7.1).  This may prevent the excavations occurring 
and as such further assessment of this issue is recommended. 
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7.4 RECOMMENDATIONS 
 
A number of recommendations have been made in relation to the flood impact assessment 
for the West Dapto Release Area.  These are: 

 Consultation with the Lake Illawarra Authority, Shellharbour City Council and the Lake 
Illawarra Floodplain Management Committee concerning the potential small increase in 
Lake Illawarra flood levels as a result of the West Dapto development when fully 
implemented; 

 Consideration of the impacts of the West Dapto development on Lake Illawarra flood 
levels in the next review of the Lake Illawarra FRMP; 

 Further consideration of the tenure and management of the riparian corridors; 
 A Geomorphic Assessment of the proposed floodplain excavations; 
 Further consultation concerning the potential disturbance of Acid Sulphate Soils as a 

result of floodplain excavations; and 
 Further assessment of the significance of Aboriginal archaeology in relation to floodplain 

excavations. 
 
Recommendations relating to the implications of the West Dapto development for planning, 
including FPLs, were made in Section 6.2.4. 
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8. CLIMATE CHANGE FLOOD IMPACTS 
 
8.1 BACKGROUND 
 
There is increasing evidence that the temperature of the earth�s atmosphere and oceans has 
increased over the last century, and that the accumulation of greenhouse gases in the 
earth�s environment will accelerate this process in future years.  Current estimates indicate 
that the annual average temperature for Australia could increase by about 1.0°C by 2030 
(relative to 1990) and by between 1.8°C to 3.4°C by 2070 (Climate Change in Australia, 
CSIRO/BOM, 2007). 
 
Climate change can potentially affect flood behaviour through: 

i) increased sea levels; 
ii) increased severity of flood producing storms or other weather systems; and  
iii) increased evaporation (for inland rivers where volumes are important). 

 
The IPCC (2007) reports that the average global sea level may rise between 0.18m and 
0.79m by 2100, including an allowance for ice flow melt.  DECC (2007) reports that mean 
sea level along the NSW coast may rise by 0.12m more than the global average, meaning 
that the total sea level may rise by 0.18m to 0.91m by 2100. 
 
The impact of climate change on rainfall is less certain.  Evidence to date suggests that 
whilst mean annual rainfall over much of Australia is likely to decrease, the intensity of 
extreme daily rainfall could increase.  Of interest for flooding is that the La Niña events often 
associated with flooding in eastern Australia may tend to become wetter (CSIRO/BOM, 
2007).  A study of rainfall intensity in the Southern Rivers Catchment estimated an increase 
of 5% (for the 1 in 40 year 1 day rainfall event) by 2070 (CSIRO, 2007). 
 
Following public exhibition of the draft Mullet and Brooks Creeks FRMS&P report in 
September-October 2007, and given the growing appreciation of the potential impacts of 
climate change since the commencement of the study, it was decided to formally consider 
the implications of climate change before the study was finalised.  The results of these 
considerations are presented below. 
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8.2 CLIMATE CHANGE SENSITIVITY MODEL RUN 
 
8.2.1 Method 
 
A preliminary model run to assess the sensitivity of the Mullet Creek and Brooks Creek flood 
models to climate change was commissioned.  The Technical Working Group decided to 
adopt a level of 3.04m AHD � being the 1% AEP flood level calculated for Lake Illawarra 
under a high sea level rise (SLR) scenario (0.91m)7 � as the minimum downstream level for 
the Mullet Creek and Brooks Creek climate change model simulations.  An increase in the 
1% AEP rainfall intensity of 20% was applied to the hydrological model, which is the mid-
level increase recommended as a sensitivity test in the Practical Consideration of Climate 
Change Guideline (DECC, 2007, p.4).  More precise estimates of changes in rainfall 
intensity are expected to be available when the Climate Change Rainfall Extremes in 
Sydney and Region study is finalised. 
 
In order to compare like with like, a revised 1% AEP (unblocked) �base case� flood surface 
grid was prepared by enveloping the maximum levels from these scenarios: 

 Mullet Creek 1% AEP, 2 hour simulation with design rainfall and tailwater conditions; 
 Mullet Creek 1% AEP, 6 hour simulation with design rainfall and tailwater conditions; 
 Brooks Creek 1% AEP, 2 hour simulation with design rainfall and tailwater conditions; 
 Minimum water level of 2.31m AHD (1% AEP, 36 hour downstream level). 

 
The �climate change� 1% AEP (unblocked) flood surface grid is a maximum envelope of the 
following scenarios: 

 Mullet Creek 1% AEP, 2 hour simulation with 20% increased rainfall and unchanged 
tailwater conditions; 

 Mullet Creek 1% AEP, 6 hour simulation with 20% increased rainfall and unchanged 
tailwater conditions; 

 Brooks Creek 1% AEP, 2 hour simulation with 20% increased rainfall and unchanged 
tailwater conditions; 

 Minimum water level of 3.04m AHD (1% AEP, 36 hour downstream level with high sea 
level rise (0.91m)).8 

 
8.2.2 Results 
 
8.2.2.1 Flood Levels 
 
Figure 8.1 plots the changes in flood levels from the 1% AEP �base case� to the �climate 
change� scenario (both were �unblocked�).  Towards the downstream end of both 
catchments, the levels increase by up to 0.8m under the climate change scenario, largely 
reflecting the similar magnitude of sea level rise.  As expected, the influence of the sea level 
rise decreases further upstream.  At the upstream ends of the catchments where the 20% 
rainfall increase is most influential, the flood levels increase by up to 0.6m under the climate 
change scenario (mostly < 0.4m).  Increases are more pronounced upstream of sites where 
the flow is constricted (e.g., Princes Highway, F6 Freeway, Emerson Road). 
 

                                                 
7 I.e. Scenario 3 in Table 1 of Cardno Lawson Treloar (2008). The sensitivity of the Mullet and Brooks Creeks 
flood models to a mid-level SLR (0.55m) and a low-level SLR (0.18m) was not assessed. 
8 Neither the �base case� nor the �climate change� maximum flood envelopes included a 36 hour Mullet Creek 
flood simulation, which was included in the Mullet and Brooks Creek Flood Study (BMT WBM, 2010). This means 
that flood levels immediately upstream of Lake Illawarra are underestimated in these two scenarios. 
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8.2.2.2 Flood Frequency 
 
Figure 8.2 plots the changes in flood frequency for two sites in the study area, based on the 
untested assumption that the calculated increase in flood levels for the above �climate 
change� 1% AEP event applies equally to all design events.  The Oaks Avenue site is 
representative of the area dominated by sea level rise.  If the modelled scenario were to 
eventuate, the current level of the 1% AEP flood would correspond to a level more frequent 
than the 10% AEP flood, and the current residential flood planning level (FPL) (1% AEP + 
0.5m freeboard) would offer protection to about the 3% AEP flood level (without freeboard).  
The Bong Bong Road site is representative of the area away from the coast where increased 
rainfall intensities would have most influence.  If the modelled scenario were to eventuate, 
the current level of the 1% AEP flood would correspond to about the 2.5% AEP flood level, 
but the current residential FPL would still offer about 0.35m of freeboard above the new 1% 
AEP flood level. 
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FIGURE 8.2 � Changed Flood Frequency with Climate Change 
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8.2.2.3 Property Inundation Patterns 
 
Tables 8.1 and 8.2 show the number of residential properties and commercial/industrial 
properties affected by the 1% AEP flood for:  

1) the existing case including blockage (the results are the same presented in Table 5.3 
and Appendix E);  
2) the �base case� scenario described above (excluding blockage); and  
3) the �climate change� scenario described above (excluding blockage).   

 
 
TABLE 8.1 � Residential Properties Affected by the 1% AEP Flood 
 

Existing case 
(includes blockage) 

Base case 
(excludes blockage) 

Climate change 
(excludes blockage)  

Yards Floors Yards Floors Yards Floors 

Mullet 
Creek 57 19 42 15 139 38 

Brooks 
Creek 157 58 91 13 191 94 

TOTAL 214 77 133 28 330 132 

 
 
TABLE 8.2 � Commercial/Industrial Properties Affected by the 1% AEP Flood 
 

Existing case 
(includes blockage) 

Base case 
(excludes blockage) 

Climate change 
(excludes blockage)  

Yards Floors Yards Floors Yards Floors 

Mullet 
Creek 21 18 20 18 25 20 

Brooks 
Creek 4 3 3 2 6 6 

TOTAL 25 21 23 20 31 26 

 
 
The reason fewer properties are affected in the �base case� compared to the existing case is 
mainly because the former did not allow for blockage, which accounts for the large variation 
in the number of house floors inundated by the 1% AEP flood in the Brooks Creek 
catchment, where blockage at Emerson Road exerts a strong influence (Figure 6.2).  Of 
more interest for this topic is the comparison between the �base case� and the climate 
change scenario.  This reveals an increase in the number of house floors expected to be 
inundated in the 1% AEP event of 23 for the Mullet Creek catchment and 81 for the Brooks 
Creek catchment.  As a comparison of Figure 5.2 and Figure 8.3 shows, most of the 
additional houses are in the lower catchments where the model run suggests flood levels 
would increase the most (due to sea level rise).  Particular areas of interest include: 
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 In the lower Mullet Creek catchment at Essex Street, Berkeley, 14 houses would be 
inundated above floor level under the conditions simulated in the climate change run, an 
additional 9 to the existing case.  The average depth of flooding over floor levels would 
be 0.35m, while the maximum depth over the floor level would be 0.86m. 

 In the lower Brooks Creek catchment near Lakeside Drive, Edgeworth Avenue and Oaks 
Avenue, 81 houses would be inundated above floor level under the conditions simulated 
in the climate change run (36 of these have estimated floor levels), an additional 72 to 
the existing case.  The average depth of flooding over floor levels would be 0.31m, while 
the maximum depth over the floor level would be 1.24m.  Virtually all the floors in Oaks 
Avenue would be inundated, to an average depth of 0.57m. 

 On the northern side of Horsley in Melrose Way, the one house just flooded above floor 
level under existing conditions (Table 6.3) would be flooded to a depth of about 0.4m 
under the climate change scenario.  Two neighbouring houses not inundated under 
existing conditions would be flooded to a depth of 0.2-0.3m with climate change. 

 At 2 and 4 Prince Edward Drive (Table 6.3), the 1% AEP depths would increase by 0.3m 
and Kanahooka Road would be overtopped by backwater. 

 At 1 Hore Street and at 5 Prince Edward Drive (Table 6.3), the 1% AEP depths would 
increase by 0.2-0.3m, and 3 Hore Street and 7 Prince Edward Drive would be flooded. 

 In the northern section of the Kembla Grange Industrial Area, the 1% AEP depths would 
increase by 0.6m, and in the southern section by 0.3m (see Figure 6.8). 
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8.3 IMPLICATIONS FOR SETTING FLOOD PLANNING LEVELS 
 
8.3.1 Introduction 
 
Flood planning levels (FPLs) have generally been set by adopting a flood level with a given 
annual exceedance probability (AEP) and adding a freeboard.  Within NSW the residential 
floor level FPL has almost universally been set as the 1% AEP flood level with a freeboard of 
0.5m. 
 
The flood levels used for this purpose have not been considered to vary over time9 but with 
the advent of climate change, flood levels of a given AEP are now expected to increase10 
with time as shown in Figure 8.4. 
 

 
 

 
FIGURE 8.4 � Flood Level with Same Probability of Occurrence in any Year 
 
 
8.3.2 Freeboard 
 
Over the last two decades, some councils in NSW have made an allowance for potential sea 
level rise (induced by what was usually referred to as the �greenhouse effect�) through the 
provision of additional freeboard when setting FPLs.11  As the rise related only to ocean 
levels, the additional freeboard was only applied to estuaries and the coastal fringe of river 
valleys. 
 

                                                 
9 Flood levels have undergone regular change due to the availability of improved rainfall intensity estimates, 
modelling improvements, survey data (including changes in topography and floodplain roughness) or recorded 
flood data for model calibration.  Interestingly these changes have almost always led to an increase in levels not 
a decrease. 
10 As the scientific estimates improve, and if and when the global community takes action to counteract the cause 
of climate change, the increase depicted in Figure 8.4 will hopefully at some time in the future show a slowing in 
the rate of rise of levels. 
11 Usually a further 0.3m was added to the standard 0.5m freeboard to allow for �greenhouse effects�, resulting in 
a freeboard of 0.8m. 
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The potential to use higher freeboards to allow for the increase depicted in Figure 8.4 has 
been considered for Mullet and Brooks Creeks, but there were some difficulties with this 
approach because the increases associated with sea level rise reduce upstream and 
because increases across the catchment are not only due to sea level rise but also the 
assumed increases in rainfall intensities described in Section 8.2.1.12  Consequently the 
increased levels inferred in Figure 8.4 are spatially variable (cf. Figure 8.1 and Figure 8.2) 
and it would be impractical to vary the freeboard to account for these increases across the 
catchments.  Therefore the approach adopted here has been to use freeboard to account for 
uncertainties13 in the climate induced flood level estimation, not the climate impacts 
themselves. 
 
8.3.3 Constraining FPLs to Development Life 
 
It is reasonable to assume that the majority of buildings14 will eventually be replaced with 
newer structures, given enough time.  The possibility of allowing for a typical building life 
when setting FPLs was considered.  FPLs set on this basis would apply only to the assumed 
life of the building and higher FPLs would then apply when the building was replaced after 
the assumed life. 
 
However, this approach was not pursued because of the difficulties of defining and enforcing 
a time period after which rebuilding would occur, and the current legislative arrangements 
which provide for development consents in NSW to stand for perpetuity.15  Rather, the 
simpler and more pragmatic approach described below, has been adopted.  This allows for 
two climate change FPLs (CCFPLs) to be applied: a �Low CCFPL� for most types of 
development and which preserves the same protection to the community provided by the 
existing 1% AEP FPL, and a �High CCFPL� which provides greater security against future 
flood levels in situations where it is cost effective and practical to apply these higher FPLs. 
 
8.3.4 Low and High Climate Change FPLs (CCFPLs) 
 
One justification of the selection of the residential FPL as the 1% AEP level has been that 
this flood would have an even chance of being experienced at a given location over a typical 
70 year life span.16  In order to preserve this probability of occurrence in the light of the rising 
flood levels depicted in Figure 8.4, the climatic conditions expected to occur in 
approximately 35 years from now, could be used to determine most residential FPLs that 
were to be applied now.  Thus the normal residential FPL to be used say over the period 
from 2010 until say 2015�2020, would be based on current predictions of the 1% AEP flood 
level using 2045 climatic conditions.  This is shown graphically in Figure 8.5 and is referred 
to as the �Low CCFPL�.  As discussed above, the CCFPLs would retain the freeboard (0.5m) 
currently applied in DCP 54. 
 

                                                 
12 In areas away from Lake Illawarra (e.g. upstream of the Princes Highway) the increases are entirely rainfall 
dependent and are unrelated to the sea level rise. 
13 Implementation of the change to the definition will necessitate revision to the definition of freeboard in DCP 54 
(which was based on the definition in the 2001 Floodplain Management Manual). 
14 This assumption relates generally to residential, commercial and industrial buildings. A small proportion of 
existing and future buildings would be retained and conserved for their heritage value, because they were 
constructed intentionally with longer life spans. 
15 In addition, the 25 year planning horizon suggested for initial guidance in the Climate Change Impacts & Risk 
Management � A Guide to Business and Government report (Broadleaf Capital International, 2006), is not 
considered appropriate for development consents. 
16 Refer to Appendix K of the Floodplain Development Manual, 2005. 
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FIGURE 8.5 � Using 1% AEP Flood Levels to Select a Low CCFPL 
 
 
In the Mullet and Brooks Creeks catchments, the adoption of the Low CCFPLs now, based 
on this procedure would result in a typical increase of 0.2m over the existing 1% AEP FPLs, 
except adjacent to Lake Illawarra where increases typically about 0.4m would occur.  These 
levels would be reviewed at 5�10 year periods and would likely rise slowly over coming 
decades.  Nevertheless given the small rises involved, the adopted Low CCFPLs would be 
unlikely to alter more than currently occurs due to reviews of flood studies and floodplain 
management studies. 
 
These Low CCFPLs might be used for setting residential floor levels for most types of new 
development but will not be appropriate everywhere.  In situations where it would be 
impractical to use these CCFPLs, concessions would need to be available to use lower 
FPLs in much the same way as provided in Council�s existing DCP 54.  These situations 
might include: 

 Some types of alterations and additions where existing floor levels were lower and it was 
impractical to build higher; and 

 Redevelopment of severely flood prone development (so as to result in a significant 
reduction in the flood risk) where the requirement to use a higher FPL would make 
redevelopment impractical and thus the opportunity of reducing the flood risk would be 
lost. 

 
Similarly there are grounds to use a higher CCFPL, referred to as the �High CCFPL�, 
wherever this is cost-effective and practical based on the precautionary principle which is 
discussed further in Appendix G.  These instances would be written into the prescriptive 
and performance controls within Council�s existing planning instruments including DCP 54.  
In particular for new release areas, such as West Dapto, where filling of flood prone land is 
envisaged, use of higher fill levels applicable to 2100 flood levels, is likely to be appropriate.  
Other instances which would likely justify use of 2100 levels as the High CCFPL would 
include house raising and the design of flood mitigation structures such as levees and 
detention basins. 
 
 

2010 2080 2045 

1% AEP 
Flood 
Level 

(mAHD) 

70 Year Period 

By adopting a 1% AEP flood level in 2010 based 
on 2045 climate conditions, there is an even 
chance of experiencing this flood over a 70 year 
period.  This preserves the inundation frequency 
protection afforded by the current 1%AEP flood 
level in the absence of climate change.

Low CCFPL 
to be used 

in 2010 



 

Mullet and Brooks Creeks FRMS&P Bewsher Consulting Pty Ltd 
Final Report, February 2010 J1127R_6.doc -103-

8.4 IMPLICATIONS FOR THE MULLET AND BROOKS CREEKS FRMP 
 
Measures considered for inclusion in the Mullet and Brooks Creeks FRMP were 
reconsidered in the light of the potential implications of climate change.  This qualitative 
reassessment is summarised in Table 8.3.  Most of the original recommendations remain 
unchanged.  Options warranting special consideration are discussed below. 
 
8.4.1 Essex Street Levee 
 
A marked increase in risk exposure in the lower portions of the Mullet Creek and Brooks 
Creek catchments as a result of climate change may warrant adjustments to the floodplain 
management measures considered there.  Originally, a levee protecting houses along Essex 
Street, Berkeley, was not supported on the grounds of its low economic merit as well as the 
impacts on local drainage, amenity and the environment (Section 6.1.6).  If flood problems 
become more severe as a result of climate change, the economic merit of such a levee 
could be enhanced, though the costs to construct a levee to a level affording the same level 
of protection (1% AEP plus freeboard) would also increase given the additional depth of fill 
required.  Construction of a levee is not recommended now, but this can be re-evaluated at 
the next review of the Mullet and Brooks Creeks FRMP, by which time the magnitude of 
climate change will be better defined. 
 
8.4.2 Voluntary House Raising 
 
Another option for the lower portions of the Mullet Creek and Brooks Creek catchments 
would be to expand the voluntary house raising (VHR) scheme proposed in Section 6.2.2.  
The proposed eligibility threshold could be amended, and the size of the subsidy could be 
varied, promoting gradual redevelopment of areas near the foreshore likely to be subject to 
worsening flood conditions as sea levels rise. 
 
For example, instead of the currently proposed eligibility threshold of houses flooded above 
floor level in the 5% AEP flood, for Essex Street and the lower Brooks Creek area, the VHR 
scheme could be expanded to include houses flooded above floor level in the 5% AEP 
climate change flood.  However, such an event has yet to be modelled, and consideration 
would need to be given to the climate change reference year (e.g. 2100) that would apply, 
since the scenario selected for the sensitivity run would not necessarily apply.  Another 
approach for these areas would be to adopt as eligibility threshold above-floor flooding in the 
1% AEP existing conditions flood.  This would capture an additional 3 single-storey houses 
in Essex Street and 6 single-storey houses in the lower Brooks Creek catchment (3 in 
Edgeworth Avenue, 3 in Oaks Avenue) (Table 6.3; Table 6.4).  It is noted that the additional 
houses in the lower Brooks Creek catchment are all brick houses.  Whilst these may not be 
suitable for raising, they could be rebuilt in a manner compatible with Council�s Flood Risk 
DCP, with the homeowners bearing a greater proportion of the cost. 
 
A related issue concerns the level of subsidy provided to assist homeowners to raise (or 
redevelop) their dwellings.  In the Camden Haven VHR Scoping Study (Bewsher Consulting, 
2006), a partial subsidy scheme was preferred to a full subsidy scheme because of the 
reduced financial and administrative burden on Council and the enhanced ownership and 
flexibility for owners of all kinds of houses (provided that the ultimate goal of raising 
habitable floor levels to the FPL is achieved).  A partial subsidy is also recommended for the 
proposed Mullet and Brooks Creeks VHR Scheme, whereby the State Government and 
Council do not pay for the full cost of house raising but rather provide a financial incentive for 
owners to raise their own homes.  The level of subsidy could be varied for different risk 
categories.  For example, the four houses identified in the original evaluation could be 
provided with up a subsidy of up to $50K; the additional nine houses identified above could 
be provided with a subsidy of up to $25K; and it might also be decided to provide some 
(small) incentive for houses flooded only in the 1% AEP climate change flood (Table 8.4). 
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TABLE 8.4 � Potential Variation of Subsidies for VHR 
 

 Flood Risk Category 

 A 
(Floor levels  5% AEP 
existing flood level) 

B 
(Floor levels between 5% 
AEP and 1% AEP existing 
flood levels in Essex Street 
and lower Brooks Creek) 

C 
(Floor levels below 1% 
AEP climate change 
flood level and not in 
Categories A or B) 

Contributor Cost per house Cost per house Cost per house 

State 
Government 

2/3 of project cost up to 
$40,000 

1/3 of project cost up to 
$20,000 

Council 
1/6 of project cost up to 
$10,000 

1/12 of project cost up to 
$5,000 

Owner 

Typically 1/6 cost up to 
$10,000  
(plus any additional 
expenditure) 

Typically 7/12 cost up to 
$35,000  
(plus any additional 
expenditure) 

To be determined 

TOTAL Typically $60,000 Typically $60,000 Typically $60,000 

 
 
For the purposes of the Mullet and Brooks Creeks FRMP, no changes have been made to 
the original proposal to raise/shift four dwellings.  Nevertheless, it is recommended that 
consideration be given to raising/redeveloping an additional nine dwellings in Essex Street, 
Edgeworth Avenue and Oaks Avenue as discussed above.  An expanded scheme would 
provide damage savings in the existing flood regime of $310K, which given a total cost of 
$720K yields a BCR of 0.4.  But the inclusion of the additional properties may have merit 
considering that the actual costs to Government/Council can be defrayed by establishing a 
partial subsidy scheme, and that the BCRs for the projected flood conditions in the year 
2045 would be more favourable. 
 
As discussed in Section 8.3, it is also recommended that consideration be given to raising 
houses included in a VHR scheme to the �High CCFPL�, since this would be cost effective, 
practical and in keeping with the precautionary principle. 
 
It is also recommended that consideration of climate change driven VHR Schemes for the 
Mullet and Brooks Creeks floodplains be considered in the light of recommendations for the 
Lake Illawarra floodplain as a whole, since the pattern of flood level increases due to sea 
level rise will extend beyond the Mullet and Brooks Creeks study area.  It is understood that 
an investigation for Lake Illawarra is underway (in November 2008). 
 
8.4.3 Flood-proofing 
 
Climate change flood risk could also provide grounds for expanding the scope of houses 
recommended for flood-proofing (e.g. the houses in Melrose Way, 1 & 3 Hore Street, 5 & 7 
Prince Edward Drive) (cf. Section 6.2.3; Table 6.3; Table 6.4).  However, the original FRMP 
allowed only for the preparation of flood-proofing guidelines, and this is still thought to be 
appropriate.  As the impacts of climate change become more apparent, the recommendation 
could be expanded and a measure of assistance could be given to help householders flood-
proof their ground floors (especially for double-storey houses and heritage houses, which 
would be ineligible or difficult to raise).  Fairfield City Council has experience in such 
initiatives (see Frost & Rice, 2003). 
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8.4.4 Planning and Development Controls 
 
Appendix G presents a detailed discussion paper addressing the implications of climate 
change flood risk for planning.  It discusses the relevant planning and legislative policy 
context, Council�s existing approach, the approach adopted in other jurisdictions, and 
possible options to address climate change flood risk through Council�s planning policies 
including the Illawarra Regional Strategy, the draft West Dapto LEP and DCP, the draft 
Wollongong template LEP and DCP 54.  Section 3 of the Appendix contains various 
recommendations for amendments to the key planning instruments, together with positions 
that can be applied in considering new urban areas such as the West Dapto Release Area.  
 
It is recommended that Council consider the recommendations in Appendix G as part of its 
floodplain risk management process, and in particular their potential wider application to the 
whole LGA.  Until a City-wide approach for incorporating climate change flood risk into 
planning controls is prepared, it is recommended that an interim climate change allowance 
be included in FPLs for Mullet and Brooks Creeks, following the approach of �Low� and 
�High� Climate Change FPLs introduced in this chapter (see Section 6.2.4). 
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9. FLOODPLAIN MANAGEMENT PLAN 
 
 
9.1 RECOMMENDATIONS 
 
A Floodplain Risk Management Plan (FRMP) showing the preferred floodplain risk 
management measures for the Mullet and Brooks Creeks floodplains is presented in this 
chapter.  The recommended measures have been selected from the range of measures 
discussed in Chapter 6, after an assessment of each measure�s impact on flood risk, as well 
as consideration of environmental, social, and economic factors.  The recommended 
measures are presented in Table 9.1 and on Figure 9.1.  The principal components of the 
Plan are presented below according to priority, which is assessed on the basis of how easily 
(quickly) each measure can be implemented and on value for money.  The timing of the 
proposed works will depend on Council�s overall budgetary commitments, and the 
availability of funds from other sources. 
 
 
9.2 HIGH PRIORITY MEASURES (within 2 years) 
 
9.2.1 Amend Planning and Development Controls 
 
The application of effective landuse planning and development controls will ensure that the 
potential for flood damage does not increase, and is reduced over time as flood compatible 
redevelopment gradually occurs.  As discussed in Section 6.2.4 and Section 8.4.4, it is 
recommended to: 

(1) Prepare a City-wide approach for incorporating climate change flood risk into planning 
controls; 

(2) Until the City-wide approach is implemented, include an interim climate change 
allowance in FPLs for Mullet and Brooks Creeks, following the approach of �Low� and 
�High� Climate Change FPLs (see Chapter 8); 

(3) Revise the 1% AEP design flood level and the FPLs to take account of the West Dapto 
development proposals (when confirmed); 

(4) Review the standard clause in the draft Wollongong LEP and draft West Dapto LEP to 
ensure consistency with this FRMS&P, the Floodplain Development Manual, the 
Illawarra Regional Strategy and relevant planning directions; 

(5) Incorporate statutory controls in planning instruments for implementing and staging the 
West Dapto development in order to manage flood impacts on existing and new 
development; and 

(6) Amend DCP 54 by adding matrices of planning controls for the Mullet and Brooks 
Creeks floodplains. 

 
9.2.2 Improve Emergency Management 
 
It is recommended that the SES revise the Wollongong Local Flood Plan by incorporating 
the detailed �flood intelligence� prepared during the Mullet and Brooks Creeks FRMS&P 
(Section 6.3.2).  This revision should include documentation of procedures to manage 
isolation risks (Section 6.3.3). 
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9.2.3 Improve Public Awareness 
 
Flood damages can be reduced, and safety increased, where communities are �flood-ready�.  
As discussed in Section 6.3.4, recommended ways of promoting readiness are: 

 Issuing flood certificates to occupants of the floodplain on a regular basis, at an 
estimated annual cost of $1,000; 

 Printing and distributing 1,000 FloodSafe brochures to occupants of the floodplain, at an 
estimated cost of $1,000; 

 Maintaining and updating the flood information on Council�s web-site; 
 Installing a flood marker at a visible location such as near the Bong Bong Road bridge, 

at an estimated cost of $6,000 (with $500 annual maintenance); and 
 Commemorating the 30th anniversary of the record 1984 Mullet Creek flood in 2014, at a 

cost of about $20,000. 
 
9.2.4 Manage Riparian Corridor 
 
The condition of the riparian corridors is a serious concern for many people in the 
community (Figure 3.3, Figure 3.4).  It is recommended that a Mullet Creek Vegetation 
Management Strategy (VMS) be prepared at an estimated cost of $80,000, and that a 
Brooks Creek VMS be prepared at an estimated cost of $20,000.  These management plans 
are necessary steps towards rehabilitating the riparian corridors, and in the case of Mullet 
Creek, will provide an opportunity to further consider and plan for implementation of the 
Illawarra Riparian Corridor Management Strategy.  In addition, a capital expenditure of 
$40,000 and annual maintenance expenditure of $20,000 has been allowed in the Plan for 
the rehabilitation of the Brooks Creek riparian corridor.  There is also a $20,000 allowance 
for preparation of a �Riparian Corridors and Flooding� brochure (see Section 6.1.5). 
 
9.2.5 Lake Illawarra Entrance Opening Policy 
 
The community has also expressed concern that the entrance to Lake Illawarra could close 
and subsequently raise flood levels (Figure 3.3).  It is therefore recommended that the 
entrance opening policy described in the draft Lake Illawarra FRMS&P continue to be 
applied (Section 6.1.9). 
 
9.2.6 Voluntary House Purchase (existing scheme) 
 
As discussed in Section 6.2.1, it is recommended that the existing Burringbar Street 
Voluntary House Purchase Scheme be continued to its completion. 
 
 
9.3 MEDIUM PRIORITY MEASURES (within 4 years) 
 
9.3.1 Study and Works to Reduce Blockage at the Emerson Road Culvert 
 
At an estimated cost of $595K, the most significant item of capital expenditure in the Plan is 
the option to reduce blockage of the Emerson Road culvert via culvert works and/or debris 
control.  This option has the potential to reduce the number of houses flooded above floor 
level in the 1% AEP Brooks Creek flood by about 23.  It is recommended that as a first step 
a scoping study be commissioned to further investigate potential works at the site.  An 
important aspect of that study will be to assess potential downstream impacts and offset 
works.  The scoping study will then recommend works to be undertaken to alleviate the 
potential flood problems at Beltana Avenue (Section 6.1.3.2). 
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9.3.2 Install Byamee Street Debris Control Structure 
 
It is also recommended that a debris control structure be constructed immediately upstream 
of the Byamee Street culvert on Brooks Creek, at a cost of $65,000 (Section 6.1.5.2). 
 
9.3.3 Kanahooka Road Drainage Improvements 
 
The installation of a flap-gate on a pipe below Kanahooka Road and other minor works are 
recommended to prevent flooding of two dwellings, at a cost of $20,000 (Section 6.1.7). 
 
9.3.4 Voluntary House Purchase (new property) 
 
It is recommended that the owner of one additional house in the Darkes Road area be 
invited to participate in a voluntary house purchase scheme (Section 6.2.1).  Council could 
explore the possibility of purchasing the house, removing it, rezoning the property to prevent 
use as a residential dwelling, then selling the property. 
 
9.3.5 Voluntary House Raising/Shifting (four houses) 
 
Four dwellings are judged to be eligible for inclusion in a voluntary house raising scheme, at 
a cost of $60,000 each.  As discussed in Section 6.2.2, two of these dwellings appear to be 
secondary houses on large lots, for which house shifting rather than raising appears to be 
more appropriate.  However, those lots are contained within the West Dapto Release Area. 
 
9.3.6 Flood-proofing Guidelines 
 
Several houses are expected to be inundated to shallow depths in the 2% AEP flood.  As 
discussed in Section 6.2.3, it is recommended that Council (or the State) encourage these 
residents to explore ways of minimising flood losses by preparing a brochure explaining 
potential flood-proofing techniques.  This is expected to cost about $20,000. 
 
9.3.7 Kembla Grange Flood Warning Siren 
 
In view of the substantial potential damage savings, it is recommended that a flood warning 
siren be installed in the vicinity of the Kembla Grange Industrial Area, with a linkage to Manly 
Hydraulic Laboratory�s (MHL�s) Mullet Creek water level recorder, at a cost of about $17,000 
(Section 6.1.8.2). 
 
9.3.8 Flood Warning System Improvements 
 
While the limitations to effective flood warning in the Mullet and Brooks Creeks catchments 
are noted, three opportunities for improving the system are recommended (Section 6.3.1): 

 Exploring the potential for improved flash flood warning services (BoM); 
 Publishing data from the Mullet Creek water level recorder in real-time on MHL�s web-

site (cost, $15,000); and 
 Developing plans for �narrow-casting� at recognised flood �hot-spots� (SES). 

 
9.3.9 Provide Reliable Road Access to Horsley and West Dapto 
 
In view of the community�s concern about access to Horsley and West Dapto during floods 
(Figure 3.3), it is recommended that reliable road access be provided during the 1% AEP 
flood, even if the proposed development of West Dapto does not proceed or is delayed 
(Section 6.3.3). 
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9.3.10 Continue OSD Policy 
 
In order to ensure no increase in runoff from new developments or redevelopments, it is 
recommended that Council continue its policy for on-site detention (OSD), as discussed in 
Section 6.1.2, and integrates this policy within an overall program of Water Sensitive Urban 
Design (WSUD). 
 
 
9.4 LOW PRIORITY MEASURES (within 7 years) 
 
9.4.1 Internal Levee Works at Kembla Grange Industrial Estate 
 
The Northern area of the Kembla Grange Industrial Estate is afforded some protection by 
levees, but these are discontinuous.  It is recommended that these levees be upgraded to 
prevent inundation in the 20% AEP and 10% AEP floods, which would yield substantial 
damage savings (Section 6.1.8.1). 
 
 
9.5 FUNDING AND IMPLEMENTATION 
 
The total capital cost of implementing the Plan is $1.6M.  This would yield damage savings 
of up to $3.3M (out of the total net present value of $9.9M), resulting in an overall benefit-
cost ratio (BCR) of over 2.0.  It would reduce the number of houses flooded above floor level 
in the 1% AEP flood by 47, from 77 to 30.  The most strategic measures are those proposed 
for the Brooks Creek floodplain, where works to reduce blockage of the Emerson Road 
culvert and the management of debris upstream of Byamee Street crossing could reduce the 
number of houses flooded above floor level in the 1% AEP flood by 30.  It is also noted that 
the remaining 30 houses flooded above floor level in the 1% AEP flood would benefit from 
the proposed measures for flood-proofing guidelines and improved readiness for flooding. 
 
A variety of sources of funding may be drawn upon to implement the Mullet and Brooks 
Creeks FRMP.  These include: 

 State funding for flood mitigation measures through DECCW; 
 Commonwealth and State funding through the Natural Disaster Resilience Program; 
 Wollongong City Council funds; 
 Funds from other organisations (e.g. Bureau, SES) and private owners; 
 Section 94 Contributions from future development where flooding may be exacerbated 

by such development; 
 Commonwealth funds through Caring for Our Country grants (which incorporates the 

Natural Heritage Trust (NHT), the National Landcare Program and the Environmental 
Stewardship Program), and funds through the Southern Rivers Catchment Management 
Authority, to assist in rehabilitating the creek corridors; and 

 Volunteer labour from community groups. 
 
Council can expect to receive the majority of financial assistance through DECCW.  These 
funds are available to implement measures that contribute to reducing existing flood 
problems.  Funding assistance is usually provided on a 2:1 basis (State:Council) or a 1:1:1 
basis (Commonwealth:State:Council). 
 
Although much of the Plan may be eligible for Government assistance, funding can not be 
guaranteed, since the limited Government funds are allocated on an annual basis to 
competing projects throughout the State.  Options that receive Government funding must be 
of significant benefit to the community.  Funding of investigation and design activities as well 
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as any works is normally available.  Maintenance, however, is usually the responsibility of 
Council. 
 
 
9.6 ON-GOING REVIEW OF PLAN 
 
The Plan should be regarded as a dynamic instrument requiring review and modification 
over time.  The catalyst for change could include flood events, legislative change, alterations 
in the availability of funding, or changes to the area�s planning strategies.  In any event, a 
thorough review every five years is warranted to ensure the ongoing relevance of the Plan. 
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11. FREQUENTLY ASKED QUESTIONS 
 
 
Why do flood levels change over time? 
 
There is a chance that floods of various magnitudes will occur in the future.  As the size of a flood 
increases, the chance that it will occur becomes rarer.  Because some of these rare floods have 
never been experienced or accurately recorded since European settlement, the height of future 
floodwaters is normally predicted using computer models.  These computer models simulate flood 
levels and velocities for a range of flood sizes and flood probabilities.  Given the importance of 
estimating flood levels accurately, councils and the NSW Department of Environment, Climate 
Change and Water (DECCW) engage experts to establish and operate the computer models. 
 
From time to time the computer models are revised and predicted flood levels can change.  The 
resultant change in flood levels however is normally very small.  The reasons why the computer 
models are revised can include: 
 

 new rainfall or ground topography information becomes available; 
 new floods occur which provide additional data from which to fine-tune the models; 
 better computer models become available as the science of flood modelling improves and 

computer capabilities increase; or 
 flood mitigation works may have been carried out, or development within the catchment may 

have occurred, that was not previously simulated in the models. 
 
 
How are these studies funded? 
 
Flood studies and floodplain risk management studies are often carried out under State Government 
guidelines and are funded on a 1:1:1 basis among the Federal and State Governments, and councils.  
This funding arrangement is also available for the construction of flood mitigation works.  
 
 
My property is in a Low Flood Risk Precinct.  What does this mean? 
 
The classification of a �Low Flood Risk Precinct� can differ slightly between councils.  Generally it 
means that your property would not be inundated in a 100 year flood but still has a very slight chance 
of inundation from larger (i.e. rarer) floods. 
 
If you are a residential property owner, there will be virtually no change to how you may develop your 
property.  However, there may be controls on the location of essential services such as hospitals, 
evacuation centres, nursing homes and emergency services. 
 
 
My property is in a Medium Flood Risk Precinct.  What does this mean? 
 
The classification of a �Medium Flood Risk Precinct� can differ slightly between councils.  Often it 
means that your property is inundated in a 100 year flood, however conditions are not likely to be 
hazardous during such a flood.  If you are a residential property owner development controls will 
probably be similar to those that currently exist.  
 
 
My property is in a High Flood Risk Precinct.  What does this mean? 
 
The classification of a �High Flood Risk Precinct� can differ slightly between councils.  Often it means 
that your property will be inundated in a 100 year flood and that hazardous conditions may occur.  
This could mean that there would be a possible danger to personal safety, able bodied adults may 
have difficulty wading to safety, evacuation by trucks may be difficult, or there may be a potential for 
significant structural damage to buildings.  This is an area of higher hazard where stricter controls 
may be applied. 
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Will my property value be altered if I am in a Flood Risk Precinct? 
 
Any change in a council�s classification of properties can have some impact on property values.  
Nevertheless, councils normally give due consideration to such impacts before introducing a system 
of flood risk classifications or any other classification system (e.g. bushfire risks, acid sulphate soil 
risk, etc).  If your property is now classified as being in a Flood Risk Precinct, the real flood risks on 
your property have not changed, only its classification has altered.  A prospective purchaser of your 
property could have previously discovered this risk if they had made enquiries themselves. 
 
If you are in a Low Flood Risk Precinct, generally there will be no controls on normal residential type 
development.  Previous valuation studies have shown that under these circumstances, your property 
values will not alter significantly over the long term.  Certainly, when a new system of classifying flood 
risks is introduced, there may be some short-term effect, particularly if the development implications 
of the precinct classification are not understood properly.  This should only be a short-term effect 
however until the property market understands that over the long-term, the Low Flood Risk Precinct 
classification will not change the way you use or develop your property. 
 
Ultimately, however, the market determines the value of any residential property. Individual owners 
should seek their own valuation advice if they are concerned that the flood risk precinct categorisation 
may influence their property value. 
 
 
My property was never classified as �flood prone� or �flood liable� before.  Now it is in a Low 
Flood Risk Precinct.  Why? 
 
The State Government changed the meaning of the terms �flood prone�, �flood liable� and �floodplain� 
in 2001.  Prior to this time, these terms generally related to land below the 100 year flood level.  Now 
it is different.  These terms now relate to all land that could possibly be inundated, up to an extreme 
flood known as the probable maximum flood (PMF).  This is a very rare flood. 
 
The reason the Government changed the definition of these terms was because there was always 
some land above the 100 year flood level that was at risk of being inundated in rarer and more 
extreme flood events.  History has shown that these rarer flood events can and do happen (e.g. the 
1990 flood in Nyngan, the November 1996 flood in Coffs Harbour, the January 1998 flood in 
Katherine, the August 1998 flood in Wollongong, the 2002 floods in Europe, Hurricane Katrina in 
2005, etc). 
 
 
Will I be able to get house and contents insurance if my house is in a Flood Risk Precinct? 
 
In contrast to the USA and many European countries, flood insurance has generally not been 
available in Australia for residential property.  Following the disastrous floods in Coffs Harbour in 
November 1996 and in Wollongong in August 1998, very limited flood cover began to be offered by 
some insurance companies.  From 2008, many insurance companies started offering wider cover 
although the extent of the cover particularly for very flood prone properties is still not well known and 
may differ between insurers.  The most likely situation is that your insurer will now offer you some 
flood cover although this will be dependent of the flood level information that the insurer has for your 
property.   (This may not necessarily be the same as that available from Council).  If flood cover is 
offered, the classification of your property within a Flood Risk Precinct per se, is unlikely to alter the 
availability of cover.  Obviously insurance policies and conditions may change over time or between 
insurance companies, and you should confirm the specific details of your situation with your insurer. 
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Will I be able to get a home loan if my land is in a Flood Risk Precinct? 
 
Most banks and lending institutions do not account for flood risks when assessing home loan 
applications unless there is a very significant risk of flooding at your property.  The system of Flood 
Risk Precinct classification will make it clear to all concerned, the nature of the flood risks.  Under the 
previous system, if a prospective lending authority made appropriate enquiries, they could have 
identified the nature of the flood risk during assessment of home loan applications.  As a result, it is 
not likely that the classification of your property within a Flood Risk Precinct will alter your ability to 
obtain a home loan. Nevertheless, property owners who are concerned about their ability to obtain a 
loan should clarify the situation with their own lending authority. 
 
 
How have the flood risk maps been prepared? 
 
Because some large and rare floods have often not been experienced or accurately recorded since 
European settlement commenced, computer models are used to simulate the depths and velocities of 
major floods.  These computer models are normally established and operated by flooding experts 
employed by local and state government authorities.  Because of the critical importance of the flood 
level estimates produced by the models, such modelling is subjected to very close scrutiny before 
flood information is formally adopted by a council.  Maps of flood risks (e.g. �low�, �medium� and �high�) 
are prepared after consideration of such issues as: 
 

 flood levels and velocities for a range of possible floods; 
 ground levels; 
 flood warning time and duration of flooding; 
 suitability of evacuation and access routes; and 
 emergency management during major floods. 

 
 
What is the probable maximum flood (PMF)? 
 
The PMF is the largest flood that could possibly occur.  It is a very rare and improbable flood.  Despite 
this, a number of historical floods in Australia have approached the magnitude of a PMF.  Every 
property potentially inundated by a PMF will have some flood risk, even if it is very small.  Under the 
State Government�s Floodplain Development Manual (2005), councils must consider all flood risks, 
even these potentially small ones, when managing floodplains.  As part of the State Government�s 
Manual, the definitions of the terms �flood liable�, flood prone� and �floodplain� refer to land inundated 
by the PMF. 
 
 
What is the 100 year flood? 
 
A 100 year flood is the flood that will occur or be exceeded on average once every 100 years.  It has 
a probability of 1% of occurring in any given year.  If your area has had a 100 year flood, it is a fallacy 
to think you will need to wait another 99 years before the next flood arrives.  Floods do not happen 
like that.  Some parts of Australia have received a couple of 100 year floods in one decade.  On 
average, if you live to be 70 years old, you have a better than even chance of experiencing a 100 
year flood. 
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Why do councils prepare floodplain management studies and plans? 
 
Under NSW legislation, councils have the primary responsibility for management of development 
within floodplains.  To appropriately manage development, councils need a strategic plan which 
considers the potential flood risks and balances these against the beneficial use of the floodplain by 
development.  To do this, councils have to consider a range of environmental, social, economic, 
financial and engineering issues.  This is what happens in a floodplain risk management study.  The 
outcome of the study is the floodplain risk management plan, which details how best to manage flood 
risks in the floodplain for the foreseeable future. 
 
Floodplain risk management plans normally comprise a range of works and measures such as: 
 

 improvements to flood warning and emergency management; 
 works (e.g. levees or detention basins) to protect existing development; 
 voluntary purchase or house raising of severely flood-affected houses; 
 planning and building controls to ensure future development is compatible with the flood 

risks; and 
 measures to raise the community�s awareness of flooding so that they are better able to 

deal with the flood risks they face. 
 
 
Will the Flood Risk Precinct maps be changed? 
 
Yes.  All mapping undertaken by council is subjected to ongoing review.  As these reviews take place, 
it is conceivable that changes to the mapping will occur, particularly if new flood level information or 
ground topography information becomes available.  However, this is not expected to occur very often 
and the intervals between revisions to the maps would normally be many years.  Many councils have 
a policy of reviewing and updating floodplain management studies and plans about every five to ten 
years.  This is the likely frequency at which the maps may be amended. 
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12. GLOSSARY 
 
 
Note that terms shown in bold are described elsewhere in this Glossary. 

1% AEP flood 
 

A flood that occurs (or is exceeded) on average once every 100 years.  
Also known as a 100 year flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

2% AEP flood 
 

A flood that occurs (or is exceeded) on average once every 50 years.  
Also known as a 50 year flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

5% AEP flood 
 

A flood that occurs (or is exceeded) on average once every 20 years.  
Also known as a 20 year flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

10% AEP flood 
 

A flood that occurs (or is exceeded) on average once every 10 years.  
Also known as a 10 year flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

20% AEP flood 
 

A flood that occurs (or is exceeded) on average once every 5 years.  
Also known as a 5 year flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

100 year ARI flood A flood that occurs (or is exceeded) on average once every 100 years.  
Also known as a 1% flood.  See annual exceedance probability (AEP) 
and average recurrence interval (ARI). 
 

50 year ARI flood A flood that occurs (or is exceeded) on average once every 50 years.  
Also known as a 2% flood.  See annual exceedance probability (AEP) 
and average recurrence interval (ARI). 
 

20 year ARI flood A flood that occurs (or is exceeded) on average once every 20 years.  
Also known as a 5% flood.  See annual exceedance probability (AEP) 
and average recurrence interval (ARI). 
 

10 year ARI flood A flood that occurs (or is exceeded) on average once every 10 years.  
Also known as a 10% flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

5 year ARI flood A flood that occurs (or is exceeded) on average once every 5 years.  
Also known as a 20% flood.  See annual exceedance probability 
(AEP) and average recurrence interval (ARI). 
 

acid sulphate soils Sediments which contain sulfidic mineral pyrite which may become 
extremely acid following disturbance or drainage as sulfur compounds 
react when exposed to oxygen to form sulfuric acid. More detailed 
explanation and definition can be found in the NSW Government Acid 
Sulfate Soil Manual published by the Acid Sulfate Soil Management 
Advisory Committee. 
 

afflux The increase in flood level upstream of a constriction of flood flows.  A 
road culvert, a pipe or a narrowing of the stream channel could cause 
the constriction. 
 

annual exceedance 
probability (AEP) 

AEP (measured as a percentage) is a term used to describe the 
frequency or probability of floods occurring.  Large floods occur rarely, 
whereas small floods occur more frequently.  For example, a 1% AEP 
flood occurs (or is exceeded) on average once every 100 years.  It is 
also referred to as the �100 year flood� or the �1 in 100 year flood�. 
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Australian Height 
Datum (AHD) 

A common national plane of level approximately equivalent to the height 
above sea level.  All flood levels, floor levels and ground levels are 
normally provided in metres AHD. 
 

average annual 
damage (AAD) 

Average annual damage is the average flood damage per year that 
would occur in an area over a long period of time.  
 

average recurrence 
interval (ARI) 

ARI (measured in years) is a term used to describe the frequency or 
probability of floods occurring.  Large floods occur rarely, whereas small 
floods occur more frequently.  For example, a 100 year ARI flood is a 
flood that occurs (or is exceeded) on average once every 100 years.  
See also annual exceedance probability (AEP). 
 

BoM The Australian Bureau of Meteorology. 
 

catchment The land area draining through the main stream, as well as tributary 
streams, to a particular site. 
 

DECCW NSW Department of Environment, Climate Change and Water.  
Previously the State Government�s Flooding Unit was part of the 
Department of Environment and Climate Change (DECC), and prior to 
that was part of the Department of Natural Resources (DNR), and prior 
to that was part of the Department of Infrastructure, Planning and 
Natural Resources (DIPNR). 
 

Development Control 
Plan (DCP) 

A DCP is a plan prepared in accordance with Section 72 of the 
Environmental Planning and Assessment Act, 1979 that provides 
detailed guidelines for the assessment of development applications. 
 

discharge The rate of flow of water measured in terms of volume per unit time, for 
example, cubic metres per second (m3/s).  Discharge is different from 
the speed or velocity of flow, which is a measure of how fast the water 
is moving. 
 

ecologically 
sustainable 
development (ESD) 

Using, conserving and enhancing natural resources so that ecological 
processes, on which life depends, are maintained and the total quality of 
life, now and in the future, can be maintained or increased.  A more 
detailed definition is included in the Local Government Act 1993. 
 

effective warning time The time available after receiving advice of an impending flood and 
before the floodwaters prevent appropriate flood response actions being 
undertaken.  The effective warning time is typically used to move farm 
equipment, move stock, raise furniture, evacuate people and transport 
their possessions. 
 

emergency 
management 

A range of measures to manage risks to communities and the 
environment. In the flood context it may include measures to prevent, 
prepare for, respond to and recover from flooding.  In NSW, the State 
Emergency Service (SES) is the principal agency involved in emergency 
management during floods. 
 

flood A relatively high stream flow that overtops the natural or artificial banks 
in any part of a stream, river, estuary, lake or dam.  It includes local 
overland flooding associated with major drainage before entering a 
watercourse.  In addition, it includes coastal inundation resulting from 
raised sea levels, or waves overtopping the coastline. 
 

flood awareness An appreciation of the likely effects of flooding and a knowledge of the 
relevant flood warning, response and evacuation procedures. 
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flood hazard The potential for damage to property or risk to persons during a flood.  
Flood hazard is a key tool used to determine flood severity and is used for 
assessing the suitability of future types of land use. 
 

flood liable land Land susceptible to flooding up to the probable maximum flood (PMF). 
Also called flood prone land.  Note that the term �flood liable land� now 
covers the whole of the floodplain, not just that part below the 100 year 
flood level. 
 

flood planning levels 
(FPLs) 

The combination of flood levels and freeboards selected for planning 
purposes, as determined in floodplain risk management studies and 
incorporated in floodplain risk management plans.  The concept of 
flood planning levels supersedes the designated flood or the flood 
standard used in earlier studies. 
 

flood prone land Land susceptible to flooding up to the probable maximum flood (PMF).  
Also called flood liable land. 
 

flood proofing A combination of measures incorporated in the design, construction and 
alteration of individual buildings or structures subject to flooding, to 
reduce or eliminate damages during a flood. 
 

flood risk precinct An area of land with similar flood risks and where similar development 
controls may be applied by a council to manage the flood risk.  (The 
flood risk is determined based on the existing development in the 
precinct or assuming the precinct is developed with normal residential 
uses).  Usually the floodplain is categorised into three flood risk 
precincts � �low�, �medium� and �high� � although other classifications 
can sometimes be used.  (See also risk). 
 

Flood Study A study that investigates flood behaviour, including identification 
of flood extents, flood levels and flood velocities for a range of 

flood sizes. 
 

floodplain The area of land that is subject to inundation by floods up to and 
including the probable maximum flood (PMF) event, that is, flood 
prone land or flood liable land. 
 

Floodplain Risk 
Management Plan The outcome of a Floodplain Risk Management Study.  (Note that the 

term �risk� is often dropped in common usage and �Floodplain Risk 
Management Studies or Plans� are referred to as �Floodplain 
Management Studies and Plans�.) 
 
 

Floodplain Risk 
Management Study 

These studies are carried out in accordance with the Floodplain 
Development Manual (NSW Government, 2005) and assess options for 
minimising the danger to life and property during floods.  These options 
aim to achieve an equitable balance between environmental, social, 
economic, financial and engineering considerations.  The outcome of a 
Floodplain Risk Management Study is a Floodplain Risk Management 
Plan. 
 

floodway Floodways are those parts of a floodplain where a significant discharge 
of water occurs during floods.  They are often aligned with naturally 
defined channels.  Floodways are areas that, even if only partially 
blocked, would cause a significant redistribution of flood flow, or a 
significant increase in flood levels. 
 

flow See discharge 
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freeboard A factor of safety expressed as the height above the flood level. 
Freeboard provides a factor of safety to compensate for uncertainties in 
the estimation of flood levels across the floodplain, such and wave 
action, localised hydraulic behaviour and impacts that are specific event 
related, such as levee and embankment settlement, and other effects 
such as �greenhouse� and climate change. 
 

geographical 
information system 
(GIS) 
 

A system of software designed to support the management, 
manipulation, analysis and display of spatially referenced data. 
 

geomorphology The study of landforms. 
 

high flood hazard For a particular size flood, there may be a possible danger to personal 
safety, able-bodied adults may have difficulty wading to safety, evacuation 
by trucks may be difficult and/or there may be a potential for significant 
structural damage to buildings. 
 

hydraulics Term given to the study of water flow; in particular, the assessment of 
flow parameters such as water level and velocity. 
 

hydrology Term given to the study of the rainfall and runoff process; in particular, 
the estimation of peak discharges, flow volumes and the derivation of 
hydrographs (graphs that show how the discharge at any particular 
location varies with time during a flood). 
 

Local Environmental 
Plan (LEP) 

A Local Environmental Plan is a plan prepared in accordance with the 
Environmental Planning and Assessment Act, 1979, that defines zones, 
permissible uses within those zones and specifies development 
standards and other special matters for consideration with regard to the 
use or development of land. 
 

low flood hazard For a particular size flood, able-bodied adults would generally have little 
difficulty wading and trucks could be used to evacuate people and their 
possessions should it be necessary. 
 

m AHD Metres Australian Height Datum (AHD). 
 

m/s Metres per second.  Unit used to describe the velocity of floodwaters.  
10km/h  2.8m/s. 
 

m3/s Cubic metres per second or 'cumecs'. A unit of measurement for flows or 
discharges.  It is the rate of flow of water measured in terms of volume 
per unit time. 
 

merit approach The principles of the merit approach are embodied in the Floodplain 
Development Manual (NSW Government, 2005) and weigh up social, 
economic, ecological and cultural impacts of land use options for 
different flood prone areas together with flood damage, hazard and 
behaviour implications, and environmental protection and well being of 
the State�s rivers and floodplains. 
 

overland flow path The path that floodwaters can follow when not confined within a flow 
channel.  Overland flow paths can occur through private property or 
along roads. 
 

peak discharge The maximum flow or discharge during a flood. 
 

present value In relation to flood damage, is the sum of all future flood damages that 
can be expected over a fixed period (usually 20 years) expressed as a 
cost in today�s value.  
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probable maximum 
flood (PMF) 

The largest flood likely to ever occur.  It has a very rare chance of 
occurring. The PMF defines the extent of flood prone land or flood 
liable land, that is, the floodplain. 
 

reliable access During a flood, reliable access means the ability for people to safely 
evacuate an area subject to imminent flooding within the effective 
warning time, having regard to the depth and velocity of floodwaters, 
the suitability of the evacuation route and other relevant factors. 
 

risk Risk is measured in terms of consequences and likelihood.  In the 
context of floodplain management, it is the likelihood and consequences 
arising from the interaction of floods, communities and the environment.  
For example, the potential inundation of an aged person�s facility 
presents a greater flood risk than the potential inundation of a 
sportsground amenities block (if both buildings were to experience the 
same type and probability of flooding).  Reducing the probability of 
flooding reduces the risk, increasing the consequences increases risk.  
(See also flood risk precinct). 
 

risk management The process of identifying, analysing, evaluating, treating, monitoring 
and communicating risks.  A generic framework for risk management in 
Australia is provided in the joint Australian and New Zealand Standard 
AS/NZS 4360;1999. 
 

runoff The amount of rainfall that ends up as flow in a stream, also known as 
rainfall excess. 
 

SES State Emergency Service of New South Wales. 
 

Section 149 
Certificates 
 

In NSW, councils issue these certificates to potential property 
purchasers under Section 149 of the NSW Environmental Planning and 
Assessment Act.  It is compulsory to attach S149(2) certificates to 
contracts for sale of land and these certificates generally identify policies 
affecting development of the land.  Other information and risks 
concerning the property are generally provided on S149(5) certificates 
(which are not compulsory in contracts for sale of land). 
 

stage�damage curve A relationship between different water depths and the predicted flood 
damage at that depth. 
 

TUFLOW The software program used to develop a computer model that analyses 
the two-dimensional hydraulics of the waterways within a catchment 
and calculates water levels (flood levels) and flow velocities. Known as a 
hydraulic model. 
 

velocity The term used to describe the speed of floodwaters, usually in m/s 
(metres per second). 10km/h = 2.8m/s. 
 

WBNM The software program used to develop a computer model that analyses 
the hydrology (rainfall-runoff processes) of the catchment and 
calculates hydrographs and peak discharges.  Known as a hydrological 
model. 
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Record of Mullet Creek floods, 1860�1984 
Sources: Davidson, 1981 (based on Illawarra Mercury); WM, 1985 (Appendix A) 

 

Flood date Description 

1860 Jun Bridge on Dapto Road washed away. 

1873 Feb 
Floodwaters lapped around the Illawarra Hotel (old Princes Highway at Brownsville) 
and reached 2 ft above floor level of the old Steam Mill (now Kembla Grange Golf 
Club). 

1874 Feb Police station flooded, to the south of Mullet Creek. 
1904 Jul Flat areas at Brownsville flooded. 

1925 May Several homes flooded in Bong Bong Road. Brownsville flooded. Bridge on 
Cleveland Road washed away. 

1929 Apr Area west of Dapto described as �one sheet of water�. 
1930 Flood level of 5.5m AHD recorded at the old Brownsville Hotel. 

1950 Jan Lake open but water rose 4 ft at Primbee. Crops badly affected at Albion Park and 
Dapto. 

1950 Apr 

Mullet Creek flooded. At Kembla Grange water up to 3 ft deep across Highway and 
the bridges only a few inches out of water. Concrete causeway on West Dapto 
Road wrecked. 17 people evacuated from homes in Dapto district when floods 
lapped into rooms of cottages. Fences and crops damaged. Albion Park cut off for 3 
hours, water up to 6 ft deep over road. 

1950 May Floodwaters 3 ft deep across Highway at Kembla Grange. 

1950 Jun Kembla Grange Racecourse flooded and Mullet Creek over Highway but not yet 
impeded traffic. 

1951 Sep Kembla Grange and Dapto worst hit where Mullet Creek 1 ft over Racecourse and 
Highway at Dapto. 

1952 Apr Rail traffic disrupted on Dapto � Unanderra line. 

1952 Jun Highway cut at Kembla Grange and Albion Park. Floodwater washed away rail line 
at Kembla Grange. 

1955 May Man drowned at Albion Park, rail cut, main road cut at Brownsville (a DMR camp 
was washed away after Mullet Creek rose 12 ft). 

1956 Feb Flooding at Kembla Grange, rail washaway at Brownsville. 
1958 Feb Princes Highway flooded by 2 ft water at Kembla Grange. 
1958 Mar 8 inches water on Highway at Kembla Grange. 
1959 Jul Kembla Grange to Dapto railway line flooded (400mm deep). 

1959 Oct 

At Kembla Grange hundreds of people stranded as Highway flooded up to 8 ft for ¾ 
mile, 2 men were missing for 6 hours. By 11 p.m. water had receded sufficient for 
traffic to move. Highway at Dapto cut� Hundreds of acres of farmland damaged at 
Dapto, Kembla Grange� All roads from Dapto to Wongawilli flooded� Fowlers 
Road and Cleveland Road damaged. 

1961 Mar Rail line cut at Dapto. 
1961 Nov Floodwaters 3 ft over Kembla Grange Road. 
1962 Feb Highway at Kembla Grange flooded (depth 1 ft). 
1962 May Highway at Kembla Grange flooded (depth 1 ft). 
1963 Apr Highway at Kembla Grange partly cut. 
1963 Aug Highway at Dapto cut by floods. 
1964 Jun 1 ft deep at Kembla Grange. 
1967 Mar Highway at Kembla Grange covered in 2 places by 10 inches. 
1969 Feb Floodwaters submerged 20m of railway at Brownsville. 
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Flood date Description 

1969 Apr Highway at Kembla Grange a danger area. Houses in Burringbar Street Dapto 
flooded. 

1969 Nov West Dapto Road cut, Highway at Kembla Grange cut (1.5 ft), rail line cut. 
1970 Dec Kembla Grange covered by 1.5 ft. 

1971 Feb Four miles of Princes Highway under 6 inches between Kembla Grange and 
Illawarra Highway. Kembla Grange Racecourse and Golf Course under. 

1972 Jan Flood in Dapto�s shopping centre closed Highway for 45 minutes, still covered 1 ft 
late last night� Darkes Road covered by 2 ft water. 

1972 Oct Darkes Road flooded (2 ft deep). 
1973 Nov Water 15-18 inches deep caused long delays on Highway at Kembla Grange. 
1974 Mar Highway cut at Kembla Grange. 
1974 Jun Highway at Kembla Grange cut for 3 hours. 
1974 Aug Rail line between Dapto and Unanderra blocked. 

1975 Mar 

Semi-trailer driver trapped on West Dapto Road� Residents of Dapto battling to 
save homes� �Water swept through 20 houses in Burringbar Ave Dapto which has 
never previously experienced flooding�� At Dapto motorists, Police and residents 
stood helpless as a car ploughed into 1m water over Emerson Road (car and body 
washed 400m)� Tubemakers at Kembla Grange disrupted when pits, electric 
motors and cellars flooded. 

1977 Mar Kembla Grange Golf Course flooded. 

1978 Mar Cleveland, Darkes and West Dapto Roads cut. 40mm of water over rail line at 
93.660km, only minimal damage. 

1978 Apr Unanderra to Dapto Railway line flooded but not closed to traffic. 

1978 May Several homes and the Display Ville (car sales yard) flooded. Darkes Road flooded 
and Princes Highway also closed. 

1984 Feb 

A house on the corner of Prince Edward Drive and Hore Street, Brownsville, was 
destroyed and several other houses in the vicinity flooded. Several houses in 
Burringbar Street and Bong Bong Road were flooded causing considerable damage 
to property. The former Flowerville Nursery in Darkes Road was flooded. Several 
horses were drowned in paddocks near the Princes Highway. Cars were submerged 
along Bong Bong Road. Floodwaters overtopped main Illawarra line near Dapto by 
up to 2m closing the track for over 24 hours. Avondale, Cleveland, Bong Bong, 
Darkes and West Dapto Roads and the Princes Highway near Kembla Grange all 
cut. Bitumen seal of Darkes Road washed away. Numerous minor culverts and 
bridges destroyed in upper catchment. 
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Record of Wollongong floods, 1985�1999 
(Source: www.wollongong.nsw.gov.au/environment/floodplainmanagement.asp#history) 

 

Date 

  

Rainfall 
(9am-9pm) 

Rainfall 
Period 

Locality Class 

6 August 1986 170mm 3 days Widespread Serious 
20 August 1987 106mm 3 days Widespread Minor 
29-30 April 1988 600mm 5 days Northern Suburbs Severe 
2 February 1990 300mm   Widespread Severe 
31 July 1990 264mm 3 days Widespread Severe 
6-12 June 1991 310mm   Southern Suburbs Severe 
8 February 1992 142mm   Widespread Serious 
14 May 1995 114mm   Northern Suburbs Severe 
31 August 1996 230mm   Widespread V. Severe 
17 August 1998 316mm   Northern Suburbs Extreme 
24 October 1999 118mm   Central Wollongong Severe - V. 

Severe 

 

http://www.wollongong.nsw.gov.au/environment/floodplainmanagement.asp#history
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APPENDIX B 
 
 
 
 

EXTRACT FROM RIPARIAN CORRIDOR 
MANAGEMENT STUDY 

(DIPNR, 2004) 







 

Mullet and Brooks Creeks FRMS&P Bewsher Consulting Pty Ltd 
Final Report, February 2010 J1127R_6.doc 

 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 
 
 
 

HERITAGE ITEMS 
Extract from Wollongong Local Environmental Plan 1990,  

Schedule 1: Items of heritage significance 
(last updated 9 June 2006) 
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Part 1 Items of local significance 

  BROWNSVILLE 
B Former Illawarra Lake Hotel 11 Prince Edward Drive 
C Brownsville Heritage Conservation Area Hore Street, Prince Edward Drive and 

Brownsville Avenue 

  KOONAWARRA / MOUNT BROWN / KANAHOOKA 
B Memorial wall, Dapto War Memorial Bangaroo Avenue 

  Olympic Swimming Pool Mount Brown 

B Military Bunker Part Lot 4, DP 541796 

  WEST DAPTO / WONGAWILLI / DAPTO 
B House �Standykes� Sheaffes Road, West Dapto 
B House �Glen Ayre� Sheaffes Road, West Dapto 
A Bong Bong Pass End of Bong Bong Road, West Dapto 
B Reed Park Gates Bong Bong Road, Dapto 
L Cabbage Palms Wongawilli Road, Wongawilli 
L Fig Trees Wongawilli Road, Wongawilli 
B House �Coral Vale� Smith�s Lane, Wongawilli 
B Hay Shed �Coral Vale� Smith�s Lane, Wongawilli 
B Former �Coral Vale� kitchen Smith�s Lane, Wongawilli 
L �Barlyn� Homestead and gardens Darkes Road, Dapto 
L Bunya Pines and figs Paynes Road, Dapto 
L Hoop pines Paynes Road, Dapto 
L Cemetery Reddall�s Road, Dapto 
L Moreton Bay Fig West Dapto Road, adjacent to Dapto Creek 

  DAPTO / KOONAWARRA / KANAHOOKA 
B Former Fairley�s Building 1�11 Bong Bong Road 
B Dapto Hotel 102�110 Princes Highway 
B Former Crystal Clothing Factory 14�16 Marshall Street 
B Cleveland Road Rail Bridge Cleveland Road 
L Bunya Pine 93�97 Princes Highway 
L Bunya Pine Uniting Church, 126�128 Princes Highway 
B House 13 Marshall Street, Dapto 
B House 10 Marshall Street, Dapto 
B Station Master�s Residence Dapto Railway Station 
B House 206 Princes Highway, Dapto 
B House 214 Princes Highway, Dapto 
B House 222 Princes Highway, Dapto 
L Mt Brown Reserve Koonawarra / Dapto 
A Former Dapto Smelter Kanahooka Road 
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  CLEVELAND, AVONDALE AND MARSHALL MOUNT ROADS, 
WEST DAPTO 

B House �Logbridge Farm� Marshall Mount Road 
B Marshall Mount Progress Association Hall Marshall Mount Road 
B House �Glen Avon� Cleveland Road 
B House �Mooreland� Avondale Road 
B House �Linbrook� South Avondale Road 
L Trees (former site of �Banares�) Cleveland Road 
 

A = ARCHAEOLOGICAL ITEM 
B = BUILT ITEM 
C = CONSERVATION AREA 
L = LANDSCAPE ITEM 
P = POTENTIAL ARCHAEOLOGICAL ITEM 

 
Part 2 Items of State and regional significance 
 
  BROWNSVILLE 
B Osborne Memorial Church of St 

Luke 
Prince Edward Drive S 

B Church Hall former Episcopalian 
Church St Luke 

Prince Edward Drive R 

A, L Brownsville Cemetery, large fig 
trees and Bunya pine 

Prince Edward Drive R 

  KANAHOOKA 
B House �Rhondella� Kanahooka Road, north of 

Cemetery, adjacent to Mullet Creek 
R 

A Smelter Rail Route Lots 1 and 3, DP 546902 R 

  WEST DAPTO / WONGAWILLI / KEMBLA GRANGE 
B Newton Park and Gardens Next to Kembla Grange race course R 
B House �Glengarry� Reddalls Road, Kembla Grange R 
B Slab Hut End of Reddalls Road R 
B Former West Dapto Public School Sheaffes Road, West Dapto R 
B, A Hillside Farm Sheaffes Road, West Dapto R 
B �Stream Hill� house, barn, dairy, 

feedshed and their associated 
curtilage 

Sheaffes Road, West Dapto R 

B House �Horsley� Bong Bong Road, West Dapto R 
B �Horsley� out buildings and garden Bong Bong Road, West Dapto R 
A, L Catholic Cemetery St John�s Catholic Cemetery, West 

Dapto Road, West Dapto 
R 

L Railway Cutting�Unanderra / 
Moss Vale Railway Line 

West Dapto R 

A, L Settlers Cemetery and WWII 
Military Graves 

Reddall Road, near Kembla Grange R 
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  DAPTO CENTRAL AND YALLAH 
B Dapto Railway Station Bong Bong Road, Dapto R 
B House �Daisy Bank� 262�268 Princes Highway, Dapto R 
B House �Penrose�, formerly Penrose 

Villa 
Princes Highway, Yallah R 

B Concrete House Next to �The Woolshed� Princes 
Highway, Yallah 

R 

L Yallah Bush Yallah Road, Yallah R 
A Saw Mill Princes Highway, opposite Fowlers 

Road, Dapto 
R 

  CLEVELAND ROAD, AVONDALE ROAD AND MARSHALL 
MOUNT ROAD 

B House �Cleveland� Cleveland Road, West Dapto S 
B Former Avondale Public School Cleveland Road, West Dapto R 
B Avondale Homestead Avondale Road, South Dapto R 
B Former Marshall Mount Public 

School and Master�s Residence 
Marshall Mount Road R 

B �Marshall Mount� House Marshall Mount Road R 
B Marshall Mount Barn Marshall Mount Road R 
 

A = ARCHAEOLOGICAL ITEM 
B = BUILT ITEM 
C = CONSERVATION AREA 
L = LANDSCAPE ITEM 
P = POTENTIAL ARCHAEOLOGICAL ITEM 
S = STATE SIGNIFICANCE 
R = REGIONAL SIGNIFICANCE 
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COMMUNITY CONSULTATION MATERIAL 
 

� Newsletter 
� Community Questionnaire 
� Community Questionnaire Responses Summary 
� Agency Questionnaire 
� Agency Questionnaire Responses 
� Public Exhibition Comments and Responses 
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MULLET AND BROOKS CREEKS, 
FLOODPLAIN RISK MANAGEMENT STUDY & PLAN 

COMMUNITY NEWSLETTER 
AUGUST 2004 

 
Introducing the study 
 
Wollongong City Council has commissioned a 
study to identify and manage flood risks along 
Mullet and Brooks Creeks. This study is called 
the Mullet and Brooks Creeks Floodplain Risk 
Management Study & Plan. 
 
Why do we need to be concerned about floods? 
 
Mullet Creek has a long history of damaging 
floods. The largest flood in recent times 
occurred in February 1984, when a record 
797mm rain fell at Wongawilli in 24 hours. Over 
100 properties in the Dapto and Brownsville 
areas were damaged. Severe damage occurred 
at Kembla Grange industrial estate. Dozens of 
people had to be rescued by boat or helicopter. 

 

 

 
View of Darkes Road from the Princes Highway,  

18 February 1984 
 
 

While floods as big as the 1984 event are rare, 
floods of similar or greater size can (and will) 
occur again. While its main effects were felt in 
the suburbs to the north of Dapto, the 
Wollongong flood of August 1998 was a telling 
reminder that floods can have disastrous 
consequences. 
 
Why do we need a study? 
 
Under the NSW State Government�s Flood 
Policy, the management of floodplains is the 
responsibility of local councils. Wollongong City 
Council is responsible for local planning, 
development controls and land management 
within the floodplains of Mullet and Brooks 
Creeks. 
 
The Flood Policy states that councils need to 
prepare a Floodplain Management Study and Plan 
to outline how they plan to manage floodplains 
now and in the future. The Mullet and Brooks 
Creeks Floodplain Management Study & Plan will 
meet these obligations, and also open the way 
for Council to apply for State Government 
financial assistance to carry out works and 
other measures to reduce the risk. 

 

A Brief History of Flooding 
1950 Apr: Concrete causeway on West Dapto Rd 
wrecked. 17 people evacuated from homes in 
Dapto district when floods lapped into rooms of 
cottages. 
1959 Oct: Hundreds of people stranded at 
Kembla Grange as Highway flooded up to 8 feet 
for ¾ mile. Hundreds of acres of farmland 
damaged at Dapto and Kembla Grange. All roads 
from Dapto to Wongawilli flooded. Fowlers Rd and 
Cleveland Rd damaged. 
1969 Apr: Houses in Burringbar St, Dapto, 
flooded. 
1975 Mar: Semi-trailer driver trapped on West 
Dapto Rd. �Water swept through 20 houses in 
Burringbar Ave Dapto which has never previously 
experienced flooding�! 
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Previous investigations of flood behaviour were 
conducted in 1985 and 1997, and a previous 
floodplain management study was prepared in 
1987. Reasons for this new study include the 
advances in computer models over that time, the 
need to incorporate blockage of bridges and 
culverts into flood models, and the State 
Government�s new requirement that greater 
consideration be given to rare floods, right up 
to the largest possible flood. Another reason is 
the proposed urbanisation of West Dapto. 
Before such development can proceed, it is 
essential that a proper understanding of the 
existing flood hazards in the area be obtained. 
 
Who is responsible for the study? 
 
The study is overseen by the Mullet and Brooks 
Creeks Floodplain Management Committee. The 
Committee represents the �community voices� 
for the flooding problems within the study area. 
Current members are: 
COUNCIL REPRESENTATIVES 

 Lord Mayor Alex Darling (Chairman) 
 Councillor Kiril Jonovski 
 Councillor Tony Kent 
 Councillor Zeki Esen 
 Councillor Frank Gigliotti 

COUNCIL OFFICERS 

 Mr Peter Kofod, Manager Design 
 Mr Pas Silveri, Assistant Manager Floodplain Management 
 Mr Lance Hazell, Floodplain Management Engineer 

DEP�T INFRASTRUCTURE, PLANNING & NATURAL RESOURCES 

 Mr John Bucinskas/Mr Raj Upreti, Natural Resources 
 Mr Crispin Butteriss, Planning 

STATE EMERGENCY SERVICE 

 Mr Neil Pfister, Division Controller, 
Illawarra/South Coast SES Division 

BHP 

 Mr Mark Beale 
COMMUNITY REPRESENTATIVES 

 Mr Colin Black, Dapto 
 Mr Thomas Wardhaugh, Dapto 
 Mr E Perkins, Dapto 
 Mr Len Pickering, Dapto 
 Mr Phil Symons, Kembla Grange 
 Mrs Ruth Gudgin, Dapto 
 Mr Garry Swan, Dapto 

LAKE
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BROOKS CREEK
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Mullet and Brooks Creeks catchments 

 
 
Council has commissioned Bewsher Consulting 
Pty Ltd to facilitate the Floodplain Management 
Study and Plan for Mullet and Brooks Creeks. 
Bewsher Consulting is an independent company 
specialising in floodplain risk management. 
 
What is the study about? 
 
Floodplain risk management in NSW follows a 
process of defined steps. These are depicted in 
the diagram opposite. 
 
The first step of the floodplain risk manage-
ment process, which is now nearing completion, 
is the preparation of a Flood Study. This uses 
state-of-the-art computer modelling to simulate 
flood behaviour through the study area. A good 
deal of data was required to develop the model, 
including rainfall, topography, bridge and culvert 
capacity, and 1984 flood levels. The model is 
being fine-tuned to reproduce the flood 
behaviour experienced in 1984. From that base 
event, the model is being used to simulate flood 
behaviour in �design� events, such as the 100 
year flood. 
 
The Floodplain Risk Management Study 
considers various options that may be able to 
reduce the damages caused by floods. This 
evaluation takes into account local residents� 
views, as well as environmental, social, economic 
and engineering factors. Among the options that 
could be considered are: 
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The Floodplain Risk Management Process in NSW (derived from the Floodplain Management Manual)
 
 
Measures that modify the way a flood behaves 

a. Constructing detention basins 
b. Constructing bypass channels or floodways 
c. Enlarging bridges and culverts 
d. Widening creeks and/or dredging 
e. Clearing creeks of debris 
f. Removing floodplain obstructions 
g. Constructing permanent levees 
h. Filling low-lying land 
 

Measures that modify property 

i. Council purchasing the most severely flood 
affected properties 

j. Raising houses above the 100 year flood 
level 

k. �Flood-proofing� properties (e.g. waterproofing 
walls, shutters) 

l. Placing controls on new buildings (e.g. 
minimum floor levels) 

 

Measures that modify people's response to flooding 

m. Improving flood warning systems 
n. Improving evacuation plans 
o. Promoting community flood awareness 

 Installing flood markers (for example, 
on telegraph poles) to act as reminders 
of the heights of previous floods 

 Providing a certificate to all residents 
stating whether their property is flood-
affected 

p. Promoting community flood readiness 
 Assisting potentially flood-affected 

people to prepare Flood Action Plans, 
which outline WHAT people should do, 
WHERE they should go, and WHO they 
should contact if there is a flood. 

 
This list is by no means exhaustive � we need 
your input and want to hear your ideas and 
opinions to make sure all options are considered. 
 
The recommendations of the Study will include 
the best possible, most equitable, and locally 
supported measures to reduce flood problems. 
Recommendations will be brought together in 
the Mullet and Brooks Creeks Floodplain Risk 
Management Plan, which will guide Council in 
managing the floodplain. 
 
 
 

 
Darkes Road, looking west from the Robins Creek 

Bridge.  During the 1984 flood, water was well over a 
metre above the top of the bridge railing. 

 

Floodplain Risk Management Committee 
Oversees process and provides local input 

Flood Study 
 
 

Determines nature 
and extent of flood 

problem 

Floodplain Risk 
Management 

Study 
Evaluates options for 

addressing flood 
problem 

Floodplain Risk 
Management Plan

 
Recommends options
for addressing flood 

problem 

Implementation 
of Plan 

 
Council undertakes 

recommended 
measures 

Periodic Review 
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How can you be involved? 
 
The success of the Mullet and Brooks Creeks 
Floodplain Management Study & Plan hinges on 
your input and acceptance of the proposals. You 
can participate in the study in several ways: 

1) A community survey has been sent to all 
households and businesses in the study area. 
If you have received a survey, please take a 
few minutes to complete it and return it in 
the reply paid envelope by 30th September. 

2) From 1st to 30th September, posters will be 
displayed in a variety of locations. These will 
show maps of the 1984 flood. If you 
remember seeing the 1984 flood, we 
particularly encourage you to take the 
opportunity to inspect the display and to 
provide feedback by completing a survey. 

 Ground Floor, Central Library, 
41 Burelli Street, Wollongong 

 Dapto District Library, Dapto Ribbonwood Centre 
Princes Highway, Dapto 

 Dapto Mall, Princes Hwy, Dapto 
Saturdays 18th and 25th September, 9 a.m. � noon 

 Dapto Ribbonwood Centre, Princes Hwy, Dapto 
Wednesday 22nd September, 6�8 p.m. 

What is a �100 year flood�? 
 
A �100 year flood� means that in any one year 
there is a �1 in 100� or 1% chance that a flood of 
this size or larger will happen. Over many 
centuries, a �100 year flood� will happen on 
average once every 100 years. 
 

What is a �probable maximum flood�? 
 
Floods bigger than a 1 in 100 year flood can 
occur with devastating effect: Nyngan (1990), 
Coffs Harbour (1996) and Katherine (1998). 
 
The �probable maximum flood� is the largest 
flood that could possibly happen.  Under the 
NSW Government�s Flood Policy, councils are 
now required to consider the risks of flooding 
up to this largest possible flood. 
 

What is a floodplain? 
 
With the release of new State Government 
guidelines in 2001, the words �floodplain� and 
�flood-prone land� now include all land that would 
be flooded by all floods up to the probable 
maximum flood. 

 
 
 

Who can you contact for more information? 
 
For more information about the Mullet and Brooks Creeks Floodplain Management Study & Plan, please 
contact: 

Wollongong City Council Bewsher Consulting Pty Ltd 
Lance Hazell 
Phone: (02) 4227-7209 
E-mail: LHazell@wollongong.nsw.gov.au 

Stephen Yeo 
Phone: (02) 9868-1966 
E-mail: syeo@bewsher.com.au 

Thank you for being part of this study 
 

  

 

 
 

 
Bewsher Consulting  
Floodplain Management Consultants 

 

mailto:LHazell@wollongong.nsw.gov.au
mailto:syeo@bewsher.com.au
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Department of 
Infrastructure, Planning & 
Natural Resources  

Bewsher Consulting  
Floodplain Management 
Consultants 

 

Mullet and Brooks Creeks Floodplain Risk Management Study 

Community Survey, August 2004 
 
SECTION A � THE 1984 FLOOD 
 
1.  Did you observe the 1984 flood in the Mullet Creek or Brooks Creek catchment? 

 Yes 
 No  (If �no�, go to Q6) 

 
2.  Precisely where did you observe the 1984 flood?  (Please be as specific as possible) 

_________________________________________________________________________ 
_________________________________________________________________________ 
 
3.  Have you seen the 1984 flood map currently on display?  (Refer to newsletter for dates and venues) 

 Yes 
 No  (If �no�, go to Q6) 

 
4.  How closely does the 1984 flood map match with your experience of the flood? 

 Accurate match 
 Reasonable match 
 Poor match 
 Don�t know 

 
5.  Please give a brief explanation of your answer in Q4, referring to flood depth and extent if possible. 

_________________________________________________________________________ 
_________________________________________________________________________ 
 
 
SECTION B � FLOODPLAIN MANAGEMENT OPTIONS 
 
6.  What ONE or TWO solutions for dealing with the flood problem do you think deserve most 
consideration? Why? 

_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
_________________________________________________________________________ 
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Reply Paid No. 32 
Bewsher Consulting
PO Box 352 
EPPING NSW 1710

7.  Please indicate your level of support for each of these potential floodplain management measures. 
(Use ONE tick for each row). 

Floodplain Management Measure Support Neutral Against Not sure 

Measures that modify the way a flood behaves     
a. Constructing detention basins     
b. Constructing bypass channels or floodways     
c. Enlarging bridges and culverts     
d. Creek widening and/or dredging     
e. Clearing creeks of debris     
f. Removing floodplain obstructions     
g. Constructing permanent levees     
h. Filling low-lying land     

Measures that modify property     
i. Council purchasing the most severely flood affected properties     
j. Raising houses above the 100 year flood level     
k. �Flood-proofing� properties (e.g. waterproofing walls, shutters)     
l. Placing controls on new buildings (e.g. minimum floor levels)     

Measures that modify people's response to flooding     
m. Improving flood warning systems     
n. Improving evacuation plans     
o. Promoting community flood awareness     
     - Installing flood markers (e.g. on telegraph poles)     
     - Providing a flood notification certificate to owners     
p. Promoting community flood readiness     

 
8.  Are there any particular locations that warrant attention? 

_________________________________________________________________________ 
_________________________________________________________________________ 
 

9.  Do you have any other suggestions about what the Study should address? 
_________________________________________________________________________ 
_________________________________________________________________________ 
 
10.  What further involvement would you like to have in this Study?  (Tick one or more boxes) 

 No further involvement 
 Please include me on your mailing list 
 I am interested in attending displays 
 I am interested in attending meetings 

 
Your Contact Details (see privacy note below). 

Name: ____________________________________ Phone: _________________ 

Address of property in study area: ____________________________________________ 

Your postal address (if different): ____________________________________________ 

Privacy note: Any personal details you give us are for use in this study only and will not be shared with other 
organisations. Information provided in this survey will only be reported in aggregate form. 
 

Please return the completed questionnaire by 30th September to Bewsher Consulting: 

1) using the attached reply-paid envelope (where provided), or 
2) using the questionnaire collection box (at Central and Dapto Libraries), or 
3) by posting your questionnaire (no stamp required) to  
 
 
 
 

Thank you for your assistance. 



MULLET AND BROOKS CREEK SURVEY

Questionnaire number 122
Date received

SECTION A – THE 1984 FLOOD

1.  Did you observe the 1984 flood in the Mullet Creek or Brooks Creek catchment?
Yes 74 61%
No 48 39%

2.  Precisely where did you witness the 1984 flood?  (Please be as specific as possible)

3.  Have you seen the 1984 flood map currently on display?  (Refer to newsletter for times and venues)
Yes 36 30%
No 38 31%

4.  How closely does the 1984 flood map match with your experience of the flood?
Accurate match 13 36%

Reasonable match 20.5 57%
Poor match 1.5 4%
Don't know 1 3%

5.  Please give a brief explanation of your answer in Q4, referring to flood depth and extent if possible.

SECTION B – FLOODPLAIN MANAGEMENT OPTIONS

6.  What ONE or TWO solutions for dealing with the flood problem do you think deserve most consideration? Why?
1
2
3
4

Other

7.  Please indicate your level of support for each of these floodplain management measures.
(Use ONE tick for each row).

Support Neutral Against Not sure
a. Constructing detention basins 51% 11% 11% 8%
b. Constructing bypass channels 57% 14% 11% 4%
c. Enlarging bridges and culverts 66% 7% 7% 7%
d. Creek widening and/or dredging 71% 10% 7% 3%
e. Clearing creeks of debris 90% 1% 1% 2%
f. Removing floodplain obstructions 68% 11% 4% 6%
g. Constructing permanent levees 36% 18% 19% 11%
h. Filling low-lying land 29% 9% 39% 8%
i. Voluntary purchase 42% 21% 13% 8%
j. Voluntary house-raising 46% 15% 11% 11%
k. ‘Flood-proofing’ properties 30% 22% 23% 7%
l. Controls on new buildings 72% 6% 6% 2%
m. Improving flood warning systems 66% 16% 2% 2%
n. Improving evacuation plans 66% 15% 3% 1%
o. Promoting flood awareness 66% 9% 2% 2%
  - Flood markers 67% 11% 2% 3%
  - Flood notification certificate 62% 15% 2% 2%
p. Promoting flood readiness 68% 13% 1% 4%

8.  Are there any particular locations that warrant attention?

9.  Do you have any other suggestions about what the Study should address?

10.  What further involvement would you like to have in this Study? (Tick one or more boxes)
No further involvement 18%

Please include me on your mailing list 70%
I am interested in attending displays 36%

I am interested in attending meetings 30%

            Mullet and Brooks Creeks FRMS, Community Survey
            August 2004

Bewsher Consulting Pty Ltd
J1127-Survey_Responses.xls
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APPENDIX E 
 
 
 
 

FLOOD DAMAGES SUMMARY 
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FLOOD DAMAGES SUMMARY TABLES 
 
TABLE E1: Residential Property (Containing a Home) Affected By Flooding 
 

20% AEP 
Flood 

10% AEP 
Flood 

5% AEP 
Flood 

2% AEP 
Flood 

1% AEP 
Flood PMF 

 

Mullet Creek 18 1 22 3 40 7 48 11 57 19 581 235 

Brooks Creek 4 0 17 1 114 37 135 47 157 58 480 274 

TOTAL 22 1 39 4 154 44 183 58 214 77 1,061 509 

 

 
 
 
TABLE E2: Commercial, Industrial & Public Sector Properties (Containing a Building) 
Affected By Flooding 
 

20% AEP 
Flood 

10% AEP 
Flood 

5% AEP 
Flood 

2% AEP 
Flood 

1% AEP 
Flood PMF 

 

Mullet Creek 14 5 15 10 18 16 19 17 21 18 90 73 

Brooks Creek 0 0 1 1 2 2 2 2 4 3 7 6 

TOTAL 14 5 16 11 20 18 21 19 25 21 97 79 
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TABLE E3: Inundation Depths for Homes Affected by the 1% AEP Flood 
 

Below Floor Flooding 
(Number of Houses) 

Above Floor Flooding  
(Number of Houses) 

Location 
-0.5 to -0.2 -0.2 to 0.0 0.0 to 0.2 0.2 to 0.5 0.5 to 1.0 > 1.0m TOTAL 

Mullet Creek 14 16 11 5 3 0 19 

Brooks Creek 56 36 19 5 21 13 58 

TOTAL 70 52 30 10 24 13 77 

 

 
 
 
TABLE E4: Inundation Depths for Commercial & Industrial Buildings Affected By the 
1% AEP Flood 
 

Below Floor Flooding 
(Number of Buildings) 

Above Floor Flooding  
(Number of Buildings) 

Location 
-0.5 to -0.2 -0.2 to 0.0 0.0 to 0.2 0.2 to 0.5 0.5 to 1.0 > 1.0m TOTAL 

Mullet Creek 1 2 1 7 7 3 18 

Brooks Creek 0 1 0 1 2 0 3 

TOTAL 1 3 1 8 9 3 21 

 

 
 
 
TABLE E5: Predicted Total Flood Damages Under Existing Conditions ($2006) 
 

Damage in Flood Event 
Location 

20% 
AEP 

10% 
AEP 5% AEP 2% AEP 1% AEP PMF 

Average 
Annual 
Damage 

Present 
Value of 
Damage 

Mullet Creek $0.7M $1.1M $2.3M $2.9M $3.7M $29.0M $450K $4.7M 

Brooks Creek $0.1M $0.3M $4.3M $5.1M $6.3M $25.1M $490K $5.2M 

TOTAL $0.8M $1.4M $6.6M $7.9M $10.0M $54.0M $940K $9.9M 
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APPENDIX F 
 
 
 
 

PRESCRIPTIVE CONTROLS FOR 
TOWRADGI CREEK FLOODPLAIN 

Extract from Development Control Plan 54, Schedule 3 

 
(Similar controls are proposed for adoption  

in the Mullet and Brooks Creeks floodplains.) 
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APPENDIX G 
 
 
 
 

CLIMATE CHANGE FLOOD RISK 
PLANNING CONSIDERATIONS 

(DFP PLANNING CONSULTANTS) 
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1 Introduction 

1.1 Commission 
Don Fox Planning Pty Ltd (DFP) was commissioned as a sub-consultant to Bewsher 
Consulting to provide town planning input into the preparation of the Mullet and Brooks 
Creeks Floodplain Risk Management Study & Plan (FRMS&P). The brief to DFP has been 
extended to include the provision of advice regarding the considerations, options and 
implications of alternate planning responses to deal with climate change flood risk. 

While this advice will relate specifically to the preparation of the Mullet Creek FRMS&P it is 
intended that it may also assist in the preparation and review of Council’s overall 
Floodplain Risk Management Policies. 

1.2 Background 
For some time Wollongong City Council has been in the process of preparing FRMS&Ps 
for each of its catchments. Bewsher Consulting in association with DFP, as the sub-
consultant, were engaged to prepare one of the initial FRMS&Ps which related to the 
Towradgi Creek floodplain. This FRMS&P included specific recommendations in regard to 
the adoption of flood risk management planning controls, and in particular the adoption of a 
Development Control Plan (DCP) now known as DCP 54 Managing Flood Risk (December 
2004).

DCP 54 was structured to provide a basis for the adoption of planning controls for all other 
floodplains in the Wollongong Local Government Area (LGA) upon completion of relevant 
FRMS&Ps. While the FRMS&P preparation process for the Towradgi Creek floodplain took 
into consideration climate change flood risk consistent with the guidelines and practice 
relevant at the time, the science associated with predicting potential changes to flooding 
patterns, and community expectations for addressing this additional risk, has evolved. 

While some general guidelines have been issued by Government in regard to the manner 
in which climate change flood risk should be managed through the planning system in 
NSW, there are no detailed directions or widely accepted best practice in regard to an 
appropriate planning response. 

The Mullet and Brooks Creeks FRMS&P has been in preparation since 2002 and a draft 
was completed for Council’s consideration in 2007. The extent of the floodplain and 
pertinent floods examined as part of the FRMP&S at that stage are depicted on Figure 1.
However, prior to proceeding with a formal consideration and determination by Council it 
was deemed appropriate for further consideration to be given to the issue of climate 
change. This has necessitated further flood modelling undertaken by Bewsher Consulting 
(and their sub-consultants, BMT WBM) together with consideration of how to deal with 
additional climate change flood risk issues within the strategic and statutory planning 
processes employed by Council for the Mullet and Brooks Creeks floodplains as well as 
the overall LGA in general. Changes to the originally modelled 100 year flood as a 
consequence of potential climate change as modelled by Bewsher Consulting are depicted 
on Figure 2.
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1.3 Purpose of Report 
The purpose of this report is to assist in the consideration of climate change as part of the 
process for the preparation of the Mullet and Brooks Creeks FRMS&P and more broadly 
Council’s overall Floodplain Risk Management Policies. In particular this report will outline: 

 the relevant planning and legislative policy context; 

 Council’s existing approach; 

 the approach adopted in other jurisdictions, including the Courts; 

 possible options to address climate change flood risk through Council’s planning 
policies and an identification of the possible implications of adopting these options; 
and

 recommendations. 

There are limitations on the scope of this report. Climate change is predicted to have 
various consequences including a persistent change to sea levels which will have a lasting 
consequence to low lying coastal and tidally influenced properties. Climate change is also 
predicted to alter rainfall patterns and potentially alter the frequency of flooding. To the 
extent relevant to the flood modelling process the issue of sea level change is considered 
in detail, otherwise this report is primarily focused on planning issues associated with 
addressing the later consequences relating to changes in the frequency, nature and extent 
of flooding. That is, issues associated with the necessity for permanent retreat of 
development from low lying areas due to sea level rise are not addressed. 

1.4 Glossary and Abbreviations 
The following is a list of terms and abbreviations used throughout this report and their 
meaning. The definitions employed are consistent with those outlined by the Floodplain 
Development Manual (FDM), Council’s Development Control Plan for Managing Flood Risk 
(DCP 54) or other common references. 

Annual Exceedence 
Probability (AEP) 

AEP (measured as a percentage) is a term used to describe 
flood size.  It is a means of describing how likely a flood is to 
occur in a given year.  For example, a 1% AEP flood is a flood 
that has a 1% chance of occurring, or being exceeded, in any 
one year.  It is also referred to as the ‘100 year flood’ or 1 in 
100 year flood’.  The terms 100 year flood, 50 year flood, 20 
year flood etc, have been used in this report.  See also 
average recurrence interval (ARI). 

Average Recurrence 
Interval (ARI) 

The long-term average number of years between the 
occurrence of a flood as big as, or larger than, the selected 
event. For example, floods with a discharge as great as, or 
greater than, the 20 year ARI flood event will occur on average 
once every 20 years. ARI is another way of expressing the 
likelihood of occurrence of a flood event. 

Climate Change Flood 
Planning Level 
(CCFPL)

Means the FPL applicable today but as projected to increase 
for the same ARI into the future due to climate change.  Both 
‘Low’ and ‘High’ CCFPLs have been considered in this report. 
(Refer to the associated report by Bewsher Consulting for the 
basis of these CCFPLs ). 
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Development Control 
Plan (DCP)

A plan prepared in accordance with Section 72 of the EP&A 
Act which supplements a Local Environmental Plan and 
provides detailed guidelines for the assessment of 
development applications.  

Ecologically 
Sustainable
Development (ESD) 

Is as referred to at Section 4(i) of the EP&A Act which 
provides that “accepting so far as the context or subject matter 
otherwise indicates or requires” has the same meaning as in 
Section 6(ii) of the Protection of the Environment 
Administration Act 1991. This subsequent definition refers to 
the precautionary principle which has been found by the 
Courts to potentially include consideration of climate change 
flood risk. 

Environmental 
Planning and 
Assessment Act 1979 
(EP&A Act) 

The primary NSW statute governing the preparation and 
implementation of land use plans and the regulation of 
development.

Flood A relatively high stream flow that overtops the natural or 
artificial banks in any part of a stream, river, estuary, lake or 
dam, and/or local overland flooding associated with major 
drainage as defined by the FDM before entering a 
watercourse, and/or coastal inundation resulting from super-
elevated sea levels and/or water overtopping coastline 
defences excluding tsunami. 

Flood Planning Level 
(FPL)

The combination of flood levels and freeboards selected for 
flood risk management purposes. A FPL identifies an area 
which would be subject to flood related development controls, 
also referred to as the flood planning area. 

Floodplain Is the area of land which is subject to inundation by the 
probable maximum flood (PMF). 

Floodplain 
Development Manual 
(FDM) 

The document dated April 2005, published by the NSW 
Government and entitled ‘Floodplain Development Manual: the 
management of flood liable land”.

Floodplain Risk 
Management Plan 
(FRMP) 

A plan prepared for one or more floodplains in accordance 
with the requirements of the FDM or its predecessor. 

Floodplain Risk 
Management Study 
(FRMS) 

A study prepared for one or more floodplains in accordance 
with the requirements of the FDM or its predecessors. 

Hazard A source of potential harm or a situation with a potential to 
cause loss. In relation to this plan, the hazard is flooding which 
has the potential to cause harm or loss to the community. 

Local Environmental 
Plan (LEP) 

A plan prepared in accordance with the EP&A Act which 
defines zones, permissible uses within those zones and 
specific development standards and other special matters for 
considerations with regard to the use or development of land. 

Local Government 
Area (LGA) 

The geographical area which is administered by a local 
Council, in this case Wollongong City Council. 
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Local Overland 
Flooding  

Inundation by local runoff rather than overbank discharge from 
a stream, river, estuary, lake or dam. 

Merit Approach  An approach, the principles of which are embodied in the FDM 
which weighs social, economic, ecological and cultural 
impacts of land use options for different flood-prone areas 
together with flood damage, hazard and behaviour 
implications, and environmental protection and wellbeing of 
the State’s rivers and floodplains. 

Precautionary
principle 

The Precautionary Principle is a risk management policy 
applied in circumstances where there is scientific uncertainty. 
It is risk oriented and it is intended for use in drafting 
provisional responses to a specific, potentially serious risk 
until more adequate data are available for a more scientifically 
based response. The precautionary principle provides a 
means of applying the elements of risk management to 
situations where there is uncertainty. (Adapted from 
ARPANSA 2006, p.142) 

Probability A statistical measure of the expected chance of flooding. 

Probable Maximum 
Flood (PMF) 

The largest flood that could conceivably occur at a particular 
location, usually estimated from probable maximum 
precipitation.

Risk The chance of something happening that will have an impact. 
It is measured in terms of consequences and probability 
(likelihood). In the context of this report, it is the likelihood of 
consequences arising from the interaction of floods, 
communities and the environment. 

Other terms may be referred to and defined within the report as relevant. 

2 Existing Policy Context 

2.1 General 
The NSW Floodplain Management Process under the FDM involves the production of a 
FRMP that will normally contain planning recommendations. Town planning controls 
normally manage risk associated with future development but can also reduce existing 
risks through redevelopment. 

The plan making processes under the EP&A Act (such as for LEPs and DCPs) operate 
independent of the preparation of FRMPs under the FDM. While these two processes 
could be overlapped, it has been the usual practice in NSW to undertake the processes 
separately. The FRMP should thereafter inform the EP&A Act plan making process, to 
guide areas of future urban release and the preparation of more detailed development 
controls within existing and future areas within documents such as a DCP.  

The floodplain management process commonly results in the situation where not all flood 
related risk is removed from existing or future development, which would require all 
development to be located above the PMF and free of evacuation issues. Consequently, 
the legislation provides indemnity against legal liability incurred by a Council or other 
authorities in situations where persons or property acting on advice or resulting from an 
approval are affected by flooding. Section 733 of the Local Government Act 1993 provides 
that such indemnity is afforded to a Council or an authority if it acts in good faith, which is 
specified as acting in accordance with the principles of the FDM.  
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The FDM outlines a Floodplain Risk Management Process culminating in the preparation 
of FRMPs. The FRMP will include planning recommendations which will include 
consideration of climate change flood risk. Accordingly, it is important that the ultimate 
decisions adopted by Council through the Mullet and Brooks Creeks FRMP are ones that 
can and will be implemented through the EP&A Act plan making process, as insofar as 
they relate to town planning matters. In following this process, Council should have regard 
to relevant guidelines and policies provided by the State Government, and the approach of 
other jurisdictions that may reflect the current best practice when reviewing its current 
approach.

2.2 Council’s Existing Approach 
At this stage, Council has completed two FRMPs for the Towradgi Creek and Hewitt’s (and 
associated) Creek floodplains which have been translated into planning controls 
incorporated within its Floodplain Risk Management DCP (DCP 54). There are seven other 
FRMPs in various states of preparation including the Mullet and Brooks Creeks FRMP. 

With regard to these two adopted and applied FRMPs, specific modelling in regard to 
climate change had not occurred. However, the recommended and adopted planning 
controls reflected in DCP 54 incorporated an allowance for climate change flood risk within 
the freeboard applied in the adoption of the Flood Planning Level (FPL). The definition of 
freeboard as included in DCP 54 is as follows: 

“Freeboard is a factor of safety expressed as the height above the design flood level, 
Freeboard provides a factor of safety to compensate for uncertainties in the estimation 
of flood levels across the floodplain, such as wave action, localised hydraulic 
behaviour and impacts that are specific event related, such as levee and embankment 
settlement and other effects such as ‘greenhouse’ and climate change.” 

While the above precise wording differs from that embodied in the FDM, the intent of both 
definitions is the same when the FDM definition is read in full, including the provisions of 
Section K5 of the FDM as referred to in that definition. That is, both DCP 54 and the FDM 
provide that the FPL (or FPLs) adopted by a Council incorporates some contingency for 
climate change through the application of a freeboard.  

Notwithstanding the above, Section K5 (Appendix K) of the FDM provides the following 
qualification:

“In effect, freeboard acts as a factor of safety which should never be relied on to 
manage risks in events larger than the flood used to derive the FPL.” 

Accordingly when engaging in the process of preparing the FRMP, Council will need to 
give due regard to the floods used to adopt various FPLs which could vary overtime as a 
consequence of climate change. Other questions thereafter need to be answered, for 
example what planning horizon should be considered because an adopted flood level 
based on today’s rainfall intensities will vary in the future if climate change predictions are 
included.

As part of the planning framework established through the Towradgi Creek FRMP, Council 
has adopted a process of holistically mapping all floodplains up to the PMF into the 
following three categories: 

High Flood Risk (Interim Riverine Corridor) Precinct, which is the area subject to high 
hydraulic hazard in a 100 year ARI flood, plus all land within a corridor of 10 metres 
from the top of the creek bank. Most development is restricted in this precinct; 

Medium Flood Risk Precinct, which is the area below the 100 year ARI flood level, 
(plus 0.5m freeboard) that is not within the High Flood Risk (Interim Riverine Corridor) 
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Precinct. In this precinct there is considered to be a significant risk of flood damage 
but these damages can be minimised by the application of development controls; and 

Low Flood Risk Precinct, which is all other land within the floodplain (i.e. up to the 
PMF). Most land uses other than some essential services and critical utilities would be 
permitted within this precinct. 

Accordingly, a change in the approach to adopting FPLs as a consequence of taking 
climate change into consideration is likely to have implications in regard to the mapping of 
properties within the floodplain as either low, medium or high risk. Apart from having 
implications to what planning controls would therefore apply, it is also likely to generate 
public concern in regard to other issues such as perceived impact on land values, whether 
actual or not.

2.3 Existing Legislation and Policy Provisions 
A recent report prepared for the Sydney Coastal Councils Group by the NSW 
Environmental Defender’s Office (EDO 2008) entitled ‘Coastal Council’s and Planning for 
Climate Change’ provides an audit of legislation and policy provisions that may be relevant 
when considering climate change in the exercise of Council’s duties. While this document 
is extremely comprehensive, it does not appear to have included in the audit a review of 
DCPs and recognises that case law is evolving in regard to the issue of climate change. 
The following provides a brief summary of the relevant legislation and policy sources 
relevant to Wollongong Council and the Mullet and Brooks Creeks FRMP in particular, 
drawing from this reference and other research. 

2.3.1 Acts and Regulations 
The Coastal Protection Act 1979 is the principal legislation in NSW applying to the coastal 
zone, which was extended in 2005 to now incorporate the greater metropolitan regions of 
Sydney including the Illawarra. 

Part of the Mullet and Brooks Creeks study area is located in the gazetted coastal zone as 
reflected by the map at Appendix A. The Act provides for the making of Coastal Zone 
Management Plans but this is discretionary unless directed by the Minister. Such a plan 
could assist Council in enabling a strategic approach in responding to, in particular, sea 
level rise aspects of climate change. However, the Coastal Protection Act is unlikely to 
have any other direct implications to the Mullet and Brooks Creeks FRMP. 

While the EP&A Act does not directly refer to climate change, it does include as an 
Objective of the EP&A Act (Section 5(a)(vii)) to encourage Ecologically Sustainable 
Development (ESD). The EP&A Act provides that the meaning of ESD is as prescribed at 
Section 6(ii) of the Protection of the Environment Administration Act 1991, being: 

“(2) For the purposes of subsection (1)(a), ecologically sustainable development 
requires the effective integration of economic and environmental considerations 
in decision-making processes. Ecologically sustainable development can be 
achieved through the implementation of the following principles and programs:  

(a) the precautionary principle—namely, that if there are threats of serious or 
irreversible environmental damage, lack of full scientific certainty should not 
be used as a reason for postponing measures to prevent environmental 
degradation.

In the application of the precautionary principle, public and private 
decisions should be guided by:  

(i) careful evaluation to avoid, wherever practicable, serious or 
irreversible damage to the environment, and 
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(ii) an assessment of the risk-weighted consequences of various options, 

(b) inter-generational equity—namely, that the present generation should 
ensure that the health, diversity and productivity of the environment are 
maintained or enhanced for the benefit of future generations, 

(c) conservation of biological diversity and ecological integrity—namely, that 
conservation of biological diversity and ecological integrity should be a 
fundamental consideration, 

(d) improved valuation, pricing and incentive mechanisms—namely, that 
environmental factors should be included in the valuation of assets and 
services, such as:  

(i) polluter pays—that is, those who generate pollution and waste should 
bear the cost of containment, avoidance or abatement, 

(ii) the users of goods and services should pay prices based on the full life 
cycle of costs of providing goods and services, including the use of 
natural resources and assets and the ultimate disposal of any waste, 

(iii) environmental goals, having been established, should be pursued in 
the most cost effective way, by establishing incentive structures, 
including market mechanisms, that enable those best placed to 
maximise benefits or minimise costs to develop their own solutions 
and responses to environmental problems. 

In the decision of the Court of Appeal in the matter of the Minister for Planning -v- Walker 
[2008] NSW CA224 delivered on 24 September 2008, the question as to whether there 
was a mandatory requirement for the Minister to consider climate change flood risk in the 
assessment of the an application for development under Part 3A of the EP&A Act was 
considered. The lower Court had found that the Minister had an explicit obligation to 
consider the public interest as referenced in the EP&A Act and Regulation (which includes 
ESD) and that this was not addressed in a meaningful way in the assessment of the 
subdivision proposal at Sandon Point.  

The Court of Appeal decision determined that it was not mandatory for the Minister to have 
considered the principles of ESD when taking into consideration the public interest. 
Notwithstanding, the judgement does make the observation that if the principles of ESD 
had been a mandatory consideration for the Minister then it would have to have been 
considered in a meaningful way. It is understood that the decision of the Court of Appeal is 
to be appealed to the High Court. 

While there have been no specific decisions of the Court in regard to consideration of 
climate change flood risk in the assessment of Part 4 development applications under the 
EP&A Act, there would similarly appear to be no mandatory requirement for consideration. 
This does not mean that in some cases it would not be an important or relevant 
consideration. 

In the current policy context relevant to Wollongong City Council, it could be argued that for 
most development applications the application of DCP 54 (which is inclusive of floor level 
standards incorporating freeboard, as discussed above) would be considered sufficient in 
addressing climate change flood risk. The scientific understanding of climate change is 
evolving and the recent DECC Guidelines (discussed below in section 2.3.3) to assist in 
the consideration of climate change flood risk suggest that this issue will ultimately be 
required to be more robustly considered for all development within the floodplain. This will 
be important in regard to new Urban Release Areas where the application of the 
precautionary principle will be particularly relevant. 



Planning Considerations, Climate Change Flood Risk 
Mullet and Brooks Creeks Floodplain Risk Management Study & Plan

Don Fox Planning  |  28 November 2008 
P:\PROJECTS\5287 Mullet Creek FRMP\Reports\5287.doc 

10

As noted above, an objective of the EP&A Act is to encourage ESD which would be a 
matter to take into account as part of the process for the preparation of various plans made 
under Part 3 of the EP&A Act. FRMPs prepared in accordance with the FDM, in this case 
the Mullet and Brooks Creeks FRMP, will importantly inform plans made under Part 3 of 
the Act which will incorporate planning controls and consequently guide the future 
assessment of applications for development in the floodplains. Such FRMPs will be looked 
at to provide guidance with regard to the manner in which to consider climate change flood 
risk.

The NSW Template LEP contained within the standard instrument Local Environment Plan 
Audit 2006 contains a compulsory clause for plans which include land within the coastal 
zone. This clause includes as an objective the promotion of the principles of ESD and in 
particular to “recognise and accommodate coastal processes and climate change”.
Specific matters that would require to be taken into consideration in assessment of the 
applications in accordance with the Template LEP include sea level rise.  

Wollongong City Council is currently in the process of preparing its Template LEP which is 
expected to be exhibited in late 2008 to early 2009. Notwithstanding, the compulsory 
clause relates only to development within the coastal zone and there is no standard 
provision that requires general floodplain risk considerations. The adoption of a standard 
flood related clause for the Template LEP is understood to be a matter of ongoing 
discussion between the DECC and the DoP, and the Floodplain Management Authorities 
(FMA) are also in the process of making submissions to the DoP in this regard. 

While not mandatory, Council can incorporate a standard flood related clause (as 
previously recommended within the Towradgi FRMP). Consequently, Council has inserted 
a flood related clause within its draft LEP for which the DoP Guidelines provide discretion 
for Council to do so. The draft Template LEP does not incorporate the West Dapto 
Release Area which had been tracking as a separate draft LEP, but in any case would 
ultimately be incorporated within the overall consolidated standard LEP that will eventually 
apply to the whole of the Wollongong LGA. This flood related Clause does not at present 
explicitly require any mandatory consideration of climate change flood risk, but this is an 
option explored later.  

The various directions provided by the Government to date contain discretionary 
considerations of the manner in which climate change flood risk is to be addressed. 
Ultimately, the FRMP process requires the balancing of various competing considerations 
as part of the FDM merit approach, into which climate change flood risk can be a 
contributing factor, to ultimately provide a policy basis for the overall management of flood 
risk, inclusive of those relating to future development. 

2.3.2 State Floodplain Risk Management and Related Policies 
The primary State related policies regarding floodplain risk management are contained 
within the NSW State Government Flood Policy and more specifically in the FDM. The 
primary direction provided by the FDM is contained within Section G 9.8 of Appendix G 
and is quoted in full as follows: 

““The management study aims to provide a management plan that is “robust” for a 
reasonable period of time, ie. if in 20 years time the greenhouse effect is worse than 
currently anticipated, the adopted management plan should be able to be adapted.  

The potential adverse impacts of climate change (see Section E6) on flooding 
behaviour therefore need to be considered. These include: 

Increases in sea level which will increase flooding problems in coastal areas, 
particularly in intermittently closed ocean lagoons and lakes. These problems 
would be exacerbated by additional build up of berms at ocean entrances 
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brought about by higher ocean levels. This may lead to the need to consider the 
following:

adopt higher FPLs to maintain the current level of protection or accept a 
higher level of flood risk, ie. more frequent flooding; and 

develop or update an entrance management plan to manage berm heights 
where these govern flood levels. 

Sensitivity analyses for the potential range of change in ocean level within the design 
timeframe should be considered in management studies. 

Altered weather patterns may intensify storms and so increase the severity of the 
resulting floods. Consideration of the associated impacts through sensitivity 
analyses (see Section F7) may lead to a management study consideration such 
as:

deciding to adopt a higher FPL now aimed at providing a certain level of 
protection in future; or 

deciding upon a particular level of flood protection now that will lead to a 
reduced level of flood protection in future. 

An appropriate FPL (see Appendix K) for residential development would still generally 
be the 1% AEP flood event plus 0.5m freeboard. Freeboard could be expected to 
account for reasonable change in risk over time and therefore selection of a more 
conservative FPL may not generally be necessary. 

The degree to which climate change is incorporated in a management plan should be 
decided in the management study after discussion with representatives from DIPNR.” 

DCP 54 adopts the 1% AEP Flood (equivalent to the 100 year ARI flood) as the FPL for 
floor levels associated with general residential developments plus 0.5m freeboard. The 
DCP makes specific reference to the fact that the freeboard takes into account climate 
change. To this extent, Council’s current policies can be considered to be consistent with 
current State Government Floodplain Risk Management Policies. 

2.3.3 State Guidelines 
On 25 October 2007 the Coastal Floodplain Management division of the DECC issued a 
Floodplain Risk Management Guideline entitled “Practical Consideration of Climate 
Change”. Such Guidelines are prepared to assist Councils in the preparation and 
implementation of their FRMPs. It is understood that this Guideline does not amend the 
FDM or represent Government policy and therefore would assumingly be subservient to 
the FDM. 

The Guideline contains four sections being: 

Section 1 – Provides directions in regard to assessing climate change impacts 
through modelling sensitivity analysis; 

Section 2 – Requires consideration of the consequences of climate change in the 
circumstances of individual floodplains. That is, will the nature of flooding change with 
scenarios incorporating climate change, sea level rise and increased rainfall 
intensities in a manner that would significantly increase risk to property (through 
increased flood depths and velocities) or to human life (by new and increased hazard 
and evacuation difficulties)? If these increased risks are significant, then the 
consideration of whether they can be managed is necessary; 

Section 3 – Requires the consideration of climate change in the design and 
assessment of floodplain risk management projects; 
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Section 4 – Deals with potential strategies to manage climate change flood risk. 
These strategies are dichotomised into those relevant where climate change 
ramifications are considered minor and where they are considered major. Where 
considered minor, recommendations include: 

 Future development can either adopt the current 100 year ARI flood level and 
accept that flood risks will increase or use a higher FPL which incorporates a 
climate change factor which would effectively provide a slightly higher level of 
protection at present; 

 For existing development no action can be considered where no works are 
otherwise proposed to protect existing development, but where mitigation works are 
proposed, consider the feasibility of allowing for climate change.

Where ramifications due to climate change are considered major, the Guideline 
discusses a number of possible strategies, including the following: 

Consider alternate locations for new urban development; 

Allow development on the precondition of an agreed planned retreat. It is suggested 
that this could be applied to uses such as tourist or short-term caravan parks or 
mobile homes (with no permanent occupants) or support facilities/land for cluster 
housing associated with residential or commercial development “where investment 
decisions are based upon known conditions of abandonment and removal.”

Include a climate change factor in FPLs in addition to the general freeboard; 

Adopt the current 100 year ARI flood level as the basis for FPLs (presumably as a 
general FPL plus freeboard for residential development) and accept that flood risk 
will increase over time; this will require further assessment of potential damages and 
other risks such as evacuation constraints; and 

A combination of options, such as no higher standard for fill (or existing ground) 
levels but requiring higher floor levels, minimum two storey residential development 
to minimise exposure of contents, increased requirements for flood compatible 
structural materials and allowing for the potential to retrofit solutions to development 
in the future. 

The consideration of the above options would need to include an assessment of 
impact on emergency response management. The Guideline also proposes various 
questions to assess the costs and benefits arising from accepting or managing climate 
change flood risks which are generally similar to those required in any case as part of 
the floodplain risk management process.  

Management strategies are also suggested for existing development where climate 
change ramifications are considered significant. These strategies primarily relate to 
the evaluation of mitigation works where proposed, or consideration of the cost benefit 
of works to address climate change impacts where they are not otherwise proposed. 
These strategies should also consider emergency response issues.  

Climate change flood risk in the context of the Mullet and Brooks Creeks FRMP will 
have ramifications for both existing and future development, but mainly for future 
development. The subject floodplain is located within the West Dapto Release Area 
which is in its final stages of planning and is intended to provide for 19,000 dwellings 
(55,000 people) over a 40 year period. Having regard to the above Guidelines, and 
consistent with the application of the precautionary principle, a more stringent 
consideration of climate change flood risk would be relevant in assigning FPLs to 
development in the West Dapto Release Area, which is yet to be zoned and 
developed.
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2.3.4 State Planning Instruments and Strategies 
The Coastal Councils and Planning for Climate Change report (EDO 2008) outlines various 
State Government planning instruments and strategies which could have some basis for 
requiring consideration of climate change flood risk, being: 

 State Environmental Planning Policy 71 – Coastal Protection (SEPP 71); 

 State Environmental Planning Policy (Major Projects) 2005; 

 NSW Coastal Policy 1997; 

 NSW Coastal Hazard Policy; 

 NSW Coastal Management Manual 1990; 

 Coastal Management Program; 

 Coastal Management Manual 1990; 

 NSW Biodiversity Strategy; 

 NSW Greenhouse Plan; 

 National Greenhouse Strategy; 

 NSW Metropolitan Strategy (City of Cities); 

 NSW State Plan; and 

 Southern Region – Illawarra Regional Strategy. 

While the above instruments and strategies include references to various considerations 
associated with climate change flood risk, they rarely provide any specific reference to this 
issue and provide no specific direction in regard to management responses.  

2.4 Local Planning Controls 
The current primary flood related development controls applicable in the Wollongong LGA 
are contained within the Wollongong Local Environmental Plan 1990, and DCP 54. The 
relevant provisions of DCP 54 are as outlined in Section 2.2.

Clause 26 of LEP 1990 provides specific provisions with regard to development on flood 
prone land, being provisions generally as recommended as part of the Towradgi Creek 
FRMP. Consistent with common practice at that time, the Clause does not include any 
specific reference to climate change flood risk. There are no other clauses of the LEP 
which incorporate such provisions.  

3 Consideration of Options 

3.1 General 
In the formulation and evaluation of options to take into consideration climate change flood 
risk as part of the planning process, there are a number of considerations to be taken into 
account to determine an appropriate planning response. These issues include: 

1. What planning horizon should be catered for?  

2. What stage in the planning process should incorporate a recognition of climate 
change flood risk?, and

3. What planning policy documents should incorporate some reference to the issue?  

The following sections of this report examine each of these considerations culminating in a 
summary of options to be considered. 
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3.2 Planning Horizon 
Climate change flood risk requires consideration of the consequences of a hazard which is 
predicted to impact upon an area in a particular manner over the next 100 years (or more). 
At present, the IPCC provides sea level change predictions for the 50 year and 100 year 
timeframe. The DECC guidelines provide an information source from the CSIRO in regard 
to the likely change in flood producing rainfall events for the years 2030 and 2070, 
indicating a significant range of possibilities. 

The current Sydney Metropolitan Strategy (City of Sydney, DoP, 2005) is one of the more 
far reaching strategic plans for an area in NSW, and adopts a 25 year planning horizon. 
Coincidentally, the Australian Government Department of the Environment and Heritage – 
Australian Greenhouse Office (2006, pg.9) suggests the following as a general approach in 
establishing an appropriate planning horizon: 

"The planning horizon suggested for this Guide is, in the first instance, a period of 
approximately 25 years hence. This coincides with the strategic planning horizon of 
many organisations and also with the investment period for many long-lived assets. 
Users of the Guide may however, choose to adopt an even longer-term focus - for 
example, climate scenarios can be constructed for 50 and even 100 years into the 
future using information that is easy to access." 

 The DECC guideline (25/10/2007, page 4) states the following: 

“The 2090-2100 (Ocean) and 2070 (Rainfall) timeframes have been selected as the 
basis for current decisions for development and management options unless it can be 
shown to the satisfaction of the relevant Council or DECC that the associated 
decisions or options will not be relevant by this timeframe. Longer timeframes could 
also be considered, particularly for critical infrastructure.” 

For risk management purposes, a longer timeframe for the consideration of risks in the 
planning process is relevant where the consequences are greater. That is, the 
consequences of flood impacts upon a whole new release area such as West Dapto will be 
significant and would warrant the application of a longer planning horizon, while the 
consequences of flood impacts upon infill development within the established areas of 
Wollongong would be less and a shorter planning horizon could be applied.  

The development of the West Dapto Release Area is likely to occur over a 40 year 
timeframe and therefore it can be considered cost effective to apply the more stringent 
climate change flood risk scenarios at this stage with the potential to monitor and review 
the requirements for development over time. That is, in such situations the ‘High CCFPL’ 
(as discussed within the associated report by Bewsher Consulting) can be adopted. It 
would be much more difficult to not adopt such a “precautionary principle” and await 
greater certainty before planning requirements are imposed, which may not arise until the 
planning of the area has progressed to a reasonably committed stage. 

Conversely, for development within established urban areas and/or areas zoned for urban 
purposes and already committed to a particular form of development, there may be less 
scope for application of the more stringent climate change scenarios without substantial 
cost to individuals and the community. In such situations the ‘Low CCFPL’ (as discussed 
within the associated report by Bewsher Consulting) can be adopted. 

3.3 Stage in the Planning Process 
The planning process in NSW provides a hierarchy of planning policy documents ranging 
from broad strategic planning documents to detailed planning controls. The policy 
documents that have some relevance to this project include non-statutory and statutory 
reports and environmental planning instruments. These are inclusive of the Illawarra 
Regional Strategy which is intended to inform statutory planning instruments, such as the 
future Wollongong LEP and in particular the West Dapto Release Area LEP and related 
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DCPs. In each of these planning documents, the constraints associated with flooding, and 
more specifically climate change flood risk, are issues that would need to be taken into 
consideration and balanced against other issues to determine an appropriate planning 
outcome for the area of application of that policy.  

An important outcome associated with this review of the Mullet and Brooks Creeks FRMP, 
is to provide a framework by which to more effectively inform the preparation of the various 
planning policy documents involved at different stages of the planning process. The 
preparation of the Towradgi FRMP which provides specific recommendations to Council in 
regard to the City Wide LEP and led to the preparation of DCP 54 was relatively narrowly 
focused. This review can provide broader recommendations to assist in the preparation of 
the wider range of strategic planning documents inclusive of the local environmental study 
and LEP for the West Dapto Release Area. 

3.4 Relevant Policy Documents 
Recommendations to address climate change flood risk can have an application to various 
planning policy documents for the reasons discussed above. Some of these documents 
have only recently been prepared but will ultimately be reviewed at which time further 
consideration to this issue can be incorporated. In summary, those documents which 
would have some potential for incorporating considerations relating to climate change flood 
risk include: 

 The Illawarra Regional Strategy 

 West Dapto Local Environmental Study/Draft LEP 

 The Draft Wollongong Template LEP 

 DCP 54 

As discussed above, the manner in which the issue of climate change flood risk should be 
addressed within each of these policy documents will vary having regard to the intent of 
the document, the planning horizon which would be most relevant, the stage of the 
planning process that it lies within, and the consequences that could arise from an 
application of the policy document. 

3.5 Identification and Evaluation of Options 
For each of the planning policy documents, a range of options are available, extending 
from no action to imposition of controls to address the most stringent climate change flood 
risk predications. These options and their implications, relative to each of the subject 
planning policy documents are outlined in the following table. 
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4 Conclusion 
Current scientific knowledge and best practice for floodplain risk management requires a 
consideration of climate change flood risk. Council’s current policy documents relating to 
climate change flood risk include general matters for consideration as outlined within 
Wollongong LEP 1990, with more specific controls for development specified by DCP 54. 
Given the distant time horizons that apply in the consideration of climate change, it is 
recommended that a wider range of planning policies be introduced, which incorporate 
Council’s position relating to management of climate change flood risk. These 
considerations should vary depending upon the stage within the planning process that the 
policy document relates to. 

Section 3 of this discussion paper outlines various recommendations for amendments to 
Council’s future LEP, and the current DCP 54, together with positions that can be applied 
in considering new urban areas such as the West Dapto Release Area. It is recommended 
that Council consider the recommendations outlined above as part of its floodplain risk 
management process, and in particular their potential wider application to the whole LGA.  
Tentative transference of the recommendations to one or more other Council catchments 
for which floodplain risk management plans are currently being prepared, might usefully 
progress the wider adoption of the climate change recommendations contained here. 

In addition, the recommendations contained here will also have relevance to Council’s 
planning decisions generally throughout the LGA. 
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DEFINITIONS 

[To be inserted into the Dictionary of the Template LEP in alphabetical order:] 

Flood liable land (being synonymous with flood prone land and floodplain) is the area of land which is 
subject to inundation by floods up to and including a probable maximum flood (PMF). 

Probable maximum flood (PMF) is the largest flood that could conceivably occur at a particular location. 

FLOOD CLAUSE 

[To be inserted as Clause 5.13 in the LEP Template] 

5.13 Development on Flood Liable land

(1) The objective of this clause is to ensure that the risk to human life and damage to property due 
to flooding is appropriately managed by controlling development. 

(2) When undertaking an assessment required by this clause, Council must take into consideration  

(a) the impact of the development in combination with the cumulative impact of development 
which is likely to occur within the future, within the same floodplain; and 

(b) the potential for changes to flood conditions in the future due to climate change. 

(3) Consent must not be granted to development on flood liable land unless the development: 

(a) is consistent with any floodplain risk management plan adopted by Council in 
accordance within any relevant Manual as published by the State Government; 

(b) is consistent with any development control plan adopted by Council to manage flood 
risks;

(c) does not detrimentally increase the potential flood effect on other development or 
property;

(d) does not significantly and detrimentally affect the environment of the floodplain by 
causing avoidable erosion, siltation, destruction of riparian vegetation or a reduction in 
the stability of the riverbank or watercourse; 

(d) will not result, to a substantial degree, in an increased risk to human life; and 
(e) is unlikely to result in additional economic and social cost which could not reasonably 

be managed by potentially affected persons and the general community. 
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