
 

 

SEPTEMBER, 2008 

NSW LEVEE STUDY 
FOR EMERGENCY MANAGEMENT 

MAIN REPORT 
             LEVEE REPORTS PROVIDED IN ACCOMPANYING VOLUMES 1 AND 2 

LISMORE CBD – JUNE 2005 



 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Webb, McKeown & Associates Pty Ltd  Prepared by:  
Level 2, 160 Clarence Street, SYDNEY 2000    
Telephone:    (02) 9299 2855    
Facsimile:      (02) 9262 6208  Verified by:  
26028: Final Report.doc    

NSW LEVEE STUDY 
FOR EMERGENCY MANAGEMENT 

LISMORE CBD – JUNE 2005 

MAIN REPORT 
             LEVEE REPORTS PROVIDED IN ACCOMPANYING VOLUMES 1 AND 2 

SEPTEMBER, 2008 



 

NSW LEVEE STUDY 
FOR EMERGENCY MANAGEMENT 

 
MAIN REPORT 

 
TABLE OF CONTENTS 

 
PAGE 

 

1. INTRODUCTION ............................................................................................................ 1 

1.1. Background .................................................................................................... 1 

1.2. Project Objectives .......................................................................................... 1 

2. STAGE 1 – IDENTIFICATION OF AVAILABLE INFORMATION ................................ 3 

2.1. Overview ........................................................................................................ 3 

2.2. Outcomes....................................................................................................... 3 

3. STAGE 2 – GENERATION OF LEVEE REPORTS ...................................................... 5 

3.1. Overview ........................................................................................................ 5 

3.2. Levee Reports and Database........................................................................ 5 

3.3. Review of Available Data .............................................................................. 6 

3.4. Limitations and Constraints ........................................................................... 7 

4. RECOMMENDED DATA REQUIREMENTS FOR FLOODPLAIN RISK 
MANAGEMENT ASSESSMENT ................................................................................... 9 

5. CONCLUSIONS ........................................................................................................... 11 
 

LIST OF DIAGRAMS 
 
Diagram 3-1. An estimation of actual quality of information available for each levee. .................. 6 
 
 

LIST OF APPENDICES 
 

APPENDIX A: LEVEE LOCATIONS COVERED BY THE STUDY 
APPENDIX B: GLOSSARY OF TERMS 
APPENDIX C: SUMMARY OF AVAILABLE INFORMATION 
 

 
LEVEE REPORTS – ACCOMPANYING VOLUMES 

 
VOLUME 1: ALPHABETICAL LISTING OF LEVEE LOCATILIES A TO M 
VOLUME 2: ALPHABETICAL LISTING OF LEVEE LOCATILIES N TO Z 
 
 
Front cover photograph – aerial view of Lismore CBD during the flood of June 2005.  The cleaner 
stormwater that has flooded the basin area inside the levee is visible in the foreground.  This contrasts 
with the muddy floodwaters of the Wilsons River in the middle distance.  This photograph was taken the 
morning after the flood peak.  Credit: Elliott Simmons.  Copyright NSW SES. 
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Over 60 significant urban levees have been constructed throughout New South Wales to assist 
in protecting communities and areas from flood damage.  However, levees rarely provide 
complete flood protection, as they can be overtopped or fail due to structural inadequacies.  
Whilst the majority of levees are designed to exclude floodwaters, others have been designed to 
redirect high velocity flow whilst still allowing backwater inundation to occur.  
 
The NSW State Emergency Service (SES) is responsible for controlling flood response in NSW.  
It therefore requires current information regarding levee design and condition, and the impact of 
flooding behind each levee. 
 
The aim of this study was to provide current information for a number of levees throughout 
NSW.  This is to enable the SES to audit their flood intelligence database and assist in flood 
emergency management.  The type of data collected includes (but is not limited to) information 
relating to levee construction type and structural integrity, the likely pattern of inundation of 
flooding behind the levee, the height at which the levee is overtopped, and the location of any 
high ground for evacuation. 
 
In undertaking this study, it has become apparent that there is minimal documentation for a 
number of levees.  Furthermore, in many cases documentation that does exist could not be 
obtained.  There is scope for some of this information to be gathered during future studies, and 
for improvements in communications between organisations.  Information collected in this study 
has been stored in a Microsoft Access database.  It has also been presented in hardcopy form 
in two separate volumes of levee reports. 
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1. INTRODUCTION 

1.1. Background 

Levees are flood mitigation structures which aim to reduce flood damages and enhance public 
safety, by creating a barrier between floodwaters and elements at risk.  However, unless 
designed for Probable Maximum Flood (PMF) conditions, all levees will potentially be 
overtopped. They may also fail through lack of maintenance, inadequate construction or 
unforeseen circumstances.   
 
The NSW State Emergency Service (SES) is the government agency responsible for controlling 
the response to floods in NSW.  Its combat role is comprehensive, encompassing floodplain risk 
management, community education for floods, flood planning and flood response.  Specifically, 
the SES has a responsibility to collect, collate, assess and distribute information in regards to 
floods in NSW.  This information is commonly called ‘Flood Intelligence’.  The SES maintains a 
large Flood Intelligence database, detailing flood consequences which occur at key gauge 
heights for approximately 300 flood gauges state wide.  This information is used to assist the 
SES in conducting flood planning, flood response and community education. 
 
Emergency plans must be maintained for all communities protected by levees, detailing 
evacuation arrangements to be undertaken when floodwaters threaten to overtop or cause levee 
failure.  Communities protected by levees should also receive ongoing community education to 
maintain their awareness of flooding, and to inform them of actions to take when preparing for 
flooding.  In order to undertake these functions, the SES requires specific information about 
levee heights relative to flood warning gauges and the effects of levee overtopping or failure. 
 
1.2. Project Objectives 

The aim of this project was to undertake a desktop review of existing studies and data to 
produce a report detailing levee information requested by the SES, for significant urban levees 
in NSW.  These levees are listed in Appendix A.  The SES will use this report to audit and 
update its flood intelligence.  
 
The information required by the SES for each identified levee location is summarised below: 
• Description of each levee, detailing the location, construction type and the communities 

protected. 
• The name, identification number and gauge zero in metres (m) to Australian Height Datum 

(AHD) for the flood warning gauge relevant to each levee. 
• The levee design height, overtopping heights of levee low points, levee spillway heights 

and imminent failure height relative to the relevant flood warning gauge, and the Annual 
Exceedance Probability (AEP) of the respective heights. 

• Likely locations of levee overtopping and the sequence of overtopping and flooding. 
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• Size of the population, the number of residential and commercial properties, and critical 
infrastructure affected by levee overtopping or failure. 

• Scope for additional development in areas protected by levees, considering the size of 
available zoned land. 

• The height relative to the relevant flood warning gauge at which backwater flooding 
commences, impacting upon urban areas behind each levee and the pattern of inundation. 

• Once overtopped, the length of time taken to fill the basin area behind each levee and the 
pattern (evolution) and behaviour of inundation. 

• Details of ground profile (topography) inside each levee relative to the relevant flood 
warning gauge, and the location of high ground suitable for evacuation. 

• Location of any parts of each levee which need to be closed (such as gates for roadways 
and railways), and the height relative to the relevant flood warning gauge that action must 
be completed by. 

• Knowledge of any critical issues including structural integrity affecting each levee. 
 
The project has been undertaken in two stages.  Stage 1 consisted primarily of a review of 
available information sources, whilst Stage 2 consisted of collecting, analysing and compiling 
actual data for each levee.  This report documents the methodology and outcomes from the 
investigation. Key recommendations to improve and build upon the present study in the future 
are also provided.   
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2. STAGE 1 – IDENTIFICATION OF AVAILABLE INFORMATION 

2.1. Overview 

Stage 1 consisted of a desktop review to determine whether sufficient information would be 
available to fulfil the SES’s information requirements.  General information gaps were identified, 
and preliminary recommendations made on ways to fill these gaps.  A data collection form 
based on the information required was also developed.  This facilitated the data collection 
process, provided a consistent basis for information collection, and ensured all of the required 
data was investigated.  The layout of the data collection forms can be seen in Volume 1 and 2 of 
the Levee Reports folders.  These forms were also used as a basis for the Stage 2 levee reports 
(discussed in Section 3). 
 
The SES originally identified 52 primary levees to be included in the study, as shown in 
Table A-1 of Appendix A.  During the course of the project, an additional 11 urban levees were 
recommended for inclusion in the SES database.  These are listed in Table A-2 in Appendix A.  
 
Stage 1 consisted of an initial investigation into the availability of information for both the 52 
primary levees and 11 additional levees.  The outcomes indicated the expected level of existing 
knowledge for each levee, and were used to highlight possible information gaps.  A listing of 
relevant published studies and other documentation was sourced from: 
• The SES library catalogue; 
• The Database of Riverine Flood Hazard and Risk Studies (1980-2004), Geoscience 

Australia (database accessed at http://www.ga.gov.au/oracle/flood/); 
• Internet based searches, including searches of local government websites; and 
• SES Local Flood Plans and/or Flood Intelligence Cards. 
 
Any known contacts from relevant organisations were also documented.  These included 
contacts from state and local government departments, as well as other engineering consulting 
companies.  Where specific personnel have had direct involvement with studies at levee 
locations, these have also been listed.  The list of government and consultant contacts was 
established with input from the SES and staff from the Department of Environment and Climate 
Change (DECC). 
 
2.2. Outcomes  

A list of available references together with an overview description of each levee was compiled 
for the SES to review.  Whilst the reference list was sourced from a number of organisations and 
databases (as discussed in Section 2.1), the overview description primarily consisted of 
information contained in SES Local Flood Plans and Flood Intelligence Cards.  This was done to 
provide a summary of the extent of data already held by the SES. 
 
A qualitative estimate of the likely completeness of the SES’s information requirements was 
established for each identified levee location.  This was obtained by considering the number of 
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reports identified for each levee, as well as the relevance and date of publication. An initial 
broad assessment of potential information gaps across all levees was also provided. The 
information generated during Stage 1 has not been included in the current report, as it has been 
superseded by actual site specific information and information gaps identified in Stage 2. 
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3. STAGE 2 – GENERATION OF LEVEE REPORTS 

3.1. Overview 

Stage 2 involved collecting information for each levee, and recording it using the data collection 
form developed in Stage 1.  A Microsoft Access database was also developed to facilitate the 
storage and use of the data collected.  The use of a database has the additional benefit of 
allowing the information to be readily updated after the completion of the study, as new 
information becomes available.  
 
Information was sourced from references identified in Stage 1 where possible.  Where additional 
references were identified as part of the data collection process, these were also used where 
available.  Documents and drawings which could not be obtained but were relevant for the study 
were noted. It is important to note that whilst the SES Local Flood Plans and Flood Intelligence 
Cards were in some cases referred to for comparison, they were not used as primary sources of 
information.  This allows the SES to use the information provided as an independent check of 
their current flood intelligence information. 
 
To ensure that the most recent information was considered, local Councils and other relevant 
organisations were also contacted where appropriate. The relevant contacts have been 
identified in each levee report. It should be noted that a number of local Councils confirmed that 
they had information relevant to the current study, but did not provide a copy.  A list of these 
references has been included in the database and in the levee reports. 
 
3.2. Levee Reports and Database 

A levee report and corresponding database record set has been provided for all 52 of the 
primary levees.  Of the additional levees, Lorn, Iluka, Had Head, Smithtown, Erina and 
Brushgrove have been included, having been identified by the SES as being of higher priority. 
The database therefore has a total of 59 entries, with Grafton having been separated into a 
North Grafton and South Grafton entry, in order to cover each area in sufficient detail.  The 
reports have been generated from the Microsoft Access database, and are included in two 
separate volumes.  An electronic copy of database has also been provided with this report. To 
facilitate the interpretation of these reports, a glossary of terms has been included in Appendix 
B.  It should be noted that a number of the definitions are specific to this study, and may have 
different meanings in other contexts.  
 
Both the database and report vary slightly from the original data collection form developed in 
Stage 1.  In most cases, the refinements consisted of re-ordering information such that it is more 
easily found and interpreted, minimising duplication.  Several additional questions have been 
included, such as the date of levee construction and details of any levee upgrades.  It should be 
noted that some duplication of information may still occur.  This was done to ensure that each 
section of the report and database is as complete as possible, and hence more easy to use in 
both emergency and non-emergency situations.  
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The database has been developed to contain a combination of fields based on categories that 
can be used to easily search for and extract information, as well as fields for additional text 
which provide more detail.  Fields which are left blank generally indicate no information is 
known, or there is conflicting information. If conflicting information exists, it will be discussed in 
the detail sections. 
 
3.3. Review of Available Data 

Table C-1 in Appendix C provides a summary of the amount information which could be 
obtained for each levee, and limitations in acquiring additional information. The amount of 
information obtained is expressed as an approximate percentage of the number of questions 
which could be adequately answered.  This was done to give an indication of how much is 
known about each levee. Poor and outdated data was not considered to be a full response, and 
hence was given a lower value than an entry containing the most recent information.  It should 
be noted that this is a qualitative estimate, and should be used only as a general guide.  
Diagram 3-1 provides a summary of the number of levees estimated to have: 
 
• Less than 50% of questions adequately answered; 
• Between 50% and 80% of questions adequately answered; and 
• Greater than 80% of questions adequately answered. 
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Diagram 3-1. An estimation of actual quality of information available for each levee. 

 
It can be seen from Diagram 3-1 that there are more levees which fall in the 0-50% and 51-80% 
categories than the 81-100% category.  This differs from the expected quality and quantity of 
data estimated as part of Stage 1.  It highlights the discrepancy between the listing of relevant 
studies and documentation in Stage 1, and the actual availability of this information.  
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3.4. Limitations and Constraints 

One of the major constraints encountered as part of this study, was the difficulty in obtaining 
sufficient information to complete the required dataset for each levee.  Of the 52 primary levees 
originally identified by the SES, 32% were considered to have insufficient information, having 
less than or equal to 50% of the questions sufficiently answered.  In some cases this was due to 
minimal information existing for a particular levee, whilst in other cases known reports could not 
be obtained.  Specific difficulties included: 
 
• Councils were often unable or unwilling to assist. 
• It was often difficult to obtain the most recent reports and supporting information. In some 

cases this was due to material still being in draft format, with Councils hesitant to release 
until finalisation. 

• Many older reports are only available in hardcopy format, with Councils reluctant to spend 
the time and money reproducing them. 

• Key information is often not formally documented, and is only known by key personnel. If 
they have left the organisation, the information can no longer be obtained. 

• Information which is documented is often not stored in a manner that is easily accessible 
to Council staff, resulting in considerable time and effort being spent in finding and 
collating it. This reduces the likelihood of them assisting. 

• Some Councils and other organisations are operating on a cost-recovery basis, and hence 
wanted to charge for any time or resources spent providing information for the project. 

• There is a high turnover of staff in some organisations. 
• There has been some confusion regarding ownership of data in cases where the levee is 

owned or managed by more than one organisation. 
• The project has been conducted during a period of drought, with many Councils viewing 

flooding as a low priority. 
• Some references listed in the SES library catalogue were missing from the library. 
 
In a number of cases, only outdated reports could be obtained for a particular levee.  In these 
situations, only information which was considered to be still relevant was provided.  If the most 
recent reports were known of but could not be obtained, these have also been listed. 
 
It should also be noted that during the study, a number of reports not originally listed in Stage 1 
were identified.  This resulted in some levees having more information than expected.  Hence 
there are additional reports which the SES may wish to obtain for inclusion in their library. 
 
The limitations listed in Table C-1 in Appendix C have been divided into two general categories. 
The first of these is “information unknown due to lack of data”, and refers to situations where it 
appears that insufficient information exists about a particular levee.  This highlights the need for 
additional studies in order to fill any information gaps.  The second category is “information 
exists but could not be obtained”.  This refers to studies and data which exist, but could not be 
obtained from organisations. In many cases, a lack of data is due to both reasons. 
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The levees for which the least information could be obtained included: 
 
• Wanaaring; 
• Louth; 
• Weilmoringle; 
• Tilpa; 
• Wilcannia; 
• Ulmarra; and 
• Mackey Park. 
 
Those levees for which minimal information could be obtained were still included in the 
database. 
 
Another limitation was the reliability of different information sources.  In particular, accurate 
gauge information was difficult to obtain. Where available, current gauge data held by the 
Bureau of Meteorology (BOM) database was provided by the SES. However, gauge information 
which was not included in the current BOM database was obtained from a variety of less 
accurate sources, such as the BOM website, Pinneena (Department of Natural Resources), and 
Manly Hydraulics Laboratory (MHL) data. The Bureau of Meteorology website states that 
information regarding gauge zero is not always reliable. Similarly, the Pinneena database does 
not always record the original date of operation for a gauge.  Hence it is possible that gauge 
data exists prior to the date recorded in the levee database produced for this study.  MHL 
currently administer many of the gauges in the coastal catchments.  Many of the long 
established gauges in tidal areas have a gauge zero close to 0 mAHD, which has considerable 
scope for confusion. Gauge zeros presented on the MHL website are generally in mAHD rather 
than gauge zero.  In coastal areas, gauge readings should therefore be checked to confirm 
whether they are in mAHD or gauge heights. 
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4. RECOMMENDED DATA REQUIREMENTS FOR FLOODPLAIN RISK 
MANAGEMENT ASSESSMENT 

An additional outcome of the study was the identification of data gaps in a number of flood 
studies which were reviewed.  This further limited the information which could be included in the 
levee reports.  There was also substantial variation in the type of information provided.  This is 
partially due to a previous lack of clear guidelines which specify what information is required 
from the Floodplain Risk Management (FRM) process, to assist in planning emergency 
response measures. It was therefore recommended that the SES generate a set of guidelines 
which specify the inclusion of additional information to supplement what was reported under the 
FRM process in NSW.  The availability of two-dimensional hydraulic modelling will facilitate the 
inclusion of this information.  
 
This study had identified the following information gaps, which were recommended for inclusion 
in the FRM process:  
• A description of any levee systems, including information about design heights, the height 

and location of any low points, and any known structural defects. 
• A map showing the typical pattern of inundation for an event which just overtops the levee 

(such as by approximately 300mm), and for an event which significantly exceeds the height 
of the levee. This would assist in determining the location and magnitude of impacts on 
areas behind the levee. This could be done by producing hydrographs at key locations along 
the levee, or by providing a series of inundation plans at key times during the rising limb of 
the flood. 

• A map showing the extent of inundation for a set of design events. If local flooding occurs, 
these should include maps showing inundation prior to the levee overtopping as well as after 
the levee overtops due to mainstream flooding. These maps should also indicate flood 
depths. 

• The gauge level at which major evacuation routes become cut. 
• An assessment of damages in terms of the number of properties inundated, as well as the 

monetary cost. 
• The estimated time to fill the back levee basin for different design events. 
• An indication of the major flood warning gauges, as well as any other relevant gauges with 

past flood level records.  
• A clear and consistent definition of all flood related terms, as they relate to the performance 

of levee systems. During this study it was found that there were inconsistencies in the use of 
certain terminology such as “backwater flooding”. 

 
These information gaps have since been partially addressed by the development of an FRM 
Guideline in 2007 by the Department of Environment and Climate Change (DECC), which 
outlines what information the SES requires to be included in flood studies and floodplain risk 
management studies. This information is similar to that collected as part of this study, and 
includes details of levee design and flood behaviour. 
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Given the introduction of this guideline is relatively recent, it is unclear whether it will be 
successful in encouraging Councils to include the SES data requirements in project briefs for 
flood studies and floodplain risk management studies. There is also no requirement for new 
information relating to the levee or flood behaviour to be provided should it become available 
after completion of the FRM study and plan. 
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5. CONCLUSIONS  

The study has provided the SES with a compilation of current information relating to a number of 
levees throughout NSW.  This will enable the SES to update their flood intelligence, and also 
provides a useful tool for collecting, storing and viewing both existing and new data.  
 
Whilst information has been provided for all 59 levees, the study highlighted the lack of available 
data for a number of locations. This demonstrates the need for additional studies to be 
undertaken in these locations, as well as the need for improved communication between 
different organisations to ensure that critical information is shared. In many cases, the provision 
of flood related information was seen by local Councils as having a low priority.  Data sharing 
was also limited by the format of the data, which was often only available in hardcopy and hence 
difficult to copy or send.  
 
The current study also identified the need for additional information to be determined as part of 
the Floodplain Risk Management process, and included in future Flood Studies and/or 
Floodplain Risk Management Studies.  It was recommended that the SES provides suitable 
guidelines for Councils to ensure sufficient and consistent information is obtained for levee 
systems. This has been partially addressed by the development of the recent DECC guidelines 
on SES data requirements. 
 
This study has found that the previous Floodplain Risk Management process has not adequately 
addressed the information requirements of the SES. The lack of a systematic method for 
obtaining, storing and providing information regarding levees and their behaviour, presents a 
significant flood risk for a number of flood liable regions. Given a substantial proportion of the 
NSW population is protected by levees, a formal process needs to be established which 
requires Councils or levee owners to audit, document and provide the SES with necessary 
details regarding levee design and behaviour. A similar process already exists for the ownership 
and maintenance of dams under the Dams Safety Act 1978. A formalised system would assist 
both Councils and the SES in their understanding and management of local flood emergencies. 
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NSW Levee Study for Emergency Management
Summary of Information

Table A-1. Primary levees.
Levee 
Reference 
No.

Location River Local Government Area    
(LGA)

1 Tweed Heads Terranora Creek/Tweed River Tweed Shire Council
2 Murwillumbah Tweed River Tweed Shire Council
3 South Murwillumbah Tweed River Tweed Shire Council
4 South Golden Beach Marshalls Creek Byron Shire Council
5 Lismore (CBD & South Lismore) Wilsons River Lismore City Council
6 Grafton Clarence River Clarence River County Council
7 Ulmarra Clarence River Clarence River County Council
8 Maclean Clarence River Clarence River County Council
9 Denman Hunter River Muswellbrook Shire Council
10 Singleton Hunter River Singleton Council
11 Maitland (Ring Levee) Hunter River Maitland City Council
12 Kempsey Macleay River Kempsey Shire Council
13 Raymond Terrace Hunter River and Williams River Port Stephens Council
14 Aberdeen Hunter River Upper Hunter Shire Council
15 Muswellbrook Hunter River Muswellbrook Shire Council
16 Riverview Road (Nowra) Shoalhaven River Shoalhaven City Council
17 Terara (Nowra) Shoalhaven River Shoalhaven City Council
18 Cooma Cooma Creek and Cooma Back Creek Cooma-Monaro Shire Council
19 Albury Murray River Albury City Council
20 Tocumwal Murray River Berrigan Shire Council
21 Deniliquin Edward River Deniliquin Council
22 Moulamein Edward River Wakool Shire Council
23 Balranald Murrumbidgee River Balranald Shire Council
24 Wentworth Murray and Darling Rivers confluence Wentworth Shire Council
25 Moama Murray River Murray Shire Council
26 Barham Murray River Wakool Shire Council
27 Narrandera Murrumbidgee River Narrandera Shire Council
28 Darlington Point Murrumbidgee River Murrumbidgee Shire Council
29 Hay Murrumbidgee River Hay Shire Council
30 Hillston Lachlan River Carrathool Shire Council
31 Pallamallawa Gwydir River Moree Plains Shire Council
32 Tamworth Peel River Tamworth City Council



Stage 2 Summary of Levee Locations - AppA.xls
Page 2 of 2

Levee 
Reference 
No.

Location River Local Government Area    
(LGA)

33 Wee Waa Namoi River Narrabri Shire Council
34 Coonamble Castlereagh River Coonamble Shire Council
35 Brewarrina Barwon River Brewarrina Shire Council
36 Narromine Macquarie River Narromine Shire Council
37 Warren Macquarie River Warren Shire Council
38 Mungindi Barwon River Moree Plains Shire Council
39 Nyngan Bogan River Bogan Shire Council
40 Weilmoringle Culgoa River Brewarrina Shire Council
41 Walgett Namoi River Walgett Shire Council
42 Wanaaring Paroo River Bourke Shire Council
43 Bourke Darling River Bourke Shire Council
44 Louth Darling River Bourke Shire Council
45 Tilpa Darling River Central Darling Shire Council
46 Wilcannia Darling River Central Darling Shire Council
47 Bathurst Macquarie River Bathurst City Council
48 Walcha Apsley River Walcha Council
49 Wagga Wagga (North Wagga, Gumly Gumly and Central) Murrumbidgee River Wagga Wagga City Council
50 Kelso Macquarie River Bathurst City Council
51 Kelso Park Georges River Bankstown City Council
52 Mackey Park Cooks River Marrickville Council

Table A-2. Additional levee locations identified at Stage 1
Levee 
Reference 
No.

Location River Local Government Area    
(LGA)

53 Iluka Clarence River Clarence River County Council
54 Brushgrove Clarence River Clarence River County Council
55 Lorn Hunter River Maitland City Council
56 Smithtown Macleay River Kempsey Shire Council
57 Hat Head Macleay River Kempsey Shire Council
58 Euston Murray River Balranald Shire Council
59 Oxley Lachlan River Balranald Shire Council
60 Erina Erina Creek Gosford City Council
61 The Entrance North Tuggerah Lakes Wyong Shire Council
62 Stockinbingal Bland Creek (tributary of the Murrumbidgee River) Cootamundra Shire Council
63 Murrurundi Pages River Upper Hunter Shire Council
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APPENDIX B:  GLOSSARY OF FLOOD TERMS 
 
The majority of the definitions have been taken from the Floodplain Development Manual (April 
2005 edition). Additional definitions have either been provided by the SES, or have been 
included specifically for the purpose of this study. The definitions should therefore only be used 
in the context of this study, as they may have alternative meanings in different context. 
 
Annual Exceedance 
Probability (AEP)  

The chance of a flood of a given or larger size occurring in any one year, usually expressed 
as a percentage.  For example, if a peak flood discharge of 500 m3/s has an AEP of 5%, it 
means that there is a 5% chance (that is one-in-20 chance) of a 500 m3/s or larger event 
occurring in any one year (see ARI). 

Australian Height 
Datum (AHD)   

A common national surface level datum approximately corresponding to mean sea level. 

Average Annual 
Damage (AAD)  

Depending on its size (or severity), each flood will cause a different amount of flood damage 
to a flood prone area.  AAD is the average damage per year that would occur in a nominated 
development situation from flooding over a very long period of time. 

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. 

Backwater flooding Flooding caused by water which enters the township around the levee as opposed to over 
the top of the levee. This is generally due to the downstream end of the levee being open or 
lower, allowing floodwaters to enter the town. 

catchment  The land area draining through the main stream, as well as tributary streams, to a particular 
site.  It always relates to an area above a specific location. 

consent authority  The Council, government agency or person having the function to determine a development 
application for land use under the EP&A Act.  The consent authority is most often the 
Council, however legislation or an EPI may specify a Minister or public authority (other than a 
Council), or the Director General of DIPNR, as having the function to determine an 
application. 

controlled flooding The levee is designed such that any flooding occurs in specific locations. This may be 
through the use of low points along the crest, a spillway, or designated failure locations. 

controlled spillway A structure located along a levee which is lower than the crest height, and allows for the 
deliberate overtopping of a levee at a specific and controlled location. 

development  Is defined in Part 4 of the Environmental Planning and Assessment Act (EP&A Act).
 
infill development: refers to the development of vacant blocks of land that are generally 
surrounded by developed properties and is permissible under the current zoning of the land.  
Conditions such as minimum floor levels may be imposed on infill development. 
 
new development: refers to development of a completely different nature to that associated 
with the former land use.  For example, the urban subdivision of an area previously used for 
rural purposes.  New developments involve rezoning and typically require major extensions 
of existing urban services, such as roads, water supply, sewerage and electric power. 
 
redevelopment: refers to rebuilding in an area.  For example, as urban areas age, it may 
become necessary to demolish and reconstruct buildings on a relatively large scale.  
Redevelopment generally does not require either rezoning or major extensions to urban 
services. 
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disaster plan 
(DISPLAN)  

A step by step sequence of previously agreed roles, responsibilities, functions, actions and 
management arrangements for the conduct of a single or series of connected emergency 
operations, with the object of ensuring the coordinated response by all agencies having 
responsibilities and functions in emergencies. 

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 for example, metres per second (m/s). 

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. 

flash flooding  Flooding which is sudden and unexpected.  It is often caused by sudden local or nearby 
heavy rainfall.  Often defined as flooding which peaks within six hours of the causative rain. 

flood  Relatively high stream flow which 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 before entering a watercourse, and/or coastal inundation resulting from super-
elevated sea levels and/or waves overtopping coastline defences excluding tsunami. 

flood awareness  Flood awareness is an appreciation of the likely effects of flooding and a knowledge of the 
relevant flood warning, response and evacuation procedures. 

flood education  Flood education seeks to provide information to raise awareness of the flood problem so as 
to enable individuals to understand how to manage themselves an their property in response 
to flood warnings and in a flood event.  It invokes a state of flood readiness. 

flood fringe areas  The remaining area of flood prone land after floodway and flood storage areas have been 
defined. 

flood liable land  Is synonymous with flood prone land (i.e. land susceptible to flooding by the probable 
maximum flood (PMF) event).  Note that the term flood liable land covers the whole of the 
floodplain, not just that part below the flood planning level (see flood planning area). 

flood mitigation 
standard  

The average recurrence interval of the flood, selected as part of the floodplain risk 
management process that forms the basis for physical works to modify the impacts of 
flooding. 

floodplain  Area of land which is subject to inundation by floods up to and including the probable 
maximum flood event, that is, flood prone land. 

floodplain risk 
management 
options  

The 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 floodplain risk management options. 

floodplain risk 
management plan  

A management plan developed in accordance with the principles and guidelines in this 
manual.  Usually includes both written and diagrammetic information describing how 
particular areas of flood prone land are to be used and managed to achieve defined 
objectives. 

flood plan (local)  A sub-plan of a disaster plan that deals specifically with flooding.  They can exist at State, 
Division and local levels.  Local flood plans are prepared under the leadership of the State 
Emergency Service. 

flood planning area  The area of land below the flood planning level and thus subject to flood related development 
controls.  The concept of flood planning area generally supersedes the “flood liable land” 
concept in the 1986 Manual. 

Flood Planning 
Levels (FPLs)  

FPL’s are the combinations of flood levels (derived from significant historical flood events or 
floods of specific AEPs) and freeboards selected for floodplain risk management purposes, 
as determined in management studies and incorporated in management plans.  FPLs 
supersede the “standard flood event” in the 1986 manual. 
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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 flood damages. 

flood prone land  Is land susceptible to flooding by the Probable Maximum Flood (PMF) event.  Flood prone 
land is synonymous with flood liable land. 

flood readiness  Flood readiness is an ability to react within the effective warning time. 
flood risk  Potential danger to personal safety and potential damage to property resulting from flooding.  

The degree of risk varies with circumstances across the full range of floods.  Flood risk in this 
manual is divided into 3 types, existing, future and continuing risks.  They are described 
below.  
 
existing flood risk: the risk a community is exposed to as a result of its location on the 
floodplain. 
 
future flood risk: the risk a community may be exposed to as a result of new development 
on the floodplain. 
 
continuing flood risk: the risk a community is exposed to after floodplain risk management 
measures have been implemented.  For a town protected by levees, the continuing flood risk 
is the consequences of the levees being overtopped.  For an area without any floodplain risk 
management measures, the continuing flood risk is simply the existence of its flood 
exposure. 

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.  Hence, it is necessary to investigate a range of flood 
sizes before defining flood storage areas. 

floodway areas  Those areas of the 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 flows, or a significant 
increase in flood levels. 

freeboard  Freeboard provides reasonable certainty that the risk exposure selected in deciding on a 
particular flood chosen as the basis for the FPL is actually provided.  It is a factor of safety 
typically used in relation to the setting of floor levels, levee crest levels, etc.  Freeboard is 
included in the flood planning level. 

hazard  A source of potential harm or a situation with a potential to cause loss.  In relation to this 
manual the hazard is flooding which has the potential to cause damage to the community.  
Definitions of high and low hazard categories are provided in the  Manual. 

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

hydrograph  A graph which shows how the discharge or stage/flood level at any particular location varies 
with time during a flood. 

hydrology  Term given to the study of the rainfall and runoff process; in particular, the evaluation of peak 
flows, flow volumes and the derivation of hydrographs for a range of floods. 

imminent failure 
height 

A level lower than the crest height of the levee considered to be the potential failure level of 
the levee.  Refer to Levee Audits for details where available. 

levee design height The height at which a levee was designed to provide protection to.  Where there is a spillway 
the design height should relate to the spillway level less freeboard, else it should relate to the 
height of levee low points less freeboard. 

levee overtopping Floodwaters entering a town by flowing from the river over the levee. 
local overland 
flooding  

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

local drainage  Are smaller scale problems in urban areas.  They are outside the definition of major drainage 
in this glossary. 



NSW Levee Study 
For Emergency Management 

Main Report 
 

Webb, McKeown & Associates Pty Ltd 
26028:Stage 2 Report Final.doc:12 September 2008 
 

B4

mainstream 
flooding  

Inundation of normally dry land occurring when water overflows the natural or artificial banks 
of a stream, river, estuary, lake or dam. 

major drainage  Councils have discretion in determining whether urban drainage problems are associated 
with major or local drainage.  For the purpose of this manual major drainage involves: 
• the floodplains of original watercourses (which may now be piped, channelised or 

diverted), or sloping areas where overland flows develop along alternative paths once 
system capacity is exceeded; and/or 

• water depths generally in excess of 0.3 m (in the major system design storm as defined in 
the current version of Australian Rainfall and Runoff).  These conditions may result in 
danger to personal safety and property damage to both premises and vehicles; and/or 

• major overland flow paths through developed areas outside of defined drainage reserves; 
and/or 

• the potential to affect a number of buildings along the major flow path. 
minor, moderate 
and major flooding  

Both the State Emergency Service 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.  The lower limit of this class of flooding on the reference gauge is the 
initial flood level at which landholders and townspeople begin to be flooded. 
 
moderate flooding: low-lying areas are inundated requiring removal of stock and/or 
evacuation of some houses.  Main traffic routes may be covered. 
 
major flooding: appreciable urban areas are flooded and/or extensive rural areas are 
flooded.  Properties, villages and towns can be isolated. 

overtopping (crest) 
height at levee low 
points 

The height of the levees crest low points.  The crest height of a levee is equal to the design 
height plus freeboard. 

peak discharge  The maximum discharge occurring during a flood event. 
Peak gauge height The maximum flood height reached during a flood event at the location of the gauge. 
Probable Maximum 
Flood (PMF)  

The PMF is the largest flood that could conceivably occur at a particular location, usually 
estimated from probable maximum precipitation, and where applicable, snow melt, coupled 
with the worst flood producing catchment conditions.  Generally, it is not physically or 
economically possible to provide complete protection against this event.  The PMF defines 
the extent of flood prone land, that is, the floodplain.  The extent, nature and potential 
consequences of flooding associated with a range of events rarer than the flood used for 
designing mitigation works and controlling development, up to and including the PMF event 
should be addressed in a floodplain risk management study. 

Probable Maximum 
Precipitation (PMP) 

The PMP is the greatest depth of precipitation for a given duration meteorologically possible 
over a given size storm area at a particular location at a particular time of the year, with no 
allowance made for long-term climatic trends (World Meteorological Organisation, 1986).  It is 
the primary input to PMF estimation. 

probability  A statistical measure of the expected chance of flooding (see AEP). 
ring levee A ring levee is where an area is protected on all sides by a levee. In some cases the levee 

may have gaps where it ties into high ground, but if the system forms a ring it is still classed 
as a ring levee. 

risk  Chance of something happening that will have an impact.  It is measured in terms of 
consequences and likelihood.  In the context of the manual it is the likelihood of 
consequences arising from the interaction of floods, communities and the environment. 

runoff  The amount of rainfall which actually ends up as streamflow, also known as rainfall excess. 
spillway height The height of a levees spillway (if applicable). 
stage  Equivalent to “water level”.  Both are measured with reference to a specified datum. 
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stage hydrograph  A graph that shows how the water level at a particular location changes with time during a 

flood.  It must be referenced to a particular datum. 
system of levees In a number of locations, areas are protected by more than one levee. Where multiple levees 

protect the same area, they have been defined as a system. However, if there are multiple 
levees in the one urban area but they protect significantly different parts of the town, they 
may be defined as a number of single levees. For each levee, details have been provided if 
there is the potential for confusion regarding this issue. 

survey plan  A plan prepared by a registered surveyor. 
tie-into high ground When the end of a levee is connected to high ground, such that it forms a continuous barrier 

from floodwaters. 
time to fill back-
levee basin 

Time to fill the majority of the basin behind the levee, noting that sometimes it can take 
significantly longer for the water level to equalise at the top of the levee. This latter stage is 
not included in the estimation of time. 

velocity deflection Refers to the re-routing of high velocity floodwaters to minimise impacts on townships. Hence 
levees which have velocity deflection do not exclude floodwaters, but re-direct high hazard 
flows. They are often open at the downstream end. 

water surface 
profile  

A graph showing the flood stage at any given location along a watercourse at a particular 
time. 
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NSW Levee Study for Emergency Management

Table C-1. Information availability.

Levee 
Reference 
No.

Location

Approximate 
percentage of 
questions 
adequately 
answered (%)

Was information 
unknown due to 
lack of data?

 Does information 
exist but could 
not be obtained?

Main data missing

1 Tweed Heads 10 Yes Unknown Very little appears to be known about this 
levee.

2 Murwillumbah 70 Unknown Yes
Structural audit of levee since upgrade, 
details of newly constructed levees and how 
they affect inundation.

3 South Murwillumbah 40 Yes Yes

Levee design heights, detailed information 
regarding sequence of inundation and flood 
affectation, structural issues. NOTE - 
additional information is expected from 
Council within the next week. This may 
contain information about South 
Murwillumbah.

4 South Golden Beach 90 Yes Yes Flood liable properties, surveyed height of 
levee

5 Lismore (CBD & South Lismore) 90 Yes Yes Information regarding warning and 
evacuation, and flood modelling

6 North Grafton 80 Yes Yes
Number of properties flood liable behind 
levee, structural status of levee, gauge 
information

6 South Grafton 80 Yes Yes
Number of properties flood liable behind 
levee, structural status of levee, gauge 
information

7 Ulmarra 10 Yes Yes All  

8 Maclean 80 Yes Yes
Number of properties flood liable behind 
levee, structural status of levee, gauge 
information

9 Denman 70 Yes No Flood modelling

AppCLeveeInformation.xls
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Levee 
Reference 
No.

Location

Approximate 
percentage of 
questions 
adequately 
answered (%)

Was information 
unknown due to 
lack of data?

 Does information 
exist but could 
not be obtained?

Main data missing

10 Singleton 90 Yes No
Whether localised flooding or flood 
gradients are of concern. Heights by which 
gates should be closed.

11 Maitland (Ring Levee) 95 Yes No Information on scope for additional 
development

12 Kempsey 95 Yes No No major areas of information missing

13 Raymond Terrace 60 Yes Yes No information regarding pattern of 
inundation or flood affectation

14 Aberdeen 50 Yes No Flood Study currently being prepared, 
information not yet available

15 Muswellbrook 60 Yes Yes No recent Flood Study information available

16 Riverview Road (Nowra) 95 Yes No No major areas of information missing
17 Terara (Nowra) 95 Yes No No major areas of information missing

18 Cooma 90 No Yes Number of properties flood liable behind 
levee

19 Albury 70 Yes Yes
Sequence of inundation and flood 
affectation - Flood Study could not be 
obtained

20 Tocumwal 70 Yes No
No Flood Study, report on levees to be 
completed mid year, had not been 
completed when contacted Council

21 Deniliquin 50 Yes Yes NB: levee currently being upgraded, no 
information about new levee provided

22 Moulamein 60 Yes Yes Draft Flood Study been produced, final to 
be released later this year

23 Balranald 60 Yes Yes Information about inundation and flood 
affectation

24 Wentworth 70 Yes Yes
Information on what was done as part of 
recent upgrade, any modelling information 
outlining predicted patterns of inundation.

AppCLeveeInformation.xls
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Levee 
Reference 
No.

Location

Approximate 
percentage of 
questions 
adequately 
answered (%)

Was information 
unknown due to 
lack of data?

 Does information 
exist but could 
not be obtained?

Main data missing

25 Moama 80 Yes Yes Information on flood affectation
26 Barham 70 Yes No No Flood Study

27 Narrandera 30 Yes No
Information of flood warning and 
evacuation, operation of levee and structural 
issues

28 Darlington Point 90 No No More detail about actions to be taken during 
flooding would be of benefit

29 Hay 90 Yes No
More detailed Flood Study needed to 
provide more accurate results, no gradient 
studies

30 Hillston 70 Yes Yes Information about inundation, flood 
affectation and levee height

31 Pallamallawa 80 Yes No Information regarding sequence of 
inundation

32 Tamworth 70 Yes Yes Operation and maintenance of the levee 
and evacuation

33 Wee Waa 60 Yes Yes Information on flood affectation and details 
regarding pattern of inundation

34 Coonamble 40 Yes Yes
Level of protection provided by levee, flood 
affectation, warning and evacuation, levee 
operation and maintenance

35 Brewarrina 50 Yes Yes
Information on the current status of the 
levee, as it has been upgraded since the last 
report that has been obtained.

36 Narromine 50 Yes Yes

Levee reference levels, location and 
sequence of inundation, warning and 
evacuation, levee operation and 
maintenance, flood affectation

37 Warren 85 Yes No Location and sequence of overtopping

38 Mungindi 20 Yes No Flood Study currently being prepared, 
information not yet available

AppCLeveeInformation.xls
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Levee 
Reference 
No.

Location

Approximate 
percentage of 
questions 
adequately 
answered (%)

Was information 
unknown due to 
lack of data?

 Does information 
exist but could 
not be obtained?

Main data missing

39 Nyngan 70 Yes Yes Information on the levee upgrade
40 Weilmoringle 5 Yes Yes All except gauge information

41 Walgett 55 Yes Yes Information regarding levee heights and 
flood affectation

42 Wanaaring 5 Yes Yes Most except for gauge information
43 Bourke 60 Yes Yes Information on the upgraded levee
44 Louth 5 Yes Unknown Most except for gauge information
45 Tilpa 5 Yes Yes All except gauge information
46 Wilcannia 5 Yes Yes All except gauge information

47 Bathurst 70 Yes Yes No recent Flood Study information available 

48 Walcha 90 Yes No
Additional reports to be available later in the 
year detailing any upgrades and provide an 
operation and maintenance manual

49 Wagga Wagga (North Wagga, Gumly Gumly and 
Central) 90 Yes No No detailed survey behind levee.

50 Kelso 30 Yes No Most - levee design heights, no Flood Study

51 Kelso Park 70 Yes Yes

Gauge information,  maintenance, updated 
information regarding the impact of the 
spillway on location and sequence of 
inundation and flood affection

52 Mackey Park 50 Yes No
Information regarding sequence of 
overtopping, principle gauge and flood 
affectation

53 Iluka 80 Yes No No hydraulic modelling which includes detail 
of the levee

54 Brushgrove 0 Yes No All

55 Lorn 90 Yes No Information on structural issues, design 
height and freeboard amount.

AppCLeveeInformation.xls
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Levee 
Reference 
No.

Location

Approximate 
percentage of 
questions 
adequately 
answered (%)

Was information 
unknown due to 
lack of data?

 Does information 
exist but could 
not be obtained?

Main data missing

56 Smithtown 20 Yes Unknown

Levee reference levels, location and 
sequence of inundation, flood affectation, 
warning and evacuation, scope of 
development, actions to be taken, structural 
issues, maintenance, 

57 Hat Head 50 Yes Yes
Gauge information, locations and sequence 
of inundation, flood affection, additional 
development and maintenance

60 Erina 80 Yes No Gauge information, location and sequence 
of inundation and flood affectation
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