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EXECUTIVE SUMMARY 

The State Government’s Flood Policy aims to reduce the impacts of flooding and flood liability 
on individual owners and occupiers, and to reduce private and public losses resulting from 
flooding. The Policy encourages the development of solutions to existing flood problems in 
developed areas, and strategies for ensuring that new development is compatible with the flood 
hazard and does not create additional flooding problems in other areas. 
 
Under the Policy, Local Government has the responsibility for managing flood liable land. The 
Narrabeen Lagoon Joint Estuary and Floodplain Management Committee have assisted both 
Warringah and Pittwater Councils in this task. The Joint Committee membership comprises a 
wide range of technical and community based skills. 
 
The Narrabeen Lagoon Flood Risk Management Plan constitutes the third stage of the floodplain 
management process for Narrabeen Lagoon. Previously the Narrabeen Lagoon Flood Study was 
completed in 1990 and the subsequent Narrabeen Lagoon Floodplain Management Study was 
completed in 1992. This Flood Risk Management Plan provides the basis for the future 
management of flood liable lands in the Narrabeen Lagoon floodplain and the management of 
development in regard to flooding. 
 
Within the Narrabeen Lagoon catchment flooding can occur from either short duration rainfall 
bursts, typically along the tributary creeks, or longer duration rainfall events that result in 
flooding of the low-lying areas of the lagoon floodplain.  A combination of these effects can 
accentuate flooding in the downstream parts of the tributary creeks.  Floods in the tributary 
creeks generally have critical storm duration of around 2 hours. The Flood Study reported that 
the critical storm duration for the lagoon was the 36 hour event. 
 
There are a significant number of flood affected commercial, light industrial and residential 
properties within the Narrabeen Lagoon floodplain.  Flooding varies from water above habitable 
floors to the inundation of gardens and secondary buildings.  Figure 3 shows the extent of 
inundation for the 1% AEP and extreme flood event for Narrabeen Lagoon Floodplain.   
 
The primary flood affected areas in Warringah are: 

• The eastern side of the entrance channel; 

• Lakeside Caravan Park and the surrounding residential area north of the lagoon entrance; 

• The Mullet Creek area, from Pittwater Road to Jacksons Road; 

• Narrabeen Creek floodplain including Warriewood Shopping Centre; 

• The Wimbledon Avenue peninsula; 

• NSW Academy of Sport; and 

• The southern foreshore of the Central Basin. 
 
There are 311 properties in Warringah that would experience inundation at the extreme flood 
event, within the Narrabeen Floodplain.  The following table highlights the number of dwellings 
that will experience flooding above their floor level during specific flood events. 
 
Warringah Council sought to examine a range of floodplain management options that could be 
employed firstly to protect the existing development as far as possible and secondly to ensure 
that any new development would be flood free or reasonably protected above Council’s 
designated flood. Floodplain management options were identified through previous studies, 
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recent community consultation and floodplain management review that includes two options 
aimed at increasing the flood immunity of Wakehurst Parkway.  
 
The following Table provides a summary of the Management Actions to be implemented within 
this Flood Risk Management Plan for Warringah 
 

Management Actions for Implementation - Warringah 
GENERAL 

Management Action 1: - Flood Risk Management Plan Review  

FLOOD MODIFICATION MEASURES 

Management Action 2a: - Maintain Current Entrance Management Policy Procedure 

Management Action 2b: - Revise the Entrance Management Policy 1996 to update necessary approvals and 

responsibilities to undertake management operations 

Management Action 2c: - Investigate alternate entrance dredging methodology and regularity of clearance 

operations 

Management Action 3: - The Construction of Wetlands on Middle Creek 

Management Action 4: - Raise Wakehurst Parkway at Middle Creek 

PROPERTY MODIFICATION MEASURE 

Management Action 5a: - That Warringah Council investigate the addition of further controls for Housing for Older 

People and People with a Disability in Flood Prone Lands. 

Management Action 5b: - That Warringah Council review its requirements for subdivision of land within flood 

prone land with a view to providing additional controls..  

Management Action 5c: - That Warringah Council seek to incorporate definitions as contained in the Floodplain 

Management Manual that are relevant to Warringah within WLEP 2000. 

Management Action 5d: - That Warringah Council address issues of flood impacts by property development within 

the Warringah Design Guidelines  

Management Action 6: - Implementation of a Voluntary House Raising Program 

RESPONSE MODIFICATION MEASURES 

Management Action 7: - Upgrading of the current Lagoonwatch Monitoring Program  

Management Action 8: - Development of a Local Flood Plan  

Management Action 9: - Development of a Community Awareness Program 

 
These management options will be implemented over time through Warringah’s and Corporate 
Business Plan, as Council resources and funding allow. 
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1 INTRODUCTION 

1.1 The Floodplain Management Process 

In accordance with the NSW Flood Prone Land Policy and in response to the potential 
impact of flooding of Narrabeen Lagoon and its tributaries, Warringah and Pittwater 
Councils have recognised the need to implement floodplain management measures to 
manage the existing and future flood risk in the community. A number of steps have 
preceded the development of this plan, including: 
 

• Establish a committee that includes community groups and state agency specialists - 
Narrabeen Lagoon Joint Estuary/Floodplain Management Committee (NLJE/FMC); 

• Conduct a flood study that defines the nature and extent of the flood problem - Flood 

Study of Narrabeen Lagoon (PWD 1990), and  

• Prepare a management study that determines options in consideration of planning 
social, ecological and economic factors relating to flood risk - Floodplain Management 

Study for Narrabeen Lagoon (1992). 

1.2 Purpose of the plan 

The purpose of the Narrabeen Lagoon Floodplain Risk Management Plan (FRMP) is to 
provide Council with a management plan that assesses and recommends preferred options 
that addresses the impacts associated with flooding. The management plan is then publicly 
exhibited and subject to revision in light of these responses.  
 
A fundamental principle of this management plan is to ensure that these measures are not 
considered individually or in isolation.  Measures must be considered collectively so that 
their interactions, cumulative impact, economic suitability and effectiveness will ensure 
that a holistic approach to floodplain management is achieved. 

1.3 Objectives of the plan 

The objectives for the Narrabeen Lagoon Floodplain Risk Management Plan, determined 
by the NLJE/FMC are: 

• to reduce the flood hazard and risk to people and property in the existing community 
and to ensure future development is controlled in a manner consistent with the flood 
hazard and risk by fostering flood compatible best practices. 

• to reduce private and public losses resulting from floods; 

• to protect and where possible enhance the lagoon and floodplain environment; 

• to be consistent with the objectives of relevant State Policies; 

• to ensure the FRMP is fully integrated with Councils’ existing corporate, business and 
strategic plans, existing and proposed planning proposals, meets Council’s obligations 
under the Local Government Act, 1993; 

• to ensure the FRMP has community support; 

• to ensure actions are sustainable in social, environmental and economic terms 
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• to ensure the FRMP is fully integrated with the local emergency management plan and 
other relevant catchment management plans; and 

• to establish a program for implementation and a mechanism for the funding of the 
FRMP. 

1.4 Community Consultation 

Community consultation was undertaken throughout the preparation of the FRMP to 
encourage community input acceptance and commitment to the implementation of the 
Plan.  A general objective is to inform the community to the extent of flood prone land, the 
associated hazards and seek their support of Councils’ policies in relation to the use and 
development of flood prone land in the Narrabeen Lagoon floodplain.  Consultation was 
primarily with the NLJE/FMC, which consists of community representatives, Councillors, 
Council officers and key government agency representatives.  Details of consultation are 
given in Volume 2. 

1.5 Structure of the Plan 

The Narrabeen Lagoon Flood Risk Management Plan has been structured into two 
Volumes.  
  

Volume One 

This Volume represents the Flood Risk Management Plan as per the requirements set by 
the Floodplain Management Manual (2001).  
 
This plan has been structured to: 

• identify the area to which this plan applies; 

• summarise the flood situation in the study area ; 

• review the recommended floodplain options for implementation;  

• assess and prioritise these options in terms of the social, environmental and economic 
aspects  

• provide implementation strategy for the management measures  

 
Volume Two 

This Volume, Flood Risk Management Plan Review, provides the detail of the review and 
assessment process of management options considered for implementation within the 
Flood Risk Management Plan. In developing the Plan extensive review of past documents 
and recommendations made within the Floodplain Management Study undertaken, as well 
as the considerations of all new recommendations.  
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2 BACKGROUND 

2.1 The Study Area 

Narrabeen Lagoon is a coastal lagoon with a catchment area of approximately 55 square 
kilometres and a surface area of approximately 250 hectares.  There are several tributaries 
to Narrabeen Lagoon, including Nareen Creek, Deep Creek, Middle Creek, Mullet Creek 
and South Creek.  
 
A locality map is shown in Figure 1 and the area to which this plan applies is shown on 
Figure 2.  The study area is contained within the Pittwater and Warringah Local 
Government Areas (LGAs).  The eastern sections of the lagoon are located adjacent to the 
suburbs of Narrabeen and North Narrabeen. 
 
Narrabeen Lagoon catchment consists of large areas of bushland, mainly in the western 
sections, recreational reserves, commercial, light industrial and residential land uses.  Parts 
of the lagoon’s catchment continue to be extensively developed for residential, commercial 
and industrial purposes, particularly in the Mullet Creek and Narrabeen Creek catchments. 
This ongoing development highlights the need to implement a management plan to control 
the risk and hazard associated with flooding. 
 
This plan applies to the following within the Warringah Local Government Area: 

• Narrabeen Lagoon floodplain, those areas fringing the lagoon that are directly affected 
by water level rises in the lagoon, 

• Sections of Wakehurst Parkway that are flooded by Middle Creek, 

• Those sections of South Creek affected by backwater flooding from elevated lagoon 
levels. 

 
Nareen Creek catchment is the subject of a separate floodplain management plan currently 
being developed by Pittwater Council. 
 
The ocean entrance to Narrabeen Lagoon is located at the northern end of Narrabeen Beach 
between Narrabeen Head, and a stabilised sand dune known as Birdwood Park. A large 
flood tide shoal at the entrance significantly restricts tidal penetration into the Lagoon, 
while coastal processes result in occasional entrance closure. Warringah and Pittwater 
Councils have adopted a policy of mechanically opening the entrance (once water levels 
reach a certain height) and undertaking periodic entrance clearance works to: 
 

• limit the severity of flooding of low lying residential and commercial areas that fringe 
the Lagoon resulting from catchment inflows; and 

• maintain a reasonable level of water quality in the Lagoon through tidal flushing. 
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2.2 Review of Previous Documents 

Revision of documents related to the lagoon and its catchment was undertaken as part of 
this plan. This review is provided in Volume Two with documents of specific relevance to 
the plan listed below. 
 
Narrabeen Lagoon Flood Study (PWD, January 1990) 

Narrabeen Lagoon Entrance Study (PWD, August 1989) 

Narrabeen Lagoon Floodplain Management Study (NLFMC, December 1992).  
Statement of Environmental Effects for the Rehabilitation of Middle Creek (1993) 
Management Policy for Narrabeen Lagoon Entrance (NLJE/FMC, November 1996) 

Manly Warringah Pittwater Local Disaster Plan (December 1999) 
Warringah Council Local Environmental Plan (Warringah Council, 2000) 

Interim Warringah Design Guidelines (Warringah Council, 2000) 

Pittwater Council Local Environmental Plan (Pittwater Council, 1993) 
Flood Risk Management Policy for Pittwater  (Pittwater Council, June 2001) 

Narrabeen Lagoon Floodplain Property Survey Appraisal (Zastawny, 2000) 

Narrabeen Lagoon Floodplain Management Study ANUFLOOD Data File (Mitchell 

McCotter, 1992) 

Ingleside Warriewood Release Area Water Cycle Management Study (Patterson Britton, 

1994) 

Hydraulic Review of Warriewood Square Culvert (Bewsher Consulting, 1996)  

Water Management Documentation – Boondah Road Works Depot Development 
Application  (Lawson and Treloar, September 2000) 

2.3 The Flood Situation 

Within the Narrabeen Lagoon catchment flooding can occur from either short duration 
rainfall bursts, typically along the tributary creeks, or longer duration rainfall events that 
result in flooding of the low-lying areas of the lagoon floodplain.  A combination of these 
effects can accentuate flooding in the downstream parts of the tributary creeks.  Floods in 
the tributary creeks generally have critical storm duration of around 2 hours. The Flood 
Study reported that the critical storm duration for the lagoon was the 36 hour event. 
 
There is a significant number of flood affected commercial and residential properties 
within the catchment, experiencing habitable floor flooding and yard flooding. Figure 3 
shows the extent of inundation and cadastral information for the study area.  
 
A detailed discussion of the flood situation for Narrabeen Lagoon appears in Volume Two. 

2.4 Flood Mapping and Hazard Assessment 

The Flood Study produced a preliminary flood inundation plan for the study area.  This 
was refined in the Floodplain Management Study (FMS) to include flood hazards for the 
1% AEP event.  More detailed flood information has been mapped during the preparation 
of the FRMP for the 5%, 1% AEP and extreme events, as shown on Figure 3 (flood extent 
of the 1% AEP and extreme events) and Figure 4 (flood hazard categorisation for the 1% 
AEP).   
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Mapping used 2m ground contours that cover the study area and results from previous 
flood studies.  Flood information is presented on the cadastre base for the Warringah LGA.  
 
Flood extents along Middle Creek and Deep Creek are not shown, as detailed hydraulic 
modelling has not been undertaken on these tributaries.  The extreme event for South 
Creek has not been modelled and is not mapped.  

2.4.1 Hazard Categorisation 

Identification of flood hydraulic and hazard categories were determined in accordance with 
the Floodplain Management Manual (2001), (FMM), supplemented by technical papers 
further addressing the issue of hazard in flood prone areas.  The FMM divides flood prone 
land into three hydraulic categories, namely "floodway", "flood storage" and "flood 
fringe".  The definition of these terms is provided in the glossary.  
 
In the FMS, hazard categories adopted (for the 1% AEP event) considered average 
velocities, average depth of flooding and evacuation issues.  The following were applied: 

• Floodway high hazard in the outlet channel downstream of Ocean Street 

• Floodway low hazard in Mullet Creek, and 

• Flood fringe for the residential and commercial areas along the lagoon foreshores.  

 
These categories were further developed in the FRMP using results from modelling and the 
FMM.  The depth and velocity of floodwaters across the floodplain was used to initially 
define low and high hazard categories.  Variation of depth and velocities across the 
floodplain was determined using a computer program developed by SMEC.  The program 
calculates the hydraulic conveyance for sections across the floodplain using the results 
from the hydraulic model.  Low and high hazards were classified using Figures G1 and G2 
from the FMM. The flood hazard map for the 1% AEP for Narrabeen Lagoon is presented 
on Figure 4. 
 
The changes from the FMS to the hazard categorises in this FRMP (Figure 4) include: 

• re-definition of flood fringe areas along the Lagoon’s foreshore to flood storage.  This 
is in recognition that Narrabeen Lagoon is a natural storage basin with low-lying areas 
storing floodwaters prior to discharge through the relatively narrow outlet channel. 

• introduction of high hazard areas on the lagoon floodplain, where the expected flood 
depth is greater than 1m. 

• apportioning the inundated areas along Mullet Creek into floodway and flood storage.  
The area between Mullet Creek and Garden Street (Progress Park) is still recognised as 
floodway with typically high velocities and floodwater depths greater than 1m.  The 
developed area south of Garden Street has lower velocities but expected flood depths 
greater than 1m and is classified as high hazard flood storage. 

• apportioning high and low hazards to the outlet channel downstream of Ocean Street. 

There are also a number of areas that have been given special notes on Figure 4.  These 
areas are not subject to inundation in a 1% AEP event, but have been identified as 
potentially having emergency access difficulties as roads may be impassable during floods.  
These include Walker Street, The Esplanade, Mactier Street, Clarke Street and Lindley 
Avenue.  The flood hazard categorisation of Narrabeen Lagoon floodplain was accepted by 
representatives of the NLJE/FMC at the workshop held on 24 March 2001. 
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3 RECOMMENDED FLOOD MANAGEMENT MEASURES 

Floodplain management measures that may reduce flood losses can be divided into three 
categories: 

• Flood Modification: modifying the behaviour of the flood itself; 

• Property Modification: modifying and/or imposing controls on property and 
infrastructure development; and 

• Response Modification: modifying the response of the population at risk to better 
cope with a flood event. 

 
Flood Modification Measures 

The purpose of flood modification measures is to modify the behaviour of a flood by 
reducing flood levels or velocities or by excluding floodwaters from areas at risk.  Flood 
modification measures, by their structural nature, may have environmental and ecological 
impacts (positive or negative).  Therefore, any proposal for such works must be subject to 
strict and detailed assessment in accordance with the existing planning and assessment 
legislation. 
 

Property Modification Measures 

Property modification measures refer to modifications to existing development and 
development controls on property and community.  These measures include: development 
controls, zonings, voluntary house raising of dwellings.  Implementation of these measures 
is aimed at encouraging more appropriate development within the floodplain that is less 
likely to be affected by flooding, minimising the potential damaged as well as reducing 
inappropriate development with a high potential for damage during a flood event. 
 

Response Modification Measures 

Response modification measures encompass various means of modifying the response of 
the population to the flood threat.  Such measures include flood warning, plans for the 
defence and evacuation of an area, for the relief of evacuees and for the recovery of the 
area once the flood subsides.  Planning for these measures is incorporated in the Local 
Flood Plan for the area, which is prepared under the auspices of the SES and is 
complementary to the Council Floodplain Risk Management Plan.  
 
Management Actions to be implemented as part of the Plan are summarised in the 
following section.  The implementation schedule of the management options can be found 
in Section 5 - Implementation Action List, Table 5.1. 
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3.1 General Management Measures  

3.1.1 Flood Risk Management Plan Review 

Management Action 1: - Flood Risk Management Plan Review  
To maintain the relevance of the FRMP, it needs to be reviewed and updated, if required, 
at regular intervals.  This will ensure that the document continues to meet the aims of a 
FRMP and remains relevant to the needs of the community.  It is recommended that this be 
undertaken every five years or after a major flood event, under the direction of the 
Narrabeen Lagoon Joint Estuary Floodplain Management Committee (NLJE/FMC), if 
Councils funding resources allow.  This would include the review of the modelling 
techniques from the Flood Study to ensure results are valid during all stages of 
implementation of the FRMP.  
 

3.2 Flood Modification Measures 

3.2.1 Entrance Management 

Management Action 2a: - Maintain Current Entrance Management Policy Procedure 
The FMS recommended a revised management strategy for the lagoon entrance based on a 
formalised mechanical breakout and entrance clearing strategy supported by a monitoring 
system to optimise entrance management intervention operations.  
 
The NLJE/FMC adopted a Management Policy for Narrabeen Lagoon Entrance in 1996.  
The main objectives of Entrance Management Policy are to mitigate the flood effects in 
Narrabeen Lagoon, conserve biological diversity and to maintain or enhance the water 
quality.  The Policy formalised the management of the lagoon entrance by defining the 
requirements for monitoring, management procedures and protocols for the lagoon 
entrance.  
 
Management Action 2b: - Revise the Entrance Management Policy 1996 to update 

approvals necessary and responsibilities to undertake management operations 
The procedures outlined in the Entrance Management Policy are considered well 
documented and well suited to achieving the objectives of entrance management.  The 
Policy is noted to have a requirement to be reviewed every three years.  Review of the 
current approval and responsibilities of The Policy need to be addressed and updated.  It is 
noted however, that since formal implementation, there has been no large flood event, 
therefore those procedures specific to flood management have not been tested.   
 
Management Action 2c: - Investigate alternate entrance clearance dredging 

methodology and regularity of clearance operations 
It is recommended that alternate methodology for undertaking minor and major clearance 
operations be investigated in conjunction with a review of the regularity of clearance 
operations. This should determine the long term cost effectiveness of current operations 
compared to alternative methodologies and if it could be more cost effective to carry out 
operations at a greater or lesser frequency.  The feasibility of undertaking clearance 
operations if there are not the sufficient funds available to carry out the works in 
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accordance with the specifications of the Policy should also be closely considered for 
future operations. 
 

3.2.2 Middle Creek 

Management Action 3: - The Construction of Wetlands on Middle Creek 
One option considered to mitigate the flooding of Wakehurst Parkway by Middle Creek is 
increasing the hydraulic capacity of the Middle Creek channel associated with the wetlands 
proposed in the SEE (Patterson Britton, 1993).  The main objective of the proposed works 
in the SEE was to improve water quality, with a secondary benefit of reducing flood levels 
along Wakehurst Parkway.  
 
Results indicate that there would be a reduction in flood levels within Middle Creek in a 
50% AEP event.  This would result in a reduction in frequency of inundation at this 
location.  However, there are significant environmental issues and difficulties relating to 
construction and maintenance that would need to be addressed before a final 
recommendation can be made.  
 

Management Action 4: - Raise Wakehurst Parkway at Middle Creek 
Flooding of Wakehurst Parkway can be reduced by raising the road where flooding occurs, 
between 1.6 to 2.9 km upstream of the lagoon.  In consideration of this option, a design 
standard of the 1% AEP flood was adopted.  This is consistent with design standards used 
by the RTA.  A freeboard of 0.5 metres was included in each case. 
 
Options considered for raising the road are:  

• constructing dual carriageway (4 lanes) at or above the 1% AEP flood level plus 0.5m; 

• constructing single carriageway and overtaking lane (3 lanes) at or above the 1% AEP 
flood level plus 0.5m; and 

• maintaining the existing road and providing flood mitigation for the 1% AEP flood 
plus 0.5m by adjoining additional lanes, either one or two.  Detailed design would 
include upgrading the culvert located between CS 18 and CS 19. 

 
The first and third options are expected to encroach into the existing creek channel thus 
requiring channel re-alignment.  The second option is recommended, as there is sufficient 
area to raise 3 lanes above the 1% AEP flood level without significantly encroaching onto 
Middle Creek channel.  Detailed design for road raising would include assessment of the 
capacity of culverts in this vicinity and provision for the southern wetland area.   
 

3.3 Property Modification Measures 

3.3.1 Warringah Council – Local Environment Plan and Development 
Controls 

Management Action 5a: - That Warringah Council investigate the addition of further 

controls for Housing for Older People and People with a Disability in Flood Prone 

Lands.  
The WLEP 2000 takes a permissive approach to housing for older people or people with 
disabilities, the provision of which is regulated under State Environmental Planning Policy 
No. 5 (SEPP 5).  Clause 40 of the WLEP describes the various requirements for such 
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housing developments, including adequate access to various goods and services.  Schedule 
16, Principles and standards for housing for older people or people with disabilities, adds 
further detail to the standard of such housing.  The need for flood free access to and from 
the development (to the extent of the flood planning level) should be incorporated into 
both clause 40 and Schedule 16.  Housing for older people or people with disabilities 
should be expressly prohibited on flood prone land. 
 
Management Action 5b: - That Warringah Council review its requirements for 

subdivision of land within flood prone land in a view to providing additional controls.  
It is recommended that more detailed provisions be included in these guidelines to outline 
how developers may avoid adverse impact on the existing flood regime, which would 
support and reinforce clause 47 of the WLEP. In addition to clause 47, Schedule 7 of the 
WLEP, Matters for Consideration in a Subdivision of Land, has some relevance to 
development on flood prone land.  Clause 4 of the Schedule states that ‘subdivision on 
flood prone land should be avoided’, effectively discouraging the intensification of 
development on flood prone land.  This clause could be strengthened to prohibit any form 
of subdivision of land within flood prone land. 
 

Management Action 5c: - That Warringah Council seek to incorporate definitions as 

contained in the Floodplain Management Manual that are relevant to Warringah within 

WLEP 2000.  
The Dictionary to the LEP should also incorporate definitions of flood prone land, flood 
planning levels, and other flood related terms.  These should be derived from the NSW 
Floodplain Management Manual. 
 
Management Action 5d: - That Warringah Council address issues of flood impacts by 

property development within the Warringah Design Guidelines  
The Interim Warringah Design Guidelines were prepared in December 2000 as an 
accompaniment to Warringah LEP 2000.  The Design Guidelines provide a greater level of 
detail and explanation of the design standards for development in Warringah than is found 
in the WLEP. Issues of fencing, filling and development within floodways upon flood 
storage areas or the existing flood regime are not fully addressed by the guidelines. ` 
 

3.3.2 Voluntary House Raising  

Management Action 6: - Implementation of a Voluntary House Raising Program 
The FRMP has re-assessed some measures that were not recommended in the FMS, such 
as Voluntary House Raising, because: 

• Recent economic assessment of flood damages indicates that these options are 
economically viable, and  

• These options are in line with current policy set out in the Floodplain Management 
Manual (FMM).   

 
Voluntary house raising has long been a traditional response to managing flood risk in 
New South Wales, as demonstrated by the number of raised houses in flooded urban areas 
such as Lismore and Fairfield. Care must be exercised in implementing this measure by 
considering the implications of a flood occurring that results in water levels higher than the 
raised premises.  The new construction may be isolated during floods, necessitating a 
potentially increased load on emergency services.   
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There were 150 properties identified as potentially benefiting from a Voluntary House 
Raising Program. These properties are those considered to be raiseable and the 1% AEP 
flood level is above floor level. Properties not deemed suitable for raising are two-storey or 
blocks of units. Potential flood damages were calculated by raising the floor level of the 
150 properties to a level equal to the flood planning level, being the 1% AEP flood level 
plus 0.5 m freeboard.  
 
The implementation of a voluntary house raising program would accord an application 
forwarded to the State Government and the Floodplain Management Authority for 
prioritisation with other statewide capital flood projects.  Upon notification of funding 
success from the State Government, an expression of interest would be let to the 
community, to determine those who maybe interested in participating in the program.  
Consideration maybe given to staging a voluntary house raising program, depending on 
funding availability and community response.   
 
If funding of a program were successful a 2:1 subsidy would be offered by the State 
Government, with the onus on the property owners to provide funding for the 1/3 portion 
of the cost of raising the dwelling.  There is no certainty that this funding will be available.   
 
House raising is eligible for funding under the NSW Government’s Floodplain 
Management Program, subject to the availability of funds and statewide priorities.  The 
respective Council must apply for funding and if successful the property owner would be 
required to fund 1/3 of the total house raising cost in response to the Government’s 2/3 
contribution. 
 
Council would act as an intermediary to ensure the subsidy provided by the State 
Government is expended correctly. 
 
Where house raising is undertaken in flood prone areas, consideration must be given to: 

i. potential impacts of a higher than design flood; 

ii. isolation if flood waters restrict access to the house; and 

iii. capacity of the dwelling for self-sufficiency. 
 

Consideration must also be given to the visual impact of house raising on: 

i. the streetscape; 

ii. views, privacy, overshadowing, etc of surrounding dwellings; 

iii. any impact on the aesthetics or amenity of surrounding commercial areas; 
and 

iv. any impact on items of environmental heritage. 
 
As part of any Voluntary House Rasing Program, a development application would need to 
be lodged with Council.  Proposals for house raising must adhere to the flood risk 
management development controls and other planning and development controls as 
required for development within the Council area.   
 
As part of the development controls, documentation must be provided that addresses the 
requirements of the application, including a report from a suitably qualified engineer to 
demonstrate the structural adequacy of the support structure and that the raised structure 
will not be at risk of failure from the forces of floodwaters as increase flood impacts to 
surrounding properties. 
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3.4 Response Modification Measures  

3.4.1 Lagoonwatch 

Management Action 7: - Upgrading of the current Lagoonwatch Monitoring System 
In 1994 a monitoring system was developed for Narrabeen Lagoon.  This system is known 
as Lagoonwatch.  This system has the following components: 

• Real time data acquisition, including rainfall, lagoon levels, ocean levels and ocean 
waves. 

• Alarm facilities that awaken Lagoonwatch when predetermined environmental 
conditions in the lagoon or the catchment occur.  This triggers real-time data collection, 
analysis, predictions and alerts to Council. 

• Lagoon flood level simulation and prediction, using a hydrological model of the 
catchment and flood routing based on tailwater conditions.  Predictions are made for 
the next 10 hours for various significant rainfall scenarios. 

 
The Lagoonwatch system is generally considered to be a useful and effective management 
tool.  It provides information to Council that allows them to make decisions on the 
management of the lagoon entrance and to issue flood warnings to the local community.  
 
Lagoonwatch predictive modelling should be upgraded to provide a more realistic outlook 
of the lagoon water levels, ocean conditions, rainfall and weather patterns.  This would 
enable better co-ordination of emergency preparedness and response, especially for lagoon 
entrance breakouts. 
 

3.4.2 Emergency Response and Community Awareness 

Management Action 8: - Development of a Local Flood Plan  
Flood emergency plans and procedures are part of a Local Flood Plan that forms a sub-plan 
of a Disaster Plan.  The Local Flood Plan contains information needed for local and other 
authorities to act in a flood emergency.  The Plan addresses flood warning systems, 
emergency management measures to be undertaken before, during and after a flood, 
including evacuation and recovery procedures.  Local Flood Plans are prepared under the 
leadership of the State Emergency Service (SES) in association with the Council and 
community. 
 
From a floodplain management viewpoint, it is essential that a specific Flood Plan be 
developed for the area. A Local Flood Plan has not been developed for Narrabeen Lagoon.  
Aspects have been developed that would form part of the Local Flood Plan, including 
flood monitoring system (Lagoonwatch) and emergency management procedures for the 
Lagoon entrance. 
 
It is recommended that consideration be given to the development of a combined Flood 
Plan for the Northern Beaches area, covering the Local Government Areas of Manly, 
Warringah and Pittwater.  Such a combined plan may have annexures detailing each 
catchment’s specific requirements such as vulnerable properties, roads that are cut by 
floodwaters, etc.  The concept of a Flood Plan for the Northern Beaches is agreeable with 
SES. 
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As part of its recent redevelopment, Warriewood Shopping Centre has an Emergency 
Flood Plan.  This Plan should be reviewed regularly and communicated with the existing 
and future shop owners and managers.   
 

Management Action 9: - Development of a Community Awareness Program 
Community flood awareness prepares potentially flood-affected communities for 
appropriate action before, during and after a flood.  Improving flood awareness can be 
undertaken by Council or through the coordinated implementation of a Local Flood Plan 
with the SES.   
 

Councils have undertaken to improve community flood awareness by circulation of 
information - “Be prepared for your next flood”.  This would form part of a systematic 
flood awareness strategy.  However, it should be supplemented by education programs in 
schools, publicity in local newspapers and regular newsletters to the affected community. 
 

Section 149 Certificates have a limited impact in broad community awareness programs as 
they are targeted to specific sites.  The primary function of S149 Certificates is as a 
planning tool for notification that the land is affected by a policy that restricts development 
due to the likelihood of, in this instance, flood risk.  The S149 Certificates can play a role 
in community awareness but should not be relied on to provide detailed flood awareness.   
 
These certificates have greatest impact for new occupants.  Information on flooding is 
given via Section 149 certificates under the Environmental Planning and Assessment Act.  
Part 2 of the certificate requires Council to notify any applicant, including those interested 
in purchasing a piece of land, of the Environmental Planning Instruments (EPIs) applying 
to the land.  It can if it chooses under Part 5 of the certificate, include advice on other 
matters affecting the land.  It is recommended to develop and implement a systematic flood 
awareness strategy that includes the provision of detailed flood policies in Section 149 
certificates. 
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4 ASSESSMENT OF MANAGEMENT OPTIONS 

This chapter summarises the social, environmental and economic assessment of 
management options for Narrabeen Lagoon.  Detailed presentation of the assessment for 
all preferred options is given in Volume Two. The assessment is used as a guide to rank 
the floodplain risk management options in order of importance to the community. 

The assessment was done using a multi-criteria procedure that considers relevant issues for 
the Study Area.  The issues are listed in Table 4.1.  They are selected to meet the 
expectations of the NLJE/FMC while considering outcomes from other studies done in the 
study area and findings from similar studies. 

Table 4.1: Assessment issues for management measures 

Category Issues 

Does the measure reduce trauma to individuals during floods 

Does the measure increase or decrease the disruption to transport either 
during construction of works or during a flood 

Does the measure have an impact on essential services during and after 
floods 

Does the measure affect the access to or availability of recreational 
amenities during construction or during flooding 

Social 

Does the measure have a visual impact 

Cost of mitigation measures 

Savings in potential flood damages 

Economic 

Financial feasibility 

Will the measure result in increased erosion of lagoon banks? 

Does the measure require the removal of native fauna or flora? 

Does the measure maintain a good estuarine habitat that encourages 
diversity of species? 

Does measure enhance or degrade water quality 

Environmental  

Is the measure compatible with management measures being developed 
in the Estuary Management Plan 

Does the measure increase or reduce the hazard to the community  

Does the measure improve or worsen the impacts of a flood event 
larger than the design flood. 

Does the measure change velocities or water levels downstream  

Flooding behaviour 

Does the measure change water levels and extent of inundation 
upstream 

  
Eight out of the ten management options were assessed. Management Option 1: - Flood 
Risk Management Plan Review forms part of the of overall management review of the 
Flood management process and does not require individual assessment.  
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Each option was assessed against a five point system: 

1 – major negative impact 
2 – minor negative impact 
3 – no impact / negligible 
4 – minor positive impact 
5 – major positive impact 
 
The social and environmental assessment is qualitative only, while the flood behaviour and 
economic assessments are based on hydraulic model results where applicable and benefit 
and cost estimates where available. 
 
All members of the NLJE/FMC were invited to assess the options.  Responses received are 
presented in Volume Two.  Scores were compiled and the average shown in Table 4.2. 

4.1 Outcomes of Assessment 

The assessment is a guide to rank options based on their effectiveness and significance to 
the community.  Options with a total value greater than “do nothing” (40) would be 
beneficial to the community.  
 
From Table 4.2 the ranking of options is: 
 
High Scores (55 or greater): 

♦ Controls for Intensification of Development on flood prone land 

♦ Local Flood Plan - flood emergency procedures 

♦ Lagoon Entrance Management Strategy 

♦ Public Awareness and Preparedness 

♦ Building and Development Controls 

♦ Raising Wakehurst Parkway 
 
Medium Score (between 40 and 54): 

♦ Voluntary House Raising  

♦ Increase channel capacity for Middle Creek - wetlands. 
 
Of the two options evaluated for Wakehurst Parkway, the raising of the roadway ranked 
above the wetlands along Middle Creek. 
 
The implementation strategy, which is based on the above rankings and the availability of 
funding, is presented in Section 6. 
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Table 4.2: Assessment of management options 

Issues 
A - Do 

nothing 

B - Lagoon 
Entrance 

Management 

C- Channel 
enlargement for 
Middle Creek - 

wetlands 

D - Raise 
Wakehurst 
Parkway  

E - Zoning and 
control of 

development 
intensification  

F - Building and 
development 

controls 

G – Voluntary 
House 

Raising 

H - Local 
Flood Plan 

I - Community 
awareness and 
preparedness  

Social 

Social trauma during floods  2 4 4 4 3 4 4 5 4 

Disruption to transport  2 3 4 5 3 4 3 4 4 

Social disruption / Essential services 2 3 4 4 4 4 3 3 3 

Recreational amenities 3 3 4 4 4 4 3 3 3 

Visual 3 3 3 4 3 2 2 3 3 
Economic 

Cost of mitigation measure 3 2 2 1 3 2 1 2 2 

Reduction in flood damages 2 4 4 3 4 4 5 4 4 

Financial feasibility 3 4 3 2 4 4 3 4 4 

Environmental  

Erosion of lagoon banks 3 3 3 3 3 3 3 3 3 

Floodplain environs/habitat 3 3 3 3 3 3 3 3 3 

Estuarine habitat 2 3 3 4 3 3 3 3 3 

Water quality 2 4 2 4 3 3 3 3 3 

Estuary Management Plan (EMP) 2 4 3 4 4 4 3 4 4 

Flood Behaviour 

Hazards 2 4 4 4 4 4 4 4 4 

Consequences of larger floods 1 4 3 3 4 4 4 4 4 

Downstream impacts 3 3 3 3 3 3 3 3 3 

Upstream impacts 3 4 3 2 3 3 3 3 3 

Total 40 59 52 55 59 57 53 59 58 

 
1 major negative impact 

2 minor negative impact 

3 no impact 

4 minor positive impact 

5 major positive impact 
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5 IMPLEMENTATION ACTION LIST 

To encompass all the items discussed in this Plan and identified in Volume 2, an 
implementation action list has been prepared, Table 5.1.  This Table identifies all the 
management options to be undertaken, the timeframe, responsibility, indicative costs and 
additional comments where relevant.  While these are recommended priorities, 
implementation will be dependant on the availability of Council resources and funding, 
particularly State Government funding assistance. 
 

5.1 Funding Strategies 

5.1.1 Government Funding 

Under the NSW Government’s Floodplain Management Program financial assistance is 
provided  to local government to implement floodplain management measures such as 
those recommended.  The current arrangements are that the funds are provided on a 2:1 
basis.   
 

5.1.2 Other Funding Opportunities 

The RTA operates Wakehurst Parkway, thus funding for recommended works should be 
sought from the RTA.  In consultation with the RTA early in 2002, they provided 
indication that they are considering a range of proposals to upgrade Wakehurst Parkway.   
 
Funding for the construction of wetlands along Middle Creek may be available under the 
Natural Heritage Trust Program. 
 



 

31136 December 2002 21 
Narrabeen Lagoon Flood Risk Management Plan – VOLUME 1 - Warringah 

Table 5.1: Summary of Recommended Floodplain Management Option and Implementation  

Management Option Implementation 

timeframe * 

Indicative 

Costs * 

Relevant LGA Responsibilities 

GENERAL 

Management Action 1: - Flood Risk Management Plan Review  5 years $60,000 Warringah 
Pittwater 

Warringah 
Pittwater 
DLWC 

FLOOD MODIFICATION MEASURES 

Management Action 2a: - Maintain Current Entrance Management Policy 

Procedure 
 

On-going Lagoonwatch 
$17.000 
breakout  
$2,000 

Warringah 
Pittwater 

Warringah 
Pittwater 
DLWC 

Management Action 2b: - Revise the Entrance Management Policy 1996 to 

update required approvals necessary and to responsibilities for management 

operations 

1-2 years Internal Warringah 
Pittwater 

Warringah 
Pittwater 
DLWC 

Management Action 2c: - Investigate alternate entrance clearance dredging 

methodology and regularity of clearance operations 
1-2 years $30,000 Warringah 

Pittwater 
Warringah 
Pittwater 
DLWC 

Management Action 3: - The construction of wetlands on Middle Creek 3-5 years $1.3M Warringah Warringah 

Management Action 4: - Raise Wakehurst Parkway at Middle Creek 
 

6 years plus $2.38M to 
$4.20M 

Warringah Warringah 
RTA 

PROPERTY MODIFICATION MEASURE 

Management Action 5a: - That Warringah Council investigate the addition of 

further controls for Housing for Older People and People with a Disability in 

Flood Prone Lands. 

current Internal Warringah Warringah 

Management Action 5b: - That Warringah Council review its requirements 

for subdivision of land within Flood Prone Land with a view to providing 

additional controls. 

current Internal Warringah Warringah 

Management Action 5c: - That Warringah Council seek to incorporate 

definitions as contained in the Floodplain Management Manual that are 

relevant to Warringah within WLEP 2000. 

 

current Internal Warringah Warringah 
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Management Option Implementation 

timeframe * 

Indicative 

Costs * 

Relevant LGA Responsibilities 

Management Action 5d: - That Warringah Council address issues of flood 

impacts by property development within the Warringah Design Guidelines  
current  Internal Warringah Warringah 

Management Action 6: - Voluntary House Raising Program 1-2 years Check doc Warringah 
Pittwater 

Warringah 
Pittwater 
DLWC 

RESPONSE MODIFICATION MEASURES 

Management Action 7 - Lagoonwatch Monitoring System 
 

3-5 years $40,000 Warringah Warringah 
Pittwater 
DLWC 

Management Action 8: - Development of a Local Flood Plan  

 
1-2 years Internal Warringah 

Pittwater 
DLWC 

SES 
Warringah 
Pittwater 

Management Action 9: - Development of a Community Awareness Program 
 

1-2 years $40,000 Warringah 
Pittwater 

Warringah 
Pittwater 
SES 
DLWC 
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Figure 1: Locality Plan 

Figure 2: Narrabeen Lagoon catchment area 

Figure 3: Flood extent map 

Figure 4: Flood hazard map 
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GLOSSARY OF TECHNICAL TERMS 

annual exceedance probability (AEP) - The likelihood of occurrence of a flood of a given size or larger in 
any one year; usually expressed as a percentage.  For example, a 1% AEP flood has a 1% or 1 in 100 chance 
of happening each and every year. 
 
Australian height datum (AHD) - Survey height datum adopted by the National Mapping Council of 
Australia as the reference datum for defining reduced levels (0.0 m AHD is approximately mean sea level). 
 
average annual damage (AAD) - The long-term average cost of flooding (damages) per year to a nominated 
development situation. 
 
average recurrence interval (ARI) - A statistical estimate of the average period in years between the 
occurrence of a flood of a given size or larger, e.g. floods with a discharge as big as or larger than the 100 
year ARI flood event will occur on average once every 100 years. 
 
catchment - The area of land draining to a particular site.  It always relates to a specific location and includes 
the catchments of tributary streams as well as the main stream. 
 
critical storm duration - The duration of the storm event of nominated severity (e.g. the flood) that 
produces the largest flood discharge at the location of interest.  Critical storm duration depends upon 
catchment size, topography and land use and on the temporal pattern of the rainfall events. 
 
development - The erection of a building or the carrying out of work, the use of land or of a building or work 
on that land, and the subdivision of land. 
 
discharge - The rate of flow of water, as measured in terms of volume per unit time, e.g. cubic metres per 
second (m3/s). 
 
effective warning time - The time available for the evacuation of people and their goods and possessions 
before the onset of flooding.  The effective warning time available to a flood prone community is equal to the 
time between the delivery of an official warning to prepare for imminent flooding and the loss of evacuation 
routes due to flooding.  Improved flood forecasting and warning delivery systems increase the available 
warning time. 
 
flood - Relatively high water levels caused by excessive rainfall, storm surge, dam break or a tsunami that 
overtop the natural or artificial banks of a stream, creek, river, estuary, lake or dam. 
 
flood awareness - The ability of flood-affected landholders to defend themselves, their property and their 
community from flood threats and to effectively protect and/or evacuate themselves and their possessions 
when necessary, i.e., an appreciation of the risk of flooding, the likely effects of flooding and a knowledge of 
the relevant flood warning, response and evacuation procedures.  In communities with a high degree of flood 
awareness, the response to flood warnings is prompt and effective.  In communities with a low degree of 
flood awareness, flood warnings are liable to be ignored or misunderstood, and residents are often confused 
about what they should do, when to evacuate, what to take with them and where it should be taken. 
 
flood damage - The tangible and intangible costs of flooding.  Tangible costs are quantified in monetary 
terms, e.g. damage to goods and possessions, loss of income or services in the flood aftermath, etc.  
Intangible damages are difficult to quantify in monetary terms and include the loss of personal property that 
has no intrinsic value (photos, memorabilia), and the increased levels of physical, emotional and 
psychological health problems suffered by flood affected people and attributed to a flooding episode. 
 
flood hazard - Potential loss of life, injury and economic loss caused by future flood events.  The degree of 
hazard varies with the severity of flooding: 

high hazard: areas where large trucks, boats or helicopters are required for the evacuation of people 
low hazard: areas where fit adults can wade to safety, but children and the elderly would have 

difficulties wading.  Evacuation by sedan-type motor vehicles is possible in early 
stages of flooding, then 4WD vehicles or trucks are required. 
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flood level - The flood level associated with a specified flood event. 
 

flooding - The State Emergency Services and the Bureau of Meteorology use the following definitions in 
flood warnings to give a general indication of the types of problems expected with a flood: 

minor flooding: causes inconvenience such as closing of minor roads and the submergence 
of low level bridges. 

moderate flooding: low-lying areas are inundated requiring removal of stock and/or evacuation 
of some houses.  Main traffic bridges may be covered. 

major flooding: extensive rural areas are flooded with properties, villages and towns 
isolated and/or appreciable urban areas are flooded. 

 
floodplain - Area of land adjacent to a creek, river, estuary, lake, dam or artificial channel, which is subject 
to inundation by the probable maximum flood event, i.e. flood prone land. A floodplain can be defined into 
three broad categories: 

floodway Those areas of the where significant discharge or storage of water occurs during 
a specific flood event.  Floodways are areas that, if filled or even partially 
blocked, would cause a significant redistribution of flood flow, or significant 
increase in flood levels.  Floodways are often aligned with naturally defined 
channels and are often, but not necessarily, areas of deeper flow or areas where 
higher velocities occur.  It is important to note that each flood event has a 
floodway and that the extent and behaviour of floodways may change with flood 
severity.  Areas that are benign for small floods may experience much greater 
and more hazardous flows during larger floods.  

flood storage Areas that are important for the temporary storage of floodwaters during the 
passage of a flood.  The extent and behaviour of flood storage areas may change 
with flood severity, and loss of flood storage can increase the severity of flood 
impacts by reducing natural flood attenuation. 

flood fringe  The remaining area of land inundated by a flood event after floodway and flood 
storage areas have been defined. 

 
flood plan - Established by the SES, it contains an agreed set of roles, responsibilities, functions, actions and 
management arrangements to deal with flood events of all sizes.  It involves arrangements to prepare for 
flooding, respond to flooding and recover from flooding.  A Flood Plan forms an essential complement to a 
Floodplain Risk Management Plan. 
 
floodplain - Area of land adjacent to a creek, river, estuary, lake, dam or artificial channel, which is subject 
to inundation by the probable maximum flood event, i.e. flood prone land. 
 
floodplain risk management committee - Committee formed and chaired by local agency(s) or other 
appropriate body(s) to oversee the development and implementation of a Floodplain Risk Management Plan.  
The committee should include representatives of all stakeholder groups and all agencies responsible for 
floodplain risk management, living in, using or undertaking developments on the floodplain. 
 
floodplain risk management measures - The full range of measures available to prevent or reduce flood 
hazard and disruption, as canvassed in a Floodplain Risk Management Study. 
 
floodplain risk management options - Measures that might be feasible for the management of a particular 
area of the floodplain.  Preparation of a Floodplain Risk Management Plan requires a detailed evaluation of 
management options. 
 
floodplain risk management study and plan - The recommended means of assessing and managing the 
flood risk associated with the use of the floodplain for various purposes.  Usually includes both written and 
diagrammatic information describing how flood prone land is to be developed and managed to achieve 
defined objectives.  Plans need to be reviewed at regular intervals to assess progress and to consider the 
consequences of any changed circumstances that have arisen since the last review. 
 
flood planning levels (FPL) - Flood levels selected for planning purposes, as determined in floodplain risk 
management studies and incorporated in Floodplain Risk Management Plans.  Selection should be based on 
an understanding of the full range of flood behaviour and the associated flood risk.  It should also take into 
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account the social, economic and ecological consequences associated with floods of different severities.  
Different FPLs may be appropriate for different categories of land-use and for different flood plans.  The 
concept of FPLs supersedes the “standard flood event” of the first edition of this Manual.  As FPLs do not 

necessarily extend to the limits of flood prone land (as defined by the probable maximum flood), 

Floodplain Risk Management Plans may apply to flood prone land beyond that defined by the FPLs. 

 

flood prone land  - Land subject to inundation by the Probable Maximum Flood (PMF) event.  
 
flood proofing - Combination of measures incorporated in the design, construction and alteration of 
individual flood-prone buildings or structures to reduce or eliminate flood damage. 
 
flood storage areas - Those parts of the floodplain that are important for the temporary storage of 
floodwaters during the passage of a flood.  The extent and behaviour of flood storage areas may change with 
flood severity, and loss of flood storage can increase the severity of flood impacts by reducing natural flood 
attenuation. 
 
floodway - Those areas of the floodplain where significant discharge or storage of water occurs during a 
specific flood event.  Floodways are areas that, if filled or even partially blocked, would cause a significant 
redistribution of flood flow, or significant increase in flood levels.  Floodways are often aligned with 
naturally defined channels and are often, but not necessarily, areas of deeper flow or areas where higher 
velocities occur.  It is important to note that each flood event has a floodway and that the extent and 
behaviour of floodways may change with flood severity.  Areas that are benign for small floods may 
experience much greater and more hazardous flows during larger floods (see defined flood fringe). 
 
freeboard - Height above a specified flood level typically used to provide a factor of safety in the setting of 
floor levels, levee crest levels, etc.  Freeboard compensates for effects such as wave action, localised 
hydraulic behaviour and settlement of levees, which increase flood levels or reduce the level of protection 
provided by levees.  Freeboard should not be relied upon to provide protection for flood events larger than 
the design flood. 
 
frequency - Measure of likelihood expressed as the number of occurrences of a specified event in a given 
time.  For example, the frequency of occurrence of a 5 year ARI flood event is once every 5 years on 
average. 
 
habitable room - Any living or working area, such as a lounge room, dining room, rumpus room, kitchen, 
bedroom or workroom, or any area in an industrial or commercial establishment used for offices or use to 
store valuable possessions. 
 
hydraulic conveyance - The capacity of a cross section to carry flow. 
 
hydraulics - The study of the flow of water in waterways.  In particular, the evaluation of flow parameters 
such as water level and velocity. 
 
hydrograph - A graph that shows, for a particular location, the variation with time of discharge or water 
level during the course of a flood. 
 
hydrology - The study of water and its constituents as they move through the natural processes that 
constitute the hydrological cycle (rainfall, runoff, evaporation, infiltration, etc.). 
 
likelihood of occurrence - The likelihood that a specified event will occur.  The likelihood of occurrence of 
flooding can be measured in terms of Annual Exceedance Probabilities (AEPs) and Average Recurrence 
Intervals (ARIs). 
 
mainstream flooding - Inundation of normally dry land that occurs when water overflows the natural or 
artificial banks of the principal watercourses in a catchment.  Mainstream flooding generally excludes 
watercourses constructed with pipes or artificial channels considered as stormwater channels. 
 
mathematical/computer models - The mathematical representation of the physical processes involved in 
runoff generation and stream flow.  Due to the complex nature of these mathematical relationships, 
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computers are often used to solve the underlying equations.  In this document, the models referred to are 
mainly involved with rainfall, runoff and stream flow. 
 
peak discharge - The maximum discharge occurring during a flood event. 
 
probability - The likelihood of a specific outcome, as measured by the ratio of specific outcomes to the total 
number of possible outcomes.  Probability is expressed as a number between zero and unity, zero indicating 
an impossible outcome and unity indicating an outcome that is certain.  Probabilities are commonly 
expressed in terms of percentage.  For example, the probability of 'throwing a six' on a single roll of a die is 1 
in 6, or 0.167, or 16.7%. 
 
probable maximum flood (PMF) - The largest flood that could conceivably occur at a particular location. 
The PMF defines the extent of flood-prone land.  It is difficult to define a meaningful annual exceedance 
probability for the PMF event.  It is commonly assumed to be of the order of 10-4 to 10-7, i.e. a flood risk of 1 
in 10,000 to 1 in 10,000,000.   
 
residual (or continuing) flood risk - The remaining level of flood risk that a community is exposed to after 
floodplain risk management measures to reduce risk have been implemented, ie 'untreated' flood risk.  
Residual risk varies with flood severity and may be substantial for flood events that are larger than the FPLs 
adopted for planning purposes or for the design of structural works. 
 
risk - The likelihood of something happening that will have an adverse impact on objectives; a measure of 
potential loss.  Risk is specified in terms of both consequences and likelihood.  For example, if the 50 year 
ARI flood event causes $20 M in flood damage, the risk of a flood causing $20 M damage is 1 in 50 in each 
and every year.  The risk of such an event occurring over a longer period is much higher.  The table below 
provides more detail on the increasing risk of a flood of a particular size occurring. 
 

risk management - The systematic application of management policies, procedures and practices to the tasks 
of identifying, analysing, assessing, treating and monitoring flood risk.  Flood risk management is undertaken 
as part of a Floodplain Risk Management Study.  The Floodplain Risk Management Plan reflects the adopted 
means of managing flood risk. 
 
stormwater flooding - Inundation by local runoff.  Stormwater flooding can be caused by local runoff 
exceeding the capacity of an urban stormwater drainage system or by the backwater effects of mainstream 
flooding causing urban stormwater drainage systems to overflow. 
 
velocity of floodwaters - The speed of floodwaters, measured in metres per second (m/s). 
 


