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FOREWORD 
 

In NSW, there are more than 110 flood levees protecting urban communities with an aggregate length in 
excess of 350 kilometres.  The levees are managed for the protection of the communities principally by 
Local Government agencies, with a smaller number by Land Councils and State Government Agencies.  
This is a sizable community asset for NSW.  

A levee protecting an urban community in NSW generally involves a constructed earthen embankment and 
related infrastructure.  It is an important asset that protects the community and its infrastructure from 
flooding up to the levee’s design flood event, reducing the frequency of damage due to flooding to a rare 
event.  It can only do this if the levee is well designed with adequate capacity to resist sizable floods, and is 
properly built, maintained and operated.   

Any levee will, however, have limitations in terms of reducing rather than eliminating the risk of flooding to 
the community.  Floods higher than the design event may result in the levee being overtopped with 
consequent impacts upon the community.  This is often contrary to public perception that a levee will 
protect the community from any flood event, no matter how large.  

Levees that were poorly constructed or upgraded, or have not been well maintained, may fail prior to 
overtopping.   

Where a levee protects public safety as well as property, it is very important to have a current estimate of 
the flood level up to which there is high confidence that the levee will remain intact. This estimate of a ‘flood 
confidence limit’ is important information for NSW SES and levee owners for emergency planning and 
decision making especially in towns where the consequence of levee failure is high. 

In many cases changes have occurred in the levee since it was designed and constructed. Consequently, 
flood levee confidence limits (i.e. “safe” flood levels) being used for emergency planning have, in some 
instances, been unreliable for various reasons.  For example, they have not reflected the actual state and 
condition of the levee, there have been changes to design standards since they were constructed, the 
provenance of the information was unknown. In some cases there was no information available.  

The purpose of this guideline is to provide engineers with general guidance for an interim quick 
assessment of a levee’s flood confidence limit where no other reliable information exists, pending more 
thorough investigation. 

When using these guidelines, it must be understood that each levee is different and there will be individual 
circumstances to consider and professional judgement must be applied.  
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1. INTRODUCTION 
 

Urban flood Levees in NSW have been primarily 
constructed for the purpose of protecting 
communities’ local amenity, public infrastructure 
assets, businesses and private property from flood 
damage. However, community expectations of 
levees have evolved to also serve a life safety 
protection function. This guideline is relevant to 
assessing life safety protection function of levees.  

Urban flood levees in NSW are generally designed 
to provide protection to a community for a 
particular flood event.  This could be a key historic 
flood or a flood of a certain magnitude or annual 
exceedance probability at the location.   

The widespread flooding throughout the west and 
southwest of NSW during 2012, and again in 2016 
and 2017, brought attention to the actual protection provided to communities by urban levees.  

A review of NSW levees in 2013/14, funded under the NSW/Commonwealth Natural Disaster Resilience 
Program, revealed that about a third of all levees are in poor condition and a further third just satisfactory. 
Additionally, for many levees, the maximum flood level that the levee could reliably withstand without failing 
had not been re-assessed for a considerable time and sometimes not since the levee was constructed 
decades ago.  

The experience during floods was that the flood levels or freeboard amounts used as Flood Confidence 
Limits for life safety protection sometimes overestimated the actual level of protection provided, though 
conversely in some other cases they were overly conservative. 

This Flood Confidence Limit is a critical input to NSW State Emergency Service’s (NSW SES) evacuation 
planning and decision making.  

Updating the Flood Confidence Limits of levees in NSW, especially where there is life safety risk (i.e. 
potential for loss of life) from levee failure, is a necessary major task, but with significant time and cost 
implications.   

This engineering guideline has been developed for use as an interim measure where there is no reliable 
estimate of a levee’s Flood Confidence Level. It has been developed to assist making a quick estimate of 
an Interim Flood Confidence Limit for a levee for use in flood emergency planning and decision making 
giving time for levee owners to undertake a detailed engineering assessment to derive a more robust 
estimate. 

It will also assist to identify action needed by levee owners to rectify defects in the levee which have 
reduced levee performance in floods and contribute to the longer term general deterioration in the levee’s 
condition. 

The guideline is only applicable for use on NSW urban low height earth embankment levees.  

Additionally, it is focused on life safety protection afforded by a levee and is not intended for assessing the 
level of property protection. 
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2. BACKGROUND 

2.1 NSW Levee Design 

Most NSW urban levees are of a similar design and construction - predominantly low height (less than 4 m) 
earth embankment levees constructed with compacted clay material and no separate specific impermeable 
core or filter zone. The surface is usually topsoiled and grassed to provide protection against erosion but 
sometimes due to drought there is often little or no grass cover. More recently designed levees or levee 
upgrades often have an impermeable crest cap and an overflow spillway. 

Other types of levees in occasional use are concrete retaining walls and sheet pile walls (not covered by 
these guidelines). 

In general, a properly engineered urban earth embankment levee is designed to be able to adequately 
withstand a flood up to a particular flood level over its design life, which is typically around 50 years (with 
satisfactory maintenance and no rebuilding).  

For NSW Urban levees, a 1% AEP (1:100 year) flood is commonly used as the basis for the Design 
(Flood) Level, however this level varies from location to location and depends on a range of factors 
including the benefits and costs of that levee to the community.  

A ‘Freeboard’ is added to the Design (Flood) Level to give the Levee Design Crest Level. This freeboard 
is included to allow for: 

 Inherent uncertainties in flood prediction 

 The impact of wind wave action, which can increase the local water level 

 Flood water surges, which can increase the local water level 

 Settlement of the levee after construction 

 Normal deterioration of the levee condition and performance capacity with age  

 Potential for unknown defects in the levee 

 Potential future changes in rainfall patterns as a result of climate change; and 

 Computational uncertainties, inadequacies in survey data and other sources of error 

The total combined allowance for these typically give a design freeboard of 0.6 m to 1.0 m.  

 

 

Figure 1 – Typical Levee Freeboard  

 

This freeboard is intended to maintain the levee’s design performance to the end of its design life. In the 
early stages of asset life this should give very conservative margin of safety but as the levee ages this 
factor of safety would typically reduce. 

However, when planning for a flood event in the immediate future many of the original design freeboard 
components are either known or not relevant at that time and thus do not need to be included as a factor of 
safety in the freeboard (e.g. the actual settlement which has occurred since construction is available from a 
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survey, the level of deterioration which has occurred since construction can be assessed, and the predicted 
flood level is known or has been updated). The key relevant freeboard components remaining are wind 
wave action, local surge conditions, and any allowance needed for issues in the levee which would reduce 
the performance compared to a new levee constructed to contemporary standards. 

It is not uncommon for the immediate required flood event freeboard (as opposed to original design 
freeboard) at a point in time during its service life to be about one half of the original design freeboard when 
first constructed (assuming the levee is in reasonably good condition).   

 

2.2 NSW Levee Performance 

In the early stage of their lives, levees would normally be expected to remain structurally sound, with a 
consequent high level of confidence, for a flood up to the levee crest level (i.e. above their Design Flood 
Level).  

The performance capacity and consequent level of confidence would generally be expected to reduce to 
some degree as the levee progresses through its design life, the rate of reduction being dependent 
primarily on the adequacy of original construction and level of maintenance.  

Levees constructed or upgraded since about the year 2000 have been generally designed and constructed 
to contemporary engineering standards. If effectively maintained they should remain in almost ‘as 
constructed’ condition and provide a high level of protection for a very long period of time.  

The performance capability of NSW levees is however subject to a few issues: 
 

 In general, about a third of all levees are in poor condition and a further third in just satisfactory 
condition, usually as a consequence of inadequate maintenance. 

Additionally: 

 Older levees (constructed prior to ~ year 2000) were in general not designed and constructed to 
contemporary engineering standards. There was less attention given to design, and construction 
quality control was lower with consequent lower performance and longevity. 

 Some levees were constructed or ‘topped up’ in haste ahead of approaching floodwaters with 
unsatisfactory design and construction standards  

 In some cases, the original design flood estimate may no longer be valid or accurate 

For these reasons, confidence in the ability of some levees to perform effectively during a flood is reduced 
and they cannot be expected to provide the same level of protection as a newly constructed well designed 
levee. 

Despite the issues present with the design, construction and maintenance of some earth embankment 
urban levees in NSW, there are few (known to us) urban levees in NSW that have catastrophically 
breached before being overtopped.  Some potential failures of urban levees in NSW may, however, have 
been averted by emergency repairs during the flood.  

Some typical issues which have occurred in NSW levees are shown in the photographs on the next page – 
Figure 2 and also in Appendix C. 
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Hay 2012 Weimeringle 

Hay 2012 South Murwillumbah 2017 

Figure 2 - Examples of Levee Issues 
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As part of the development of this guideline, information on past levee failures and potential failures was 
collected from NSW PWA, NSW SES and OEH corporate knowledge and has been documented in the 
“NSW Levee Performance Database,” (Reference 9).  

 

 

Figure 3 - Narrandera 2012 Overtop Failure 
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3. PURPOSE OF INTERIM FLOOD CONFIDENCE LIMIT 
 

The Flood Confidence Limit is the maximum flood level at which there is still high confidence that a levee 
will not structurally fail and meets recommended tolerance limits for life risk (i.e. where life is at potential 
risk due to a failure. This level is usually measured at a reference point such as a flood gauge. 

For most NSW levees, the Flood Confidence Limit is often not known, or the level in use may no longer be 
relevant (eg. due to a higher deterioration in condition over its service life than allowed in design, or the 
presence of significant defects). 

This guideline has been developed to assist making a quick interim estimate of the Flood Confidence Limit 
for a levee where no other reliable information is available.  

The new term, “Interim Flood Confidence Limit” or IFCL describes a Flood Confidence Limit which has 
been estimated using this methodology for the purpose of obtaining a quick estimate in the absence of 
other reliable information.  

The IFCL methodology provides a conservative estimate as it is undertaken in the absence of the full 
information and engineering analysis and it is ‘Interim’ because it is intended only as a temporary measure. 

It is intended to provide a best estimate available of critical information for emergency services 
organisations and levee owners. It is also intended to give time for levee owners to undertake a more 
detailed engineering and geotechnical assessment to derive a more robust estimate especially where the 
life safety risk (i.e. potential for loss of life) from a levee breach is high.  

The estimate derived for the IFCL is intended to be used both for emergency planning ahead of a flood 
event, and for on-site use for making very rapid assessments of levees under potential flood threat.  It 
would provide the best quickly available information for use as an input to evacuation decisions for towns 
protected by urban levees.  

The Interim Flood Confidence Limit is for use only for the purpose of emergency planning and 
response in the short term to allow time for a more thorough engineering assessment to determine 
a more robust Flood Confidence Limit. 
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4. IFCL PHILOSOPHY 

4.1 Basic Principles 

The Guideline’s methodology is intended as a quick generic assessment tool for levees and is based on 
qualitative assessments developed from the considerable experience of NSW Public Works Advisory over 
many years in designing, upgrading, and refurbishing urban levees in NSW, as well as observing their 
operation in floods. In addition, some quantitative assessment of risk has been undertaken. 

The methodology is a guideline only and does not replace the need for proper engineering consideration 
and judgement of the circumstances of each levee.  

It is intended that assessments must be made by suitably qualified engineers experienced with 
levees or similar structures. 

The methodology is only applicable for the typical low height NSW urban earth embankment levees up to 
4 metres high which were commonly designed for a 1% AEP flood.   

Non-typical levees, including those levees not designed for an approximate 1% AEP flood and levees that 
are not in NSW, are outside the information database and/or scope of the analysis used to develop this 
methodology. 

The Flood Confidence Limit of a levee is the highest flood level where recommended risk tolerance limits 
for life safety risk (see Section 4.4) are met if the levee breaches. In other words, it is “The flood level for 
which the levee can be expected to effectively function with high confidence that failure of the levee will not 
occur at or below that level during a flood event”. 

In simple terms, the IFCL is assessed as the levee crest level less a capacity reduction amount which 
reduces the flood load sufficiently so that the levee meets tolerance limits for life safety risk despite any 
issues present in the levee. The potential wind wave action is also taken into account in determining the 
IFCL. 

The methodology is based on analysis of standard model levees of various levels of performance reliability, 
called “Levee Performance Classes.” These were analysed using typical flood frequency profiles on NSW 
Rivers to estimate appropriate capacity reduction (CR) amounts needed for each class. Note that 
overtopping failure was not included in the analysis. That condition is an assumed failure as even if the 
levee does not breach the community will be flooded. 

The Guideline caters for two situations - where a flood is imminent and assessment is needed urgently 
(Type I – Rapid On-Site Assessment), and where input is needed relatively quickly for emergency flood 
planning with some time is available (Type II – General Quick Assessment).  

To utilise the methodology on a levee, it is assessed on the number and severity of defects found to be 
present and the overall levee characteristics to find the best fit to one of the standard Levee Performance 
Classes.  

Five classes of standard model levees (Performance Classes 1 to 5) have been defined. Class 1 has a 
very high performance confidence through to class 5 which has little or no performance confidence - refer 
to Section 5 below for more information. 

In the broad terms the Levee Performance Classes are: 

 Class 1 Levees. These are levees constructed or upgraded typically since around the year 2000, 
which were designed and constructed to contemporary engineering standards and have been in 
service for up to 15 years; have been well maintained, and are still in almost ‘as constructed’ 
condition. The original design information should be used to estimate their Flood Confidence Limit 
when possible. 

 Classes 2 and 3 levees older levees in good to fair condition. The IFCL methodology is intended to 
give an interim assessment of their flood confidence level.  

 Class 4 Levee. These do not meet the necessary confidence tolerance limits for life risk derived 
using this methodology.  
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If it is intended to be relied on where life is at risk, a more detailed engineering assessment, 
outside the scope of the IFCL methodology would be needed to demonstrate it is adequate in the 
particular circumstance.  

 Class 5 levees. These have shortcomings so significant there is little or no confidence in the 
levee’s performance in a flood and they are unsuitable for life safety protection and probably also 
property protection. 

See Table 1 below for a summary. 

 

Table 1 – Standard Model Levee Performance Classes  

Levee 
Class 

Key Characteristics of a Levee in the Class Confidence In 
Performance in Major 

Floods 

1.  New or recently upgraded levee (within last 10-15 
years).  

Very High 

2.  Older levee well maintained in very good condition.  High with a small flood lad 
limitation 

3.  Older levee some issues with maintenance but in 
reasonable condition. 

Satisfactory with a significant 
flood load limitation. 

4.  Older levee, not well maintained and in poor 
condition. 

Unsatisfactory for Life safety 
Protection  

5.  A levee in very poor condition, significant or major 
defects, and/or inadequate design and construction.  

Little or No Confidence in 
Levee’s Integrity 

(Refer to Table 2, Section 5 below for more detail on typical characteristics of levee classes.) 

 

Information for the levee assessment is derived from a visual audit of the levee to find and classify defects 
and check levee characteristics. Any other available information on the levee is also incorporated into the 
assessment as appropriate. 

The Levee Performance Class’ estimated capacity reduction amount is used to establish the IFCL for a 
levee assessed as matching that class. Sufficient allowance for wind wave and surge freeboard is also 
included within the IFCL.  

An overview of the IFCL assessment methodology is given in overview in Section 6 and detailed instruction 
given in Appendices A to D. 

It is emphasised that this levee classification is intended only to rate performance in terms of the protection 
of life at risk from a levee breach, which is required to be to a much higher standard than for property 
protection.  

 

4.2 Limitations of Methodology 

There are risks using this quick generic assessment methodology based on a visual audit of levee condition 
to determine a Flood Confidence Limit.  

The key risk mitigation assumptions in the methodology are limiting the duration the IFCL can be used, the 
performance testing of the levee by previous major floods, and the ability of the levee owner to repair any 
localised faults that may occur during a flood to prevent a full breach. 
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To manage this risk the following conditions should apply to its use: 

1. The condition of the levee has been fully audited and assessed within the last 5 years and also 
following a major flood – i.e. reduces likelihood of major changes since the assessment. 

 
2. The levee has been subjected to a Major Flood (Bureau of Meteorology definition) within the past 5 

to 10 years and has not failed or developed localised failures which could have led to failure if left 
unchecked – i.e. reduces the risk of ‘hidden defects’ as the levee integrity and capacity has been 
recently tested so there is some degree of confidence in its performance in future floods of the 
same size in the next few years; 

 
3. There is comprehensive and documented knowledge of actions required prior to and during a flood 

(a flood contingency and levee operations plan) – i.e.  the owner’s flood response is pre-planned 
and well known so needed actions are not missed; 

 

4. There is an effective local capability available to manage the levee during a flood There are 
adequate resources available to execute the flood contingency and levee operations plans within 
the available flood warning time, i.e. there is confidence that any problems which develop during 
the flood can be fixed by the levee owner. For example:  

o Any needed pre-flood emergency repair work must be able to be undertaken with the likely 
resources which would be available within the available flood warning time; and 

o There are adequate construction materials, equipment and human resources on hand to repair 
local failures that may develop during a flood event. 

 
 

Where these conditions cannot be met, it is recommended that the methodology should be used with caution 
and additional contingency be applied by the assessor.  

Additionally: 

1. An IFCL derived from a Type I rapid assessment (refer section 6.1) is valid only for the immediate 
flood threat and should never be reused for any future floods as it is based on very limited 
assessment. 

 
2. An IFCL derived from a Type II general quick assessment (refer section 6.1) using these guidelines 

should not be used for a period of more than 5 years both to limit risks from utilising an estimate 
based on limited data, and the risk of significant changes occurring or coming evident over time 
and which could affect levee performance (e.g. development of major defects, deterioration in 
condition).  

 
It must also be fully reviewed following a major flood and after annual owner’s inspections where 
significant new issues are evident (eg. major changes in the levee, damage, emergence of new 
defects, etc.) 

 

This Interim Flood Confidence Limit (and the Flood Confidence Limit) is not 100% guaranteed “safe” 
protection. Such a concept does not exist. In this methodology the IFCL is derived based on a visual 
assessment of an existing levee invariably based on limited data. There will always be some uncertainty of 
“unknown unknowns’ such as serious buried defects that allow failure mechanisms to develop prior to this 
level.  

 

4.3 Life Safety Risk Considerations 

The determination of life safety consequence in a community protected by a levee is beyond the scope of 
this Guideline. However, given the complexities of the IFCL concept and its link to risk assessment, some 
general comments are offered to ensure appropriate context is given on its use and limitations. 
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Life safety risk considerations for this methodology have been based on the Australian National Committee 
on Large Dams (ANCOLD) publication “Guidelines on Risk Assessment,” October 2003. It is recognised 
that a flood levee is not a dam but ANCOLD’s Risk Guidelines currently provide the closest existing model 
for setting risk tolerability limits for levees. 

ANCOLDS guidelines on life safety risk consider:  

 Individual risk for the person or group of persons most at risk 

 Societal risk - widespread risk to the whole community 

 The ALARP principle - As Low As Reasonably Practical 

Risk is defined as likelihood of an event multiplied by the consequence resulting from the event. 

This IFCL methodology gives emphasis to satisfying individual risk.  

The risk tolerability limit used in this methodology is based on the life safety risk limit for 
individuals at risk for existing dams (i.e. a risk exposure of 10-4 per annum) as provided by the 
ANCOLD Guidelines on Risk Assessment, Section G10-1.  

This risk to life is normally assessed using fatality rates based on the population at risk as determined by 
inundation mapping and/or a breach analysis. This is done typically for Dams and similar structures and the 
same techniques can be used. 

Where there is the potential for loss of multiple lives, societal risk should also be considered when refining 
the interim results developed from this methodology.  

The life safety risk (ie. potential for loss of life) inside a levee protected community due to a levee failure is 
typically a function of the magnitude of flood hazard, including the factors of water depth and velocity. 

There are a number of publications dealing with flood hazard including: Australian Rainfall and Runoff, 
Book 6 Chapter 7 Safety Design (Reference 3); Australian Disaster Resilience Handbook Collection 
Guideline 7-3 Flood hazard (Reference 2); and the NSW Government Floodplain Development Manual 
Appendix L – Reference 5.  

Local flood plans should have some consideration of life risks and where flood modelling has been 
undertaken it can be used to estimate life risk. 

 

4.4 High Life Safety Consequence Communities - Further Engineering Work 

The IFCL is only an interim measure in the absence of other more reliable information. 

Where the levee protects a town where there is potential for loss of life from levee failure, a more 
thorough engineering and geotechnical assessment and risk assessment should be undertaken as soon as 
possible to more rigorously establish the “Flood Confidence Limit” for that individual levee so that risks 
are determined with greater confidence.  

This may require more detailed investigation of the levee to confirm assumptions on the levee that cannot 
be seen in a visual audit, quantitative analysis of the levee performance, and a consequence assessment 
of individuals risk and societal risk. 

The scope of work required for a detailed assessment needs to be considered for each individual 
community’s situation and will depend on the degree of life safety risk from a levee failure, significant 
issues known to be present in the levee, knowledge of the levee, and other contributing factors. It may 
include items such as: 

 Compaction testing  

 Soil testing 

 Investigation to check the foundation cut-off 

 Trial excavation of potential significant defects to assess extent 

 Structural assessment of the levee  

 Stability assessment of any adjacent riverbank 
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 Updated flood frequency analysis  

 Updated flood freeboard analysis 

 Determine the levee flood confidence limit 

If there is no life safety risk additional engineering work may not be warranted (in the absence of 
operational issues or other risks). 
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5. NSW LEVEE PERFORMANCE CLASSIFICATION 
 

To assist in communicating confidence in a levee’s performance to levee owners, NSW SES and the 
community, a Levee Performance Classification System has been developed for NSW earth 
embankment levees. The classification process forms part of the methodology for determining a levees 
IFCL. 

The process used classifies levees broadly into confidence levels, compared to a relatively new levee 
designed and constructed to contemporary standards and effectively maintained.  

The assessment of the levee “Performance Class” is subjective to some degree.  It is based on a recent 
(within last 5 years and since the last major flood) visual audit of the levee together with evaluation and 
engineering assessment of all available information on the levee. The assessment covers a range of 
issues, such as: 

 General overall condition 

 Presence and severity of defects 

 Design configuration of the levee (width, batter slopes etc.) 

 Adequacy of construction 

 Adequacy of any upgrades and modifications 

 Level of maintenance 

 Operations planning and resourcing 

 Performance in previous major floods; and 

 The level of knowledge of the levee such as original design, construction 

 Adjacent riverbank stability 

 

As a guide, the typical characteristics of a levee in each class is shown in Table 2.  

The characteristics given are typical of those found in levees of each levee performance class and not the 
method of classification. 

The classification methodology is set out in in full in Appendix B. 
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Table 2: NSW Earth Embankment Levee Standard Performance Classes 

Class Typical Characteristics of a Levee in the 
Class 

Confidence In 
Performance in Major 

Floods 

 

1.  New or recently upgraded levee (up to 15 yrs).  

 Known to be properly designed and constructed to 
contemporary standards.  

 Well maintained in ‘as new’ condition. 

Very High 

2.  Older levee.  

 Well maintained in very good condition.   

 Properly designed and constructed.  

 No observed or suspected moderate defects. 

 Good knowledge of its history. 

High with a small flood load 
limitation 

3.  Older levee.  

 Some issues with maintenance but in reasonable 
condition. 

 May have some identified issues or uncertainty with 
design/construction adequacy. 

 Presents with moderate defects. 

 Reasonable knowledge of its history 

Satisfactory with flood load 
limitations. 

4.  Older levee. 

 Not well maintained and in poor condition. 

 Some identified or suspected deficiencies in design 
and construction. 

 Widespread moderate defects present. 

 Scant or no knowledge of its history. 

Unsatisfactory for Life safety 
Protection  

5.  A levee in very poor condition,  

 There are significant and major defects present.  

 There are significant identified or suspected 
deficiencies in design and construction. 

 There is insufficient knowledge of the levee to make a 
reliable assessment. 

Little or No Confidence in 
Levee’s Integrity 
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6. IFCL METHODOLOGY OVERVIEW 
 

6.1 Introduction  
 

This section of the guideline describes in overview how to undertake the IFCL assessment.  

There are two types of assessment both based on the same underlying methodology: 

Type I – Rapid On-Site Assessment – used where a flood is imminent, and assessment is needed 
urgently by NSW SES, but there is not sufficient time for an office based assessment.  

This is a very shortcut process and should only be used where there is no other option. 

Type II – General Quick Assessment – used where input is needed relatively quickly by NSW SES and/or 
levee owner for emergency flood planning when no other reliable information is available. There is however 
sufficient time and resources to undertake both some field and more detailed office-based assessment 
work.  

The Type I Assessment would normally give a more conservative IFCL than a Type II assessment. 

Neither type of assessment is intended to replace a more thorough engineering investigation to assess the 
Flood Confidence Limit. 

The IFCL methodology examines two key factors: 

1. The structural integrity of the levee 

2. The integrity of any riverbank in close proximity to the levee 

The process references information found in other appendices to this guideline which provide guidance for 
the overall assessment: 

 Step by Step methodology explanation: 

o Type I – Appendix A1 

o Type II – Appendix A2 

 Performance Defect Classification - Appendix B  

 Levee Performance Class Definitions - Appendix C  

 Riverbank Stability Quick Assessment - Appendix D  

The best available information should be utilised in the assessment such as recent surveys, design 
information, past investigation reports and flood studies etc.  

6.2 Structural Integrity 

This covers modes of failure such as piping, sliding, cracking, wave action and other erosion. 

In simple terms the assessment involves: 

1. Undertaking or obtaining a recent (within last 5 years) crest survey of the levee, and visual audit of 
the levee to identify defects which may impact performance. The survey helps identify low spots in 
the levee crest in relation to the likely profile of a major flood 

2. Classifying those defects found in terms of severity in impacting levee performance – minor, 
moderate, significant, major utilising Appendix B. The different types of defects are listed there, and 
criteria given for each type on how to classify them in terms of severity: 

o Compaction 

o Erosion 
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o Trees  

o Ant nests 

o Animal burrows 

o Cracking  

o Defective storm water pipes 

o Defects around interfaces, such as concrete headwalls and gate valves 

 
3. Classifying the performance class 1 to 5 (from high confidence to low confidence - see general 

descriptions in Table 1) which best describes the levee.  This is done by assessing the criteria 
which must be met for each class covering:  

o Number and severity of defects 

o Design configuration 

o Construction 

o Maintenance 

o Operation 

o Overall knowledge of levee 

 
4. Selecting the capacity reduction (CR) amount for that class and applying it to the low point in the 

levee crest.  This is the Capacity reduction Freeboard (CRF) 

These capacity reduction amounts have been developed from experience and analysis of generic 
model levees of each levee class and were set to reduce the hydraulic flood load to give 
acceptable life safety risk performance 

5. Estimating the potential for surge and wind generated waves from consideration of available fetch 
and applying it to the low point in the levee crest.  This is the Wind Wave Freeboard (WWF) 

6. Set the IFCL (generally) as the lower of CRF and WWF    

There are also a number of complexities that also need to be considered: 

 NSW levees often have sections with completely different characteristics, for example, due to 
different age, construction, condition, design, and embankment height. Depending on the levee 
section examined different IFCLs can be derived 

Each section needs to be examined individually and a section IFCL set. Then the worst case is 
used for the overall levee IFCL 

 Many NSW levees have a non-uniform crest level sometimes with considerable variance of up to 
2 m. If the IFCL is set at the low point (in relation to flood slope) some serious defects, which would 
otherwise lower its class or condemn the levee, may fall within a section of levee that would be well 
above the IFCL and thus has no impact on the levee performance 

An iterative approach is used where an initial assessment is made based on a uniform levee crest 
height and then the second and subsequent passes re-examines the defects and low points and 
makes adjustments for the vertical position of the defect 

 

A type II rapid assessment doesn’t not consider these complexities in detail due to the time constraints 
during an emergency. 

When communicating the results of the IFCL to levee owners it is important to include a list of any isolated 
defects or low points which if fixed would dramatically raise the IFCL. Experience has shown that this is 
often the case. 

If available from LIDAR information, a basic inundation map shows the implication of a breach at or above 
the IFCL to give some indication of potential life safety risk (i.e. potential for loss of life). 
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6.3 Riverbank Stability 

This section of the guideline (Appendix D) is intended for a quick assessment of riverbank stability where a 
levee is in close proximity to a riverbank.  

The assessment methodology is only to determine if the riverbank stability is a potential threat to the 
integrity of the levee during flood rise in the next major flood.  

The assessment is intended to provide a quick “potentially stable/unstable” ranking for the riverbank. It 
covers two main elements:   

1. Slope stability failure potential – i.e. is the levee far enough back from the riverbank to avoid failure 
of the levee if the adjacent riverbank fails in the early stages of a flood rise in the next major flood? 

This is based on generic slope stability gradients with short term factor of safety for a basic range 
of homogenous riverbank materials 
 
Note that the most likely failure scenario is however during flood recession when the riverbank is 
saturated but the flood level has receded below the toe of the levee. However, in this case the 
immediate flood threat to the town is effectively over though the riverbank and its adjacent levee 
may subsequently collapse. 

 
2. Erosion failure potential - Is there sufficient ‘sacrificial’ riverbank width in front of the levee to cater 

for erosion and other issues during the next major flood – e.g. bank erosion/scouring, and tree fall? 

Estimates are made utilising historical data, or the scour potential considering flood flow velocities 
 

If the adjacent riverbank is rated UNSTABLE then in general the whole levee would be considered to have 
no confidence regardless of how good the levee itself is. Effectively the lack of riverbank stability makes it a 
Class 5 levee). 

 

6.4 Communication of Outcomes to NSW SES 

At the conclusion of the assessment, advise NSW SES (and Levee owner) of the outcome and key issues 
such as: 

 
o The IFCL 
o Approximate return period of a flood at IFCL level if available 
o Area inundated if the levee breached at IFCL and also at overtop level if available – to allow 

NSW SES to estimate life risk 
o Any operations needed before the flood such as closure of flood gates etc. 
o Any potential vulnerable points to monitor during the flood – known defects, conduits 
o Critical low points on the levee where overtopping or a breach more likely 
o Localised issues causing a significant lowering of the IFCL which could be easily fixed – low 

points, defects 
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7. USE OF THE IFCL BY NSW SES 
 

7.1 General  

The intended use of the IFCL is to provide one key input into flood emergency planning and decision 
making by the NSW SES on whether or not to evacuate part of or the whole of a town protected by a levee 
when a flood is imminent. 

At flood levels above the assessed IFCL, the levee no longer meets recommended risk tolerance 
limits in situations where a life is at risk if the levee breaches. 

While the IFCL is one of the considerations for the trigger in evacuating a town, there are also other factors 
affecting overall risk together with NSW SES’ operational considerations. All need to be examined in a risk 
analysis for emergency decision making – see also Section 4.3.2 below.  

In terms of potential for loss of life, each community’s situation must be individually assessed to determine 
if there is a life safety risk present, and the extent. Not all towns have a life safety risk due to a levee failure 
while others can have a very high risk exposure. 

The IFCL will not necessarily be the trigger for evacuation of residents.  

Use of the IFCL input will vary depending on the situation, eg:  

 Scenario 1 Where there is potential for loss of life (permanent or itinerant) from a levee failure 
during floods at levels at or below the IFCL. 

This is generally a clear cut scenario. A flood which just exceeds the IFCL of the levee has 
exceeded the risk tolerance limit for life safety.  

The IFCL will be thus be a key input for evacuation planning and decision making and will likely be 
the trigger level for evacuation of people at risk.  

 Scenario 2 Where there is potential for loss of life (permanent or itinerant) at a flood level above 
the IFCL up to the crest level.  

In some cases a levee breach which occurred during a flood which just exceeds the IFCL of the 
levee, may not pose a significant life risk in the community.  

An example of this is where a levee breach at the IFCL would only flood uninhabited land in the 
town with minimal risk to life. A flood higher than IFCL may be able to be tolerated up to the level 
where life is at risk. 

The IFCL will still be an important input to consider, but the flood level where life becomes at risk 
will more likely be the trigger level for evacuation of people at risk.  

 Scenario 3 Where there is potential for loss of life (permanent or itinerant) from a flood which 
overtops the levee crest, the IFCL is a less important factor in planning and decision making.  

The community will be flooded if the levee overtops whether the levee breaches or not. The only 
issue would be the rate of flooding and flood velocity (flood hazard) if the levee cannot withstand 
the overtopping flow and breaches. 

 Scenario 4 Where there is not potential for loss of life (permanent or itinerant) from a levee failure 
at levee crest or above, the IFCL is of minor relevance in planning and decision making 

The levee is effectively only performing a property protection function. 

 

In summary, the IFCL is not necessarily the evacuation trigger level for the town protected by the 
levee but it is one important input in the risk analysis and decision process.  

The A simplified example decision tree is given in Figure 4 below. 
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Figure 4 – Simplified Decision Tree for Utilising the IFCL 

 

There may be a few communities where life risk factors are very high and/or there are serious other risk and 
operational factors. In this case evacuation may be warranted at flood levels below the IFCL. 

The assessment of potential life risk should form part of a local flood study and flood management and 
response plan usually undertaken by a local Council. 

 

The IFCL is one of the considerations for setting the trigger in evacuating a town. There are also 
other factors affecting overall risk together with NSW SES’ operational considerations. All need to 
be examined in a risk analysis for emergency decision making.  

 

7.2 Comprehensive Risk Analysis 

The risk analysis would be typically underpinned by: 

1. IFCL of the levee 

2. Determination of population at risk from levee breach and overtopping at different flood levels 

3. Analysis of life safety risks (including both individual risk and societal risk if possible). 

A comprehensive risk analysis should include all factors contributing to overall risk and SES operational 
matters, for example: 

 BoM’s level of confidence in the forecast flood levels 

 Rate of flood rise 

 Warning and evacuation timelines 
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 Availability of safe flood free refuge in the event of a breach, such as higher ground above forecast 
flood level within the town 

 Evacuation routes available and their potential closure by flood 

 Logistics and risk of conducting an evacuation during or post flooding after a levee breach or 
higher than predicted flood 

 Logistics and risk of supporting an isolated community post flood including potential loss of critical 
infrastructure (water, wastewater, power) 

 Logistics and risk of supporting a town that has been flooded behind the levee 

 

Refer also to the NSW “Floodplain Risk Management Guideline.” October 2007 (Reference 8). 

 

7.3 Very High Risk Communities  

The degree of life risk will vary in communities protected by levees.  

Communities such as: 

 Those protected by ‘ring levees’ which would become completely inundated following a breach or 
overtopping, and then be completely isolated within a wide floodplain - a ‘flood island’, and/or 

 Where people would be exposed to high velocity flows, 

can be generally expected to have very high life safety risk factors (i.e. potential for loss of many lives). 
This risk is increased where there is only a short warning time of an impending flood. 

The town of Nyngan is a typical example of a “flood island” town. When the levee overtopped the 
consequences were very high and evacuation of residents was very difficult. 

 

 

Figure 4 - Nyngan 1990 
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In cases particularly where there is very high life safety risk the ALARP principle should be 
considered in terms of the overall risk including all risk factors and NSW SES operational 
considerations.  

 

There may be cases as a result where it is prudent to evacuate the population when a predicted 
flood level is lower than the IFCL even if there is high confidence in the levee. 

Other communities which have a life safety risk but, for example, where there is a flood free area to shelter 
and/or flood free evacuation routes can be generally expected to have lower life safety risk factors.  
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8. OTHER CONSIDERATIONS 
 

The “Flood Confidence Limit” is not to be confused with the original Design Flood Level used to set the 
key levee parameters, such as crest level, for initial levee construction or for an upgrade. 

The resulting Interim Flood Confidence Limit derived from this methodology is intentionally conservative 
given the relatively low level of data and quantitative analysis which can be undertaken. 
 
In dealing with community safety there is a societal expectation of a low tolerance for risk to life. 
 
For many protected towns it may result in a lower Flood Confidence Level than expected. To the 
community behind the levee, it may seem too low as “the levee has not failed in the past with higher 
floods”.   

The levee may well provide a degree of protection against a flood higher than the IFCL but with consequent 
lower levels of confidence.  

It can be a challenge to communicate to the community that although the levee did not previously fail, and 
likely will not fail next time, the ‘margin of safety’ is too low where life is at risk. 

It is also noted that there is also conversely always a small chance that the levee may fail below the IFCL if 
there are serious hidden and unknown defects which cannot be readily identified by visual audit, such as 
poor foundation conditions. 
 
A levee owner or its community who considers the IFCL to be unrealistic can address any isolated 
problems causing a lower classification, such as raising a low spot or repairing faults, and/or commission a 
more thorough engineering investigation to give a more robust and thus (potentially) less conservative limit. 

It is also not a predictor that the levee will necessarily fail prior to overtopping at flood levels above the 
IFCL. A levee would normally be expected to continue to perform during a flood without premature failure 
with water level above this Confidence Limit providing continued protection to community assets but with 
lower confidence that it will not fail. 
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GLOSSARY 
 

Annual Exceedance 
Probability (AEP) 

The probability of a flood event of a given or larger 
magnitude occurring in any year. 
  

Capacity Reduction Amount 
(CR) 

The reduction in flood level needed to have high 
confidence the levee will not structurally fail. 
 

Capacity Reduction 
Freeboard  

The freeboard established at the critical lowest point on the 
levee being the crest level at that point less the CR 
amount. 

Design Flood Level Flood level used as the basis for the levee design -   
typically a 1% AEP (1:100 year) for NSW for urban levees. 
 

Defect Classification Classification of severity of a performance defect on 
potential levee failure probability. 
 

Design Freeboard Freeboard added to the Design Flood level to set the levee 
crest design level to cater for its service. 
 

Flood Confidence Level 
(FCL) 

 

The flood level where there is sufficiently high confidence 
the levee will not fail that it meets ANCOLD tolerance limits 
for life safety. 
 

Flood Event Freeboard Flood freeboard needed at a point in time during a levee’s 
service life when many assumptions in the Design 
Freeboard are now known. 
 

Interim Flood Confidence 
Level (IFCL) 

The interim assessment of FCL derived using this guideline 
methodology. 
 

Levee Performance Class Levee classification system with performance classes 
1 to 5, developed for NSW earth embankment levees. 
  

Life Safety Risk Annual risk exposure to individuals at risk and societal risk 
from a levee failure – refer ANCOLD Guidelines on Risk 
Assessment. 
 

Performance Defect An isolated structural defect which may cause failure of a 
levee prior to overtopping. 
 

Wind Wave Allowance (WW) Wave allowance in flood freeboard. 
 

Wind Wave Freeboard  The freeboard established at the critical lowest point on the 
levee being the crest level at that point less the wind wave 
allowance. 
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APPENDIX A - IFCL ASSESSMENT PROCESS 
 

 

 
Hay 2012  
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A1. TYPE I - RAPID ON-SITE ASSESSMENT 

 
A1.1 Summary of Process Steps  

In summary the steps involved are: 

1. Undertake a levee survey 
2. Undertake levee visual audit.  
3. Determine if the riverbank stability is adequate – Appendix D. If unstable it is effectively a Class 5 

levee. 
4. Determine a flood slope from a flood study and/or using a typical major flood.  
5. Plot levee crest longitudinal section and flood slope.  
6. Identify ‘low’ points on the levee taking into account closure of any floodgates etc. 
7. Classify performance defects found in the audit (Minor, Moderate, Significant or Major), utilising the 

performance defect classification guideline – Appendix C 
8. Determine the Levee Performance Class utilising the Urban Flood Levee Performance Class 

Definitions - Appendix B, together with engineering judgement on the individual issues on a specific 
levee.  
If levee class is 4 or 5, advise owner/SES and do not proceed further. 

9. Establish a capacity reduction (CR) amount from Table A1 for whole levee.  
10. Determine the governing worst case of class/low point along the whole length of the levee using the 

longitudinal section.  
11. Determine the overall levee CR freeboard (CRF). 
12. Determine the appropriate wind wave freeboard (WWF) - refer Table A2 for minimums. 
13. Set IFCL as greater of CR freeboard and wind wave freeboard. 
14. If information available, estimate area of town inundated by a flood at IFCL and at crest level. 
 
See Figure A1 below. 
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Figure A1 – Type I Assessment Process Flowchart 
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A1.2 Type I Process Step Explanation Notes 

 
1. Levee survey and levee visual audit: 

 Longitudinal crest survey as a minimum 

 Preferably if possible also survey both inner and outer levee toes and a cross-sectional profile 

2. Levee visual audit: 

Generally to be undertaken in accordance with the Development of Methodology and Visual Audit for 
Urban Levees – NSW Public Works October 2013 (Reference 10) with the following additions: 

 Visually audit the levee’s general condition and identify and classify performance defects as per 
Appendix C.  

 The location of the defect along the levee crest needs to be identified. 

 The position on the levee embankment and the extent and position of the defects (vertically and 
horizontally) needs to be identified. 

 Identify also areas where temporary measures such as walls and barriers are to be erected in 
response to a flood threat.  

 Identify also any pipes or conduits that may enable floodwaters to enter protected area before the 
levee is overtopped in a flood.   

 Check any work undertaken on the levee since last audit or survey (if any available) and any major 
changes evident. 

3. Riverbank stability (if applicable)  

 If the levee is close to a riverbank then a land slip or significant erosion could impact the levee 
structure 

 Refer to the Embankment Stability Quick Assessment Guideline Appendix D 

 If the stability is unsatisfactory the levee will be assessed as a Class 5 – no confidence. The IFCL 
is thus not applicable 

4. Determine a flood slope 
 Use an existing flood study and/or  

 Use a typical major flood profile on record 

 In the absence of this information an estimate of the flood slope can be approximated from the 
local topography  

5. Plot Longitudinal Section 
 Plot a longitudinal section of the levee crest and toe profiles and include the controlling flood 

monitoring gauge station datum. 

6. Identify ‘low’ points on the levee: 

 Plot flood slope with the longitudinal section of levee crest and outer embankment toe 

 Establish the low point(s) in the levee in relation to flood slope – ie. the ones with the least flood 
freeboard 

 Identify areas where temporary measures such as walls and barriers are to be erected in response 
to a flood threat 

 Establish which have high confidence they can be ‘closed’ in the time available (using flood gates, 
temporary walls etc.) and in their performance adequacy – assume these are closed in IFCL 
analysis 

 
7. Classify performance defects identified as ‘Minor, Moderate, Significant or Major’ utilising the 

Performance Defect Classification Guideline - Appendix C:  
 Involves assessing each serious defect against the criteria given and selecting the appropriate 

classification 
 Engineering judgement should be used assessing defects for the individual issues on a specific 

levee 
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8. Determine Levee Performance Class(es) utilising Table B1 Appendix B Flood Levee Performance 

Class Definitions, together with engineering judgement on the individual issues on a specific levee: 

 Undertake the primary assessment only of levee performance class (Part 1) based on best fit of 
visual condition and design configuration based on engineering judgement 

 Undertake a confidence assessment Table B3 Appendix B and adjust performance class down if 
insufficient confidence criteria are not met 

 Engineering judgement should be used assessing levee class for the individual issues on a specific 
levee 

 
9. Establish a CR amount for whole levee based on the critical low point(s):  

 Utilise Table A1 (see below) to select a CR amount and calculate the CR freeboard needed below 
crest low points 

 Examine areas of very low height levees (≤ 1 m) and adjust the CR in those locations utilising 
engineering judgement if necessary (normally up) - as a general rule the CRF would not be more 
than half the embankment height 

10. Determine the governing worst case low point along the whole length of the levee using the longitudinal 
section. 

11. Determine CR Freeboard for the levee using the CR amount at the critical low point 
12. Estimate wind wave allowance utilising Table A2 and calculate WW freeboard at the critical low points. 

Note. There may be circumstances where wind wave freeboard can be relaxed during an event 
e.g:  

o Very short duration peak flood levels typically up to 3 hours where the embankment is well 
grassed and levee fill is erosion resistant. (note western and north western levees are 
generally constructed from erodible material) 

 
o forecast or actual calm conditions at peak flood level  

This must be individually assessed for each situation at the time of the flood 

13. Determine the IFCL 

 IFCL is the greater (more conservative) of CR Freeboard and WW freeboard at the critical low point 

 Sample plots are given in Figures A3 and A4. 

 
14. If time permits, also estimate the area inundated at IFCL and crest level from topographic map, LIDAR 

survey, etc. 
 
 
 
 
 
 
At the conclusion of the assessment, advise NSW SES (and Levee owner) of the outcomes and key issues 
such as: 

 

o The IFCL 
o Area inundated if the levee breached at IFCL and also at overtop level if available – to allow 

NSW SES to assess potential for life risk 
o Any operations needed before the flood such as closure of flood gates etc. 
o Any potential vulnerable points to monitor during the flood – known defects, conduits etc. 
o Critical low points on the levee where overtopping or a breach is more likely 
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A2. TYPE II - GENERAL QUICK ASSESSMENT 

 

A2.1 Summary of Process Steps 

 
In summary the steps involved are: 

1. Undertake a Levee Survey. 
2. Undertake a levee visual audit. 
3. Determine if the riverbank stability is adequate – Appendix D. If unstable is effectively a Class 5 

levee. 
4. Determine a flood slope - research the flood characteristics at the levee including floods of record 

and flood frequency profile. Determine a flood slope from a flood study and/or using a typical major 
flood.  

5. Plot levee longitudinal section and plot flood slope. 
6. Identify the ‘low’ points on the levee in each section in relation to the flood slope, taking account of 

any planned closure of flood gates, etc. 
7. Classify initially performance defects found in the audit (Minor, Moderate, Significant or Major), 

utilising the performance defect classification guideline – Appendix C and engineering judgement. 
8. If the levee is not reasonably uniform along its length, identify different (gross) common sections of 

the levee which are likely to have similar general performance.  
9. Determine an initial levee performance class for each section of the levee utilising the Urban Flood 

Levee Performance Class Definitions – Table B1 Appendix B, together with engineering judgement. 
10. Determine an initial Capacity Reduction (CR) amount for each section of the levee according to 

assessed class from Table A1. 
11. Establish an initial capacity reduction freeboard (excl. wave action) at the lowest point(s) in each 

section of the levee by applying the initial CR for that class.  Plot these for each section on the 
longitudinal section. 

12. Determine the worst case in the levee as a whole (ie lowest CR freeboard).  
13. Review all significant and major defects in relation to the consequent effective flood freeboard at the 

defect’s positions along the length of the levee.  
o If changed - reclassify defects where needed and go to step 14.  
o If no change go directly to step 16. 

14. Review the levee performance classes in each common levee section using the reclassified defect 
severity: 

o If changed - adjust levee class as needed and replot CR freeboard for each common section 
of the levee,  

o If no change - go to directly step 16.   
15. Review the outcome in all levee sections to select the lowest (worst case) CR freeboard for the 

whole levee.  
o If there is a change in the governing ‘critical low point’, go back to step 13 and repeat the 

process using the new capacity reduction freeboard in an iterative process until the scenario 
with lowest (worst case) CR freeboard does not change.  

o If no change in the governing ‘critical low point’, go directly to step 16. 
  

The iterative process should be repeated until there is either no change in defect classification or 
levee class. If the assessed levee class remains at 4 or 5 after iterations then advise owner/SES and 
do not proceed further. 

16. Determine the wind wave freeboard needed. 
17. Set the IFCL as the greater (more conservative) of the wind wave freeboard and the capacity 

reduction freeboard. 
18. Check the impact on the IFCL of repairing any isolated defects or filling low spots. 
19. Prepare a basic inundation map from any available LIDAR if possible for IFCL and overtop levels. 
 
See Figure A2 below 
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Figure A2 – Type II Assessment Flow Chart  
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A2.2 Type II Process Step Explanation Notes 

 
1. Levee survey 

 Obtain a Longitudinal crest survey of the full length of the crest including low points and other 
features eg different levee types, drainage structures, road openings/ ramps, spillways etc;  

 Preferably if possible also survey both inner and outer levee toes and a cross-sectional profile 

 
2. Levee Visual Audit  
 

Generally to be undertaken in accordance with the Development of Methodology and Visual Audit for 
Urban Levees – NSW Public Works October 2013 (Reference 10) with the following additions: 

 Visually audit the levee’s general condition and identify and classify performance defects as per 
Appendix C.  

 The location of the defect along the levee crest needs to be identified. 

 The position on the levee embankment and the extent and position of the defects (vertically and 
horizontally) needs to be identified. 

 Identify also areas where temporary measures such as walls and barriers are to be erected in 
response to a flood threat.  

 Identify also any pipes or conduits that may enable floodwaters to enter protected area before the 
levee is overtopped in a flood.   

 Check any work undertaken on the levee since last audit or survey (if any available) and any major 
changes evident. 

 

3. Determine if the riverbank stability is adequate (if applicable)  

Refer to the Embankment Stability Quick Assessment Guideline Appendix D 

If the assessment is UNSTABLE then the levee will be a Class 5 at that location 

 

4. Flood Characteristics  

 Find the applicable flood gauge and datum 

 Find the level of the design flood for the levee (typically a 1% AEP) and/or previous major flood 
levels. 

 Where possible identify the level of the floods of record (at the relevant river gauge) which the 
levee is known to have satisfactorily performed in its current configuration and condition.  Ideally 
this will be within the last 5 to 10 years  

 Determine a flood slope from a flood study and/or using a major flood of record. In the absence of 
this information an estimate of the flood slope should be made from the local topography. Where 
flood gradients can vary, the worst case should be adopted 

 

5. Plot Longitudinal Section 

 Plot a longitudinal section of the levee crest and toe profiles and include the controlling flood 
monitoring gauge station datum. 

 

6. Determine the ‘low’ points in the levee in relation to the flood slope: 

 Identify the ‘low’ point(s) in the levee crest in relation to flood slope 

 A low point may include the spillway crest where installed 
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 Assess whether any low point (s) and drainage pipes which are planned to be ‘closed’ before a 
flood using flood gates, temporary walls, valves etc. are practicable to close in the likely time. If 
there is high confidence that the closures can be completed in of the same performance capability 
of the levee itself – assume ‘closed’ state in IFCL analysis 

 Note also areas of low embankment height ≤ 1 metre 

 

7. Classify each performance defect found in the visual audit utilising the Performance Defect 
Classification Guideline (Appendix B) together with engineering judgement: ie. Minor, Moderate, 
Significant or Major  

 The classification will initially assume that the flood level will reach the crest in the location of the 
defect 

 Plot the position of moderate and above defects on the longitudinal section of the levee crest 

 Note where these defects coincide with lower sections of the levee 

 

8. If the levee is not reasonably uniform, then different assessments need to be made on each common 
section rather than adopting one overall assessment.  

 Divide the levee into its most appropriate common sections eg. based on general condition, age, 
profile, construction, embankment height, etc. whichever is most relevant to potential differences in 
performance 

 
9. Determine an Initial Levee Performance Class (for each common section)  

 Utilise Table B2 Appendix B Levee Performance Class Definitions as a guide together with 
engineering judgement on the individual issues on a specific levee. 

 Undertake the initial assessment of levee performance class in each common section of the levee 
first based on number and severity of defects.  

 The CR adopted in each common levee section needs to be sufficient to reduce flood loads to a 
level where defects present do not impact on levee performance. In general, Minor and 
Insignificant defects can be tolerated (if not too many) but Significant and Major Defects cannot be 
tolerated. 

 Undertake a second assessment of the levee characteristics for the assessed class (refer part 2) of 
levee in each common section. If any secondary criteria are not met adjust assessed class down to 
where requirements are met. 

 Undertake a confidence assessment Table B3 Appendix B and adjust performance class down if 
insufficient confidence criteria are not met. 

 Set the Initial Levee Performance Class for each section. 

 If the assessed performance class of the levee class is 5 based on assessment of levee 
characteristics not defects, then the analysis can be terminated. 

 
10. Determine an initial Capacity Reduction amount (CR) for each section of the levee. 

 Select the appropriate CR for each levee section from Table A1 

 Examine areas of very low height levees (<=1m) and adjust the CRF in those locations utilising 
engineering judgement (normally up) - as a general rule the CRF would not be more than half the 
embankment height but with a minimum of 0.3 m 

 

11. Establish a preliminary CR freeboard (ie. ignoring wind waves) in each common section of the levee 
using the appropriate CR:  

 Plot a new flood slope profile applying the CR Freeboard at the critical low point(s) in each 
common section of the levee  

 Sample plots are given in Figures A3 and A4. 
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 If the initial levee performance class profile on the longitudinal section of levee is class 4 or 5 
based on the presence of Significant or Major defects, then adopt a CRF for a class 3 levee for the 
next part of the iterative assessment process. 

12. Select the ‘worst case’ from each of the common sections in step 11 to set the preliminary CR 
freeboard (excluding wave action) for the levee 

 

13. Review of significant and major defects  
 

 The CR adopted in each common levee section needs to be sufficient to reduce flood loads to a 
level where defects present do not impact on levee performance.  

 If the levee height in relation to the flood slope is not uniform then the effective freeboard in some 
areas may be considerably higher than at the low points. In these cases the defect severity 
classification may possibly be reduced due to the higher effective flood freeboard (and also lower 
flood load) at the defect’s positions along the levee.  

For example, consider an extensive rabbit burrow in the levee initially classified as a Significant 
Defect. If it was in a relatively high section of a levee well above the flood level freeboard then it 
would be unlikely to impact on performance.  

 Utilising engineering judgement examine the defects and individually assess whether the actual 
freeboard at the defect would negate the impact of the defect on performance.  

If so, do a provisional reclassification of the defect severity in its location. 

 The characteristics of the levee, as given in the Levee Classification Guideline, must also be 
examined in relation to the defects. For example, the presence of a defect together with another 
general weakness in the levee’s characteristics, or which is co-incident with another defect in the 
levee, can increase the probability of failure.  

Utilising engineering judgement examine each defect individually and in the context of the levee 
characteristics, particularly near to low points in the levee and at pipes and culverts through the 
levee, and determine if the available flood freeboard (from the CR plot) at the location of each 
defect is sufficient. ie. would not change the classification of the defect (based on failure 
probability).  

If the failure probability is raised reclassify that defect. 

  
14. If the review in step 13 above results in a change to a defect classification in any common levee 

section, then: 

 Review and amend, if necessary, the performance class of the levee in the affected sections. 

 Amend the CR freeboard plot(s) for each common levee section on the longitudinal section as 
required. 

 Tabulate all the defect classification listing their initial classification based on a flood level to the 
crest at their location and provisional final classifications with the adopted IFCL – refer Table 2. 

 Amend the CR freeboard plot(s) for each common levee section on the longitudinal section as 
required if this changes the overall levee classification. 

 

15. Review the outcome in all common levee sections to select or amend the critical low point (worst case) 
to set the CR freeboard for the whole levee 

 If there has been a change in critical low point or CR freeboard go back to step 11 and repeat the 
process 

 When no change has resulted the continue to step 16 
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16. Estimate wind wave freeboard allowance. 

 In the absence of a detailed flood event freeboard analysis which considers individual components 
of the freeboard allowance, a minimum Wind Wave Freeboard allowance (WWF) is given in 
Table A2 

 

17. Set the Levee IFCL at the greater (more conservative) of CR Freeboard and WW freeboard 
 

18. If the IFCL is set ‘low’ due to a few isolated issues, such as a significant localised defect or a low spot 
in the levee, estimate a revised IFCL should these issues be repaired and communicate this to the 
levee owner 

 
19. Assess potential for flooding at the IFCL and at levee overtop level 

 Check if LIDAR or other topographical information is available  

 Prepare a basic inundation map  

 Estimate the area of inundation from failure at the critical point(s) used to set IFCL should a breach 
occur at a) IFCL, and b) overtopping at the lowest point(s) 

 In some cases, there may be no significant impact of the inundation to the built up area of the 
community for a breach at IFCL. It thus may have no significant impact on life risk and not be as 
critical to emergency planning and decision making 

 
 
 
 
At the conclusion of the assessment, advise NSW SES (and Levee owner) of the outcome and key issues 
such as: 
 

o IFCL 
o Approximate return period of a flood at IFCL level and overtop level. 
o Area inundated if the levee breached at IFCL and also at overtop level – to allow NSW SES to 

assess potential for life risk 
o Any potential vulnerable points to monitor during the flood – known defects, conduits 
o Critical low points on the levee where overtopping or a breach more likely 
o Any operations needed before the flood such as closure of flood gates etc. 
o Localised issues causing a significant lowering of the IFCL which could be easily fixed – low 

points, defects, etc. 
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Table A1 Levee Class Capacity Reduction 

Levee Class 
Capacity 

ReductionAmount  

Interim Flood Confidence Limit Assessment 

 

1 N/A  Utilise design information to estimate an appropriate 
IFCL, OR 

 Apply Class 2 if no reliable design information is 
available. 

2 0.3 m  Crest level critical low point LESS 0.3 m, 

 But not above assessed Crest level LESS WWF 

3 25% of Levee 
Height.  

 Crest level critical low point LESS 25% of levee 
height with a minimum of 0.3 m. 

 But not above assessed Crest level LESS WWF 

4 N/A Unsuitable for life protection 

5 N/A Unsuitable for life protection 

 
Notes: 

1. The analysis used to derive this table only applies to typical NSW urban earth 
embankment levees up to 4 metres in height and designed for a 0.1% AEP flood. They 
are not suitable for use in other jurisdictions or non-typical levees situations 

2. To simplify the Class 3 CR – use alternately: 

Levee height:  Capacity Reduction: 
3 m - 4 m   1.0 m 
2 m - 3 m   0.8 m 
1 m - 2 m   0.5 m 
0 m - 1 m   0.3 m  

 
Table A2 Minimum Wind Wave and Surge Allowance 

 

FETCH MIN. ALLOWANCE 

Short wind fetch (100 – 200 metres) 0.3 metres 

Medium wind fetch (500 – 1000 metres) 0.4 metres 

Large wind fetch (exceeding 1000 metres) 0.5 metres 

 
These minimums are based on 1 in1 year wind speed. 
 
The allowances should be adjusted if there are other influences on wave action e.g.: 

 Where the levee is heavily screened from waves in the floodplain by vegetation on the riverbank - 
could lessen wave height at levee face  

 Where there is concern of higher waves due to very long fetch in a very wide floodplain or high 
chance of storm and co-incident flood peak.  

Waves in excess of 1 m were observed near Lismore by a former NSW PW Principal Engineer in 
1954 when a cyclone causing the flood was co-incident with the flood peak on a 7 km wide 
floodplain. 
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Town A 

 
Figure A3 Sample IFCL evaluation plot  
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Town B 

 
Figure A4 Sample IFCL evaluation plots 
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APPENDIX B – FLOOD LEVEE CLASS ASSESSMENT  
 

 

Hay 2012  



 

41 
 

IFCL Guideline 

B1. ASSESSMENT PHILOSOPHY 

 

Model levee classes have been developed for NSW earth embankment levees as a basis to compare with 
a levee being assessed – See Table B1. 

The assessment is based on the conditional probability of failure of the levee from defects present, 
identified from a visual audit. In addition, the levee is assessed on whether it meets the characteristics 
expected to be found in a levee of the particular performance class. 

The number and severity of defects allowed in each class is set to match the defined performance of the 
class. 

The assessment is made on the conditional failure probability of individual defects. One significant defect 
(probability =10-2) or major defect (probability =10-1) would automatically result in a Class 5 classification as 
the failure probability is too high to meet the required performance. Some minor (probability =10-4) and 
moderate defects (probability =10-3) can be tolerated while meeting the required performance. 

In addition, as conditional failure probability accumulates where there a number of defects present, the sum 
of the conditional failure probabilities of all the defects is also taken into account. 

The resultant annual risk exposure from levee failure was derived from assessing model levees of each 
class against typical flood frequency profiles in NSW Rivers. 

The tolerance limit for risk to a life is 10-4 per annum (Section 4.2) 

Modelling of risk exposure was only done for levees designed to meet ~ 1 % AEP floods. It is expected that 
levees designed for lower flood frequency levels would have significantly increased risk exposure due to 
the higher frequency of flooding at design levels. 

 

Table B1 – Standard Model Levee Performance Classes (from Table 1) 

Levee 
Class 

Key Characteristics of a Levee in the Class Confidence In 
Performance in Major 

Floods 

1.  New or recently upgraded levee (within last 10-15 
years).  

Very High 

2.  Older levee well maintained in very good condition.  High with a small flood lad 
limitation 

3.  Older levee some issues with maintenance but in 
reasonable condition. 

Satisfactory with a significant 
flood load limitation. 

4.  Older levee, not well maintained and in poor 
condition. 

Unsatisfactory for Life safety 
Protection  

5.  A levee in very poor condition, significant or major 
defects, and/or inadequate design and construction.  

Little or No Confidence in 
Levee’s Integrity 
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B2. STEPS IN USE: 

There are two types of assessment both based on the same underlying methodology: 

Type I – Rapid On-Site Assessment – used where a flood is imminent, and assessment is needed urgently 
by NSW SES, but there is not sufficient time for an office based assessment - USE TABLE B1. 

This is a very shortcut process and should only be used where there is no other option. 

 

Type II – General Quick Assessment – used where input is needed relatively quickly by NSW SES and/or 
levee owner for emergency flood planning when no other reliable information is available. There is however 
sufficient time and resources to undertake both some field and more detailed office-based assessment 
work - USE TABLE B2. 

The steps are: 

1. The number, type and location of DEFECTS is the primary criterion which initially determines the 
levee class. 

2. Then a check is made of that the levee meets all the other secondary criteria for that initial class - if 
not the class is lowered to match where the secondary criteria are all me.   

3. The assessment is done on the levee as a whole if reasonably uniform.  
4. If not uniform, for Type II levees (and Type I if time permits) it should be assessed on common 

sections of the levee eg. if the height, levee condition, age, configuration, characteristics etc. varies 
significantly along the levee so as to affect the classification. 

5. Finally TABLE B3 is applied which can lower the class if certain confidence criteria are not met. 
6. It is expected professional judgement will be applied in the assessment. 

There are fewer steps and complexity in Type I assessment thus a more conservative approach is needed 
when doing the assessment. 
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TABLE B1 - TYPE I – VERY RAPID ON-SITE PERFORMANCE CLASS ASSESSMENT 

 

ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

DEFECTS PRESENT (PRIMARY) 

Major Defects None None None None May have 

Significant Defects None None None None May Have 

Moderate Defects None 1 1 - 2 2 - 4 >=5 

Minor 5 10 10 - 20 20 - 40 >40 

Total Minor & Moderate 

ie. No. moderates = No. 
minors/10 

None None 1 - 2 2 – 4 > 4 
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ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

CHARACTERISTICS      

 

1. CONDITION  

Visual condition Visually, has the condition 
similar to a newly 
constructed levee. 

Visually, has the condition 
similar to a well-maintained 
levee in operation for about 

15 years. 

Parts of the Levee are 
showing signs of significant 

wear and tear and 
generally not uniform in 

appearance. 

 

Whole of the levee is 
showing signs of significant 

wear and tear and 
generally not uniform in 

appearance. 

Whole of the levee is 
showing signs of severe 

wear and tear and very un-
uniform in appearance. 

Level of observable 
deterioration evident 

Little or no deterioration from 
as newly constructed 

Minor deterioration from as 
newly constructed 

Some degree of 
deterioration evident 

Significant deterioration 
evident 

High degree of deterioration 
evident consistent with levee 

near/at end of useful life 

Levee Age 1 to 4 yrs - Low 
maintenance 

1 to 15 yrs - Highest 
Australian maintenance 

4 to 13 yrs - Low 
maintenance 

 15 to 30 yrs - Highest 
Australian maintenance 

13 to 26 yrs - Low 
maintenance 

 30 to 50 yrs - Highest 
Australian maintenance  

26+ yrs - Low maintenance 

 50+ yrs - Highest Australian 
maintenance  

N/A 

2. DESIGN CONFIGURATION 

Max. Batter slope V:H for 
Water / Land sides for levee 
height: 

<1m 
1-3 m 
3-4m 

 

 
1:3 / 1:2 
1:4 / 1:2 
1:4 / 1:3 

 
 
 

1:3 / 1:2 
1:3 / 1:2 
1:3 / 1:2 

 
 
 

1:2 / 1:1.5 
1:2 / 1:1.5 
1:2 / 1:2 

 
 
 

1:1 / 1:1 
1:1 / 1:1 

1:2 / 1:1.5 

 
 
 

> 1:1 / 1:1 
> 1:1 / 1:1 

> 1:2 / 1:1.5 
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ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

Min. Crest width for levee 
height: 

<1 m 
1-3 m 
3-4 m 

 

 
 

3 m 
3 m 
3 m  

 
 

2 m 
3 m 
3 m  

 

 
 

1 m 
1.5 m 
1.5 m  

 

 
 

1 m 
1.5 m 
1.5 m  

 

 
 

< 1 m 
< 1.5 m 
< 1.5 m  

 

Apply confidence assessment Table B3 below as well. 
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TABLE B2 - TYPE II – GENERAL QUICK PERFORMANCE CLASS ASSESSMENT (In each section of the Levee) 

 

ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

    

DEFECTS PRESENT (PRIMARY)    

(after reclassification 
depending on position and 
proposed IFCL) 

     

Major Defects None None None None May have 

Significant Defects None None None None May Have 

Moderate Defects None None 1 - 2 2 - 4 >4 

Minor Defects 5 10 10 - 20 20 - 40 >40 

Total Moderate and Minor 
Defects 

=  No. moderates + 
No. +  minors / 10 

None None 1 - 2 2 - 4 >4 
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ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

 

LEVEE CHARACTERISTICS 

 

1 DESIGN  CONFIGURATION      

Max. Batter slope V:H for 
Water / Land sides for levee 
height: 

<1m 
1-3 m 
3-4m 

 

 
 
 

1:3 / 1:2 
1:4 / 1:2 
1:4 / 1:3 

 

 

 
1:3 / 1:2 
1:3 / 1:2 
1:3 / 1:2 

 

 
 
 

1:2 / 1:1.5 
1:2 / 1:1.5 
1:2 / 1:2 

 

 
 
 

1:1 / 1:1 
1:1 / 1:1 

1:2 / 1:1.5 
 

 
 
 

> 1:1 / 1:1 
> 1:1 / 1:1 

> 1:2 / 1:1.5 

Min. Crest width for levee 
height: 

<1 m 
1-3 m 
3-4 m 

 
 

3 m 
3 m 
3 m 

 
 

2 m 
3 m 
3 m  

 
 

1 m 
1.5 m 
1.5 m  

 
 

1 m 
1.5 m 
1.5 m  

 

 

< 1 m 
< 1.5 m 
< 1.5 m  
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ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

2 CONSTRUCTION     
 

Engineered Construction Compaction achieved 98% 
Standard Constructed in 

layers and tested 
 

As per Class 1 Compaction achieved 95% 
Standard Constructed in 

layers and tested 

Compaction achieved 93% 
Standard Constructed in 

layers and tested 

93% Not constructed in 
layers and tested 

Engineered Fill (i.e. material) 
suitability 

Uniform fill has > 15% clay 
content. Non dispersive or 
dispersive with mitigation 

As per Class 1 Variable fill 
Clay content 10-15% and 

dispersive with no mitigation. 
 

Variable fill 
Clay content < 5% or not 

known and dispersive with 
no mitigation 

 

As per Class 4 

Foundations Cut-off present. No 
topsoil/grass layer left 

beneath levee. 

As per Class 1 No cut-off but no Topsoil / 
grass layer left beneath 
levee. Or if not known. 

 

No cut-off but Topsoil / grass 
layer left beneath levee. Or if 

not known. 

As per Class 4 

Non engineered top-ups None present None present Present up to 0.25m (ignore 
top-up height) 

 

Present > 0.25 (ignore top-
up height) Present > 0.5m 

3 MAINTENANCE 
 

   
 

Levee age (ie point on age 
degradation curve with 

expected ~ 50 year design life 
with no upgrade) 

1 to 4 yrs – low maintenance 
1 to 15 yrs – Highest 

Australian maintenance 

4 to 13 yrs – low 
maintenance 

15 to 30 yrs – Highest 
Australian maintenance 

13 to 26 yrs – low 
maintenance 

30 to 60 yrs – Highest 
Australian maintenance 

26 + yrs – low maintenance 
60 + yrs – Highest Australian 

maintenance 

N/A 

Regular maintenance and 
Inspection 

Levee Owner’s Manual 

Regular inspection and 
maintenance undertaken 

Levee Owner’s manual exist. 
 

Maintenance undertaken 
when structural defects 

observed. Levee Owner’s 
manual exist. 

 

No regular inspections or 
maintenance. Levee 

Owner’s Manual doesn’t 
exist. 

 

As per Class 3 As per Class 3 

Level of observable 
deterioration evident 

Little or no deterioration from 
as newly constructed. 

Minor deterioration from as 
newly constructed. 

 

Some degree of 
deterioration evident 

Significant deterioration 
evident. 

 

High degree of deterioration 
evident consistent with levee 

near/at end of useful life. 
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ASSESSMENT CRITERIA 

 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 

4 LEVEE OPERATIONS      

Past performance in recent 
(within last 5-10 yrs) major 
floods 

No issues No issues Had 1 or 2 defects develop 
but which would not have 

been likely to progress if left 
unchecked to initiate failure. 

Had 1 or 2 defects develop 
which if left unchecked may 
have initiated failure (and 
These have since been 

repaired). 

Has actually failed in a 
previous flood.  

Has had >2 significant 
issues which if left 

unchecked likely to have 
initiated failure. 

Flood contingency plan in 
place 

Yes Yes No No No 

Sufficiently sourced to do 
emergency repairs if required 

Yes Yes No No No 

 

Apply confidence assessment Table B3 below as well. 
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TABLE B3 CONFIDENCE ASSESSMENT CRITERIA  

(may modify class assessments in Tables B1 and B2 above) 

 

Criteria Positive Confidence 
1. Assessment uncertainties  Type II assessment conducted with adequate time 

available to assess the levee thoroughly in the office.  

No major areas of uncertainty were identified.  

2. General knowledge of levee 
design and construction 
history  

 

Known to be adequately designed and constructed, 
or reasonable knowledge of design including plans 
and construction records available. 

3. Geotechnical Information.  

 

Geotechnical information available which confirms 
compaction adequacy for class. 

4. Levee Tested by major flood 
near proposed IFCL. 

Levee has been tested by major flood to at/near 
least proposed IFCL within the last 10 yrs with no 
adverse issues occurring. 

 

If at least 1 positive (for class 1) and 2 positives (for classes 2 to 3) confidence criteria are not 
available, then reduce assessed levee performance class down by one Class unless this is not a 
sensible judgement. 
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APPENDIX C – DEFECT CLASSIFICATION 
 

 

 

Hay 2012 
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C1. CLASSES OF PERFORMANCE DEFECT (DEFINITIONS) 
 

C1.1 Defects 
 
 
A performance defect is a structural defect which may cause failure of a levee prior to overtopping. 
 
A defect is defined as a localised issue in a levee not an overall characteristic of the levee (e.g. a 
localised area of poor compaction v poor compaction on the whole levee). 
 
A performance defect classification system given in Table C1 has been defined for this methodology 
based on conditional failure probabilities. It was developed based on a concept from the UK Environment 
Agency’s condition grading classification system (Reference 6). 
 
The classifications were made utilising the nature of degree of severity matched to a conditional failure 
probability (ie. severity). This was done utilising information from engineering experience with NSW 
levees, failure history of NSW levees, and using estimates based on the Barneich Guidelines to Evaluate 
the Reasonableness of Subjective Probabilities, (Table 1 in Reference 4), and the Piping Toolbox 
(Reference 7). 

Table C1 – Defect Severity Definitions 

SEVERITY 
CLASSIFICATION 

DESCRIPTION 

MINOR 

 

Small or cosmetic defects which are highly unlikely to reduce levee 
performance. 

Nominal chance of structural failure due to the defect - ≤ 10-4   

MODERATE  

 

Defects with some potential, though unlikely, to reduce levee 
performance or result in complete failure. 

Nominal chance of structural failure due to the defect - 10-3 

SIGNIFICANT  

 

 

Defects with significant potential to reduce levee performance or result in 
complete failure. 

Nominal chance of structural failure due to the defect - 10-2 

MAJOR Defects with high potential to reduce levee performance or result in 
complete failure. 

Nominal chance of structural failure due to the defect - ≥ 10-1  

As the visual audit can only detect defects showing on the surface, there can be other defects below the 
surface that may not be immediately visually evident.  

A single surface defect may be just an isolated and localised issue which is not indicative of an underlying 
general problem in the levee bank  

The presence of a number of defects showing on the surface often indicates a separate more serious 
underlying ‘unseen’ issue which may be the primary cause of those defects (e.g. poor compaction in 
general manifesting itself in some erosion defects and cracks / holes at the surface).  

It should thus not be immediately inferred / assumed that the levee bank in-between identified isolated 
defects is in a fully sound and perfectly functional condition. 
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As well as analysing the number and type of isolated defects found on the surface, the underlying 
cause of the defects must be considered and suspected (hidden) localised defects and general 
problems with the levee added to the overall levee assessment.  

 

Note that the defects identified in this Appendix are only the structural defects which impact on levee 
performance (i.e. have a probability of causing a failure in the next major flood).  There could be other 
condition type defects present which don’t currently impact performance but which can develop into more 
serious defects if not rectified with regular maintenance  
 

C1.1 Visual Audit 

The presence of defects and general levee characteristics are identified by visual audit. 

The visual audit is to be undertaken generally in accordance with the Development of Methodology and 
Visual Audit for Urban Levees – NSW Public Works October 2013 with the following additions: 

 Visually audit the levee’s general condition and identify and classify performance defects as per 
Appendix C2 below.  

 The location of the defect along the levee crest needs to be identified. 

 The position on the levee embankment and the extent and position of the defects (vertically and 
horizontally) needs to be identified. 

 Identify also areas where temporary measures such as walls and barriers are to be erected in 
response to a flood threat.  

 Identify also any pipes or conduits that may enable floodwaters to enter protected area before the 
levee is overtopped in a flood.   

 Check any work undertaken on the levee since last audit or survey (if any available) and any 
major changes evident. 

The different types of defects and typical assess severity are listed in Section C2. 

 

Particular attention must be paid to areas around culverts through the levee and at headwalls which are 
an interface with the earth embankment and another type of levee. These structures have high potential 
to initiate a failure if there are any issues. 
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C2. DEFECT ASSESSMENT: 

 

TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

1. COMPACTION 
    

Applies to a localised ‘soft spot” in a 
levee only, and not to the levee as a 
whole which is covered in levee 
Classification characteristics. 

≤ 98% Standard Compaction ≤ 95% Standard Compaction ≤ 93 % Standard Compaction ≤ 90% Standard Compaction 

2. EROSION OF LEVEE BATTERS 
    

Note scouring could indicate another 
defect in the levee such as poor 
compaction. 

Minor scouring / erosion less than 20% 
design depth of the of the levee structure’s 
clay core entire thickness. 

Less than 600mm lost at the 3m wide crest 
INTO THE CLAY CORE 

Between 600mm and 1.5m lost at the 3m 
wide crest INTO THE CLAY CORE 

 

Greater than 1.5m lost at the 3m wide crest 
INTO THE CLAY CORE 

Measurements required Nil 

 

Nil Vertical height of erosion from crest slope 
of erosion face. 

 

Vertical height of erosion from crest slope of 
erosion face. 

Example Photos: 

NB. If there is credible information of 
erosion during past flood events 
which is not currently evident (other 
than erosion of the topsoil), an 
assessment is to be made as to the 
likelihood and severity of that erosion 
during a future flood.  If likely, match 
the previous severity against the 
above photos / measurements and 
reduce the defect classification down 
one order of magnitude (e.g. a 
Significant defect based on the 
photos would be classified as a 
Moderate defect given that it is only 
“likely” to happen. 
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TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

3. TREES ON THE LEVEE 

 
    

Position and health of tree Large healthy deeply rooted straight tree 
(greater than 5m tall) growing in the levee 
structure. 

Large unhealthy or healthy leaning tree 
(greater than 5m tall) growing in the levee 
batters greater than 1.5 from the levee crest. 

Large unhealthy or leaning tree (greater 
than 5m tall) growing within 1.5 m of the 
levee crest. 

Many Large unhealthy or leaning tree 
(greater than 5m tall) growing within 1.5 m of 
the levee crest. 

Measurements required: position of 
the tree 

Position longitudinally 

 

Position longitudinally & laterally Position longitudinally & laterally Position longitudinally & laterally 

Example Photo 

 

 

 

 

 

 

 

4. ANT NESTS IN LEVEE 
   

 

 

 

Note From visual audit not normally 
possible to determine ant nest depth 
so have assumed a min. depth of 1 
m.  

Note IFCL to be at or below bottom of 
the nest if embankment is poorly 
compacted 

Isolated small ant nests. Ant nest across the full crest width with holes 
dia. > 10mm where we know or suspect it is ≤ 
1m deep.. 

 

 

Ant nest across the full crest width with hole 
dia. > 10mm where we know or suspect it is 
> 1m deep. 

Ant nest across the full crest width and 
present down the levee batters with hole dia. 
> 10mm where we know or suspect it is > 1m 
deep. 

Measurements required 

 

Nil 

 

Nil Estimate depth of the nest Estimate depth of the nest  
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TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

Example Photo  

 

 

 

 

 

 

 

 

 

5. ANIMAL BURROWS 

(RABBITS, FOXES, ECHIDNAS, 
WOMBATS, CRAYFISH) 

  

 

  

 

Extent of the burrow Animal scratching or burrows not penetrating 
further than the topsoil. 

 

Single Burrow extending into clay core where 
horizontal extent through core can be 
determined and extent is not greater than 50% 
of levee width. 

 

Single Burrow extending into clay core 
where horizontal extent through core is > 
50% or cannot be determined. 

 

Warren of Burrows extending into clay core 
where horizontal extent through core is > 
50% or cannot be determined. 

 

Measurements required Nil 

 

Vertical height from crest to bottom of burrow 

 

Vertical height from crest to bottom of 
burrow 

 

Vertical height from crest to bottom of burrow 

 

Example Photo  
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TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

6. CRACKING 

 
    

The depth of the crack often can’t be 
determined by visual audit.  

The depth of crack is inferred by the 
width of the crack at the surface. The 
presence of large cracks generally 
indicates poor compaction in that 
area. 

NB IFCL above the bottom of a deep 
crack if the embankment is not well 
compacted. 

Transverse cracks <5mm that extend <75% 
of the levee crest. 

Transverse crack <5 mm wide at crest 
extending the full width of the levee 

 

and/or 

 

Area of extensive longitudinal cracks <5 mm 
wide. 

 

 

Transverse crack <10 mm wide at crest 
extending >75% of full width of the levee 

 

and/or 

 

Area of extensive longitudinal cracks <10 
mm wide. 

 

 

Transverse crack >20 mm wide at crest 
extending >75% of full width of the levee 

 

and/or 

 

Area of extensive longitudinal cracks >20mm 
wide. 

 

 

Measurements required Size, depth and transverse width. 

 

Size, depth and transverse width. Size, depth and transverse width. Size, depth and transverse width. 

Example Photos 
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TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

7. DEFECTIVE STORMWATER PIPES 
  

 

  

 

(a) Closure Structure / Headwall 
 

- 

- Structure (headwall, pit, etc) cracking 
and showing signs of detachment with 
the pipe conduit. 

 

- Structure (headwall, pit, etc) damaged 
with visible cracks. 

- Floodgate unable to fully close. 
- Floodgate leaks when closed.  
- Noticeable transverse cracking directly 

above the culvert. 

- Mechanism seized, operation 
compromised 

- Closure mechanism has lost support, 
been damaged, is missing or is unable to 
operate 

- Damaged or missing mountings or fixings 

- Leaks significantly when closed 

- Headwall has moved away from pipe 

Measurements required Nil 

 

Nil Nil Nil 

Example Photograph  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Closure mechanism blocked by silt/debris 
and unable to close 

 

 

Headwall has separated from pipe 
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TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

(b) Pipe 

High Risk Factors: 

 Erodible soils around the outside of 
the culvert (e.g. dispersive soils, silty 
sands, poorly graded fine sand or 
silt).  

 Culvert barrel is thin walled metal 
pipe. 

 Open joints or other open defects 
(e.g. corrosion/abrasion) in the 
culvert barrel with seepage into or 
out of the culvert. 

 Poorly compacted soils around the 
outside of the culvert. 

 

One or two high risk factors are present. 

 

Three or more high risk factors are present. 

 

 

The embankment shows circumstantial 
evidence of internal erosion or piping 
processes around the culvert (e.g. voids in 
the embankment fill adjacent to the culvert). 

 

 

 

The embankment shows evidence of active 
internal erosion and piping around the culvert 
(e.g. seepage emerging along the outside of 
the culvert carrying fines from the 
embankment or foundation). May cause 
wash out of culvert or embankment or 
backward erosion. 

 

Or 

 

Overloaded structure showing signs of 
structural distress in the concrete (e.g. 
extensive longitudinal cracking of the obvert 
or invert). 

Measurements required Nil 

 

Nil Nil Nil 

Example Photographs Erodible soils around the outside of culvert Open joints / misalignment of pipes 

Corrosion 

 

Erosion / piping around and under culvert 

 

Deep and extensive longitudinal cracks 
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TYPE OF DEFECT DEFECT CLASSIFICATIONS 

 

MINOR 

(10-4) 

MODERATE 

(10-3) 

SIGNIFICANT 

(10-2) 

MAJOR 

(>=10-1) 

8. CONCRETE ABUTMENTS (with 
concrete/earth interface)   

 

  

 

(a) Compaction of earth fill adjacent 
to the wall 

 

 

(b) Finish on wall 

 Compaction by hand and mechanical 
equipment to >95% and < 98% standard 
maximum dry density at OWC-2% to 
OWC+2%. 

OR 

Vertical and horizontal steps (e.g. masonry / 
brick walls) 

 

Compaction by hand equipment, thick 
layers, dry of optimum moisture content 

 

AND 

Vertical and horizontal steps (e.g. masonry 
/ brick walls) 

No formal compaction, or poor compaction 
practices (e.g. placed in very thick lifts or 
allowing segregation against wall) 

AND 

Vertical and horizontal steps (e.g. masonry / 
brick walls) 

9. SEEPAGE (during flood event or 
observed during past flood events)   

 

  

 

Townside Toe 
Nil Nil 

Seepage detected on or near toe (e.g. 
“sand boil”) or townside of levee batter 
slope. 

(Seepage being water that is not visibly 
“flowing”). 

Water visibly flowing on or near toe (e.g. 
“sand boil”) or townside of levee batter slope. 

Levee Embankment 
Nil Nil Soft spot found in levee wall indicating 

seepage. 
Extensive soft areas found and or water 
visibly flowing. 
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APPENDIX D - RIVERBANK SHORT-TERM STABILITY ASSESSMENT 
 

 

Lower Hunter River 2013 

This erosion occurred next to the levee during one major flood. 
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D1. INTRODUCTION 

In NSW many levees are built on or adjacent to riverbanks. While reported failures of a levee due to a 
riverbank failure are not common they have occurred in the past. An example is the Murwillumbah South 
Levee which failed due to a combination of erosion by high velocity floodwater, failure of the supporting 
river embankment and possibly a tree fall. This and other similar failures are recorded in the NSW Levee 
database. 

This guideline is intended for a quick assessment of riverbank stability where a levee is in proximity to a 
riverbank. This assessment would be conducted as part of an overall levee visual assessment undertaken 
as part of an overall IFCL Assessment.  

The assessment methodology is only to determine if the riverbank stability is a potential threat to the 
integrity of the levee during flood rise in the next major flood. It covers only normal situations and not 
where there are unusual conditions. 

The methodology is not for the assessment of the Rapid Drawdown condition where most riverbank failures 
occur. At this stage the river water level will generally have dropped below the level of the toe of the levee 
bank (and usually back into the main river channel) when this condition occurs.  A riverbank failure at this 
time, while it may cause major damage to the adjacent levee, will not normally cause the town to be 
inundated in that flood event unless there is a subsequent flood.  

It is also not intended to be used as an assessment of the long term stability of the riverbank and adjacent 
levee.  

The guideline does not replace a thorough engineered slope stability study, nor is it intended to be used in 
levee design. It should only be used in the absence of other available information. 

The analysis of riverbank stability in association with a levee requires experienced engineering 
assessment. This guideline does not replace the need for experienced professional engineering 
assessment and judgement. 

 

D2. ASSESSMENT METHODOLOGY 

D2.1 Assessment Overview 

The assessment is intended to provide a quick “potentially stable/unstable” rating for riverbank stability 
based on several criteria. The ‘Stable’ rating would indicate that the riverbank is unlikely to fail during flood 
rise in the next major flood.  

It is intended this quick assessment would be undertaken onsite, generally prior to an impending flood 
event. It could also be used for shorter term emergency planning however it is cautioned that a 
reassessment must be made following a flood as riverbank conditions may have changed. 

The following criteria assess two main elements:   

1. Slope stability failure potential – ie. is the levee far enough back from the riverbank to avoid failure 
of the adjacent levee if the riverbank fails in the early stages of a flood rise, and 

2. Erosion failure potential - If there is sufficient ‘sacrificial’ riverbank width in front of the levee to 
cater for erosion and other issues during a flood – e.g. bank erosion/scouring, and tree fall 

In terms of slope stability, in general rising flood water against a riverbank will impose a stabilising 
hydrostatic force on the riverbank tending to increase the pre-flood stability of the embankment. It is thus 
expected that if the riverbank is stable at normal flows it will remain stable during the rising phase of the 
flood though potentially with a very low factor of safety. Levee stability would typically be provided by 
sufficient setback from the riverbank to locate the levee wholly outside the influence of a potential riverbank 
failure – refer to Figure D1. 

If, however, the riverbank is only in a temporary/marginal stability state at normal flows, such as an 
undercut bank, then this configuration may become unstable and possibly collapse due to any small 
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change in condition. This could be for example some further undercutting by erosion. If there is insufficient 
setback then the levee would also be at risk. 

 

 

Figure D1 Typical Riverbank Scenarios 

 

For the adjacent levee to maintain a sufficiently low failure probability there needs to be sufficient factor of 
safety in the riverbank as well. 

Erosion of riverbanks normally occurs during and following floods. Even if the riverbank is assessed as 
currently stable, significant erosion of riverbank during flood rise may remove sufficient material to affect 
the stability.  

There may also be other issues present affecting the overall riverbank stability. 

The riverbank and levee also need to be viewed as a whole if there are a number of potential failure 
modes. 

In overview, the following factors should be investigated to check for sufficient stability, as set out in more 
detail in the following sections of this guideline:  

 
1. Riverbank geometry 
2. Riverbank material 
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3. Slope Stability Setback Needed 
4. Erosion Potential associated with the next Major Flood 

 History of Riverbank Erosion 
 River Flood Velocity 
 Large Tree Fall 
 Presence of nearby structures which constrict flow eg. bridges, jetties 

5. Other Geological Conditions 

 

If in doubt the riverbank stability should be given a conservative potentially unstable rating. 

Note: 

1. If there are concerns or significant uncertainties identified in the quick analysis, a more 
thorough geotechnical investigation is recommended, especially if levee failure is possible 
and the consequences of levee failure is high for the protected town. 

2. The riverbank stability must be reassessed after each major flood to check for significant 
changes in the riverbank condition and profile eg. erosion, slips etc. 

  

D2.2 Riverbank Geometry 

The first step is to sketch the geometry of the embankment (riverbank and levee) at critical points along the 
riverbank as shown in Figure D2.  The critical points include where the levee embankment is closest to the 
riverbank, the riverbank is steepest and or erosion/scouring is most likely. 

Unless flood level is low during the assessment it will be difficult to accurately assess the geometry of the 
riverbank slope when submerged – slope and depth. 

Any local information available should be sought such as: 

 Levee owners and local residents’ knowledge 

 Previous levee audit information 

 Older photographs 

 Aerial photos 

 LIDAR surveys 

 Assessment of other areas of the riverbank  

Note that the natural tendency when visually assessing slopes is to assess them as steeper than they 
actually are, so use some form of slope measurement instrument if possible.  
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Figure D2 – Typical Riverbank Geometry 

D2.3 Riverbank Material 

Next, assess the engineering properties of the riverbank materials. 

The material definitions based on the Unified Soil Classification System are used in this assessment – see 
Table D1. 

Note: 

 If no soils test information is available assess the material by visual observation of nearby exposed 
banks and digging a test pit and examining the material  

 If there is uncertainty on the type of soil present, adopt the one giving the more conservative result 

 The riverbank also needs to be examined for the presence of unusual geological conditions such as 
multi-layer stratum, and unusual soils – see also Section D3 
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Table D1 – Soil Classifications 

Soil Type Typical Fraction 
description 

Field Classification 
Technique 

Unified Soil 
Classification 

System  

Size (mm) in 
accordance with 

AS1726, 2017 

Gravel -  Gravel is a loose 
aggregation of 
rock fragments. 
Gravel is 
classified by 
particle size  

More than half 
of  coarse fraction is 
larger than 2.36mm 

G Coarse grain (19 to 63) 

    Medium (6.7 to 19) 

    Fine (2.36 to 6.7) 

Sand - Sand is a granular 
material composed 
of finely divided 
rock and mineral 
particles. 

More than half 
of  coarse fraction is 
smaller than 2.36mm 

S Coarse grain (0.6 to 
2.36) 

    Medium (0.21 to 0.6) 

    Fine (0.075to 0.21) 

Silty-clay -  

 

Mixture of Silt and 
Clay  

 

 

More than half the 
material is individual 
grains not visible to 
the naked eye 
containing silty 
organic material 

OL, CL,OH, CH 0.02 to 0.075 

Clay - 

 

Clay is a finely-
grained natural 
rock or soil 
material that is 
much finer than Silt  

 

 

More than half the 
material is individual 
grains not visible to 
the naked eye 

CL, CH, OH, OL <0.002 

 

D2.4 Slope Stability 

The first stability check is to assess whether the riverbank has sufficient stability factor of safety so that 
it will not fail prior to the flood rise. The assessment is as follows: 

 From the following list in Table D2, select the appropriate steepest short-term slope that would be 
acceptable during flood rise for the material present in the riverbank (refer also to Figure D3) 
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Table D2 - Minimum Gradients For Riverbank Stability 

o Wet and Dry Clay   1(Vertical) / 1.7 (Horizontal)  
o Wet Sand and gravelly sand   1(Vertical) / 2.2 (Horizontal)   
o Wet and Dry Silty Clay   1(Vertical) / 2.5 (Horizontal) 
o Bedrock    Vertical 
o Shale Bedrock    Vertical (with no weak layers or seams). 

Notes:  

1. These apply to short term stability, and only on flood rise and not flood recession  
2. These DO NOT APPLY where the riverbank is already saturated prior to flood event 
3. A factor of safety of 1.1 has been utilised for temporary situations together the lower 25% 

percentile values for typical materials shear strength properties 
4. These do not apply where special conditions exist such as multi layered strata and the 

presence of slickensided clays – see section D3.2 
 

 

Figure D3 – Stability Component of Setback 
 
Note that long term slope stability gradients will generally be flatter than in Table D3; and ideally 
(although often not possible) the constructed levee will have an effective riverbank bench width > 5 m 
to give security from the influence of a long term failure of the riverbank as well as an allowance for 
potential erosion.   

 

 Plot the appropriate slope stability gradient on the geometry sketch plan from the toe of the riverbank 
and determine the effective Stability Setback Margin ‘SSM’ available in front of the levee embankment 
should a slope failure occur 
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 Check that there is sufficient stability setback margin ‘SSM’ available for overall slope stability 
requirement: 

 If the setback SSM ≥ 0 – it should be satisfactory from a short-term slope stability perspective (on 
flood rise only) and Classified as STABLE – see Figure D4a 

  If toe of the levee embankment falls within the influence of a slip circle ie. SSM < 0 – embankment 
classed as potentially UNSTABLE See Figure D4b 

 

This setback distance required may be increased (or reduced) by professional judgement if warranted. 

 

 

Figure D4 (a) Stable Slope Stability   Figure D4 (b) Unstable Slope Stability 

 

D2.5 Erosion 

Where there is erosion potential there needs to be sufficient ‘sacrificial’ riverbank width to allow for erosion 
of the embankment by various mechanisms during the next major flood.  

To be conservative in this quick analysis, the sacrificial component is added to the stability setback margin. 

The required sacrificial component considers a number of issues and the worst case is adopted as the 
sacrificial erosion requirement: 

 Historical erosion during past floods 

 General Flood velocity including river bend attenuation 

 Flow attenuation from channel constrictions  

 Localised velocity attenuation from structures like jetties, pipe outlets, trees, bridge structures etc. that 
can cause flow eddies 

 

D2.5.1 History of Riverbank Erosion Estimate 

Some riverbanks are relatively long-term stable, but others are in a state of long term erosion. Typically, 
this erosion will occur during floods.  

To estimate the maximum erosion potential during the next major flood, assess evidence of whether the 
riverbank has been relatively stable or has been eroding during floods. 

 Examine the riverbank near the levee and in surrounding areas for signs of erosion such as landslips, , 
tension cracks, undercut embankments, etc 

 The presence of past rock revetment works often indicates previous riverbank instability 
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 If a history of erosion is evident, estimate the degree of erosion along the length of the levee from 
whatever sources are available, and preferably from a range of sources 

 Find out the number of major floods in the historical record 

 Make the best estimate of the maximum that has eroded in in a single major flood (horizontal extent). 
There may be different estimates along different sections of the riverbank depending on the area 

The maximum amount of likely historical erosion is Eh 

Sources of information to use in the estimate include the levee owner’s local knowledge, local resident’ 
knowledge, visual evidence, aerial photographs and Nearmaps. 

 

D2.5.2 River Flood Velocity Allowance Estimate 

Where there has been historical erosion evident but where no reliable records of the amount of erosion is 
available, another crude method for estimating the potential for erosion during a flood is utilising the likely 
velocity of floodwater. If the flood velocity is above the threshold for particle mobilisation then some erosion 
is likely. 

Check whether the observed velocities are sufficiently high to cause erosion. The following table gives typical 
threshold velocities where significant erosion may occur.  

 

Table D3 Typical Threshold Velocities for Erosion 

Non - vegetated Banks 

o Wet Clay    1.0 m/s 
o Sand and gravelly sand  1.2 m/s 
o Silty Clay    1.0 m/s 

Well Vegetated Banks 

o Wet Clay    1.5 m/s 
o Sand and gravelly sand  1.5 m/s 
o Silty Clay    1.5 m/s 

 
Note:  

1. Bedrock and Shale Bedrock omitted as it is assumed to be effectively non erodible 
2. The threshold velocities in Table D3 are the starting point only for significant erosion as detailed 

in Table D5 
3. Good ground cover vegetation (grasses etc.) can help stabilise the embankment against erosion. 

For immediate estimates during an impending flood, the effect of vegetation can be taken into 
account. For the purpose of longer term planning the well vegetated case should be ignored as 
it can ‘disappear’ during droughts 

 

 Estimate the mid-channel velocity of floodwater near the riverbank in a major flood in a straight channel 
and classify it as low, medium or high as in Table D4 

Note that rivers subject to tidal flows and in regulated rivers (from dams and weirs) can be subject to large 
releases during floods, and consequently typically can have high velocity flows. 

Significant out of channel flow in wider floodplains can reduce expected velocities. 

Where there are trees present or a wide flood plain the velocities may be significantly reduced adjacent 
to the riverbank. 

During a flood, measure by timed flow of a floating object.  
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Table D4 – River Flow Velocity Classification 

 Low      < 1 m/s     
 Medium  1 – 1.5 m/s     
 High   1.5 – 3 m/s  
 

 

 The best estimate of flood velocity will be from a flood study  

 If a flood study is not available other methods for estimating velocity are: 

o Using historical records of past floods including video 
o Crude estimates made from measuring velocity with a floating target when the flood is already 

rising  
o Calculating an approximation for the flood velocity along the levee using stage-flow and cross-

section information from the nearest flood gauge (available Water NSW website for ‘real-time 
data’). Note that there are many variables that may affect flow velocity along the actual levee 
such as changes in cross section, bends, constrictions, structures etc  

 

 Check areas of potential velocity attenuation due to channel geometry. 

Erosion normally occurs on the outer bend of the river. In these areas use the following quick estimate 
calculate the local velocity: 

o On an outer bend add 20% to estimated average velocity  

o On an inner bend deduct 20% from estimated average velocity 

 Check areas of Flow attenuation due to Channel Constriction and structures (Eddy Currents). 

The presence of structures in the river like bridges may cause significant erosion of the riverbanks 
upstream and downstream due to increased velocities and eddies created by the reduced channel width 
– see Figure D5. There are known instances of significant scouring from eddy erosion even in lower 
average velocity flood flows. 

The extent of influence will depend on the velocity and degree of restriction. It has most impact closest 
to the restriction, but some influence can extend up to 500 metres upstream and downstream from the 
restriction.  
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Figure D5: Contraction scour and high risk locations 

 

These eddies can increase the localised velocity at the objects by up to 200% (i.e. flow direction can 
change as well as the velocity).  

 Check localised velocity attenuation due to objects in floodway 

The presence of a tree in the riverbank can cause localised eddy currents leading to increased local 
erosion. 

The presence of stormwater pipe outlets on the bank may also cause eddy currents leading to 
significant erosion of the riverbank. Any protrusion of the pipe and outlet into the river can cause 
localised eddies to the river flows.  

These eddies can increase the localised velocity at the objects by up to 200% (i.e. flow direction can 
change as well as the velocity).  

In these above cases double the estimated flood velocity in the localised affected areas.  

Note that the absence of pipe end restraints, eg headwalls or mass concrete anchorages surrounding 
the pipe outlet can cause excessive vibration in the pipe during flows that can “loosen” the soils in the 
bank leading to riverbank failure. Additionally a pipeline can cause preferential flow path along the pipe 
which may cause riverbank failure due to piping in surrounding material. 
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 Assess the sacrificial erosion allowance needed generally and at localised points 
 

The erosion allowance will depend on the: 

o local flow velocity 
o material present, and 
o slope of the bank 

 

As a guide, typical maximum erosion estimate in one major flood event for a vertical bank with no 
unusual geological conditions using velocity estimate (Ev) are shown in Table D4 below: 

  

Table D4 – Typical Maximum Horizontal Bank Erosion in a Vertical Riverbank in One Major 
Flood Event (Ev) 

FLOOD VELOCITY Medium 

1.0-1.5 m/s 

High 

1.5-2.0 m/s 

Flood duration: 

 

Short 

< 8 hrs 

Long 

> 3 days 

Short 

< 8 hrs 

Long 

> 3 days 

MATERIAL TYPE     

(a) Non vegetated banks:     

Wet and Dry Clay 0 m 2.5 m 2.5 m 5 m 

Wet sand and gravelly sand 0 m 1.5 m 1.5 m 3 m 

Wet silty Clay 0 m 2.5 m 2.5 m 5 m 

Dry Silty Clay 0 m 2.5 m 2.5 m 5 m 

(b) Well vegetated banks:     

Wet and Dry Clay 0 m 2 m 2 m 4.5 m 

Wet sand and gravelly sand 0 m 1 m 1 m 2.5 m 

Wet silty Clay 0 m 2 m 2 m 4.5 m 

Dry Silty Clay 0 m 2 m 2 m 4.5 m 

 

Note these are potential erosion in the next major flood event not long-term design guides. 
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Where the riverbank is not vertical the horizontal component of the erosion will be less than given in 
Table D4, as a function of riverbank slope. The following table D5 gives the adjusted figures for a range 
of non-vertical riverbank slopes. 

Professional judgement should be used in conjunction with these typical figures to select the 
appropriate allowance based on velocity (Ev) 

 

 

Table D5 – Adjustment to Table D4 for Sloping Riverbanks (Ev). 

Average 
Riverbank Slope 

(Riverbank toe to 
levee toe)  

(v) : (h ) 

1:0.5 1:1 1:1.5 1:2 1:2.5 1:3 1:3.5 1:4 

Estimated Erosion 
in vertical 

riverbank (m)  

(From Table D4) Adjusted Horizontal Erosion Component For Sloping Riverbank (m) 

1.0 0.9 0.7 0.6 0.4 0.4 0.3 0.3 0.2 

1.5 1.3 1.1 0.8 0.7 0.6 0.5 0.4 0.4 

2.0 1.8 1.4 1.1 0.9 0.7 0.6 0.5 0.5 

2.5 2.2 1.8 1.4 1.1 0.9 0.8 0.7 0.6 

3.0 2.7 2.1 1.7 1.3 1.1 0.9 0.8 0.7 

4.5 4.0 3.2 2.5 2.0 1.7 1.4 1.2 1.1 

5.0 4.5 3.5 2.8 2.2 1.9 1.6 1.4 1.2 

         
Note: 1. For intermediate batter slopes interpolate between numbers.  

 

D2.5.3 Large Tree Fall 

If there are large trees on the riverbank they can add load to the embankment and may fall or be dislodged 
by flood water removing a section of the riverbank around the root-ball. This exposes more of the riverbank 
to the potential of erosion. 

If the large trees are in the lower third of the riverbank they can typically be disregarded as they will not add 
to the loading but actually provide a stabilising effect as they are below the neutral point.  In addition, a 
tree's roots may sometimes have an anchoring effect through soil reinforcement, as steep riverbanks will 
have relative shallow-seated slip failure circles and thus can also assist in stabilising the bank.  However, 
this would most likely occur when the slope is steeper than approximately 1V:1H and the tree is at the top 
of riverbank. 



 

64 
 

IFCL Guideline 

As stated previously, if the riverbank is "standing" before a flood event it means it is stable and will remain 
stable during the rising limb of the flood, even if there are trees on it. 

However, if there is erosion, it may undercut the embankment (refer above section D2.3 for 
assessment).  If it is suspected that a tree is likely to fall (e.g. due to soil softening around the root ball or 
localised erosion) then an additional assessment of the likely destabilising effect needs to be made.  In 
general, the riverbank could only become destabilised if a tree in the lower third of the riverbank is likely to 
fall.  Any other tree falls will only reduce the weight (i.e. the destabilising force) on the riverbank and it will 
become more stable.  If a likely tree fall is considered to have a destabilising effect, a sacrificial bench 
should be allowed. 

The minimum requirement for a sacrificial bench for potential tree fall instability Et = 3 m. 

Note - If it is suspected that a tree may be dislodged/fall due to floodwaters (perhaps by hydraulic pressure 
creating a hole around the roots) AND this dislodgment may cause damage to the actual Levee Bank itself 
(i.e. unrelated to the overall riverbank stability) then this is to be treated as a possible defect in the Levee 
Defect Classification analysis (refer Appendix C). 

 

D2.5.4 Adopted Erosion Sacrificial Allowance 

The adopted Erosion Sacrificial Allowance (ESA) may vary at different points along the riverbank 
depending on river geometry (inner or outer bends), flow constrictions and trees etc. 

The more conservative estimate for ESA at each critical point would be adopting the greater of Eh, Ev and 
Et  as above. However this may be overly conservative. For example, if there is no long term history of 
erosion present in the riverbank even though on face value the velocity based estimate suggests there is 
erosion potential.  

When selecting an appropriate value for ESA, professional judgement should be used to assess the validity 
of each of the methods and select the adopted allowance considering all factors and conditions present see 
Figure D6.  

 

 

Figure D6 - Erosion Sacrificial Allowance 

If the sacrificial area encroaches on the levee then the levee is classified as UNSTABLE  
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D2.6 Required Slope Stability Margin with Erosion 

 

Where there is the potential for erosion as well as slope stability failure, the stability setback margin is the 
combination of both slope stability margin and erosion sacrificial allowance.  

In this case the slope stability is assessed from the location of the potentially eroded toe of the riverbank 
assuming the estimated erosion has occurred – see Figure D7.  

 

Figure D7 – Overall Assessment Slope Stability and Erosion 

 

In this case shown the slope stability setback ‘SSM’ remains positive (ie. does not encroach past toe of the 
levee) and is thus classified STABLE. 

If SSM is negative (ie. encroaches past toe of the levee) it is classified UNSTABLE.  

 

D3.  OTHER GEOLOGICAL CONDITIONS 

Finally, a professional engineering assessment of the overall situation needs to be made where there are 
other factors present which need to be considered. 

Other issues which may impact on stability and which must be considered include: 

 Pre-saturated riverbank 
 Groundwater 
 Layers of soft soils, e.g. silt, in the riverbank; and 
 Slickensided clays 

The assessment using the guidelines in previous sections above should be adjusted if these issues are 
expected to have an influence on the bank stability.  

These more complex issues may need to be assessed by a geotechnical engineer. 
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D3.1 Saturated Banks 

Groundwater can potentially pre-saturate the embankment before flood inundation. The flooding itself will 
also tend to saturate the riverbank which increases soil load. 

The latent groundwater condition is difficult to determine visually. Potential signs are uneven riverbank 
profile or unexpected vegetation growth or seepage. 

Embankment saturation is potentially an issue during rising and falling floodwater. In the former it may 
cause the riverbank to fail earlier than otherwise and latterly to contribute to failure as the flood water 
recedes. 

Seepage out of the bank may be due to either a high-water table (e.g. from a heavy / continual rain event) 
or perhaps due to a leaky water or sewer main (which has occurred in the past).  Either way, the cause of 
the seepage should be investigated. If there is a leaky main, this should be dealt with immediately by the 
appropriate authority to prevent the riverbank from destabilising. 

If it is due to a high groundwater table, this may indicate the presence of a highly permeable seam (e.g. 
Sand or Silt) in what might otherwise appear to be a homogenous bank.  If this is found to be the case, this 
indicates the presence of an unstable element in the bank which could lead to premature slope failure.  For 
the purposes of this assessment, assume the entire bank is made of this permeable material as this will 
give the most conservative result  

 

D3.2 Soft Layers and Slickensided Clays 

Sometimes riverbanks have soft layers of material deposited between the principal bank material, typically 
silts. These have caused unexpected riverbank failures in what was previously thought to be a 
homogenous clay riverbank. 

Slickensided clays in particular have been responsible for significant riverbank failures. 

Slickensided clays typically exhibit less than half the Shear Strength of the host soil.  They may be present 
in clay rich soils of uniform texture with a Linear Shrinkage greater than about 12% and/or a Plasticity Index 
> 32-36 (i.e. clay soils with shrink-swell properties that exhibit strong cracking when dry and at depth have 
slickensides and/or lenticular structural aggregates). 

They are often found in narrow seams (i.e. sometimes only 3 - 25mm wide) of clay material between other 
clay or shale layers. 

If these are present an extensive failure of the embankment can occur with shallow slip circle gradients.  

 

D4. FURTHER INVESTIGATIONS 

Along with the riverbank assessment, advice should be given to levee owners on potential issues which 
need to be further investigated (beyond this quick assessment) to give a more robust assessment. 

These may include issues such as uncertainties on the geological conditions, flood flow velocities and 
material erodibility. 


