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Executive Summary 

Study Background 

MidCoast Council (Council) administrates the northern estuary foreshore and catchment areas of Port 

Stephens whilst the southern areas are controlled by Port Stephens Council. The study area extends along 

the northern foreshore of Port Stephens, eastward of the Karuah River towards the Myall River. This foreshore 

areas includes the coastal settlement of Tahlee, Carrington, North Arm Cove, Bundabah, Pindimar and 

adjoining areas which are affected by flooding from the estuary. 

The Port Stephens Foreshore Floodplain Management Study and Plan (FMSP) was prepared by WMAwater 

for Council in 2002, based on prior flood hazard and management studies which identified design still ocean 

water levels, wave runup levels. Flooding impacts associated with climate change were then assessed in a 

subsequent study (WMAwater, 2010).  

Detailed topographic data was not available for the Port Stephens foreshore at the time of these studies, and 

as such flooding hazard mapping has not been prepared to date. Council has initiated the current study to 

update the FRMS with mapping that incorporates the detailed topographic data that has since become 

available, based on flood levels outlined in WMAwater (2010).  

The key outcome of this study is to revise Council's floodplain mapping and planning controls using the updated 

flooding information. 

Flood Risk Mapping Approach 

Mapping of estimated still water and wave runup foreshore flooding was required by Council for the 5% Annual 

Exceedance Probability (AEP), 1% AEP and Extreme flood conditions, under the present day, and the future 

climate change scenarios. Future sea levels of +0.55 m and +0.91 m were adopted for the 2050 and 2100 

timeframes, in line with Council’s policy.  

Still water flooding conditions were mapped for this study using the design still water flood levels outlined in 

WMAwater (2010) for the present-day conditions and then the sea level rise scenarios were applied. Future 

sea level rise impacts were accounted for by simply increasing the still water level by +0.55 and +0.91 metres 

for the 2050 and 2100 timeframes, consecutively. The still water results for the various design and climate 

change scenarios where then intersected the DEM to determine the flood depths and extents. 

Wave runup flooding conditions were mapped for this study using the design wave runup levels outlined in 

WMAwater (2010) and applying Council’s sea level rise benchmarks for future climate change scenarios. The 

design wave runup levels were modelled is this study using discrete wave level data across the study foreshore 

using an GIS tool that is underpinned by simple assumptions (e.g. influence of wave driven water levels limited 

to a defined distance from the coastline). 

Flood hazard mapping is also produced from the modelled flood depths. The flood hazard is a six-tiered 

classification that is linked to the risk to people, vehicles and property that are presented by the flood 

conditions. A high flood depth will cause a hazardous situation while a low depth may only cause an 

inconvenience. High flood velocities are dangerous and may cause structural damage while low velocities 

generally have no major threat. 
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Property Inundation and Flood Damages 

A flood damages assessment has been undertaken to identify properties affected by flooding. Some of the key 

property 8inundation statistics include: 

• 18 properties with floor level below the 1% AEP still water level, increasing to 123 and 182 

properties for the 2050 and 2100 projected sea level rise scenarios 

• 47 properties with floor level below the 1% AEP wave runup level, increasing to 151 and 198 

properties for the 2050 and 2100 projected sea level rise scenarios 

The flood damages assessment aims to put a monetary cost on the expected damage due to flooding in the 

study area. Key results from the flood damages database indicate: 

• Approximately 420 buildings were included in the property database, and 

• The estimated cost of flood damage, when averaged out as a cost per year, is $212 800 (Current 

day), $1,612,200 (2050) and $3,394,600 (2100) 

Review of Existing Planning Provisions 

An LGA-wide planning review completed by GLN Planning as part of the Manning River Floodplain Risk 

Management Study and Plan (BMT, 2020) is relevant to the current study. The recommendations of the GLN 

report include: 

• Guidance for how to consider FRM matters when undertaking strategic planning including 

determining the suitability of different land uses in different areas of the floodplain. 

• A detailed review of existing LEP and DCP development controls and an approach and base 

principles that can be applied when preparing an updated and consolidated LEP and DCP, to 

address residual flood risks where development is permitted in the floodplain. 

• Principles to be applied to ensure the appropriate communication of flood risk through planning 

documents, is not misleading, including S10.7 Planning Certificates. 

Consideration of additional development controls to address inundation risk associated with wave runup has 

been identified. The mapping of the wave runup zone completed in the current assessment is suggested to be 

used as a trigger that requires the proponent to undertake the site-based assessment.  

Conclusions 

The principal objective of the study was the update of flood risk mapping of the Port Stephens foreshore area 

with MidCoast LGA. The existing mapping was completed prior to the availability of detailed ground level 

information in the form of LiDAR topographic data. The availability of LiDAR data acquired in 2012 provides 

the opportunity for more refined mapping of foreshore inundation and definition of flood risk. 

A detailed flood mapping series has been prepared for the 5% AEP, 1% AEP and Extreme Flood events 

considering both still water inundation (tide + storm surge) and additional wave runup. Mapping has been 

prepared for existing conditions and future climate change scenarios incorporating potential sea level rise. The 

mapping series defines: 

• Flood inundation extents, levels and depths 

evan.vale
Sticky Note
Typo
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• Flood hazard   

The update mapping series will be utilised by Council to inform flood planning and development assessment 

such as definition of the Flood Planning Area (defining land subject to flood related development controls) and 

Flood Planning Levels (such as minimum floor levels for proposed development).  

 

 



Draft Port Stephens Foreshore (Floodplain) Risk Management Study and Plan Review iv 

Contents  
 

K:\N21029_Port_Stephens_FRMS\Docs\R.N21029.001.01.docx   
 

Contents 

Executive Summary i 

1 Introduction 7 

1.1 Study Location 7 

1.1.1 Foreshore Flooding Behaviour 8 

1.2 The Need for Floodplain Management in Port Stephens 10 

1.3 The Floodplain Management Process 10 

1.4 Structure of Report 11 

2 Background Information 12 

2.1 Estuary Description 12 

2.2 History of Coastal Flooding 12 

2.3 Previous Studies 12 

2.3.1 Port Stephens Flood Study 12 

2.3.1.1 Stage 1: Analysis and Review of Existing Information (MHL, 1992) 12 

2.3.1.2 Stage 2: Design Water Levels and Wave Climate (MHL, 1997) 13 

2.3.1.3 Stage 3: Foreshore Flooding (MHL, 1998) 13 

2.3.2 Port Stephens Foreshore Floodplain Management Study and Plan 
(WMAwater, 2002) 14 

2.3.3 Port Stephens Design Flood Levels Climate Change Review (WMAwater, 
2010) 14 

3 Community Consultation 16 

3.1 The Floodplain Management Committee 16 

3.2 Public Exhibition 16 

4 Flood Risk Mapping Approach 17 

4.1 Review of Existing Model and Information 17 

4.2 Mapping Approach 17 

4.3 Still Water Level Mapping 18 

4.4 Wave Runup Mapping 20 

4.4.1 Limitations 23 

4.5 Depth mapping 24 

4.6 Hazard Mapping 24 

5 Design Flood Conditions 26 

5.1 Coastal Flood Behaviour 26 

5.1.1 Still Water Coastal Flooding 26 

5.1.2 Wave Runup Flooding 27 



Draft Port Stephens Foreshore (Floodplain) Risk Management Study and Plan Review v 

Contents  
 

K:\N21029_Port_Stephens_FRMS\Docs\R.N21029.001.01.docx   
 

5.2 Flood Hazard 27 

5.2.1 Still Water Level Hazard 28 

5.2.2 Wave Runup Hazard 28 

5.3 Flood Function 29 

6 Property Inundation and Flood Damages Assessment 31 

6.1 Types of Flood Damage 31 

6.2 Basis of Flood Damage Calculations 32 

6.2.1 Limitations of Assessment 33 

6.3 Tangible Flood Damages 33 

6.3.1 Assessment of Direct Damages 33 

6.4 Port Stephens Foreshore Flood Damages 34 

6.4.1 Residential Flood Damages 34 

6.5 Property Inundation 35 

6.5.1 Residential and Commercial Properties 35 

7 Review of Existing Planning Provisions 36 

8 Conclusion 38 

References 39 

Appendix A Stage-Damage Curves for Flood Damages A-1 

Appendix B GLN Report B-1 

Appendix C Mapping Compendium C-1 

List of Figures 

Figure 1-1  Study Locality 9 

Figure 2-1  Design Flood Level Location, Port Stephens Estuary (source: WMAwater, 
2010) 15 

Figure 4-1  Still Water Level Contours 19 

Figure 4-2  Wave Runup Interpolation 21 

Figure 4-3  Adopted Mapping Methodology of 1% AEP Event; including Wave Runup 
level. Applied within 100m of the Shoreline (Indicated by Red Line). 23 

Figure 4-4 Combined Flood Hazard Curves 25 

Figure 6-1  Types of Flood Damage 32 

 

List of Tables 

Table 1-1 Stages of Floodplain Management 10 



Draft Port Stephens Foreshore (Floodplain) Risk Management Study and Plan Review vi 

Contents  
 

K:\N21029_Port_Stephens_FRMS\Docs\R.N21029.001.01.docx   
 

Table 2-1 Design Peak Water Levels from WMAwater (2010) for the Project Study Area 15 

Table 4-1 Adopted sea level rise benchmarks and Design Events for modelled scenarios 18 

Table 4-2 Adopted Water Level points and Wave Runup levels 22 

Table 4-3 Combined Flood Hazard Curves – Vulnerability Thresholds 24 

Table 5-1 Modelled Flood Depth and Hazard Scenarios for the Port Stephens Foreshore 26 

Table 6-1 Summary of Residential Flood Damages incurred from current sea level 34 

Table 6-2 Summary of Residential Flood Damages incurred from 2050 sea level 34 

Table 6-3 Summary of Residential Flood Damages incurred from 2100 sea level 34 

Table 6-4 Properties Flooded Above Floor by Still Water Level 35 

Table 6-5 Properties Flooded Above Floor by Wave Runup 35 

 

 
 



Draft Port Stephens Foreshore (Floodplain) Risk Management Study and Plan Review 7 

Introduction  
 

K:\N21029_Port_Stephens_FRMS\Docs\R.N21029.001.01.docx   
 

 

1 Introduction 

The Port Stephens Foreshore Floodplain Management Study and Plan (FMSP) was prepared by 

WMAwater for Council in 2002, based on prior flood hazard and management studies which identified 

design still ocean water levels, wave runup levels. Flooding impacts associated with climate change 

were then assessed in a subsequent study (WMAwater, 2010).  

LiDAR1 topographic data was not available for the Port Stephens foreshore at the time of these 

studies, and as such flooding hazard mapping has not been prepared to date. Council has initiated 

the current study to update the FRMS with mapping that incorporates the LiDAR data that has since 

become available, based on flood levels outlined in WMAwater (2010).  

The key outcome of this study is to revise Council's floodplain mapping and planning controls using 

the updated flooding information. 

This project has been conducted under the State Assisted Floodplain Management Program and 

received State financial support. 

1.1 Study Location 

Port Stephens is a large tidal estuary on the NSW coast approximately 50 km north of Newcastle 

and 150 km north of Sydney. The total waterway covers an area of approximately 140 km2 with the 

total catchment area draining to Port Stephens being around 2 900 km2 (WMA Water, 2010).  

The estuary has a predominantly east to west orientated estuary, which can be divided into two 

embayment either side of Soldiers Point based on the differing physical characteristics. Ocean waves 

that penetrate through the 1300 m wide ocean entrance between Yacaaba and Tomaree Heads 

impacts the eastern embayment only, as demonstrated by the large marine delta that is constrained 

to this area. 

Much of the catchment land is undeveloped and consists of rural and natural areas, which extend 

northward towards the Chichester State Forest encompassing the Upper Karuah River, and 

stretching northeast behind the coastline to encompass the Myall River and Lakes System. MidCoast 

Council administrates the northern estuary foreshore and catchment areas whilst the southern areas 

are controlled by Port Stephens Council.  

The project study area extends along the northern foreshore of Port Stephens, eastward of the 

Karuah River towards the Myall River, as presented in Figure 1-1. This foreshore areas includes the 

coastal settlement of Tahlee, Carrington, North Arm Cove, Bundabah, Pindimar and adjoining areas 

which are affected by flooding from the estuary. The study area does not include the foreshore areas 

covered by previous studies at Myall Lakes (BMT WBM, 2015) and Jimmys Beach (SMEC, 2013) 

and Karuah River study currently underway. That is, the study area extends west to the downstream 

fringes of the Karuah River (excluding the Karuah township) and extends north to the downstream 

limits of the Myall River (but not including Tea Gardens and Hawkes Nest). Jimmy’s Beach foreshore 

is not included (Figure 1-1). 

 
1 LiDAR (Light Detection and Ranging) – Optical remote sensing technology that can measure distance using laser light and analysing 
the backscatter.  When measured from a place the distance measurements are used to estimate ground level elevation. 
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1.1.1 Foreshore Flooding Behaviour  

Port Stephens estuary is a large coastal waterway that experiences elevated water levels due to 

several processes, which can interact. These include: 

• Ocean driven influences, including tides and storms (storm surges), 

• Wind and wave activity within the estuary, leading to wave action and increase water levels, 

• Catchment flooding from local rainfall, within the Karuah River and Myall Lakes catchment. 

With regards to estuary water levels, Port Stephens is subject to storm surge conditions and wave 

action, which can cause temporary inundation of low-lying foreshore areas. Wave action can 

propagate into the eastern embayment of the estuary though the Yacaaba and Tomaree heads. In 

addition, the estuary has large fetch distances across both embayment sections, and with moderate 

estuary bed depths (less than 10 m) common. As such, significant local wind waves can be generated 

across the estuary. Estuary water levels can also become elevated form catchment flooding 

associated with Karuah River and Myall Lakes. In the future, climate change will drive sea level rise 

resulting in an increase in design foreshore inundation depths across low-lying areas adjacent to the 

estuary. 
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Figure 1-1  Study Locality 
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1.2 The Need for Floodplain Management in Port Stephens 

Future sea level rise will alter foreshore flooding of the Port Stephens estuary, it is therefore 

necessary to understand the potential severity and extent of current and future flooding events. The 

dominant water level component that influences flooding in the estuary is the ocean driven levels 

and wave runup. The impact of catchment rainfall is only significant when it’s combined with elevated 

ocean levels. Catchment runoff will not produce significant flooding problems along the estuary 

foreshore, in the absence of an elevated ocean water levels (WMAwater, 2010). 

With regards to flood risk, foreshore residents are unlikely to be trapped or caught unaware due to 

the slow rate or rise of the estuary and rising road access to flood free land. Nonetheless, there is a 

risk of foreshore flooding as outlined in WMAwater 2010¸ WMAwater 2002, and MHL 1998 reports. 

This study will explore the existing flood behaviour estimations to further define flood risk, through a 

revised set of flood maps and assessments. 

1.3 The Floodplain Management Process 

The State Government’s Flood Prone Land Policy is directed towards providing solutions to existing 

flooding problems in developed areas and ensuring that new development is compatible with the 

flood hazard and does not create additional flooding problems in other areas. Policy and practice are 

defined in the Government’s Floodplain Development Manual (2005). 

Under the Policy the management of flood liable land remains the responsibility of Local Government. 

The State Government subsidises flood mitigation works to alleviate existing problems and provides 

specialist technical advice to assist Councils in the discharge of their floodplain management 

responsibilities. 

The Policy provides for technical and financial support by the State Government through six 

sequential stages as shown in Table 1-1. 

Table 1-1 Stages of Floodplain Management 

 Stage Description 

1 Formation of a Committee 
Established by Council and includes community group 
representatives and State agency specialists. 

2 Data Collection 
Past data such as flood levels, rainfall records, land use, soil 
types etc. 

3 Flood Study Determines the nature and extent of the flood problem. 

4 
Floodplain Risk Management 
Study 

Evaluates management options for the floodplain in respect 
of both existing and proposed developments. 

5 
Floodplain Risk Management 
Plan 

Involves formal adoption by Council of a plan of management 
for the floodplain. 

6 
Implementation of the 
Floodplain Risk Management 
Plan 

Construction of flood mitigation works to protect existing 
development.  Use of local environmental plans to ensure 
new development is compatible with the flood hazard. 

 



Draft Port Stephens Foreshore (Floodplain) Risk Management Study and Plan Review 11 

Introduction  
 

K:\N21029_Port_Stephens_FRMS\Docs\R.N21029.001.01.docx   
 

 

The Port Stephens Flood Study Stage 1 (1992), Port Stephens Flood Study Stage 2 (1997), Port 

Stephens Flood Study Stage 3 (1998), Port Stephens Foreshore Management Plan (2002) and most 

recent is the Port Stephens Design Flood Levels Climate Change Review (November 2010) defined 

the existing flood behaviour and established the basis for future floodplain management activities. 

The current study largely represents a review of the existing flood risk management information with 

an update of flood mapping incorporating the detailed topographical data as discussed. 

1.4 Structure of Report 

This report documents the Study’s objectives, results and recommendations.  

Section 1 introduces the study. 

Section 2 provides background information including a catchment description, history of flooding 

and previous investigations. 

Section 3 outlines the community consultation program undertaken. 

Section 4 describes the flood risk mapping approach. 

Section 5 provides a summary of design flood conditions 

Section 6 provides a summary of the flood damages assessment including identification of property 

potentially affected by flooding. 

Section 7 provides a review of relevant existing planning measures and controls. 
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2 Background Information 

2.1 Estuary Description 

The Port Stephens estuary is a permanently open tide dominated, drowned river valley estuary. It is 

one of the largest estuarine systems in NSW with an estuary area of 140 km² and drainage catchment 

area of 2 900 km2 (WMAwater, 2010).  The estuary receives inflows from two major river systems 

the Karuah and Myall Rivers (MHL 1997). River inflows, ocean processes, and local weather patterns 

influence the magnitude of foreshore flooding in the Port Stephens estuary (MHL 1997).   

The Port Stephens estuary has both economic and ecological significance for the surrounding 

communities and State. The estuary supports economic industries such as tourism and oyster 

farming. The waterways is reserved under the Port Stephens – Great Lakes Marine Park, the largest 

marine park in NSW (Department of Primary Industries (DPIE), n.d.).  

2.2 History of Coastal Flooding 

There is little qualitative or quantitative flood history in Port Stephens to date. The Port Stephens 

Foreshore (Floodplain) Management Plan by WMAwater (2002), identified coastal flooding events 

via a questionnaire survey, which received anecdotal reports of 10 properties experiencing above 

floor flooding, of which three (3) were flooded by the estuary. Another 60 residents reported 

inundation of yards, however only some of these reports were attributed to tidal and wave inundation. 

WMAwater (2002) noted that potentially some residents did not report flooding as they thought it 

unimportant or reporting it could negatively impact future development plan they may have. 

2.3 Previous Studies 

2.3.1 Port Stephens Flood Study 

2.3.1.1 Stage 1: Analysis and Review of Existing Information (MHL, 1992) 

The Port Stephens Flood Study was prepared by MHL in three stages. Stage One of the Port 

Stephens Flood Study involved a review of previous studies and historical data to determine the 

components influencing flood levels in the Port Stephens area.  The findings by the MHL (1992) flood 

study determined that flood levels are influenced by a combination of the following: 

• Astronomical tide levels 

• Ocean storm surge  

• Local wind set up  

• Wave set up 

• Runoff from the Karuah River and Myall River catchments 

• Wave runup 
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2.3.1.2 Stage 2: Design Water Levels and Wave Climate (MHL, 1997) 

Stage Two of the Port Stephens Flood Study involved assessing the design levels for inundation. 

The flooding mechanisms considered  rainfall and flooding in tributaries to the estuary, in addition to 

inundation at foreshore areas around the Port which are dependent upon ocean swell wave height, 

wind wave height, wind set up, barometric pressure set up and still water levels (including tides). 

Computer models were used to identify flood extents under 5%, 2%, 1% Annual Exceedance 

Probability (AEP) and extreme events.  A WBNM hydrologic model (a runoff routing model for rural 

catchments) was used to estimate design flood hydro graphs. The two dimensional (2D) hydraulic 

model MIKE-21 was then used to analyse the effects of design water levels, local wind effects, and 

run off from the Karuah, Myall Rivers and Tilligerry Creek. 

MHL (1997) used local wind conditions with a numerical model to estimate the wind wave climate in 

the Port Stephens estuary. To determine ocean swell wave heights where ocean waves penetrate 

the estuary entrance, wave data recorded from offshore wave rider buoys were propagated to the 

Port Stephens shoreline with the use of a wave model and empirical formulas. As an outcome from 

these analyses, MHL (1997) provided design peak water levels, plus design wind wave and ocean 

wave conditions. The final flood levels along the foreshore were said to be dependent upon the wave 

approach to shore combining with still water level and the local bathymetry and foreshore structures, 

to result in a certain wave run up and inundation. 

The findings of the MHL (1997) study, particularly for wind set up and empirical wave calculations, 

are of use for comparison wave modelling conducted as part of this study (refer Section 4.10), to 

ensure reasonable consistency and outcomes from the modelling. 

2.3.1.3 Stage 3: Foreshore Flooding (MHL, 1998) 

The purpose of Stage Three of the Port Stephens Flood Study was to generate the 5% AEP, 1% 

AEP, and extreme foreshore flood levels at 42 locations within Port Stephens. This was conducted 

by combining the design water levels, wind wave climates, and ocean wave climates identified in 

Stage Two of the study. An assessment of bathymetry and foreshore structures at each of the 42 

locations was also undertaken to estimate wave run up to determine design foreshore flood levels.  

The study area included the entire estuary shared by MidCoast Council (former Great Lakes Council) 

and Port Stephens Council local government area’s (LGA). Of the 42 water level sites calculated 

across the estuary, 18 locations fall within the MidCoast Council LGA. As a key output, this study 

documents the following coastal and catchment flood behaviour in table form: 

• Design peak water levels for Port Stephens calculated from storm tide, flood runoff and wind 

• Design significant wave climate in Port Stephens from ocean waves (m), with wave period ranging 

from 12 to 15 seconds 

• Design locally generated wind waves in Port Stephens 
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2.3.2 Port Stephens Foreshore Floodplain Management Study and Plan (WMAwater, 

2002) 

Port Stephens Foreshore FMSP was prepared for Council in 2002 by WMAwater, which used the 

design foreshore flood levels derived during Stages 1 to 3 Flood Studies (MHL, 1992, 1997, 1998) 

and developed actions to manage foreshore floodplain risks. 

The WMAwater (2002) report described the results of a questionnaire survey, which documented 

historical accounts of wind wave activity, foreshore erosion and inundation of low-lying land during 

storms, most notably the May 1974 storms. The survey also indicated there to be no historical or 

accurate record of damage to buildings or structures, except for seawalls and other structures upon 

the immediate foreshore (WMAwater, 2002). 

The Plan identified the following high priority actions for flood modification measures: 

• F1- Evaluate if a future development can form part of a levee system 

• F2-Conduct a community education / information program to advise residents of the value of 

vegetation barriers along the foreshore;   

• F3- Promote revegetation of foreshore in most favourable areas 

• F4- Identify specific areas where local flooding is a problem 

• F5- Work along side residents to improve local drainage 

• F6- Monitor the impact of wind wave runup 

• F7- Ensure all proposed foreshore developments are assessed in regard to wind wave run up, 

erosion and other coastal hazards. In the future both Councils (Great Lakes and Port Stephens 

Councils) should develop a DCP covering all aspects of foreshore development. 

2.3.3 Port Stephens Design Flood Levels Climate Change Review (WMAwater, 2010) 

The Port Stephens Design Flood Levels Climate Change Review (WMAwater, 2010) documents the 

most current design flood level information and assesses climate change impacts for the study area 

(see Table 2-1). Flood level information for the 5% AEP, 1% AEP and Extreme flood design 

conditions are outlined for still water levels, wave runup effects and climate change impacts across 

42 locations within the estuary, of which 15 span the Council foreshore (see Figure 2-1).  

In assessing climate change influence on design levels, the study found that for future sea level rise 

projections could be directly applied to both the present day still water level and wave runup levels. 

Climate change benchmarks of 0.4 and 0.9 metres sea level rise were adopted for the future 2050 

and 2100 timeframes (note: these levels differ from Council current policy of 0.55 and 0.91 metre 

sea level rise for the same future planning horizons). 

The following key outputs from this study form the basis for the new mapping and review of the 

FRMSP presented herein: 

• The present date flood, ocean and wave runup levels  

• The climate change finding that increased ocean water levels (sea level rise) will raise the design 

flood and wave runup levels by the same amount as the assumed ocean level rise.  
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Table 2-1 Design Peak Water Levels from WMAwater (2010) for the Project Study Area 

 

Site 

 
Location 

Wave Runup 
Stillwater - No Wave Runup but includes 
elevated ocean levels + catchment runoff 

+ local wind effects 

  5% AEP 1% AEP Extreme 5% AEP 1% AEP Extreme 

28 Karuah Bridge 1.8 1.9 2 1.8 1.9 2 

29 Correebah 2.3 2.4 2.7 1.7 1.8 1.9 

30 Carrington 2 2.2 2.3 1.7 1.8 1.9 

31 Baromee Point 2.2 2.3 2.4 1.7 1.8 1.8 

32 Baromee Hill 2.2 2.3 2.4 1.7 1.8 1.8 

33 Bundabah 1.7 1.8 2 1.7 1.8 1.8 

34 Fame Point 3.2 3.4 3.9 1.7 1.8 1.8 

35 Lower Pindimar 2.3 2.4 2.7 1.6 1.7 1.8 

36 Orungall Point 2 2.2 2.4 1.6 1.7 1.7 

37 Pindimar 2 2 2.2 1.6 1.7 1.7 

38 Limestone 1.6 1.7 1.7 1.6 1.7 1.7 

39 Tea Gardens 1.6 1.8 2.3 1.6 1.8 2.3(1) 

40 Hawks Nest 1.5 1.7 2 1.5 1.7 2.0(1) 

41 Jimmy’s Beach West 2.9 3.1 3.4 1.5 1.6 1.6 

42 Jimmy’s Beach East 2.5 2.6 2.9 1.5 1.6 1.6 

NOTES: 
1) Affected by Myall River flow, particularly in the Extreme event 
2) Highlighted numbers indicate where the wave runup level exceeds 2.5 mAHD. 

 

Figure 2-1  Design Flood Level Location, Port Stephens Estuary (source: WMAwater, 2010) 
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3 Community Consultation 

Community consultation is an important component of the floodplain risk management process. The 

success of a FRMSP hinges on its acceptance by the local community and stakeholders. This can 

be achieved by involving the community in the decision-making process.  

Although existing studies have already provided the community with flood information throughout the 

study area, the updated mapping process will provide an enhanced visualisation of the flood risk, 

which may differ from people’s current understanding. It is therefore important to engage the 

community, keeping them informed of the study outcomes.  

The key elements of the consultation process for this study includes: 

• Consultation with Councils Floodplain Management Committee through meetings and 

presentations  

• Public exhibition of the Draft FRMSP. 

3.1 The Floodplain Management Committee 

The study has been overseen by the MidCoast Council’s Floodplain Management Committee 

(Committee). The Committee has assisted and advised Council in the development of the Port 

Stephens FRMSP.  

The Committee is responsible for recommending the outcomes of the study for formal consideration 

by Council. Committee members include representatives from the following: 

• MidCoast Council - Councillors; 

• MidCoast Council – specialist staff; 

• Community representatives;  

• Government bodies: 

 NSW State Emergency Service; 

 NSW Office of the Environment and Heritage; 

 Other State Government agencies as appropriate, co-opted on a needs basis; and 

• Industry and Research representatives. 

3.2 Public Exhibition  

The Draft Port Stephens Foreshore Floodplain Risk Management Study and Plan will be placed on 

public exhibition from [TBA] with the report being made available at Council’s website and Council 

Administration Building. Landowners, residents and businesses are invited to participate in the study 

by providing comment on the Draft with. submissions closing on [TBA] 
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4 Flood Risk Mapping Approach 

4.1 Review of Existing Model and Information  

Foreshore flooding within the study area is driven by a combination of catchment and coastal 

processes, which have been previously assessed in a series of studies summarised in Section 2.3. 

The catchment modelling completed in Stage 2 of the Port Stephens Flood Study (MHL, 1997) used 

the WBNM hydrological model and the MIKE-21 hydraulic model (Section 2.3.1.2). The hydraulic 

model (MIKE-21) was used to output coastal flooding extents driven by storm surge and wave action. 

The modelling approaches and outputs in MHL (1997) are considered fit for purpose. Therefore, 

there is no need to update the modelling components. 

A review of flooding with respect to climate change was completed by WMAwater (2010) which 

evaluated future flood levels based on ocean level rise affecting still water levels and wave runup 

levels, using the DECC Guideline 2007 sea level rise benchmarks. It is considered that the approach 

adopted by WMAwater (2010) to apply to the DECC guideline SLR benchmarks is adequate, and 

therefore no review or update is necessary at this stage.  

Detailed topographic and bathymetric information was not available to the above studies, as such, 

no flood hazard or risk mapping has been produced to date.  

Topographic and Bathymetric Information 

Detailed elevation information was available to the current study, as follows: 

• LiDAR topographic survey data of the onshore areas at 1 m resolution for the Port Stephens 

region. This data was collected by NSW Land and Property Information in 2012. 

• Bathymetric / hydro-survey data of the Port Stephens estuary seabed and Myall River channel, 

collected over various survey campaigns including; 

○ 2001 - Australian Hydrographic Service bathymetric chart AUS00209 of Port 

Stephens. The Chart covers the whole region of the Port Stephens estuary; 

○ 2007 - Port Stephens Hydrographic Survey (Draft) collected and supplied by 

DECCW covers the central and eastern basin regions of Port Stephens and, 

○ September 2009 - Myall River Entrance Hydrographic Survey, collected and 

supplied by DECCW, covers the Lower Myall River, Corrie Creek (Northern Channel) 

and Paddy Marrs inlet (Eastern Channel). 

The above information was combined to produce a digital elevation model (DEM) of the study areas, 

which enable a set of flood maps to be derived using the below described approach. 

4.2 Mapping Approach 

Mapping of the estimated still water and wave runup foreshore flooding was required by MidCoast 

Council for the 5% AEP, 1% AEP and Extreme flood conditions, under the present day and future 

climate change scenarios. Future sea levels of +0.55 m and +0.91 m were adopted for the 2050 and 

2100 timeframes, in line with Council’s policy. 
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As outlined in Section 2.3, design flooding conditions for the Port Stephens Estuary were determined 

by MHL (1997) and reviewed by WMAwater (2010). The established levels for the present-day 

conditions were adopted for the purpose of producing flooding maps within this study. 

Impacts of climate change and sea level rise were as assessed by WMAwater (2010), who found 

that “increases in sea level will raise the design flood levels and wave runup levels by the same 

amount as the assumed ocean level rise”. The future climate change conditions have therefore been 

modelled herein by adding a further 0.55 m and 0.91 m to the existing design flood levels accordingly. 

Additional numerically modelling of hydraulic, hydrological, wave conditions were not required for this 

study. Rather, the existing flood levels determined across the Council’s Port Stephens foreshore 

were used to map flood behaviour, levels and risk.  

Table 4-1 outlines the design event and sea level rise conditions mapped for the present day and 

future timeframes. 

Table 4-1 Adopted sea level rise benchmarks and Design Events for modelled scenarios 

Design Event Present Day 2050 timeframe 2100 timeframe 

5% AEP +0  +0.55 m +0.91 m 

1% AEP +0 +0.55 m +0.91 m 

Extreme event +0 +0.55 m +0.91 m 

4.3 Still Water Level Mapping 

Still water flooding conditions were mapped for this study using the design still water flood levels 

outlined in WMAwater (2010) for the present day conditions, and applying the sea level rise 

benchmarks outlined in Table 4-1 for future climate change scenarios. Design still water flooding 

levels were provided in WMAwater (2010) at point locations across the estuary foreshore, in addition 

to still water flood gradient maps. The WMAwater (2010) map was georeferenced in GIS and the 

flood gradient contours were digitised for the current study (see Figure 4-1). 

The present day still water level contours were interpolated to produce a hydrologically corrected 

raster surface for the 5% AEP, 1% AEP and Extreme flood design conditions. Future sea level rise 

impacts were accounted for by increasing the still water level raster grids by +0.55 and +0.91 metres 

for the 2050 and 2100 timeframes, respectively. The resultant grids outlined the flood levels for the 

various design and climate change scenarios.  

Flood extents and depths have then been determined by intersecting the flood level grids with the 

DEM. 
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Figure 4-1  Still Water Level Contours 
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4.4 Wave Runup Mapping 

Wave runup flooding conditions were mapped for this study using the design wave runup levels 

outlined in WMAwater (2010) and applying Council’s sea level rise benchmarks for future climate 

change scenarios (see Table 4-1). As described in Section 2.3, design wave runup levels were 

modelled for 42 discrete (point) locations across the study foreshore region. These levels were found 

to vary based on a range of physical factors, including wave exposure and shoreline profile. The 

current study sought to map these discrete wave level data as a continuous wave level surface using 

the following approach: 

• Distribute discrete wave level data across the study foreshore 

• Model wave runup levels near to the foreshore, using a GIS tool that is underpinned by simple 

assumptions (e.g. influence of wave driven water levels limited to a defined distance from the 

coastline) 

• Map still water levels across low-lying areas landward of the zone adopted as influenced by wave 

action 

Distribution of Design Wave Runup Levels 

Design water level information from the discrete point locations were applied across the whole study 

area by mapping coastline segments that shared comparable characteristics (coastline orientation 

and fetch). The corresponding design level information was then applied to these segments, which 

are mapped in Figure 4-2. Design water level information were then interpolated between the 

mapped sediments.  

Table 4-2 outlines assumptions/reasons for adopted water level points and wave runup levels.  

Wave Runup Tool 

The study area was mapped with a 100 m buffer landward of the coastline. The ‘wave runup zone’ 

levels were adopted and define the peak inundation depth. The influence of wave setup and runup 

processes beyond the 100 m landward buffer and within rivers and inlets is assumed to be negligible 

and therefore the Still Water level was applied in these areas. 

The adopted mapping methodology for wave run up combines the estimated contemporary storm 

tide level and the storm tide level including wave allowances. The mapping is based on model output 

at 500m spacing along the coast. The design water levels have been interpolated onto a 1m grid and 

translated over land to determine inundation depths and extents. 

An example map of the Port Stephens area is provided in Figure 4-3. Within a 100m buffer landward 

of the coastline (indicated by the red line in Figure 4-3) the storm tide including wave setup and runup 

levels have been applied. The influence of wave setup and runup processes beyond the 100m 

landward buffer and within rivers and inlets is assumed to be negligible and therefore the storm tide 

only level is applied in these areas. This adopted approach produces a minor discontinuity at the 

100m landward buffer location where there is a transition from the higher water level that includes 

wave influences to the lower water level that considers storm tide only. 
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Figure 4-2  Wave Runup Interpolation 
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Table 4-2 Adopted Water Level points and Wave Runup levels 

Shoreline 
Segment 

Adopted 
WL point  

Mapping Qualifier Wave Runup Levels (m)1 

   5% AEP 1% AEP Ext. 

A 41 
• Comparable shoreline aspect (southwest) 

and maximum fetch direction (west)  
1.4 1.5 1.8 

B 41 
• Comparable shoreline aspect (southeast) 

and maximum fetch direction (west)  
1.4 1.5 1.8 

C 36 
• Comparable shoreline aspect (southwest) 

and maximum fetch direction (southwest)  
0.4 0.5 0.7 

D 38 • No Fetch 0 0 0 

E 37 
• Comparable shoreline aspect (southeast) 

and maximum fetch direction (southeast)  
0.4 0.3 0.5 

F 36 
• Comparable shoreline aspect (southwest & 

southeast) and maximum fetch direction 
(southwest)  

0.4 0.5 0.7 

G 35 
• Comparable shoreline aspect (south) and 

maximum fetch direction (southwest)  
0.7 0.7 0.9 

H 34 
• Comparable shoreline aspect (southwest) 

and maximum fetch direction (west)  
1.5 1.6 2.1 

I 34 
• Comparable shoreline aspect (southwest) 

and maximum fetch direction (west)  
1.5 1.6 2.1 

J 2 30 
• Comparable shoreline aspect (south) and 

maximum fetch direction (south) 
0.3 0.4 0.4 

K 31 
• Comparable shoreline aspect (southwest) 

and maximum fetch direction (south)  
0.5 0.5 0.6 

L 30 
• Comparable shoreline aspect (south) and 

maximum fetch direction (south)  
0.3 0.4 0.4 

M 29 
• Comparable shoreline aspect (southwest) 

and maximum fetch direction (south)  
0.6 0.6 0.8 

N 28 • No Fetch 0 0 0 

1 Wave runup levels (m) show the difference between the wave runup inundation level (mAHD) and still 
water inundation level (mAHD) reported in WMAwater (2010), unless otherwise stated. 
2 Wave runup levels adopted for locations where available point data was considered inappropriate (see 
table for details). 
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Figure 4-3  Adopted Mapping Methodology of 1% AEP Event; including Wave Runup level. Applied 
within 100m of the Shoreline (Indicated by Red Line). 

Effort has been made to only map inundation in areas with a hydraulic connection to the sea, 

however, inundation may be shown in some locations that are not directly connected but fall below 

the criteria water level (i.e. natural low points disconnected from the estuary). The mapping also 

assumes that there is sufficient time and water available from the overtopping of coastal barriers to 

fill potential holding basins up to the given water level. In this respect, the mapped inundation areas 

are likely to be conservative. Some of this conservatism could be removed if the mapping considered 

overland flow for each simulated event. Such an approach would remove the need to develop a 

simplified parametric model but would be too computationally expensive for a regional scale 

assessment. The adopted mapping methodology produces less conservative inundation maps than 

simply applying the storm tide including wave setup and runup levels at all locations along the 

coastline, sometimes referred to as a ‘bathtub’ method. The adopted methodology is similar to a 

simple ‘bathtub’ method however is less conservative because the wave runup and wave setup 

components are removed for locations beyond the 100m landward buffer (and within rivers and 

inlets). 

4.4.1 Limitations 

The wave runup estimations are somewhat coarse in terms of mapping a continuous inundation 

profile along the full foreshore environment, being derived at point specific locations. The previous 

reporting identifies a number of guidelines regarding the analysis and use of the wave runup results: 
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• The cross sections (describing the foreshore) may change in time. 

• One cross section was taken as being representative of the site. This is an approximation and in 

reality there may be significant changes in the cross section away from the site. 

• The design levels are only accurate at each of the 42 sites. Outside these sites the actual levels 

may vary. 

• If significant development is to be undertaken, site specific analysis should be undertaken. 

• Where buildings are located close to the foreshore the impact of wave runup needs to be 

addressed more closely (openings to the building, structural integrity). 

• The actual design flood levels behind foreshore seawalls depend upon the distance from the 

seawall and the presence of any buildings 

With the above uncertainties in mind, consideration must be given to potential model inaccuracies, 

surface water variability during an inundation event and any unresolved localised hydraulic effects. 

4.5 Depth mapping 

Mapping the design still water levels (SWLs) depths can be readily undertaken through the creation 

of a peak SWL (described in Section 4.3) surface and intersecting this with the LiDAR DEM. This 

approached was applied to the interpolated SWL raster surface for the 5% AEP, 1% AEP and 

Extreme event for SLR scenarios; present (0 m AHD) and future: 2050 timeframe (+0.55 m AHD) 

and 2100 timeframe (+0.91 mAHD). The flood depths were calculated by subtracting the DEM 

elevations from interpolated SWL raster surface. 

4.6 Hazard Mapping 

Hazard mapping of the SWL and Wave Runup levels in the Post Stephens was undertaken based 

on depth, assuming only minor velocities for the tidal inundation. The National Flood Risk Advisory 

Group (AIDF, 2017) considers a holistic approach to consider flood hazards to people, vehicles and 

structures. It recommends a composite six-tiered hazard classification, reproduced in Figure 4-4. The 

six hazard classifications are summarised in Table 4-3. 

The flood hazard level is determined based on the predicted flood depth and velocity. This is 

conveniently done through the analysis of flood model results. A high flood depth will cause a 

hazardous situation while a low depth may only cause an inconvenience. High flood velocities are 

dangerous and may cause structural damage while low velocities generally have no major threat. 

Table 4-3 Combined Flood Hazard Curves – Vulnerability Thresholds  

Hazard Classification Description 

H1 Relatively benign flow conditions. No vulnerability constraints. 

H2 Unsafe for small vehicles. 

H3 Unsafe for all vehicles, children and the elderly. 

H4 Unsafe for all people and vehicles. 
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Hazard Classification Description 

H5 
Unsafe for all people and all vehicles. Buildings require special 
engineering design and construction. 

H6 
Unconditionally dangerous. Not suitable for any type of development or 
evacuation access. All building types considered vulnerable to failure. 

 

Figure 4-4 Combined Flood Hazard Curves 
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5 Design Flood Conditions 

5.1 Coastal Flood Behaviour 

The following sections describe flood behaviour in terms of modelled design still water (SWL) and 

wave runup (WRU) depths for the 1% AEP and 1% with 2100 SLR (Sections 5.1.1 to 5.1.2). While a 

range of design scenarios have been modelled, the described scenarios provide a good indication 

of the changing risk profile through time and have been selected for this reason. Table 5-1 presents 

the full range of SWL and WRU design scenarios that have been modelled for this study, with the 

corresponding maps presented in the mapping compendium. 

Table 5-1 Modelled Flood Depth and Hazard Scenarios for the Port Stephens Foreshore 

Design Event Present Day 2050 Timeframe 2100 Timeframe 

5% AEP +0 +0.55 +0.91 

1% AEP +0 +0.55 +0.91 

Extreme event +0 +0.55 +0.91 

5.1.1 Still Water Coastal Flooding 

Design SWL depth maps show that the following foreshore townships are subject to flooding risk 

over current and future planning horizons: 

• Tahlee 

• Carrington 

• North Arm Cove 

• Bundabah 

With regard to the design SWL foreshore flooding, Carrington and Tahlee are subject to foreshore 

flooding under a range of design SLR conditions. Under the design 1% AEP scenario, township areas 

become inundated by depths less than 1.0 m. By 2100, flood extents and depths increase for the 

same AEP design event to depths greater than 1.0 m. Church Street is the only exit road for Tahlee 

residents. Under the present day 1% AEP design condition, this exit road becomes flooded with 

depths less than 1.0 m, which increase to greater than 1.0 m for the 2100 SLR scenario. During the 

current and future 2100 1% AEP design conditions, the township areas of North Arm Cove and 

Bundabah become inundated around the coastal fringe. Flooding extents are more contained 

because of the steep coastal profile. 1% AEP inundation depths less than 1.0 m are modelled for 

present day conditions and greater than 1.0 m for the 2100 SLR scenario. Pindimar is subject to the 

largest inundation extents, compared to other township area within the study region due to the very 

low elevation of the region. Properties and roads become flooded by depths less than 1.0 m under 

the present day 1% AEP conditions, which increase to depths greater than 1.0 m for the 2100 SLR 

scenario. Pindimar flooding extents increase significantly with future SLR – particularly across 

residential areas adjoining the western shores of Pindimar Bay. A narrow strip of residential 

properties situated along the north-eastern foreshore of Pindimar Bay are subject to inundation. 

These properties are connected to the main township of Tea Gardens via Limekilns Road. The 
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properties and access road become inundated under the 1% AEP conditions under current and future 

SLR scenarios. The roadway east of the residential areas is particularly low-lying and thus subject 

to flooding. 

5.1.2 Wave Runup Flooding  

Design WRU depth maps show that the following townships are subject to flooding risks under 

current and future planning horizons: 

• Tahlee 

• Carrington 

• North Arm Cove 

• Bundabah 

•  Pindimar 

In many respects, the modelled flood extents for WRU design conditions are comparable to those 

mapped for the SWL design events (current and future timeframes). Greater inundation depths and 

extents are modelled for across the foreshore fringing areas, due to increased water levels generated 

by wave run up processes. The following WRU behaviour is described across the foreshore margin 

areas, that have been modelled as subject to wave driven inundation (as per methods outlined in 

Section 4.4). With regard to the design WRU foreshore flooding, Carrington and Tahlee are subject 

to foreshore flooding under a range of design SLR conditions. Under the design 1% AEP scenario, 

township areas become inundated by depths greater than 1.0 m. By 2100, flood extents and depths 

increase for the increase to depths greater than 1.5 m. Under the present day 1% AEP design 

condition, Church Street becomes flooded with depths less than 1.0 m, which increase to greater 

than 1.5 m for the 2100 SLR scenario. Township areas of North Arm Cove and Bundabah become 

inundated near to the foreshore, with 1% AEP inundation depths less than 1.0 m are modelled for 

present day conditions and greater than 1.5 m for the 2100 SLR scenario. Properties and road 

inundation at Pindimar are subject to   1% AEP flood depths of up to 1.25 m and 2.25 m under the 

current and 2100 SLR scenario, respectively. Residential properties accessed by Limekilns Road 

along the north-eastern foreshore of Pindimar Bay are also subject inundation under these design 

conditions and SLR scenarios. 

5.2 Flood Hazard 

Flood hazard has been assessed and mapped using the Australian Disaster Resilience Handbook 7 

Managing the Floodplain: A Guide to Best Practice in Flood Risk Management in Australia (AIDR, 

2017 approach outlined in Section 4.6, which classifies hazard as per Table 4-3. The below outlines 

the foreshore flooding hazard for design still water level and wave runup conditions, under the current 

and future sea level rise scenarios, with hazard classifications derived from the 1% AEP design 

conditions described for the current day and 2100 SLR scenarios. The corresponding flood hazard 

maps are presented in the mapping compendium.  
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5.2.1 Still Water Level Hazard 

Design SWL Hazard Classification maps show that the following townships are subject to flooding 

hazards: 

• Tahlee 

• Carrington 

• North Arm Cove 

• Bundabah 

• Pindimar 

These residential areas are exposed to flooding hazard under current and future planning horizons, 

with the mapped Hazard Classifications increase significantly with under future SLR scenarios. With 

regard to the design SWL foreshore flooding, the township areas of Carrington and Tahlee are are 

mapped upped to a Hazard Classification H3 under the design 1% AEP scenario. By 2100, flood 

hazard increases up to a Hazard Classification H4 for the same AEP design event. The Tahlee exit 

road of Church Street is mapped up to Hazard Classification H1 Under the present day 1% AEP 

design conditions, which increases up to Hazard Classification H3 for the 2100 SLR scenario. For 

the 1% AEP design condition, the foreshore fringes of North Arm Cove and Bundabah are mapped 

up to H3 and H4 Hazard Classifications during current and future 2100 SLR scenarios, respectively. 

The extensive low-lying township areas across Pindimar are mapped with a Hazard Classification up 

to H3 for the present day 1% AEP scenario, which increases up to Hazard Classification H4 for the 

2100 SLR scenario, with localised area mapped with a Hazard Classification H5.The 1% AEP Hazard 

Classification is mapped up to H1 across the narrow strip of residential properties and its access 

road situated on north-eastern foreshore of Pindimar Bay. This increases up to H3 for the 2100 

timeframe due to future SLR scenarios. 

5.2.2 Wave Runup Hazard 

Design WRU Hazard Classification mapping show that the following townships are subject to flooding 

hazards: 

• Tahlee 

• Carrington 

• North Arm Cove 

•  Bundabah 

•  Pindimar 

Compared with the SWL, the WRU Hazard Classifications profile generally increases near to the 

foreshore, with respect to hazard class and extent. This reflects the greater depths that are generated 

by wave run up processes under the design conditions. The greatest increases are noted at Pindimar, 

particularly for properties on the foreshore side of Cambage Street where wave runup calculations 

in WMAwater (2010) show that the impacts of waves are greatest. 
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Regarding 1% AEP design WRU Hazard Classification, the township areas of Tahlee, Carrington, 

North Arm Cove and Bundabah regions are mapped up to H3 and H4 during current and future 2100 

scenarios. Present day conditions at Church Street are mapped up to Hazard Classification H3, 

which increases up to Hazard Classification H4 for the 2100 SLR scenario. At Pindimar, the Hazard 

Classification was mapped up to H3 for present day conditions, and H4 for the 2100 SLR scenario, 

with some localised areas mapped up to Hazard Classification H5. Wave runup impacts are 

insignificant along the north-eastern foreshore of Pindimar Bay and thus the WRU Hazard 

Classification profile reflects that mapped for the SWL conditions. Here, the residential properties 

and the access road are mapped up to Hazard Classifications of H1 and H3 under current and future 

sea level rise scenarios, respectively. 

Overall, greater extents of H3 and H4 impacting foreshore properties within the study area under the 

present day modelled WRU conditions, relative to the SWL conditions. This is most notable across 

the Pindimar areas that adjoin the more open areas of the estuary basin. A similar change in hazard 

profile is noted between in the 2100 SLR scenario, with greater extents of H4 impacting foreshore 

areas under the WRU conditions, relative to SWL mapping. 

5.3 Flood Function 

Hydraulic categorisation is one of the tools used to identify flood behaviour and risk. Outcomes of 

the categorisation are primarily used to inform future land use planning. The categorisation is not 

used to assess individual developments, but rather to give a catchment-scale overview of which 

areas may be appropriate for various types of land use. 

There are no prescriptive methods for determining what parts of the floodplain constitute floodways, 

flood storages and flood fringe. Descriptions of these terms within the Floodplain Development 

Manual are essentially qualitative in nature. Of difficulty is the fact that a definition of flood behaviour 

and associated impacts is likely to vary from one floodplain to another depending on the 

circumstances and nature of flooding within the catchment. However, an approach that is becoming 

increasingly accepted is to define the floodway extent as the area of floodplain conveying around 

80% of the total flood flow, as defined by Thomson (2018). This is typically undertaken for the 1% 

AEP design flood event. 

The hydraulic categories as defined in the Floodplain Development Manual are: 

• Floodway - Areas that convey a significant portion of the flow. These are areas that, even if 

partially blocked, would cause a significant increase in flood levels or a significant redistribution 

of flood flows, which may adversely affect other areas. 

• Flood Storage - Areas that are important in the temporary storage of the floodwater during the 

passage of the flood. If the area is substantially removed by levees or fill it will result in elevated 

water levels and/or elevated discharges. Flood Storage areas, if completely blocked would cause 

peak flood levels to increase by 0.1m and/or would cause the peak discharge to increase by more 

than 10%. 

• Flood Fringe - Remaining area of flood prone land, after Floodway and Flood Storage areas 

have been defined. Blockage or filling of this area will not have any significant effect on the flood 

pattern or flood levels. 
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The extent of foreshore flooding in the study areas is categorised as Flood Fringe.  This is due to the 

nature of foreshore flooding by SWLs and WRU at the coastline rather than catchment driven flood. 

The foreshore areas are not significant in either hydraulic conveyance or storage with consideration 

of tidal inundation as the flooding mechanism.  

Given the entire extent inundated by SWL and WRU shown in the hazard and depth maps are 

classed as Flood Fringe, it was unnecessary to map the Hydraulic Categories separately for the 

study extent.  
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6 Property Inundation and Flood Damages Assessment 

A flood damage assessment has been undertaken to identify flood affected property, to quantify the 

extent of damages in economic terms for existing and future flood conditions and to enable the 

assessment of the relative merit of potential flood mitigation options by means of benefit-cost 

analysis. 

The general process for undertaking a flood damages assessment incorporates: 

• Identifying properties subject to flooding; 

• Determining depth of inundation above floor level for a range of design event magnitudes; 

• Defining appropriate stage-damage relationships for various property types/uses; 

• Estimating potential flood damage for each property; and 

• Calculating the total flood damage for a range of design events. 

The current study has updated the previous flood damages assessment (WMA, 2002) within the 

study extent, based on an updated property database and new flood modelling for the study area. 

The current study includes the flood damages assessment for properties in the Tahlee, Carrington, 

North Arm Cove, Bundabah, Pindimar and adjoining areas which are affected by flooding from the 

estuary. The below provides an outline of the flood damages assessment and its outcomes for the 

Port Stephens foreshore areas within the MidCoast Council area.  

6.1 Types of Flood Damage 

The definitions and methodology used in estimating flood damage are summarised in the Floodplain 

Development Manual. Figure 6-1 summarises the “types” of flood damages as considered in this 

study.  The two main categories are 'tangible' and 'intangible' damages.  Tangible flood damages are 

those that can be more readily evaluated in monetary terms, while intangible damages relate to the 

social cost of flooding and therefore are much more difficult to quantify.  

Tangible flood damages are further divided into direct and indirect damages. The existing WMA 

(2002) flood damages database calculated direct damages only, therefore this study will adopt the 

same approach. Direct flood damages relate to the loss, or loss in value, of an object or a piece of 

property caused by direct contact with floodwaters.  

The types of damages mentioned in the Floodplain Development Manual largely focus on tangible 

flood damage, particularly property related damages. Economic analysis for infrastructure projects 

within other Australian industries often includes a wider range of assessment criteria, such as the 

potential for fatalities, loss of transport connectivity, disruption to essential services (e.g. schools, 

sewerage) and other environmental values. In certain floodplain areas, incorporation of such 

additional damage criteria provides for a more robust cost estimation of the consequence of flooding, 

hence providing a better understanding of the benefit of potential flood mitigation measures through 

derivation of benefit-cost-ratios (BCR).  
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Figure 6-1  Types of Flood Damage 

6.2 Basis of Flood Damage Calculations 

Flood damages have been calculated using a database of potentially flood affected properties and 

stage-damage curves.  These curves relate the amount of flood damage that would potentially occur 

at different depths of inundation, for each property type. Residential damage curves are based on 

the stage-damage curves for residential property presented in WMA (2002). 

For this study, a GIS point dataset was established, representing each building within the Extreme 

+0.91m SLR Flood extent. Existing property floor level survey was provided by MidCoast council 

where available. This database included floor levels of 320 properties obtained through planning 

approvals and 228 floor levels used in the Port Stephens Foreshore Management Plan (WMA 2002). 

Of the properties with floor levels provided by Council, 107 were identified in the flood extent. A 

further 313 properties within the flood extent did not have floor level survey. Missing floor levels for 

149 properties were estimated from the LiDAR DEM, assuming a floor level 0.5m above ground. For 

the remaining 164 properties located in the Camellia Drive estate, floor level survey was known for 

only some properties. This data indicated an average floor level of 2.8m AHD. Therefore, a minimum 

floor level of 2.8m AHD was assumed when floor levels estimated from the LiDAR DEM were less 

the 2.8m AHD. 

For the purposes of the flood damage assessment, properties within the flooding extent were all 

considered residential as only residential properties were identified in the property database provided 

by Council, no commercial properties where assessed for flood damages. 
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6.2.1 Limitations of Assessment 

The flood damages assessment should be considered to provide a useful tool to measure potential 

impacts from foreshore flooding under a variety of design conditions, flooding mechanisms and sea 

level rise scenarios, as opposed to an absolute measure of potential impacts.  

The extent of above floor flooding and associated impacts will depend on a range of factors, including 

the below: 

• Wave runup: Wave runup impacts are difficult to quantify based on the available design 

information, noting that wave runup levels have been modelled for a series of discrete foreshore 

profiles along the estuary. The height of wave runup is dependent on the ocean conditions and 

foreshore profile, which can vary from property to property (e.g. exposure, presence of ad hoc 

works). Also, the extent of above floor flooding will depend on whether wave driven elevated water 

levels propagate into building without interference. Future damage estimates have not taken into 

account any potential changes in foreshore position due to erosion for example. 

• Future sea level rise: Future inundation impact estimates due to still water and wave runup 

flooding are significantly influences by the extent of future sea level rise. Adopted sea level rise 

scenarios are consistent with Council policy, which reflect global estimates. However, there is 

some uncertainty remains around the rate of sea level change that will manifest over the medium 

to long term, which will be driven by future global emission levels. 

• Foreshore development profile: Foreshore development profile has been characterised by a 

combination of Council property survey data and GIS mapping undertaken in this study to fill in 

the gaps. The information is considered to profile a good representation of the present-day 

development profile. However, the available property database has been used as a proxy to asses 

medium to long term damages, while in reality the future development footprint is unknown. 

6.3 Tangible Flood Damages 

6.3.1 Assessment of Direct Damages 

The peak depth of flooding incurred by still water levels and wave runup levels was determined at 

each property. The flood modelling results for the 5% AEP, 1% AEP and Extreme event, inclusive of 

SLR scenarios; present (0 m AHD) and future: 2050 timeframe (+0.55 m AHD) and 2100 timeframe 

(+0.91 mAHD) were used to generate a continuous flood profile across the foreshore. Simulated 

flood levels were queried from GIS output at each property reference point.  The resulting output was 

used to identify the number of properties affected, the frequency of inundation and the depth of 

inundation.  

The associated direct flood damage cost to each property was subsequently estimated from the 

stage-damage relationships (Appendix A). Flood damage curves include external damages incurred 

below floor level. A nominal $2,000 value has been adopted for external flood damages for below 

floor flooding for wave runup scenarios only. Total damages for each flood event were determined 

by summing the predicted damages for each individual property. 

The Average Annual Damage (AAD) is the average damage in dollars per year that would occur in 

a designated area from flooding over a very long period of time. In many years there may be no flood 
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damage, in some years there will be minor damage (caused by small, relatively frequent floods) and, 

in a few years, there will be major flood damage (caused by large, rare flood events). Estimation of 

the AAD provides a basis for comparing the effectiveness of different floodplain management 

measures (i.e. the reduction in the AAD). 

6.4 Port Stephens Foreshore Flood Damages 

6.4.1 Residential Flood Damages 

The assessment of the residential flood damages under current day conditions are presented in 

Table 6-1. Assessment of the residential flood damages under future 2050 conditions are presented 

in Table 6-2. Assessment of the residential flood damages under future 2100 conditions are 

presented in Table 6-3.  

Table 6-1 Summary of Residential Flood Damages incurred from current sea level 

Design Event 
SWL Direct 

Damages ($) 
WR Direct 

Damages ($) 
Total 

Damages ($) 

5% AEP $73,545 $316,000 $390,100 

1% AEP $158,830 $448,000 $607,600 

Extreme $264,970 $644,000 $909,000 

AAD $41,700  $212,800 

*Wave Runup level (WR) and Still Water level (SWL) 

Table 6-2 Summary of Residential Flood Damages incurred from 2050 sea level 

Design Event 
SWL Direct 

Damages ($) 
WR Direct 

Damages ($) 
Total 

Damages ($) 

5% AEP $1,642,700 $1,370,400 $3,013,100 

1% AEP $2,173,400 $1,712,200 $3,885,600 

Extreme $2,566,800 $2,230,400 $4,797,200 

AAD $880,100  $1,612,200 

*Wave Runup level (WR) and Still Water level (SWL) 

Table 6-3 Summary of Residential Flood Damages incurred from 2100 sea level 

Design Event 
SWL Direct 

Damages ($) 
WR Direct 

Damages ($) 
Total 

Damages ($) 

5% AEP $3,607,300 $2,795,800 $6,403,100 

1% AEP $4,139,200 $3,227,400 $7,366,600 

Extreme $4,569,800 $3,764,600 $8,334,400 

AAD $1,911,500  $3,394,600 

*Wave Runup level (WR) and Still Water level (SWL) 
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6.5 Property Inundation 

6.5.1 Residential and Commercial Properties 

A summary of the number of residential properties potentially affected by above floor flooding from 

still water and wave runup flooding for the 5% AEP, 1% AEP and Extreme event, inclusive of SLR 

scenarios; present (0 m AHD) and future: 2050 timeframe (+0.55 m AHD) and 2100 timeframe (+0.91 

mAHD) is shown in Table 6-4 and Table 6-5. Note that there are some 420 properties in the dataset. 

Table 6-4 Properties Flooded Above Floor by Still Water Level 

Design Event Residential  

5% AEP  11 

1% AEP  18 

Extreme  28 

5% AEP + 0.55 SLR 106 

1% AEP + 0.55 SLR 123 

Extreme+ 0.55 SLR 134 

5% AEP+ 0.91 SLR 171 

1% AEP + 0.91 SLR 182 

Extreme + 0.91 SLR 195 

 

Table 6-5 Properties Flooded Above Floor by Wave Runup  

Design Event Residential  

5% AEP  31 

1% AEP  47 

Extreme  66 

5% AEP + 0.55 SLR 130 

1% AEP + 0.55 SLR 151 

Extreme+ 0.55 SLR 170 

5% AEP+ 0.91 SLR 188 

1% AEP + 0.91 SLR 198 

Extreme + 0.91 SLR 210 
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7 Review of Existing Planning Provisions 

Land use planning and development controls are key mechanisms by which Council can manage 

some of the flood related risks within flood-affected areas of MidCoast Council LGA. A review of 

existing Council planning provisions was undertaken as part of the Manning River FRMSP (BMT, 

2020).  

As part of this review, a Planning Considerations report was prepared by GLN Planning (GLN) 

(Appendix B) encompassing land use planning and development controls across the LGA that are 

applicable to the Port Stephens Foreshore FRMS and Plan Review.  

The recommendations of the GLN report include: 

• Guidance for how to consider FRM matters when undertaking strategic planning including 

determining the suitability of different land uses in different areas of the floodplain. 

• A detailed review of existing LEP and DCP development controls and an approach and base 

principles that can be applied when preparing an updated and consolidated LEP and DCP, to 

address residual flood risks where development is permitted in the floodplain. 

• Principles to be applied to ensure the appropriate communication of flood risk through planning 

documents, is not misleading, including S10.7 Planning Certificates. 

The updated flood mapping output represents the best information (including the consideration of 

climate change influence) along the Port Stephens foreshore to inform definition of: 

• Flood Planning Area - either represented in the LEP or DCP 

• Flood Planning Levels - typical application in defining minimum floor levels for future development 

• Flood Risk Precincts - considering flooding mechanism and hydraulic/hazard category 

The mapping methodology combines the estimated ‘tide plus surge’ and ‘wave runup zone’ water 

levels. Currently there is no direct planning controls considering the increased inundation risk 

associated with wave runup along the Port Stephens foreshore. The wave runup contribution to peak 

inundation levels can vary significantly across the study area, and potentially well in excess of 

nominal 0.5m freeboard limits typically applied in setting minimum flood planning levels.  No 

consideration of wave runup in these instances may not adequately address the potential inundation 

hazard. Conversely, the estimated wave runup levels can represent an overly conservative condition 

and impose unnecessary restriction if applied directly in flood planning level estimation. 

A potential pathway for integration of wave runup considerations in the planning framework may 

include: 

1. Adoption of detailed inundation mapping of the still water level (tide + surge) and wave 

runup zones. 

2. The still water level + freeboard sets the minimum planning level for properties outside of 

the wave runup zone. 

3. Within the wave runup zone, consideration can be given to: 
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a) An additional freeboard allowance to account for the increased risk and uncertainty; or 

b) The proponent undertakes a site-based assessment to investigate wave runup and 

overtopping potential in detail and potentially reduce the additional freeboard allowance; and/or  

c) Engineering design to mitigate the additional risk associated with wave runup and 

overtopping. 

On this approach, the mapping of the wave runup zone completed in the current assessment can be 

used as a trigger that requires the proponent to undertake the site-based assessment. This would 

enable local wave runup risk to be considered in the context of a proposed development. A local 

assessment would overcome some of the uncertainty of the regional wave runup estimates with 

consideration of the local topographical and hydraulic conditions. 
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8 Conclusion 

The principal objective of the study was the update of flood risk mapping of the Port Stephens 

foreshore area with MidCoast LGA. The existing mapping was completed prior to the availability of 

detailed ground level information in the form of LiDAR topographic data. The availability of LiDAR 

data acquired in 2012 provides the opportunity for more refined mapping of foreshore inundation and 

definition of flood risk. 

A detailed flood mapping series has been prepared for the 5% AEP, 1% AEP and Extreme Flood 

events considering both still water inundation (tide + storm surge) and additional wave runup. 

Mapping has been prepared for existing conditions and future climate change scenarios 

incorporating potential sea level rise. The mapping series defines: 

• Flood inundation extents, levels and depths 

• Flood hazard   

The update mapping series will be utilised by Council to inform flood planning and development 

assessment such as definition of the Flood Planning Area (defining land subject to flood related 

development controls) and Flood Planning Levels (such as minimum floor levels for proposed 

development).  

The climate change analysis incorporating sea level rise provisions indicates a substantial increase 

of properties at risk as sea level rise manifests. This may be typical of an estuarine foreshore 

environment; however, it does reinforce the need to consider this increase in flood risk in land use 

planning and development control. The additional inundation risk posed by wave runup along the 

foreshore environment has been assessed in the study also. The specific mapping of a wave runup 

zone can be utilised to trigger additional planning and development controls to address this risk. 
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Appendix A Stage-Damage Curves for Flood Damages 

 

Figure A-1 Still water inundation damage curve  

 

 

Figure A-2 Wave runup inundation damage curve  
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Appendix B GLN Report 
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Appendix C Mapping Compendium 

 

 



 

 

 




