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1. FOREWORD 

The State Governmentôs Flood Policy is directed at providing solutions to existing flooding 

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

hazard and does not create additional flooding problems in other areas. 

 

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 Government through the following 

four sequential stages: 

 

1. Flood Study 

 determine the nature and extent of the flood problem. 

 

2. Floodplain Risk Management Study 

 evaluates management options for the floodplain in respect of both existing 

and proposed development. 

 

3. Floodplain Risk Management Plan 

 involves formal adoption by Council of a plan of management for the 

floodplain. 

 

4. Implementation of the 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. 

 

The Tuggerah Lakes Floodplain Risk Management Study constitutes the second stage of the 

management process for the floodplain surrounding Tuggerah Lakes.  It has been developed for 

Wyong Shire Council and prepared by WMAwater (formerly Webb, McKeown & Associates) for 

the future management of flood liable lands surrounding the foreshore of the lakes. 
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2. DRAFT TUGGERAH LAKES  FLOODPLAIN RISK MANAGEMENT 

PLAN 

2.1. Introduction  

The Tuggerah Lakes Floodplain Risk Management Plan has been prepared in accordance with 

the NSW Floodplain Development Manual (April 2005) and: 

 Is based on a comprehensive and detailed evaluation of all factors that affect and are 

affected by the use of flood prone land; 

 Represents the considered opinion of the local community on how to best manage its 

flood risk and its flood prone land; 

 Provides a long-term path for the future development of the community. 

 

The Tuggerah Lakes system comprises Tuggerah Lake, Budgewoi Lake and Lake Munmorah 

and the immediate floodplain (Figures 1 and 2).  The lakes occupy an area of approximately 80 

km2 (11% of the total catchment area of 750 km2) and are surrounded by residential 

developments, areas of open space and rural lands.  The major rivers which drain into the lakes 

are the Wyong River (447 km2) and Ourimbah Creek (160 km2). 

 

The lakes system is one of the most highly regarded residential and tourist features of the area 

and is enjoyed by many.  Its relatively shallow depth (1.9 m) means that it cannot be used by 

large recreational sailing or motorised vessels.  The opening to the Pacific Ocean from 

Tuggerah Lake is termed an ICOLL (Intermittent Open and Closed Lake or Lagoon) with a 

sandy beach berm at the entrance that is intermittently open and closed.  Flooding occurs as a 

result of intense rainfall over the catchment which causes overtopping of the beach berm and 

increased water levels in the three lakes and inundation of the surrounding floodplain.  The 

extent of flooding is influenced by the level of the beach berm at the entrance and whether 

elevated ocean levels in the Pacific Ocean can overtop the berm and enter Tuggerah Lake or 

restrict the outflow of floodwaters. 

 

A Flood Study for Tuggerah Lakes (Reference 1) was completed in September 1994 and a 

Mike-11 hydraulic model was established, calibrated to historical flood data and used to 

determine design flood levels.  The study showed that in a major flood the peak water level is 

the same in all three inter-connected lakes. 

 

The development on the foreshore largely consists of residential houses/flats/villas with some 

commercial premises and infrastructure (sewer pumping stations, roads etc.).  The lakes are 

normally at 0.3 mAHD and tidal fluctuations are effectively nil (less than ± 0.05 m).  The lakes 

rise in response to runoff from the contributing catchments with the peak level determined by the 

amount of runoff and the channel capacity at the entrance.   

 

Flooding in the catchment has occurred on numerous occasions in the past and most recently in 

February 1990 and June 2007.  The largest recorded flood was in June 1949.  In the June 2007 

flood (and a similar number in February 1990) over 160 building floors were inundated causing 

considerable property damage as well as risk to life to residents (e.g. drowning, health risk) and 
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inconvenience (roads inundated, services cut).   

 

Up to 1300 buildings would be inundated above floor in a 100 year ARI flood event (1600 in a 

200 year ARI event) producing over $40 million dollars in tangible damages.  The average 

annual damages for the foreshore properties around the Tuggerah Lakes system are 

approximately $2.2 million. 

 

Wyong Shire Council sought to examine a range of floodplain management measures to reduce 

the impact of flooding in the Tuggerah Lakes Floodplain Risk Management Study which 

determined the nature of the flood problem (extent and magnitude of flood damages) and 

investigated possible floodplain management measures. 

 

2.2. Floodplain Risk Management Measures Considered  

A matrix of all possible management measures was prepared and evaluated in the Floodplain 

Risk Management Study taking into account a range of parameters.  This process eliminated a 

number of measures (refer Section 6.1) including: 

 Flood mitigation dams and retarding basins, 

 Channel modification works (straightening, concrete lining, removal of vegetation 

etc.), 

 Flood proofing of buildings, 

 Voluntary purchase. 

 

The two key issues were approaches to management of the entrance (should it be dredged or 

left to open/close naturally?) and how should climate change be addressed (what are the likely 

impacts and how will they impact on the community?). 

 

The evaluation process for assessing each measure involved interaction with the Floodplain 

Management Committee technical committee and the Floodplain Management Committee itself 

Thus the proposed measures represent the considered opinion of both technical experts and 

local residents. 

 

2.3. Proposed Floodplain Risk Management Measures  in Plan  

The proposed measures are described below (in no particular order within each priority group). 

 

TO BE COMPLETED FOLLOWING PUBLIC EXHIBITION 

 

HIGH Priority  

1. Preparation  

 Cost:   

 Responsibility:  

 Timeframe:  
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3. INTRODUCTION 

3.1. Background  

The Tuggerah Lakes system is located on the New South Wales Central Coast approximately 

80 km north of Sydney (Figure 1 and below) and comprises the three inter connected lakes of 

Tuggerah, Budgewoi and Munmorah. 

 

 

   Tuggerah Lakes Catchment Area 

 

The main features of the lakes are shown in Table 1. 

 

Table 1: Tuggerah Lakes Main Features 

Total Catchment Area to the Ocean 750 km
2 

Area of Lakes Tuggerah Lake  55 km
2
 

Budgewoi Lake 14 km
2
 

Lake Munmorah  8 km
2 

Length of Tuggerah Lake 13 km in a north-south direction 

Maximum Width of Tuggerah Lake 6 km in an east-west direction 

Perimeter Length of Lakes 110 km 

Average Water Depth 1.9 m 

Major Contributing Catchments Wyong River 447 km
2
 

Ourimbah Creek 160 km
2
 

Wallarah Creek 32 km
2 

 

Tuggerah Lake is connected to the Pacific Ocean by a tidal channel at The Entrance.  The size 

of the opening at The Entrance has fluctuated and on occasions has been closed for several 

months.  It has closed completely approximately ten times since 1900.  Since mid 1993 Wyong 

Shire Council has initiated a policy of maintaining a permanently open entrance (by dredging) to 

allow tidal interchange.  There are no entrance training works which are typically found on many 
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estuaries (and lake entrances such as Lake Macquarie) along the NSW coast. 

 

The water level in the lakes is typically at 0.3 mAHD in all three lakes but can vary depending on 

the state of the entrance and amount of runoff (Australian Height Datum - AHD is the common 

national plane approximating mean sea level).  Under normal circumstances the ocean tide has 

little impact (less than ±0.05 m) on the water level in the lakes.  The average depth of water in 

the lakes (at 0.3 mAHD) is 1.9 m with the deepest area being in Lake Munmorah (up to 3.7 m 

deep at 0.3 mAHD).  There is no difference in water level between the lakes in normal or f lood 

times due to the large connecting channels at Gorokan and Budgewoi. 

 

The study area comprises the floodplain areas surrounding the three lakes and properties at 

Wyong and Tuggerah with ground levels below approximately 3 mAHD.  For the purposes of 

this investigation the study area was subdivided into ten floodplain management areas shown 

on Table 2 and on Figure 2.  It should be noted that only properties with building floors below 

approximately 2.7 mAHD were included in the database provided by Wyong Shire Council. 

 

Table 2: Floodplain Management Areas 

Area  Suburbs Included  (refer Figure 2)  
Properties 
Surveyed

(3)
 

TUGGERAH LAKE   

TL1 
TL2 
TL3 
TL4 
TL5 
TL6 
TL7

(1)
 

The Entrance North 
The Entrance, Long Jetty 
Killarney Vale, Tumbi Umbi 
Berkeley Vale 
Chittaway Bay, Chittaway Point 
Rocky Point, Tacoma, Tacoma Sth, Wyongah, Tuggerawong,  
Noraville, Gorokan, Toukley 

242 
250 
208 
399 
292 
283 
184 

BUDGEWOI LAKE   

BL1 Lake Haven, San Remo, Blue Haven, Buff Point, Charmhaven 301 

LAKE MUNMORAH   

LM1
(2)

 Budgewoi, Lake Munmorah 261 

SUBURBS NOT SURROUNDING THE LAKES  

EX1 Wyong, Tuggerah 107 

 2527 
NOTES:   1.  Gorokan and Toukley surround both Tuggerah Lake and Budgewoi Lake 

   2.  Budgewoi surrounds both Budgewoi Lake and Lake Munmorah 
  3.  Some properties contain multiple buildings (flats, villas or caravans) 

 

Wyong Shire Council engaged WMAwater (formerly Webb, McKeown & Associates) to prepare 

a Floodplain Risk Management Study and Plan for Tuggerah Lakes.  The objectives of the 

Study are to identify and compare various management options, including an assessment of 

their social, economic and environmental impacts, together with opportunities to enhance the 

foreshore and floodplain environments.  The primary aim of the Plan is to reduce the flood 

hazard and risk to people and property in the existing community and to ensure future 

development is controlled in a manner consistent with the flood hazard and risk. 

 

A glossary of flood related terminology is provided in Appendix A. 
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3.2. Floodplain Risk Management Process  

As described in the Floodplain Development Manual (Reference 1), the Floodplain Risk 

Management Process entails four sequential stages: 

 

Stage 1: Flood Study. 

Stage 2: Floodplain Risk Management Study. 

Stage 3: Floodplain Risk Management Plan. 

Stage 4: Implementation of the Plan. 

 

The Tuggerah Lakes Floodplain Risk Management Study and Plan constitutes the second and 

third stages in the process.  The Flood Study stage was completed in September 1994 with 

publication of the Tuggerah Lakes Flood Study (Reference 2) and the Compendium of Data 

(Reference 3).  In this study a one-dimensional (1D) hydraulic computer model was used to 

determine design flood levels for the foreshore areas of Tuggerah Lakes across the full range of 

design events. 

 

3.3. History of Flooding  

Historical records (started in 1927) show that periodically the level of the lake has risen in 

response to heavy rainfall over the catchment.  This has resulted in inundation of land and 

occasionally of buildings (Figures 3 and 4).  Accurate recordings of lake levels have only been 

available since installation of the Toukley and Killarney Vale gauges in 1985.  Historical records 

show that the highest known level was 2.1 mAHD in 1949 with the most recent major events 

occurring in February 1990 (1.6 mAHD) and in June 2007 (1.65 mAHD).  Accurate water levels 

records are available from water level recorders for these two events and these are shown on 

Figure 5.  The dates and approximate peak lake levels of all known significant floods are shown 

in Table 3.  Figure 6 provides ground contours (up to 6 mAHD) which indicates the extent of 

inundation for the historical events. 

 

Table 3: Flood Events (in order of severity) 

Date 
Approximate Peak Lake 

Level  (mAHD) 
18 June 1949 2.1 
Easter 1946 1.9 
2 May 1964 1.9 
1927 1.8 
1931 1.8 
10 June 2007 1.65 

4 February 1990 1.6 
4 March 1977 1.6 
1963 1.5 
1953 1.5 
1941 1.5 

NOTES: 1. Data obtained from the Flood Study (References 2 and 3). 

2. Levels are an average of several recorded heights. 

3. It is likely that several floods prior to 1970 may not have been recorded. 
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3.4. Tuggerah Lakes Flood Study, September 1994  (Reference 2)  

The Flood Study was undertaken to determine flood behaviour for the 100 year, 20 year, 5 year 

and 2 year ARI floods and the PMF.  The results, based on frequency analysis and 

hydrologic/hydraulic computer modelling of the lake system, are shown on Table 4. 

 

Table 4: Design Flood Levels 

Event  Flood Level  
(m AHD)  

PMF 2.70 

100 year ARI 2.23 

20 year ARI 1.80 

5 year ARI 1.36 

2 year ARI 0.91 

 

Inundation of land surrounding the lakes due to flooding results from a combination of factors, as 

shown in Table 5. 

 

Table 5: Factors Affecting the Peak Lake Level 

Major Factors  Comments  

Volume of Rainfall Generally rainfall over a period of 2 to 5 days is required to produce 
an elevated lake level. 

Size of the Outlet at The Entrance The size (width and depth) of the outlet controls how much water is 
released from the lakes.  During the flood the outlet becomes deeper 
and wider as the runoff carries the sand blocking the outlet into the 
ocean. 

Volume of Temporary Floodplain 
Storage (including the area of the 
lakes) 

At the peak of the 100 year ARI flood (2.3 mAHD) over 160 000 ML 
(80 km

2
 and 2 m deep) of runoff is temporarily stored in the lakes.  

This represents approximately 65% of the total runoff volume in the 
1% (48 hour duration) event.  Changing the volume of temporary 
storage (e.g. filling the floodplain) will impact upon the peak level.  
Dredging of the lakes will have no impact as this would occur below 
the normal water level of 0.3 mAHD and would therefore contain 
water prior to the event.  Lowering the normal water level would 
provide more temporary floodplain storage and thus reduce the peak 
level. 

Initial Water Level The water level can fluctuate from say 0.1 mAHD to over 0.5 mAHD 
which produces a significant change in the available temporary 
floodplain storage capacity. 

Minor Factors  Comments  

Intensity of Rainfall It is the volume of rainfall rather than the peak intensity of rainfall 
which is more important. 

Antecedent Catchment Moisture 
Conditions 

The ñwetnessò of the catchment prior to the rainfall event determines 
the volume of runoff.  Generally if the catchment is ñvery dryò prior to 
the event it will ñsoakò up a lot of the rainfall and produce less runoff 
than from a ñwetò catchment. 

Level of Catchment Development Sealing of pervious areas (houses, roads, factories, etc.) will 
increase the volume of runoff.  However it is considered that the 
present extent of development has had only a minor impact, as it 
represents only a small percentage of the total catchment area. 

Catchment Deforestation or Other 
Agricultural Changes 

These activities will tend to increase the volume of runoff.  It is 
considered that these changes have had only a minor impact upon 
runoff volumes during a flood. 

Evapo_transpiration Any change in the amount of evapo-transpiration will produce only a 
minor change in the total runoff volume. 
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Wind or Wave Activity within the 
Lakes 

Strong winds may elevate the water level from one side of Tuggerah 
Lake to the other by a maximum of ±0.2 m.  The Flood Study 
concluded that in normal circumstances it is much less and this 
factor has been ignored in the design flood analysis. 

 

3.4.1. Frequency Analysis  

The frequency analysis was based on data collected in the period 1927 to 1992.  The data 

available prior to 1961 are very limited (only six events), however these were included in the 

analysis as the period contains four out of the five highest recorded levels.  A summary of the 

available data is shown in Table 6 (includes June 2007). 

 

Table 6: Summary of Historical Flood Data (mAHD) 

Number of events above 2.0 m (50 year ARI) 1 - June 1949 (2.1 m) 
Number of events above 1.8 m (20 year ARI) 5 
Number of levels above 1.6 m (10 year ARI) 7 
Highest events in recent times 4th February 1990 (1.6 m) and 

10
th
 June 2007 (1.65 m) 

Third highest event in recent times February 1977 (1.59 m) 
Average rainfall period to produce a flood 5 days 
Amount of rainfall to produce a flood  >300 mm 

 

The study concluded that the quality of the historical height data is poor and greater reliance 

should be placed on the hydrologic/hydraulic modelling.  It should be noted that the June 2007 

event was unusual in that the flood peak occurred approximately 36 hours after the start of the 

rain (Figure 5).  This rapid rise in the flood peak (from 0.3 m to 1.4 mAHD in 24 hours) was also 

experienced at Lake Macquarie. 

 

3.4.2. Hydrologic/Hydraulic Modelling  

A WBNM hydrologic computer model was set up to cover the entire catchment area (750 km2) to 

the outlet at The Entrance.  This model calculates flows based on the rainfall over the 

catchment.  The flows are input to a Mike-11 hydraulic computer model which determines the 

water level in the lakes.  Both models were calibrated to historical data (February 1992, August 

1990, February 1990 and May 1974).  As this study was completed in 1994 it did not include the 

June 2007 event. 

 

Design rainfalls from Australian Rainfall and Runoff were input to the hydrologic model.  The 

hydraulic model determined that the 48 hour storm produced the highest lake level and this was 

adopted as the critical storm duration.  The rate of rise of the water level in the 100 year ARI 

event is approximately 0.1 m per hour and the water level peaks approximately 40 hours after 

the start of the rainfall (Figure 5). 

 

The peak lake level is dependent upon the dimensions of the outlet channel at the Entrance.  If 

there is no opening to the ocean water levels will rise to the crest of the foreshore dune before 

overtopping and subsequent erosion of the dune occurs.  For design analysis the dimensions 

were obtained from the results of an entrance breach model that was calibrated for the historical 
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floods.  Sensitivity analysis showed that the 100 year ARI level could be reduced by up to 0.1 m 

by assuming other breach parameters.  It was concluded that the hydraulic modelling could be 

improved by undertaking a long term data collection programme to better define the breach 

processes. 

 

Joint probability analysis was used to investigate the relationship between ocean levels and 

catchment runoff.  It was concluded that, based on the available data, the storms which produce 

severe rainfall over the catchment do not necessarily result in significant elevated ocean levels.  

The ocean conditions adopted for design are shown in Table 7. 

 

Table 7: Adopted Design Ocean Conditions 

ARI 
Elevated Ocean Level  

(mAHD) 
Wave Conditions  
Used for Set Up  

100 year 1.32 4.5 Hs 
5 year 0.6 4.5 Hs 
2 year 0.6 none 

   Note:  Hs is the average of the highest one_third of waves observed in a wave record. 

 

Sensitivity results showed that the 100 year ARI level was reduced by 0.2 m if a 0.6 mAHD 

ocean level and no wave set up was assumed (as used for the 2 year ARI event). 

 

3.4.3. Results and Recommendations  

The results showed that a uniform peak water level was applicable to all three lakes and the 

accuracy of the 100 year ARI level was considered to be ±0.15 m.  Design flood extents and 

hydraulic hazard are shown on Figures 7 and 8.  The provisional hydraulic hazard was assumed 

as HIGH if the water depth is greater than 0.8m and LOW if less than 0.8m in the design event. 

 

The report recommended that long term data be collected at the Entrance and streamflow 

gauging at the upstream river gauging stations be improved. 

 

3.4.4. Conclusions  

The Flood Study has been rigorously carried out based on the technology and approach 

available at the time and provides accurate estimates of the design flood levels.  The Mike-11 

hydraulic model has been successfully calibrated and tested, potentially providing a suitable tool 

for use in this Floodplain Risk Management Study for assessing floodplain management 

measures.  Unfortunately the entrance breach mechanism adopted in the Mike-11 model for the 

Flood Study has been superseded and cannot now be re-run.  A completely new breach 

mechanism would have to be applied which would then involve a re-calibration and re-doing the 

design flood level analysis. 

 

Two Dimensional (2D) hydraulic models are now widely available and provide more accurate 

estimation of local velocities and flow direction across the floodplain.  However such a model 

would not provide a significant advantage over the Mike-11 model as the key factor is simulation 

of the entrance breaching process and 2D models are no better than Mike-11 in this regard. 
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Data collected from future floods should be used to re-assess the model calibration of the 

entrance breaching process where appropriate as the entrance breach modelling is the critical 

factor in determining design flood levels.  As data on the entrance hydraulics becomes available 

these should be used to refine the entrance breach model.   

 

Unfortunately for the reasons given above the Mike-11 model cannot be re-run for the June 

2007 event and it would appear that no data on the entrance hydraulics during the June 2007 

event is available. 

 

3.4.5. Tuggerah Lakes Flood Study, Compendium of Data, 1993 

(Reference  3) 

This study provides a comprehensive description of: 

 previous flood studies undertaken within the area, including the tributary creeks, 

 historical flood events since 1867, 

 water level and rainfall recorders, 

 survey and mapping information, 

 references regarding flooding. 

 

3.4.6. Tuggerah Lakes Flood Study, Flood Forecasting System, September 

1995 (Reference 4) 

As part of the Flood Study (Reference 2) a Flood Forecasting System (FFS) was established 

based on the Mike-11 Flood Forecasting model.  The FFS was commissioned in 1993 and 

utilised data from seven rain gauges and four river height gauges.  The data are captured using 

the ALERT system.  The reliability of the flood forecasting system will increase as more flood 

data become available and the system is recalibrated.  To date the system has not been tested 

in a real time situation as it would appear it was not in operation for the June 2007 event. 

 

3.5. Councilôs Flood Policy 

Council has had a development control policy for flood liable land since approximately 1986.  It 

has varied over those years in response to more information becoming available and as a 

reflection of State Government policy. 

 

A brief summary of Councilôs policy on flooding is: 

 a 100 year ARI Flood Standard and Minimum Floor Level Policy (100 year ARI level 

+0.3 m) have been adopted since July 1988 for the study area, 

 the minimum residential floor level (MFL) is 2.7 m (pre 1994 Flood Study 100 year 

ARI flood level of 2.4 mAHD + 0.3 m freeboard.  The 100 year ARI flood level is now 

2.23 mAHD.), 

 the minimum commercial floor level is 2.2 mAHD (i.e. no freeboard), 

 Section 149 Planning Certificates are encoded as either Fully Flood Liable, Partially 
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Flood Liable or Not Affected.  These data have been available since flooding 

information was first available for entry onto Councilôs computer, 

 where Council does not have ground levels the Section 149 Planning Certificates are 

encoded as Not Affected.  Further ground level data have been collected as part of 

the present study and the certificates are being updated, 

 To date residents have not been advised if their land becomes encoded (if previously 

not flood affected) as Flood Liable on their Section 149 Certificate unless they have 

obtained a certificate, 

 Council is aware that some houses have been raised in the past due to flooding.  

These were at the owners instigation and Council has never funded house raising 

within the study area, 

 Wyong Shire Council has had approval since October 1978, under the Local 

Government Act, for opening Tuggerah Lake at The Entrance by mechanical means 

to reduce the water levels, 

 since mid 1993 Council has initiated a policy of maintaining a permanently open 

entrance by regular dredging of the entrance channel.  The criteria for maintaining an 

open entrance were established in September 1990 and include: 

o a 40 m wide channel at 0 mAHD with an invert at -1.5 m to -2.0 mAHD, 

o the channel is to be maintained in a relatively fixed position on the beach, 

approximately 200 m north of the exposed rock shelf, aligned perpendicular to 

the beach line, 

o the system must have the flexibility to undertake dredging if the entrance 

channel migrates to the south, 

o the sand which is removed is to be returned to the beach north of the 

entrance, 

o Reviews of Environmental Factors have been undertaken to support dredging 

and these are discussed in subsequent sections, 

 since approximately 1995 Council has operated a Flood Forecasting System 

(Reference 5), however it was not functioning for the June 2007 event, 

 Climate change increases in flood level for flood related development control will be 

initiated as an outcome of this present study. 

 

3.6. Mine Subsidence  

The Mine Subsidence Board is a service organisation operating for the community in coal 

mining areas of NSW and is responsible for administering the Mine Subsidence Compensation 

Act.  The Act provides for compensation or repair services where improvements are damaged 

by mine subsidence resulting from the extraction of coal.  The Act also makes the Board 

responsible for reducing the risk of mine subsidence damage to properties by assessing and 

controlling the types of buildings and improvements which can be erected in Mine Subsidence 

Districts. 

 

Mine subsidence may result from current or future mining and the approval to mine is controlled 

by the Department of Mineral Resources through a comprehensive application process, which 

includes consideration of existing surface development.  The amount of subsidence will 
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influence the extent of damage that may occur and commonly this is hairline cracks to walls and 

cornices, and fine cracks to brickwork.  

 

In NSW, if a home or other improvement is damaged as a result of subsidence following the 

extraction of coal, the owner's rights are protected by the Mine Subsidence Compensation Act. 

Buildings built outside of and prior to the proclamation of a Mine Subsidence District are 

automatically covered for compensation.  However, homes and other structures built in 

contravention of, or without, the Board's approval in a Mine Subsidence District, are not eligible 

for compensation in the event of damage due to mine subsidence.  Claims can be made for 

damage to improvements and for damage to household and other effects. 

 

Development applications in mines subsidence areas must obtain approval from Wyong Council 

as well as the Mines Subsidence Board.  The Mines Subsidence Board generally applies an 

additional freeboard.  A ñgenericò freeboard amount is difficult to obtain as individual collieries 

are contacted for every development application.  

 

The Mines Subsidence Board has indicated that the northern part of Tuggerah Lakes (north of 

the Wyong River in the west and Norah Head in the east) is within a mine subsidence area.  The 

magnitude of subsidence could be between 0.1m and 0.6m.  The magnitude of the subsidence 

means that existing buildings could become flood liable if subsidence occurs.  At present the 

amount of subsidence is not included in the Minimum Floor Level Policy, however this should be 

re-considered by Council (if appropriate information is provided by the mines subsidence board), 

particularly in light of potential similar magnitude climate change increases in flood level. 
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4. STUDY AREA 

4.1. Land Use  

The land within the floodplain surrounding the lakes is presently classified under a number of 

different zonings.  The predominant zonings are: 

 

o Rural 1(c)   -    Rural holdings 

o Residential 2(a)   -  Single dwelling 

o Residential 2(b)   -  Multiple dwellings 

o Business 3(a)   -   General business 

o Business 3(c)   -   Neighbourhood business 

o Special Use 5(a)   - Special use 

o Open Space 6(a)  -   Open space and recreation 

o Open Space 6(b)  -   Regional open space 

o Environmental Protection 7(a) Conservation 

o Environmental Protection 7(b) Scenic protection 

 

The Tuggerah Lakes system is an attractive feature of the local area.  Residents enjoy views 

across the water and use the lakes for recreation (swimming, fishing, boating).  The lakes are 

the major tourist feature of Wyong Shire and a significant tourist industry has developed along 

the foreshores and at the entrance.  The lakes are not used for commercial purposes other than 

for providing cooling waters for the Lake Munmorah power station and fishing. 

 

The main features of the lake foreshore are: 

 The majority of the residential developments fronting the lakes (southern and 

northern shores of Tuggerah Lake, western, northern and southern shores of 

Budgewoi Lake, and the southern and northern shores of Lake Munmorah) are 

located on high ground which slopes gradually down to the water.  The majority of 

these are not affected by elevated lagoon levels.  However, the gradual slopes, 

particularly in Killarney Vale, Tumbi Umbi and Berkeley Vale means that the 

floodplain extends several hundred metres into the developments. 

 There are extensive areas of open space surrounding the water (Tuggerah, North 

Entrance Peninsular Nature Reserve, Crown Land at Toukley, land adjoining Lake 

Munmorah power station and on the eastern shore of Lake Munmorah). 

 The main residential developments affected by flooding are on the southern shore of 

Tuggerah Lake and along the mouths of the Wyong River and Ourimbah Creek. 

 During a large flood the floodplains of Ourimbah Creek, Wyong River and Tuggerah 

Lakes combine to inundate over 10 km2 of land east of the main northern railway 

line. 

 There are few vacant residential, commercial or industrial lots surrounding the lake 

foreshore.  The majority of future activities will be the re-development or extension of 

existing land use activities.  In recent years there has been a limited amount of 

subdivision for residential dual occupancies and other higher density usage. 

 There are few non-residential usages around the foreshore apart for tourist related 
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developments, particularly at the Entrance.  

 There are a number of tourist facilities on the foreshore including over 10 caravan or 

other holiday tourist parks (Figure 2), motels, private and public jetties and parks. 

 

4.2. The Entrance Channel  

Water levels in the lake are primarily controlled by the entrance channel which connects 

Tuggerah Lake to the ocean.  The channel is approximately one kilometre long and is 

characterised by numerous shoals.  At the bridge it is approximately 350 m wide (between the 

abutments).  As the volume of the lake is so large less than one percent is exchanged in each 

tidal cycle.  The entrance channel has been modified by human activities notably by construction 

of the bridge and more recently by dredging of the entrance channel. 

 

The channel has responded to natural and man-made effects through changes in the pattern of 

erosion and sedimentation.  These are natural phenomena which will always occur regardless of 

what man-made works are implemented.  During a flood it is likely that the entrance channel will 

be scoured out initiating a new regime of erosion and sedimentation.  Waves have washed over 

the narrow strip of land in the north east corner of Budgewoi Lake (see photograph below). 

 

Some experts are of the view that the entrances to coastal lakes such as Tuggerah Lakes or 

Lake Macquarie should not be controlled as this disrupts the natural estuarine processes and 

consequently the ecology of the lake.  Solving one problem with man-made works tends to 

impact upon other areas.  Management of the estuary and lake environs must therefore 

consider the broad implications of any works and the inter-relationships. 

 

Many residents are concerned about sedimentation in the entrance channel restricting the 

outflow of floodwaters whilst others are concerned about the water quality and recreational 

attributes of the area affecting tourist activities. 

 

The following photographs provide a brief description of the nature of the entrance channel. 

 

 

 

 

 

 

 

 

 

 

 Outflow in June 2007 flood  Entrance channel in June 2007 flood 
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Entrance channel - February 1990 flood   Entrance channel ï June 2007 flood 

 

 

 

 

 

 

 

 

 

 

 Entrance in 1995 

 

 

 

 

 

 

 

 

 

Entrance in 1996 showing dredge operating   Entrance in 2010 

 

 

 

 

 

 

 

 

 

 

 

 Dredge operating at entrance   North east corner of Budgewoi Lake 

      where waves have washed across 
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4.3. Community Demographics  

An age-based breakdown of the Wyong Shire Council LGA community is provided in the chart 

below.  As is evident in this data, the Tuggerah Lakes region is home to a large population of 

young families (school-age children with 30-50 year old parents), and a substantial elderly 

community.  90% of the Wyong Shire population resides in separate houses, 6% in semi-

detached dwellings, 3% in flats, units, or apartments, and the remaining 1% in other dwelling 

types such as caravans, cabins and houseboats. 

 

 

 

In 1998 Wyong Shire Council commissioned a demographer to compile a report projecting the 

population growth in the Wyong LGA based on 1996 census data.  According to this report ï 

Wyong Shire Population Projections, 1996 to 2021, the local population is set to expand by 40% 

to 196,000 people by 2020. 

 

In terms of the built environment, the shores of the Tuggerah Lakes are primarily dominated by 

residential and commercial zones with only two major tracts of undeveloped land: one of these 

stretching from Rocky Point to the north, to Chittaway Point to the south along the western 

foreshore of Tuggerah Lake; and the other incorporating Wyrrabalong National Park, starting in 

the north at Norah Head and continuing south to Magenta on the Budgewoi peninsular, 

separating Tuggerah Lake and the Pacific Ocean.  

 

4.4. Environmen tal Summary  

The following section was taken from the Summary of the June 2005 Tuggerah Lakes Estuary 

Management Study. 

 

The Tuggerah Lakes estuary was formed some 6,500 years ago when sea level rose after the 

last ice age.  Most of the geomorphic features of the estuary are no longer active, except for the 

river deltas of Wyong and Ourimbah Creeks and the tidal delta at The Entrance.  Sedimentary 
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processes within the estuary are slow, with no evidence for general depth changes since 

comprehensive bathymetry studies in the 1970ôs.  There are however, small-scale changes with 

some places becoming shallower around inflows (e.g. Tumbi Creek) whereas other places have 

become deeper, some due to the effects of mine subsidence.  The Tuggerah estuary is one of 

the slowest infilling estuaries on the NSW coast, and at current rates, would take over 1000 

years to fill completely.  Tidal flushing contributes very little to circulation and mixing patterns. 

The bottom sediments within the estuary are relatively ñhealthyò apart from small-scale problems 

in some areas.  Investigations on pollutants within the sediments indicated very small amounts 

of pesticides whilst heavy metals were below those found to cause adverse ecological effects.  

The sediments within the estuary have significant concentrations of nutrients which are available 

for plant growth.  Nutrient concentrations within the water column are above the water quality 

guidelines and the estuary can be classified as having a medium nutrient status.  

 

The entrance is now kept open to the sea by a sand dredge, which allows some limited flushing 

and mixing to occur, however, the overall effects of flushing are small when the size of estuary is 

taken into account.  As there are no new sources of marine sands entering the estuary, the 

eastern shorelines have become siltier and in areas where there is continued organic 

enrichment, ñorganic oozesò can still be found.  

 

Management of the wider catchment has improved with greater controls on development and 

farming.  The completion of the sewerage scheme has also helped to reduce the amount of 

nutrient entering the estuary via septic systems and overflows.  During heavy rain, nutrients and 

sediment still enter the estuary from stormwater and from the major tributaries.  Symptoms of 

eutrophication still occur, especially around some of the developed foreshores, as small-scale 

blooms of drift macro-algae.  The processes that drive these blooms are still being examined 

however their ability to damage the underlying benthic community is without question as is the 

role the benthic animals play in nutrient cycling.  

 

The turbidity in the estuary has decreased since the 1980ôs and whether this was due to 

reduced patterns of rainfall and/or reduced concentrations of suspended material in the water 

column is unknown.  The extent of seagrass habitat within the estuary has not increased since 

its decline during the 1980ôs.  Anecdotal evidence suggests that there has been some re-

colonisation of seagrasses into shallow areas around the estuary, which may have been lost.  

The salt marshes of the estuary have continued to decline as a result of disturbance and 

establishing their role in nutrient cycling proves and wrack assimilation is very important.  

 

The process study found that Tuggerah Lakes estuary was ñhealthierò than it was during its 

eutrophic stage in the 1980ôs and 1990ôs.  The question is whether this level can be sustained 

with increased future development or whether the system would be pushed over some 

threshold, returning it to the previous eutrophic state of the 1980ôs.  
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4.5. Community Consultation  

4.5.1. Approach  

Council was responsible for all of community consultation procedures and several measures 

were employed by Council as part of the initial community consultation phase of this floodplain 

risk management study, including: 

 A survey was posted to all of the residential and commercial properties located in the 

100 year ARI flood extent, 

 The survey was also available on Councilôs website for download or completion and 

submission electronically, 

 Presentations were undertaken at all of the Precinct and/or Progress Associations 

located around the Tuggerah Lakes foreshores, 

 There was ongoing advertising in the local papers regarding all of the above means of 

communications. 

 

4.5.2. Community Survey  

The community consultation survey newsletter/questionnaire is included in Appendix B.  The 

aim of the survey was to gain an understanding of the existing flood knowledge of the 

community, the communityôs experience with previous flood events in Tuggerah Lakes, and 

what management measures the community thought should be used to manage the flood risk.  

Respondents were also requested to list any additional information or comments. 

 

Approximately 6,500 surveys were posted out at the end of January 2010, and by the end of 

March 2010, the closing date for responses, Council had received 1,285 responses.  10 of these 

were completed and submitted online via Councilôs website, 12 were hand delivered to Council, 

and the remainder of the surveys were received by post.  Additional surveys were received by 

Council after the March 31st 2010 closing date but these were not included in the survey results.  

Council officers undertook some 12 visits to private residences to discuss the survey, as some 

residents were not comfortable putting their comments in writing. 

 

The survey results indicated that over 90% of respondents were owner/occupiers of their 

property, with an average age of ownership of almost 30 years.  Only 33% of respondents had 

not experienced flooding at their property.  Of the remaining, 18% had experienced floodwaters 

in the house or work, and 58% had experienced floodwaters entering into their backyard.  

 

The majority of the respondents were living or working in the area during the June 2007 flood 

event and a number of respondents were living in the area when the February 1990 flood event 

occurred. 

 

Table 8 summarises the surveys responses regarding floodplain risk management measures 

suitable for use in the Tuggerah Lakes catchment.  Different management measures were listed 

and respondents were asked to rank these options in order of their preference.  Number 5 

indicated the most preferred method and number 1 the least preferred method.  
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Table 8: Summary of Community Views on Management Measures 

 Most preferred Least preferred 

 Rank % Rank % 

Recognition of natural flowpath 5 59% 2,4 7% 

Vegetation control 5 45% 2,4 5% 

Building development controls 5 42% 2,4 5% 

Educating the community 5 42% 2,4 6% 

Flood forecasting, flood warning, evacuation 
planning and emergency response 

5 34% 2,4 8% 

Floodgates or levee banks 5 23% 2,4 9% 

Opening or dredging the entrance channel 5 68% 2,4 3% 

Voluntary house purchase 1 24% 2,4 9% 

House raising 3 24% 2,4 11% 

 

The survey highlighted the fact that 36% of the respondents had not looked for any information 

in relation to the flood or flood risk of their property.  This result was surprising a the survey was 

sent out only to those properties located within the 100 year ARI flood extent, and more than 

74% of respondents had experienced some form of flooding in either the June 2007 or February 

1990 flood events. 

 

4.5.3. Presentations at Precinct  / Progress Associations  

Council staff made presentations at the following community groups between February and May 

2010: 

 Bateau Bay / Killarney Vale Precinct Committee, 

 The Entrance Community Precinct Committee, 

 The Entrance North Progress Association, 

 Lake Munmorah /Chain Valley Bay Community Precinct Committee, 

 Lake Munmorah / Chain Valley Bay Precinct Committee, 

 Budgewoi / Buff Point Precinct Committee, 

 North Wallarah Precinct Committee. 

 

The key views from these presentations were: 

 the apparent lack of flood knowledge of the residents and commercial operators who 

live or work around the Tuggerah Lakes area, 

 the community appeared to have little understanding of the flooding characteristics of 

the Tuggerah Lakes and considered that the June 2007 and February 1990 events 

were equivalent to a 100 year ARI flood event (in reality less than a 20 year ARI 

event), 

 the communityôs impression is that a permanent opening of the entrance channel 

would have a significant impact on reducing flood levels in Tuggerah Lakes, 

 the community has little understanding of emergency management procedures and 

that the SES are the agency responsible for emergency management (not Wyong 

Council) and help during flood emergencies, 

 in summary there was a lot of interest from the community to further their knowledge 

and to contribute to Councilôs floodplain management plan for Tuggerah Lakes. 
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The key views on floodplain management measures were: 

 the majority of the community would like a permanent opening at the Entrance Channel 

(some raised concern over the possible ecological impacts) and/or a breakwall at the 

Entrance ï sandbags or permanent structure (with possibility of a marina), 

 concerns were raised regarding adequate drainage / blocking of drains / Council 

maintenance of drains (or lack of), 

 a second outlet to the ocean at Budgewoi Lake was suggested, 

 siltation of the lakes is occurring and this requires regular dredging required, 

 traffic during flooding causes further damage ï strategies are required to manage traffic 

during floods, 

 over development of flood prone land has occurred exacerbating flooding and increasing 

runoff, 

 there is the potential to capture stormwater runoff, 

 community education ï how people can reduce the impacts of flooding e.g. capture by 

rain water tanks, and how to react in a flood situation / where to go / warnings / 

assistance especially for elderly, 

 flooding affects insurance premiums and house values, 

 there was some general acceptance of flooding as a natural phenomena,  

 acceptance of Councilôs minimum floor level policy, 

 there should be some notification to potential buyers / tenants of the flooding potential, 

 the community was interested in climate change issues. 
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5. EXISTING FLOOD ENVIRONMENT 

5.1. Flood Behaviour  

Flooding of the foreshore area of the lakes can result from a combination of the following: 

 significant rainfall in the catchment.  The lake level rises as the inflow from the 

catchment and direct rainfall over the lakes exceeds the outflow to the ocean, 

 elevated ocean levels resulting from the astronomical tide, barometric and wind setup 

and wave setup force water into Tuggerah Lake, 

 wind waves across the lake breaking on the foreshore and ñrunning upò the foreshore.  

The extent and magnitude of this effect depends on the wind speed, wind direction 

and nature of the foreshore topography (land slope, presence of vegetation or man 

made structures that may restrict the wave impacts), 

 rainfall over the local catchment being unable to drain away quickly and ponding in 

low spots.  This is usually termed local flooding and causes inconvenience but 

generally no above floor inundation.  It is exacerbated by elevated lake levels. 

 

Flooding which occurs primarily as a result of intense rainfall over the catchment is termed 

rainfall dominated or induced flooding, whilst if flooding occurs primarily from tidal and oceanic 

influences it is termed oceanic or wave dominated/induced flooding.  The influence of the two 

mechanisms will vary between events. 

 

5.2. Hydraulic Classification  

The Floodplain Development Manual (Reference 1) defines three hydraulic categories which 

can be applied to areas of the floodplain; floodway, flood storage and flood fringe.   

 

Floodways are ñthose areas of the floodplain where a significant discharge of water occurs 

during floods.  They are often aligned with naturally defined channels.  Floodways are areas 

that, even if only partially blocked, would cause a significant redistribution of flood flow, or a 

significant increase in flood levelsò.  At Tuggerah Lakes the floodway areas are considered to be 

any land below approximately 1 mAHD that front onto the lakes (refer Figure 7).  There are 

several areas below 1 mAHD that do not front the lakes (particularly in the Wyong River 

floodplain), these are not classified as floodway. 

 

Flood storage are those parts of the floodplain that are important for the temporary storage of 

floodwaters during the passage of a flood.  The extent and behaviour of flood storage areas may 

change with flood severity, and loss of flood storage can increase the severity of flood impacts 

by reducing natural flood attenuation.  Hence, it is necessary to investigate a range of flood 

sizes before defining flood storage areas.ò 

 

Flood fringe is ñthe remaining area of flood prone land after floodway and flood storage areas 

have been definedò. 

 

There is no precise definition of flood storage and flood fringe or accepted approach to 
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differentiate between the two areas.  For this study it was assumed that all the land on the 

perimeter of the lakes outside the floodway areas is flood fringe.  Land beyond the perimeter of 

the lakes and within the floodplain of the Wyong River or Ourimbah Creek is flood storage. 

 

5.3. Flood Hazard Classification  

The Floodplain Development Manual (Reference 1) determines the provisional flood hazard 

categorisation of an area based on the combination of the depth and velocity of floodwaters on 

the land.  As the flood fringe and flood storage areas surrounding the lake have effectively nil 

velocity the provisional hazard categories were derived based solely upon the depth of 

inundation.  If the depth is > 0.8m then the provisional hazard is HIGH, if the depth is < 0.8m 

then the provisional hazard is LOW.  This is shown on Figure 8 for the 100 year ARI event. 

 

Flood hazard is a measure of the overall adverse effects of flooding.  As well as considering the 

provisional (hydraulic) hazard it also incorporates threat to life, danger and difficulty in 

evacuating people and possessions and the potential for damage, social disruption and loss of 

production.  As with provisional (hydraulic) hazard, land is classified as either low or high hazard 

for a range of flood events.  The classification is a qualitative assessment based on a number of 

factors as listed in Table 9. 

 

Table 9: Hazard Classification 

Criteria  Weight 
(1)

 Comment  

Size of the Flood High Up to a (say) 5 year ARI event the damages are confined to isolated 
properties.  In larger floods the damages are increased significantly 
inundating large parts of Berkeley Vale, Tumbi Umbi and Killarney Vale. 

Flood Awareness of 
the Community 

High Whilst residents are aware that the lake level rises during a flood the 
magnitude of the rise in (say) a 100 year ARI event will be much greater 
than what is expected by the majority of the community. 

Depth and Velocity 
of Floodwaters 

Low 
Shallow depths (generally less than 0.5 m) and very low velocity. 

Effective Warning 
and Evacuation 
Times 

Medium Probably only 6 hours.  There is only a very small likelihood that residents 
would be caught completely unaware, but they are unlikely to have the 
foresight to react appropriately to the situation. 

Evacuation 
Difficulties 

Medium to 
High 

For the majority evacuation should be relatively easy as there is nearby 
high ground for vehicles and the majority of goods can be saved by raising 
them (say) 1 m off the ground within the building.  However the number of 
buildings/people requiring assistance will severely extend the services of 
the rescue services (SES, Police, etc.) with the main areas on the southern 
shore of Tuggerah Lake.  At Tacoma and Chittaway Point the hazard is 
significantly increased due to the distance (> kilometre) to high ground. 

Rate of Rise of 
Floodwaters 

Low The rate of rise of floodwaters in lake systems is slow compared to river 
systems.  The average rate was approximately 50 mm/h in February 1990 
while the average rate for the 100 year ARI design event is approximately 
100 mm/h.  However peak rates of up to 300 mm/h were recorded in June 
2007.  Whilst the rate of rise is slow this must be considered within the 
context that only a small rise is needed to inundate a large number of 
buildings. 

Duration of Flooding High The duration of inundation is much longer than on a river system.  The lake 
may be near its peak for (say) 24 hours (Figure 5).  However, this 
extended duration is unlikely to add significantly to the damages but will 
increase the risk to life (more crossings) and will add considerably to the 
level of inconvenience and the recovery time. 
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Criteria  Weight 
(1)

 Comment  

Effective Flood 
Access 

Low to 
Medium 

The vehicular and pedestrian access routes are all along sealed roads and 
present no unexpected hazards if the roads have been adequately 
mantained.  Boats can effectively be used to ferry residents to high ground.  
In events up to the 100 year ARI flood four wheel drive access is possible.  
In larger events with greater depths (above 0.5 m) other forms of transport 
will be required.  The main problem will be congestion due to the number 
of vehicles. 

Additional Concerns 
such as Bank 
Erosion, Debris, 
Wind Wave Action 

Low The impact of this factor will vary between events and even within a flood 
event as the wind direction changes.  It will have its greatest impact within 
(say) 50 m of the shoreline.  The impact of debris is unlikely to be a factor 
except in the most extreme cases where major floating objects (boats 
broken from their moorings, timber and debris picked up from upstream 
floodplains) come into contact with buildings or residents.  Erosion or 
sedimentation during a flood event is also unlikely to be a significant factor 
except in areas of high wind/wave activity, along the entrance channel 
(high velocities).  Wind set up may raise water levels by up to 0.2 m.  The 
Flood Study did not consider the effect of wave runup. 

Provision of Services High In both the February 1990 and June 2007 floods the sewerage system was 
turned off at several pump stations.  For June 2007 this information is 
summarised on Figure 8.  The reasons why the various parts of the system 
was shut down is varied but it would appear that the loss of power was the 
main reason.  In parts the system was off for up to 4 days.  This meant that 
all properties (inundated by floodwaters or not) were without a sewerage 
system and once the holding tanks were full raw sewage was discharged 
into Tuggerah Lakes presenting a significant health risk to residents.  Apart 
from power failure it is understood that water supply was maintained in 
both February 1990 and June 2007. 

 Note:  (1) Relative weighting in assessing the hazard. 

 

Based on the above assessment, the hazard at Tuggerah Lakes would be increased to HIGH for 

the majority of inundated properties.  None of the factors in Table 9 produce a decrease in the 

flood hazard.  It is not possible to accurately map the properties that have a LOW provisional 

hazard that then become HIGH hazard with consideration of the factors shown in Table 9. 

 

The general hazard classification will increase in isolated areas where the general depth of 

above ground inundation exceeds 1 m and/or there is a risk of isolation and difficulties for 

evacuation.  These include: 

 

 Chittaway Point, 

 Tacoma South, 

 Tacoma. 

 

In floods greater than the 100 year ARI (Figure 8) the hazard will increase as the depth 

increases.  For the majority of areas the increase will be gradual and residents will be able to 

escape to high ground.  In a PMF event the main areas of High Hazard are the same as for the 

100 year ARI event, with the addition of The Entrance North.  In the 100 year ARI and greater 

events the road (Wilfred Barrett Drive) protecting The Entrance North will be overtopped and the 

area will require evacuation.  Once the levee is overtopped the rapid influx of floodwaters will 

significantly increase the flood hazard. 

 

As an outcome of this present study the flood hazard will consider the impacts of climate change 

on flood levels.  The effect of mine subsidence is generally less than 100mm and has to date 

been included within the freeboard allowance. 
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Flood hazard mapping taking into account ocean level rise is discussed in Section 8 with Draft 

maps provided in Appendix C. 

 

5.4. Flood Risk and the Social Impacts of Flooding  

The costs of flood damages and the extent of the disruption to the community depend upon 

many factors including: 

 the magnitude (depth, velocity and duration) of the flood, 

 land usage and susceptibility to damages, 

 awareness of the community to flooding, 

 effective warning time, 

 the availability of an evacuation plan or damage minimisation program, 

 physical factors such as erosion of the lake foreshore, failure of services (sewerage ï 

refer Figure 9), flood borne debris, sedimentation and wind/wave runup. 

 

In order to quantify the effect of inundation on the existing development along the foreshore a 

floor level database was provided by Wyong Shire Council for use in this study.  This database 

was originally prepared in the early 1990ôs by field survey but was updated in 2009 by Wyong 

Shire Council as part of the present study.  The number of buildings with floors near to or above 

the PMF (2.7 mAHD) is unreliable as the cost to undertake a full re-survey could not be justified 

(approximately $80 per building and possibly > 1000 buildings).  The database also included 

some 70 non residential properties (out of over 2500) including, shops, service stations, motels, 

caravan parks, child care centres, senior citizen centres and some foreshore developments 

(boat hire, sailing clubs).  Unfortunately the database did not identify which feature of the 

property was identified by the floor level assigned to the property (whether a small shed or a 

substantial building).  As the focus of this floodplain management study is on residential 

properties, given the relatively small number of non-residential properties identified and the fact 

that many are on the foreshore as part of their function (boat hire) a full re-survey of these 

properties was not justified and existing information considered appropriate for this study. 

 

Flood damages can be defined as being ñtangibleò or intangibleò.  Tangible damages are those 

for which a monetary value can be assigned, in contrast to intangible damages, which cannot 

easily be attributed a monetary value.  A summary of the types of damages is provided in Table 

10. 
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Table 10: Flood Damages Categories 

 

 

Provision of Public ServiceDisruption of Services, 

Community Service Relief 

Grants

Remove Mud & Debris from 

Facilities, Public & Private 

Property Repairs (temporary & 

permanent)

Physical Damage to 

Infrastructure:  Electricity, 

Water, Telephone, Gas, Road 

& Rail Transport Links

Public Property and Facilities:  

Parks, Signs, Machinery, 

Equipment

Contents of Public Buildings 

and Facilities
PUBLIC 

AUTHORITIES

COMMERCIAL

RURAL

RESIDENTIAL

SOCIAL

Costs which cannot be 

expressed in dollars, eg: 

- stress,

- loss of life,

- serious injury,

- depression,

- inconvenience,

- insecurity.

Costs associated with 

the flood event 

occurring, but not as 

readily quantifiable.

Damage caused by floodwaters 

coming into contact with items. 

This can be expressed as 

"Potential" (max. damage) and 

"Actual" (reduced damages due 

to moving items).

Costs which can be 

expressed in dollars.

FINANCIAL

Loss of existing &/or 

Potential Trade

Loss of Productivity and Income, 

Bank Interest Charges

Dispose of damaged products, 

stock, materials; Cleaning and 

Re-instatement

Physical Damage to BuildingsExternal Items:               

Vehicles, Machinery, Display, 

Raw Materials/Stockpiles, 

Fences

Contents of Buildings:       

Products, Stock, Fittings, 

Tools, Machinery, Raw 

Materials

Sowing or harvesting of

Crops, Sale of Stock (at 

depreciated value or 

dependent on market 

influences)

Loss of Farm Production and 

Income, Re-instatement of 

Pastures, Supplementary 

feeding of stock (by hand or 

outside agistment), Stock 

movement/ transport, Living 

costs (temporary accomodation 

and food)

Clean Homestead and 

Out-buildings; Remove Debris; 

Dispose of affected crops &/or 

stock

Physical Damage to Structures:    

Damage to Homestead, Sheds, 

Access tracks, Protection levees

External Items:                     

Vehicles, Sheds (stables/barns), 

Machinery, Tools, Fences, Feed 

storage, Saddles, Crops &/or 

Stock, Irrigation Systems

Contents of Buildings:            

Clothes, Carpets, Furniture, 

Valuables, Fittings, Appliances

Not ApplicableLoss of wages, Living costs 

(temporary accomodation and 

food), Time to repair/replace 

damaged items

Clean Carpets, Walls, 

Clothes;              Re-instate 

Furniture; Remove Mud and 

Debris

Physical Damage to Buildings:  

Gyprock, Cupboards, Scour of 

Footings, Houses becoming 

buoyant (floating off footings)

External Items:               

Vehicles, Laundries, 

Caravans, Sheds, Tools, 

Gardens, Fences

Contents of Buildings:            

Clothes, Carpets, Furniture, 

Valuables, Fittings, Appliances

OPPORTUNITYFINANCIALCLEANUPSTRUCTURALEXTERNALINTERNAL

INDIRECTDIRECT

INTANGIBLETANGIBLE

DAMAGE FROM FLOODING
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5.4.1. Tangible Flood Damages  

Tangible flood damages are comprised of two basic categories, direct and indirect damages.  

Direct damages are caused by floodwaters wetting goods and possessions thereby damaging 

them and resulting in either costs to replace or repair or a reduction in their value.  Direct 

damages are further classified as either internal (damage to the contents of a building including 

carpets, furniture), structural (referring to the structural fabric of a building such as foundations, 

walls, floors, windows) or external (damage to all items outside the building such as cars, 

garages).  Indirect damages are the additional financial losses caused by the flood including the 

cost of temporary accommodation, loss of wages by employees etc. 

 

While the total likely damages in a given flood are useful to get a ñfeelò for the magnitude of the 

flood problem, it is of little value for absolute economic evaluation.  When considering the 

economic effectiveness of a proposed mitigation option, the key question is what are the total 

damages prevented over the life of the option?  This is a function not only of the high damages 

which occur in large floods but also of the lesser but more frequent damages which occur in 

small floods. 

 

The standard way of expressing flood damages is in terms of average annual damages (AAD).  

AAD represents the equivalent average damages that would be experienced by the community 

on an annual basis, by taking into account the probability of a flood occurrence.  By this means 

the smaller floods, which occur more frequently, are given a greater weighting than the rare 

catastrophic floods.  For the calculation of AAD at Tuggerah Lakes it was assumed that there 

are no flood damages in the one year event. 

 

A flood damages assessment was undertaken for existing development in the Tuggerah Lakes 

community and is summarised in Figure 1 and Tables 11 and 12.  It should be noted that a 

significant contribution to the average annual damages is the houses inundated in the 5 year 

ARI and smaller events. 

 

Table 11: Summary of Building Floors Inundated 

Floodplain  
Management Area  

(Table 2)   

ARI 

PMF 2y 5y 10y 20y 50y 100y 200y 500y 

BL1 0 10 37 66 132 171 199 221 287 

EX1 0 3 8 16 42 52 62 69 101 

LM1 0 5 20 41 87 122 154 186 249 

TL1 0 1 11 36 84 129 159 194 238 

TL2 0 1 5 12 61 111 149 178 241 

TL3 0 1 2 12 31 65 96 123 204 

TL4 0 5 24 68 160 224 275 299 390 

TL5 0 9 26 56 137 184 198 214 244 

TL6 0 6 21 40 119 176 206 236 279 

TL7 0 3 13 24 53 78 98 119 183 

Total  0 44 167 371 906 1312 1596 1839 2416 
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A graph of the building floors for each floodplain management area is provided below. 

 

 

 

Table 12: Summary of Flood Damages 

Area  2y ARI 5y ARI 10y ARI 20y ARI 50y ARI 100y ARI 200y ARI 500y ARI PMF 

BL1 $6,000 $137,000 $819,000 $1,865,000 $4,100,000 $6,302,000 $7,906,000 $9,352,000 $13,220,000 

EX1 $0 $37,000 $180,000 $429,000 $1,163,000 $1,848,000 $2,353,000 $2,827,000 $4,258,000 

LM1 $0 $127,000 $454,000 $1,079,000 $2,540,000 $4,099,000 $5,405,000 $6,748,000 $10,497,000 

TL1 $1,000 $40,000 $223,000 $718,000 $2,281,000 $4,035,000 $5,466,000 $6,879,000 $10,572,000 

TL2 $0 $25,000 $134,000 $352,000 $1,301,000 $2,837,000 $4,246,000 $5,643,000 $9,691,000 

TL3 $0 $15,000 $67,000 $219,000 $767,000 $1,686,000 $2,609,000 $3,600,000 $6,967,000 

TL4 $0 $75,000 $483,000 $1,511,000 $4,405,000 $7,436,000 $9,825,000 $11,897,000 $17,523,000 

TL5 $0 $158,000 $703,000 $1,653,000 $4,012,000 $6,328,000 $7,934,000 $9,294,000 $12,608,000 

TL6 $0 $93,000 $458,000 $1,086,000 $3,025,000 $5,381,000 $7,219,000 $8,878,000 $12,940,000 

TL7 $6,000 $81,000 $312,000 $697,000 $1,607,000 $2,594,000 $3,440,000 $4,288,000 $7,166,000 

Total $13,000 $788,000 $3,833,000 $9,609,000 $25,201,000 $42,546,000 $56,403,000 $69,406,000 $105,442,000 

* Tangible damages includes external damages which may occur with or without house floor inundation 

 

The damages were calculated with use of a number of stage damage curves (that is, curves 

which relate flood depths with tangible damages) which were developed based on guidelines 

provided by DECCW. 

 

Each component of tangible damages is allocated a maximum value and a maximum stage at 

which this value occurs.  Any flood depths greater than this allocated value do not incur 

additional damages as it is assumed that, by this level, all potential damage has already 

occurred. 
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For the Tuggerah Lakes assessment internal damages were allocated a maximum value of 

$60,000 occurring at a depth of 2 m above the building floor level (and linearly proportioned 

between the depths of 0 - 2 m).  Structural and indirect damages were grouped together and 

given a maximum value of $20,000 assumed to occur at 1.5 m depth above building floor level 

and linearly proportioned for the depths below this.  External damages were allocated a 

maximum of $4,000 occurring at 0.5 m above the property ground level and linearly 

proportioned for depths below this. 

 

Based on the above the average annual damages for the foreshore areas are $2.2 million. 

 

5.4.2. Intangible Flood Damages  

The intangible damages associated with flooding are inherently more difficult to estimate.  In 

addition to the direct and indirect damages discussed above additional costs/damages are 

incurred by residents affected by flooding, such as stress, risk/loss to life, injury etc.  It is not 

possible to put a monetary value on the intangible damages as they are likely to vary 

dramatically between each flood (from a negligible amount to several hundred times greater 

than the tangible damages) and depend on a range of factors including the size of f lood, the 

individuals affected, community preparedness, etc.  However, it is important that the 

consideration of intangible damages is included when considering the impacts of flooding on a 

community.  An overview of the types of intangible damages likely to occur at Tuggerah Lakes is 

discussed below. 

 

Isolation  

Isolation will become a significant factor for local residents in areas such as Tacoma and 

Chittaway Point.  There is also a high level of community support and spirit, which can to some 

extent negate the effects of isolation and can certainly assist in a flood (as happened in June 

2007).  However, isolation is of significant concern if a medical emergency arises during a flood. 

 

Population Demographics  

There are no particular features of the population demographics of the community on the 

foreshores of Tuggerah Lakes that would contribute to additional intangible damages (aged or 

particularly young population) except for a high proportion of visitors in tourist parks along the 

foreshore (Figure 2). 

 

Stress  

In addition to the stress caused during an event (from concern over property damage, risk to life 

for the individuals or their family, clean up etc.,) many residents who have experienced a major 

flood are fearful of the occurrence of another flood event and its associated damage.  The extent 

of the stress depends on the individual.  To some extent this does not appear to be a significant 

issue at Tuggerah Lakes as a number of residents experienced both the February 1990 and 

June 2007 events and did not indicate this as a problem in their responses to the community 

survey (Appendix B). 
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Risk to Life and Injury  

During any flood event there is the potential for injury as well as loss of life.  At Tuggerah Lakes 

the absence of high velocities as well as high flood depths (< 1m) means that the risk is smaller 

than in other flood liable communities.  However the risk is increased due to the duration of 

inundation, the length of some evacuation routes and particularly the presence of polluted 

floodwaters due to overflows from shutting down the sewerage system.  

 

5.5. Flood Awareness and Flood Warning  

The flood awareness of the community and the available flood warning time are important 

factors in reducing the likely flood damages.  Based on experience in other areas and 

discussions with local residents and others it is likely that the flood awareness of the community 

is medium to low.  A contributing factor is that a percentage of the population will be temporary 

(holiday makers or possibly weekenders).  However the available flood warning time is high for 

the following reasons: 

 the lakes rise relatively slowly (say on average less than 100 mm per hour), 

 Council operates a newly installed flood warning system based upon rainfall and 

river gauges (Reference 5), 

 the residents will be aware of the water actually rising across their yards (unless 

at night), 

 residents are generally aware that as the lakes rise they will inundate the 

surrounding foreshore areas.  Residents who have been in the area for a few 

years will have experienced minor rises in the water level (and possibly the 

February 1990 and June 2007 events) and will be aware that larger events may 

occur causing more severe inundation. 

 

Public sector (non-building) damages include: 

 recreational/tourist facilities, 

 water and sewerage supply, 

 gas supply, 

 telephone supply, 

 electricity supply including transmission poles/lines, sub-stations and 

underground cables, 

 roads and bridges including traffic lights/signs, 

 costs to employ the emergency services and assist in cleaning up. 

 

Damages to the public sector can contribute a significant proportion of the total flood costs.  

There are no accurate estimates of the amount of damages to the public sector in previous 

floods but there are limited records from the February 1990 flood (none available for June 2007) 

and these are listed in Table 13.  It should be noted that these are for the whole of the Wyong 

Shire Council area.  Individual items have been specified where data are available. 
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Table 13: February 1990 Flood ï Estimate of Public Property Damages 

Flood and Storm Damage to Roads (very little as a result of elevated lake levels)  $350,000 
FLOOD DAMAGE TO WYONG SHIRE COUNCIL ASSETS 

Emergency Works  

 minor damage to boat ramps and other facilities around the lake, 

 Jean Avenue boat ramp, 

 Colongra Bay boat ramp, 

 removal of flood debris, 

 desiltation of drainage pipes in Wyong Shire, 

 lightning damage. 

 

$10,000 
$11,000 
$12,000 
$14,000 
$14,000 
$11,000 

 Sub-Total  $72,000 
Permanent Restoration Works  

 Budgewoi Circle retaining wall, 

 Canton Beach koppers log wall, 

 Alister Avenue retaining wall, 

 Dianne Avenue retaining wall, 

 Willow Creek, Long Jetty stabilisation of watercourse, 

 Memorial Park, The Entrance scouring of material, 

 Pipe Clay Point retaining wall, 

 other damage (mainly to areas away from the lakes). 

 

$15,000 
$30,000 
$13,300 
$32,700 
$75,000 

$100,000 
$30,000 

$147,000 

 Sub-Total  $443,000 

WYONG SHIRE COUNCIL TOTAL $865,000 
Note:  $ôs rounded in $1990 

 

5.6. Environmental Impacts of Flooding  

Flooding is a natural phenomenon that has been a critical element in the formation of the 

present topography.  Thus erosion, sedimentation and other results from flooding should be 

viewed as part of the natural ecosystem.  It is only when these effects impact on man-made 

elements that they are of concern, and similarly, when development impacts or exacerbates 

these processes. 

 

5.7. Flood Emergency Response Classification  

To assist in the planning and implementation of response strategies, the SES in conjunction with 

DECCW has developed guidelines to classify communities according to the impact that flooding 

has upon them.  Flood affected communities are considered to be those in which the normal 

functioning of services is altered, either directly or indirectly,  because a flood results in the need 

for external assistance.  This impact relates directly to the operational issues of evacuation, 

resupply and rescue. 

 

Based on the guidelines, communities are classified as either Flood Islands, Road Access 

Areas, Overland Access Areas, Trapped Perimeter Areas or Indirectly Affected Areas (refer 

Table 14.  From this classification an indication of the emergency response required can be 

determined. 
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Table 14: Emergency Response Classification of Communities 

 

The guideline was applied for the community and for all communities on the foreshore of 

Tuggerah Lakes the community was classified as Low Flood Island based on the following 

criteria: 

 There are homes and access roads below the PMF, 

 Vehicle evacuation routes are cut before homes are inundated, 

 There are no habitable areas for refuge (except the homes themselves), 

 The homes are first surrounded by floodwaters and then inundated, 

 Thus vehicle evacuation must be completed before the route is closed. 

 

Summary  

A local flood action plan should be prepared and provided to the community.  Due to the 

extensive area and number requiring the services of the SES the main focus for many will be on 

self-help during the flood. 

 

5.8. Potential Future Changes  

5.8.1. Implications of Climate Change and Ocean/Sea Level Rise  

Climate change has the potential to cause an increase in the ocean/sea level as well as a 

possible increase in design rainfall intensities.  The likely impacts of a rise in ocean/sea-level 

include: 

 an increase in the intensity and frequency of storm surges; 

 increased foreshore erosion and inundation of low lying coastal lands; 

 further loss of important coastal wetland ecosystems; and 

 damage to and destruction of human assets and settlements. 

 

In developed areas such as Tuggerah Lakes, changes in average climate together with a rise in 

ocean/sea level are likely to affect building design, standards and performance as well as 

energy and water demand and in particular coastal/estuary planning.   

 

Given that Tuggerah Lakes has a long foreshore, future development and redevelopment of 

foreshore areas will need to factor how future ocean/sea-level rise will impact on the 

Classification  Response Required  

Resupply Rescue/Medivac  Evacuation  

High Flood Island  Yes  Possibly  Possibly  

Low Flood Island  No  Yes  Yes  

Area with Rising Road Access  No  Possibly  Yes  

Areas with Overland Escape Routes  No  Possibly  Yes  

Low Trapped Perimeter  No  Yes  Yes  

High Trapped Perimeter  Yes  Possibly  Possibly  

Indirectly Affected Areas  Possibly  Possibly  Possibly  
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developments.  This is particularly pertinent to the construction and reconstruction of foreshore 

structures, such as seawalls, fixed jetties and boat ramps, and the issue of maintaining public 

foreshore access in the future.  Mitigation and adaptation options to address the potential 

impacts of climate change, particularly for coastal communities, will become increasingly more 

expensive and problematic in the longer term. 

 

The effect of climate change (ocean/sea level rise and rainfall increase) has been investigated 

further in Section 7. 

 

5.8.2. Implications of Future Development  

Due to the limited availability and relatively small scale of residential zoned land in the 

contributing catchments, the hydrologic impacts (increased runoff) of increased building 

construction will have no significant impact on the flood regime.  Future filling of the floodplain 

(for roads or building pads) will reduce the available temporary floodplain storage capacity.  

However given the magnitude of the existing floodplain, the area of the lakes and the likely scale 

of the filling it is considered that future filling of the floodplain will have no significant impact on 

flood levels.  All filling proposals must still be considered in terms of their potential impact on 

local drainage and overland flow paths. 
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6. FLOODPLAIN RISK MANAGEMENT MEASURES  

6.1. General  

The NSW Governmentôs Floodplain Development Manual (2005) (Reference 1) separates 

floodplain management measures into three broad categories: 

 

Flood modification measures  modify the floodôs physical behaviour (depth, velocity and 

redirection of flow paths) and include flood mitigation dams, retarding basins and levees.  At 

Tuggerah Lakes this would also include any works that modify the entrance of to the Pacific 

Ocean. 

 

Property modification measures  modify land use including development controls.  This is 

generally accomplished through such means as flood proofing (house raising or sealing 

entrances), planning and building regulations (such as land use zoning and flood-related 

development controls) or voluntary purchase.  

 

Response modification measures  modify the communityôs response to flood hazard by 

educating flood affected property owners about the nature of flooding so that they can make 

informed decisions.  Examples of such measures include provision of flood warning and 

emergency services, improved information, awareness and education of the community and 

provision of flood insurance. 

 

A number of methods are available for judging the relative merits of competing measures.  The 

benefit/cost (B/C) approach has long been used to quantify the economic worth of each option 

enabling the ranking against similar projects in other areas.  The benefit/cost ratio is the ratio of 

the net present worth (the total present value of a time series of cash flows).  It is a standard 

method for using the time value of money to appraise long-term projects of the reduction in flood 

damages (benefit) compared to the cost of the works.  Generally the ratio expresses only the 

reduction in tangible damages as it is difficult to accurately include intangibles (such as anxiety, 

risk to life, ill health and other social and environmental effects). 

 

The potential environmental or social impacts of any proposed flood mitigation measure must be 

considered in the assessment of any management measure and these cannot be evaluated 

using the classical B/C approach.  For this reason a matrix type assessment has been used 

which enables a value (including non-economic worth) to be assigned to each measure. 

 

6.1.1. Criteria for Assessment of Measure in Matrix  

The following criteria have been assigned a value in the management matrix: 

 impact on flood behaviour (reduction in flood level, hazard or hydraulic categorisation) 

over the range of flood events, 

 number of properties benefited by measure, 

 technical feasibility (design considerations, construction constraints, long-term 

performance), 
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 community acceptance and social impacts, 

 economic merits (capital and recurring costs versus reduction in flood damages), 

 financial feasibility to fund the measure, 

 environmental and ecological benefits, 

 impacts on the State Emergency Services, 

 political and/or administrative issues, 

 long-term performance given the likely impacts of climate change and ocean/sea level 

rises 

 risk to life. 

 

Details of the scoring system for the above criteria are provided in Table 15 and largely relate to 

the impacts in a 100 year ARI event. 

 

Table 15: Matrix Scoring System 

 -3 -2 -1 0 1 2 3 

Impact on 
Flood 
Behaviour  

>100mm 
increase 

50 to 100mm  
increase 

<50mm  
increase 

no 
change 

<50mm  
decrease 

50 to 100mm  
decrease 

>100mm 
decrease 

Number of 
Properties 
Benefited  

>5 adversely 
affected 

2-5 
adversely 
affected 

<2 
adversely 
affected 

none <2 2 to 5 >5 

Technical 
Feasibility  

major issues moderate 
issues 

minor 
issues 

neutral moderately 
straightforward 

straightforward no issues 

Community 
Acceptance  

majority 
against 

most against some 
against 

neutral minor most majority 

Economic 
Merits  

major 
disbenefit 

moderate 
disbenefit 

minor 
disbenefit 

neutral low medium high 

Financial 
Feasibility  

major 
disbenefit 

moderate 
disbenefit 

minor 
disbenefit 

neutral low medium high 

Environmental 
and Ecological 
Benefits  

major 
disbenefit 

moderate 
disbenefit 

minor 
disbenefit 

neutral low medium high 

Impacts on 
SES 

major 
disbenefit 

moderate 
disbenefit 

minor 
disbenefit 

neutral minor benefit moderate 
benefit 

major 
benefit 

Political/admin
istrative Issues  

major negative moderate 
negative 

minor 
negative 

neutral few very few none 

Long Term 
Performance  

major 
disbenefit 

moderate 
disbenefit 

minor 
disbenefit 

neutral positive good excellent 

Risk to Life  major increase moderate 
increase 

minor 
increase 

neutral minor benefit moderate 
benefit 

major 
benefit 

 

It should be noted that in some communities any increase in flood level is unacceptable, 

however for flood mitigation works that provide a major benefit to one part of the community, 

whilst having a minor impact to another part a less rigid approach may be considered. 

 

6.2. Measures Not Considered Further  

Early in the study it was apparent that after a preliminary matrix assessment that a number of 

floodplain management measures were not worthy of further consideration.  These are 

summarised in Table 16. 

 

Table 16: Floodplain Management Measures Not Considered Further 
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Measure  

Impact  

Reduction 
in Flood 
Level  

Social 
Effect  

Environ -
mental 
Impact  

Cost to 
Implement  

Benefit/ Cost  
Ratio  

FLOOD MODIFICATION MEASURES:  

Flood Mitigation Dams, etc. Yes Nil Very High Very High Low 

Floodways Yes Very High Medium Very High Low 

Catchment Treatment Minimal Nil Low Low Nil 

PROPERTY MODIFICATION MEASURES:  

Voluntary Purchase of all 
Buildings Inundated in the PMF 

Nil High Nil High per building Probably Low 

Rezoning of all land inundated in 
the PMF. 

Nil Very High Some High Unknown 

RESPONSE MODIFICATION MEASURES:  

Flood Insurance Nil Some Nil Now available for most homes 

 

6.2.1. Flood Mitigation Dams, Retarding Basins, On -Site Detention  

Large flood mitigation dams within the catchment are not viable on economic, social and 

environmental grounds.  Construction of retarding basins (say up to 50 000 m3) and the use of 

on-site stormwater detention or retention systems are increasingly being used in developing 

catchments.  These measures are appropriate for use in controlling flooding in small catchments 

(say up to 5 km2) or to mitigate the effects of increased runoff caused by development.  

However, these structures would have negligible impact upon lake levels. 

 

6.2.2. Floodways  

Floodways are lower overbank areas which can carry significant flow during floods.  Possible 

locations of floodways are anywhere on the east side of the lakes which could take flow to the 

ocean.  Suggestions have been made to construct another opening on Budgewoi Lake (700 m 

south of Budgewoi road bridge) or on Tuggerah Lakes north of The Entrance North.  Whilst this 

measure would reduce flood levels by letting the water out faster (the amount depends on the 

size of the opening), the high social (loss of land), environmental (loss of flora and fauna, impact 

on lagoon ecosystem, impact on coastal processes at the existing and new outlets) and 

economic costs (excavation and bridging costs) make this measure impractical. 

 

6.2.3. Catchment Treatment  

Catchment treatment modifies the runoff characteristics of the catchment to reduce inflows to 

the lake.  For an urban catchment, this involves planning to maximise the amount of pervious 

area, maintaining natural channels where practical and the use of on-site detention (now called 

Water Sensitive Urban Design or WSUD).  For a rural catchment, this involves limiting 

deforestation or contour ploughing of hill slopes.  This measure can be effective on small 

catchments but has a negligible impact on large catchments such as Tuggerah Lakes. 
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As a general concept, catchment treatment techniques and WSUD should be encouraged (e.g. 

on-site detention, limit on-site imperviousness for developments, controls on rural land use) 

along with water quality and other environmental controls as these approaches provide 

significant non flooding benefits.  However as a floodplain management to reduce flood levels in 

Tuggerah Lakes they are ineffectual and not supported for this purpose. 

 

6.2.4. Voluntary Purchase of all Buildings  

Voluntary purchase of all the buildings inundated above floor level in the 100 year ARI flood 

(over 1300 at say $500 000 per building) cannot be economically or socially justified.  Generally, 

Government funding is only available for voluntary purchase of buildings that are frequently 

flooded in a high hazard area.  Even purchasing the 160 houses inundated above floor level in 

the February 1990 and June 2007 events would cost approximately $80 million.  Voluntary 

purchase may also introduce a number of social problems (residents are unwilling to sell or find 

alternative accommodation with similar attributes) which can be difficult to resolve.  Results from 

the public consultation program indicated little support for this measure. 

 

6.2.5. Rezoning  

Rezoning of flood liable land for higher density development could encourage people to 

purchase and demolish existing flood liable property and redevelop the area in accordance with 

Councilôs design floor level policy.  This strategy is difficult to implement, as generally the 

surrounding residents, who are not flood affected, consider that the quality of the area would be 

adversely affected by the increased building density.  Furthermore the high cost to purchase the 

existing land and building is unlikely to make this measure financially attractive to developers.  

Additional concerns are the cost to provide and maintain on going services (particularly with 

ocean level rise) as well as the likely lack of adequate flood access. 

 

6.2.6. Flood Insurance  

Flood insurance does not reduce flood damages but transforms the random sequence of losses 

into a regular series of payments.  It is only in the last five years or so that flood insurance has 

become readily available for houses, although it was always available for some very large 

commercial and industrial properties.  There are many issues with the premium for this type of 

insurance and how insurance companies evaluate the risk (is it based on the house floor being 

inundated or the ground within the property?).  These issues are outside the scope of this 

present study. 

 

6.3. Flood Modification Measures  

Flood modification involves changing the behaviour of the flood itself, by reducing flood levels or 

velocities, or excluding floodwaters from areas under threat. This includes: 

 dams (not considered further), 

 retarding basins (not considered further), 
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 management of the entrance, 

 levees, flood gates, pumps, 

 local drainage issues, 

 enlarging the entrance channel, 

 emergency opening of the entrance, 

 wave runup vulnerability assessment. 

 

Discussion on each of these measures is provided in the following sections. 

 

6.3.1. Management of the Entrance  

DESCRIPTION 

If the entrance to Tuggerah Lakes becomes blocked by sand build up (formation of a berm) then 

floodwaters will pond to the height of the berm before any outflow occurs.  Thus potentially, a 

long duration but low intensity rainfall event could cause significant flooding.  This situation is 

typical of all Intermittently Open and Closed Lake and Lagoons (ICOLL) along the NSW coast.  

Councils adopt different management approaches depending on the nature of the ICOLL and 

the local constraints.  For example, Gosford City Council has different approaches for each of its 

four lagoons (Wamberal, Terrigal, Avoca and Cochrone Lagoons).  The management approach 

needs to be developed taking into account the hydraulic, social, economic and environmental 

factors.  Generally the approaches adopted today involve less human interference and a more 

ñnaturalò opening regime.  Ad hoc or informal opening or clearing of the entrance is not 

recommended. 

 

DISCUSSION 

From a flooding perspective, an entrance that is as wide and as deep as possible ensures flood 

levels are as low as possible for a rainfall-induced event (i.e flooding from rainfall is the 

dominant mechanism).  The opposite is true for an ocean/estuary-induced event (flooding due to 

high ocean/estuary levels rather than due to high rainfalls).  At some of the smaller ICOLLs 

(Terrigal, Wamberal, Smiths Lake) Councils ñcontrolò the height of the entrance (by opening the 

entrance by mechanical means) to minimise flooding.  However, this can only be achieved 

through regular maintenance and a quick response to the weather conditions.  This procedure is 

an additional expense for Council, but more importantly, alters the natural lakes ecosystem. 

 

The current best-practice for managing ICOLLs is for the opening/closing regime to be self-

maintaining, as far as possible, with human intervention only when there is likely to be a 

significant adverse social impact. 

 

Dredging of the entrance has been undertaken intermittently since 1993.  Reference 5 provides 

a review of environmental factors to support the continued dredging and indicates that 

maintenance dredging is required to ñmaintain tidal flows and reduce flood risks to life and 

property in low lying areas of the estuaryò.  The proposal involves dredging up to 100,000 m3 per 

annum (though may be only 30,000 m3) with the dredged sands deposited on the depleted 

ocean beaches to the north of the entrance mouth.  Whilst the report mentions a reduction in 



Tuggerah Lakes Floodplain Risk Management Study 

 

 
WMAwater 

29001:TuggerahFRMStudy.docx:10 February 2011 38 

flood risk several times there is no quantitative assessment of the benefit and it does state that 

ñit is not likely to significantly impact peak flood levels in the lakeò.  The report also justifies 

dredging as it would prevent more frequent closure of the mouth.  The annual cost to Wyong 

Shire Council for dredging at the entrance to Tuggerah Lakes is in the order of $0.5 million. 

 

The following comments are made regarding the flooding issues referred to in Reference 5. 

 Neither Reference 5 nor the quoted references provide any quantitative assessment of 

the benefits to flooding of dredging and to the best of our knowledge no hydraulic study 

has been undertaken which quantifies the benefits to flooding of dredging the entrance to 

Tuggerah Lakes. 

 Reference 5 is unclear on how dredging will benefit flooding.  Is the benefit of dredging 

only to reduce the duration of flooding and there will be no reduction in peak flood levels 

and/or will dredging prevent closure of the entrance and so reduce flood levels? 

 It is unclear how dredging will reduce the duration of flooding.  Whilst in theory any 

removal of sand from upstream of the berm at the beach will provide some reduction as 

it will ñfacilitate scourò, the link between dredging and reduction in duration is not defined.  

Whilst any reduction in the duration of flooding is of benefit this needs to be quantified in 

terms of a reduction in tangible and intangible damages (is a 1 hour reduction in duration 

when your property is inundated for 2 days of significance?). 

 Reference 5 proposes a large extent of dredging (see plan below).  Whilst dredging near 

the beach berm may have a benefit in ñfacilitating scourò it is unclear how dredging 

upstream of the bridge or adjacent to the Town Beach will provide much benefit. 

 

 

 Generally a ñclosedò entrance will increase flood levels compared to an ñopenò entrance 

as the floodwaters must overtop the ñclosedò entrance before floodwaters can escape.  

Reference 5 indicates that dredging will prevent more frequent closure of the entrance 
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but it does not describe the link between dredging and prevention of closure of the 

entrance.  It is agreed that dredging near the beach berm or actually within the beach 

berm will assist (by how much is not known) but how will dredging upstream of the bridge 

assist?  Also the dredge only operates for 3 months a year.  Thus outside this period 

what certainty is there that the entrance will not close when the dredge is elsewhere? 

 

OUTCOMES 

Dredging will not adversely affect flooding.  The only exception to this is possibly in an elevated 

ocean event with large waves which may ñenterò the entrance more than in a non- dredged 

scenario causing ñpumping upò of the lake or wave damage downstream of the bridge.  However 

the benefit to the community in terms of reduced tangible or intangible flood damages due to 

dredging has never been quantified. 

 

It is difficult to obtain a quantitative estimate of the benefits of dredging, namely: a reduction in 

flood level, a reduced duration of inundation or a reduced likelihood of entrance closure and 

presumably this is why this has not been undertaken.  Unfortunately even todayôs sophisticated 

Two Dimensional hydraulic models cannot accurately simulate the scouring of an entrance 

during a flood. 

 

Even if it is shown that dredging provides a significant positive benefit in reducing flood levels 

this benefit will diminish in the period following dredging.  Thus if a flood occurs immediately 

prior to the start of the next dredging period it is possible that there will be no reduction in flood 

level or duration of inundation as infilling has occurred (that is why further dredging is required).  

On this basis dredging cannot be used as a means of lowering the design flood levels adopted 

for flood related development control purposes. 

 

The June 2007 event occurred with the current dredging regime in operation.  It is unclear if the 

dredging activities prior to the event had any benefit but certainly they did not prevent the lake 

from reaching approximately the 10 year ARI flood level (slightly higher than February 1990) 

resulting in considerable tangible and intangible damages to the community.   

 

Possibly the dredging regime since 1993 has prevented minor flooding, if so this has not been 

documented.  By comparison it is noted that Lake Macquarie (permanently open entrance) in 

the adjoining catchment also has only experienced two large floods since 1990 (June 2007 and 

February 1990) with June 2007 slightly higher than February 1990. 

 

In the absence of any technical study it is considered that the dredging regime will have no 

negative impacts on flooding but only minor positive benefits (an indicative assessment is less 

than a 30mm reduction in peak level and maybe 6 hours reduction in duration of  inundation).  

Whilst any reduction in flood level or duration of inundation is beneficial this must be balanced 

against the economic, social and environmental cost of dredging and whether the funds could 

achieve a greater benefit if spent on other floodplain risk management measures. 

 

Dredging will result in a small reduction in the risk of closure of the entrance but cannot 
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eliminate the likelihood of closure.  Obviously after a period of drought and conducive ocean 

activity the entrance may close with or without dredging, if the dredge is present it can open the 

entrance but if no dredging regime is undertaken and the entrance closes then a bulldozer can 

be brought in to undertake the same action (as happens at Terrigal Lagoon or Shoalhaven 

Heads). 

 

The minor positive benefit from dredging will only accrue to those works undertaken near the 

beach berm and dredging further upstream of the bridge will be of extremely limited value for 

flooding purposes.   

 

An overall summary of the effects of dredging (not specifically for the dredging that is currently 

undertaken at the entrance by Council) is provided in Table 17. 

 

Table 17: Overall Summary of Effects of Dredging of the Entrance Channel 

ISSUE COMMENT 
ADVANTAGES:  

Provides some reduction in flood 
levels.  The magnitude will 
depend on the extent of dredging 
at the time of the flood. 

Even a small reduction in flood level for each event equates to 
a significant reduction in damages: 

 a 0.01 m reduction decreases the AAD by 3%, 

 a 0.1 m reduction decreases the AAD by 30%. 
Provides benefit over the full 
range of floods. 

Many flood mitigation measures are only beneficial in a small 
range of events. 

May provide additional non-
flooding water benefits. 

The improvement in water quality and / or tidal circulation will 
be minimal. 

May increase tourist potential It is generally acknowledged that tidal flushing and the 
relatively safe water environment resulting from dredging will 
attract tourist to the area (swimming, boating, fishing). 

Dredged material may be used 
elsewhere. 

Beach nourishment or sale of material. 

DISADVANTAGES:  

High initial cost. Over $1 million dollars to purchase a dredge. 
Difficult to obtain government funding for works of this 
magnitude. 

Likely high maintenance cost. Ongoing maintenance will be required to ensure that infilling 
does not subsequently occur (approximately $0.5 million per 
annum).  The cost to maintain the dredge is over $150,000 
per annum. 

Disposal of material. A suitable site is required. 
Possible environmental impacts. These would have to be rigorously examined in an 

Environmental Impact Statement (EIS) and include: 

 water quality, 

 flora/fauna, 

 erosional/sedimentation regime, 

 lake flushing, 

 impact on tidal regime, 

 increased ocean wave penetration. 
Possible adverse social impacts. These may include: 

 the noise of the dredge, 

 visual pollution, 

 increased tidal range (more frequent exposure of mud 
flats), 

 affectation on the local tourist industry, 

 loss of fish spawning and prawning areas, 

 destruction of aquatic flora and fauna. 
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ISSUE COMMENT 

Likely hydraulic benefit (reduction 
in flood level). 

A significant amount of dredging would be required to achieve 
(say) a 0.01 m reduction in flood level. Will the community 
support a large expenditure to achieve such a small reduction 
in flood level? 

Increase in ocean affectation It is possible that a wider and deeper entrance will allow 
ocean waves to enter the entrance channel more freely that at 
present, possibly during elevated ocean events damage to 
foreshore structures may occur. 

 

In conclusion there is very limited justification for dredging of the entrance to Tuggerah Lakes in 

terms of reducing flood damages and other measures may provide a greater benefit cost ratio in 

reducing flood damages. 

 

There are no quantitative records describing how the entrance berm (length, width, timeframe) is 

breached in a flood.  A simple procedure to obtain such information would be to install a digital 

still or video camera at the entrance. 

 

6.3.2. Levees, Flood Gates and Pumps  

DESCRIPTION 

Levees are built to exclude previously inundated areas of the floodplain from the river up to a 

certain design event and are commonly used on large river systems (e.g. Hunter and Macleay 

Rivers) but can also be found on small creeks in urban areas.  

 

Flood gates allow local runoff to be drained from an area (say an area protected by a levee) 

when the external level is low, but when the river or lake is elevated, the gates prevent 

floodwaters from the river entering the area (they are commonly installed on drainage systems 

within a leveed area). 

 

Pumps are generally also associated with levee designs.  They are installed to remove local 

runoff behind levees when flood gates are closed or if there are no flood gates. 

 

Unless designed for the PMF, levees will be overtopped.  Under overtopping conditions the 

rapid inundation may produce a situation of greater hazard than exists today.  This may be 

further exacerbated if the community is under the false sense of security that the levee has 

ñsolvedò the flood problem (as happened with Hurricane Katrina in New Orleans, USA). 

 

DISCUSSION 

There is one levee with associated flood gates at The Entrance North with Wilfred Barrett Drive 

acting as the levee bank.  Photographs from the February 1990 and June 2007 floods (refer 

Figures 3 and 4) indicate that in both events there was considerable inundation within the leveed 

area.  It is unclear whether this was due to the local catchment runoff being unable to drain 

away successfully or inflow from malfunctioning flap gates.  Certainly Wilfred Barrett Drive was 

not overtopped (approximate crest level of 2.5 mAHD and thus above the 100 year ARI flood 

level with no freeboard). 

 



Tuggerah Lakes Floodplain Risk Management Study 

 

 
WMAwater 

29001:TuggerahFRMStudy.docx:10 February 2011 42 

Some of the key issues regarding levees are summarised in Table 18. 

 

Table 18: Key Features of Levee Systems 

ISSUE COMMENT 

ADVANTAGES:  

ñEnvironmentally Sensitive 

Measureò 
A vegetated earthen embankment which blends into the foreshore environment 

will generally have little impact upon the environmental quality of the area. 

Protects a large number of 

buildings. 
A levee system could protect a large number of buildings from being inundated 

up to the 100 year ARI or even larger flood event.  At Tuggerah Lakes it is 

possible to protect to the PMF as this event is only 0.5 m greater than the 100 

year ARI. 

Low maintenance cost. A levee system needs to be inspected annually for erosion or failure.  The 

annual cost of maintenance will be (say) less than $10 000 per annum. 

DISADVANTAGES:  

Visually obtrusive to 

residents. 
Residents enjoy living in the area because of the visual attraction of the water 

and a (say) 1.5 m high embankment will significantly affect their vista.  Anything 

which reduces the vista is unlikely to be accepted by the majority of residents.  A 

freeboard of usually 0.5m should be added to the design flood level 

High cost No detailed costings have been undertaken at this stage.  It is likely that the 

levees will cost several million dollars depending upon their size and location. 

Low benefit cost ratio Whilst the levee system may protect a large number of buildings from being 

inundated in a (say) 100 year ARI event it is likely to have a low benefit cost 

ratio as there are few buildings inundated (and so being able to be protected) in 

the more frequent floods (less than a 10 year ARI event). 

Local runoff from within 

the ñprotected areaò or 

upstream may cause 

inundation. 

The ponding of local runoff from within the ñprotected areaò may produce levels 

similar to that from the lake itself.  At present local runoff already causes 

problems in several areas.  Constructing a levee will compound this problem.  It 

can be addressed by the installation of pumps or flap valves on pipes but these 

add to the cost and the risk of failure (as occurs at The Entrance North). 

May create a false sense 

of security. 
Unless the levee system is constructed to above the PMF level (say 2.7 mAHD) 

it will be overtopped.  When this occurs the damages are likely to be higher as 

the population will be much less flood aware (as happened in New Orleans, 

USA). 

Relaxation of flood related 

planning controls. 
Most residents consider that following construction of a levee the existing flood 

related planning controls (minimum floor level, structural integrity certificate) 

should be relaxed.  However, many experts consider that this should not be the 

case unless the levee is built to the PMF level and the risk of failure is nil.  The 

general opinion is that a levee should reduce flood damages to existing 

development but should not be used as a means of protecting new buildings 

through a reduction in existing standards. 

Restricted access to the 

water. 
Access to the water for boating and other activities requiring easy access will be 

restricted.  This can be addressed by (expensive) re-design of entry points. 

 

Table 11 indicates that approximately 50% of the buildings surveyed (242) at The Entrance 

North would not be inundated above floor level in a 100 year ARI event if the Wilfred Barrett 

Drive levee operated successfully (i.e no internal drainage issues).  Unfortunately the results 

from the February 1990 and June 2007 events suggest that there are failures resulting in 

significant inundation of roads and possibly building floors (up to 11 in February 1990). 
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Levees have been considered for other areas around the foreshore however there are no 

obvious areas (inability to tie into high ground, significant upstream catchment, not cost effective 

due to the length of structure required) where a levee similar to The Entrance North could be 

constructed. 

 

Review of The Entranc e North Levee  System  

The Entrance North is predominantly a residential suburb located immediately north of the road 

bridge at The Entrance.  It is separated into two areas by a small ridge near Link Road.  This 

investigation deals with the area north of the Link Road/Roberts Street which has a catchment 

area of approximately 50 hectares (see diagram below). 

 

 

  The Entrance North Levee System (photo courtesy of Google) 

 

The details of the properties in the floor level database are provided in Table 19.  It should be 

noted that some buildings are not in the database as their floor levels are above the PMF (2.7 

mAHD). 
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Table 19: Key Details: The Entrance North to the north of Link Road/Roberts Street 

Number of Buildings in Database 209 

Number of Identified Non-Residential Buildings 3 

Lowest Habitable Floor Level 1.2 mAHD 

Lowest Ground Level <1.0 mAHD 

Buildings with Floor Levels < 1.3 mAHD 1 

Buildings with Floor Levels < 1.5 mAHD 2 

Buildings with Floor Levels < 1.7 mAHD 15 

Buildings with Floor Levels <100 year ARI lake level (2.23 mAHD) 110 (53%) 

Percentage of land area <1.2 mAHD 3% 

Percentage of land area <1.5 mAHD 16% 

Percentage of land area <2.0 mAHD 47% 

Percentage of land area <2.5 mAHD 65% 

 

The area is protected from inundation from the Pacific Ocean by the coastal dune system (up to 

13 mAHD).  Wilfred Barrett Drive (constructed in approximately 1965) forms a levee (road level 

at approximately 2.5 mAHD based on the ALS) preventing inundation from an elevated lake 

level.  In the south, between the northern approaches to the bridge and the sand dunes, there is 

no defined levee bank but ground levels are generally above 2.5 mAHD. 

 

There are 14 culverts (8 * 450 mm, 3 * 600 mm, 3 * 525 mm) under Wilfred Barrett Drive.  The 

upstream inverts are at approximately 0.5 mAHD and the lengths of the culverts vary from 15 m 

to 120 m (average length of approximately 50 m at a slope of 0.3%).  In 1995 (following the 

February 1990 event) the outlets of the culverts were fitted with hinged flap gates to prevent 

water entering from Tuggerah Lakes. 

 

During the February 1990 flood (prior to installation of the flap gates) the area was inundated in 

two ways.  Firstly from local runoff ponding on the land side of Wilfred Barrett Drive and 

secondly from the subsequent elevated lake levels entering through the culverts (peak lake level 

of 1.6 mAHD).  Up to 11 buildings in the area may have been inundated above floor.  Local 

residents indicate that both mechanisms produced similar peak levels although at different 

times.  No other historical flood data are available within this area.  In the February 1992 flood 

the lake reached 1.1 mAHD and would have caused inundation in low lying parts but would not 

have affected building floors.  No accurate details are available of how many floors were 

inundated in the June 2007 event. 

 

Inundation from elevated lake levels (to the level of Wilfred Barrett Drive and ground levels near 

Link Road) is prevented by the flap gates as long as they operate as designed.  There is a risk 

flap gates may fail and be stuck open or shut for a number of reasons including: 

 human interference (children), 

 Council has advised that there are vandalism and maintenance issues with the flap 

gates, 

 vegetation or other debris (wood, weed growth at the outlet), 

 rust or corrosion. 

 

The only practical way to ensure that the gates operate as designed is by a rigorous inspection 
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and awareness program.  This may include: 

 a regular inspection (say every 6 months) by Council staff, 

 the local community and/or the Neighbourhood Watch being informed of the 

significance of the flap gates and advised to inform Council if they observe a problem.  

This approach can be linked into a flood awareness program for Tuggerah Lakes and 

will foster ownership of the scheme, 

 inclusion of a procedure within the Flood Warning System to ensure that once 

notification of a flood is obtained, an inspection of the flap gates is undertaken 

immediately.  This may be carried out by Council staff or the SES and would ensure 

that the gates close when Tuggerah Lake rises.  Emergency measures (e.g. 

sandbags) should be available in case a flap gate is missing or prevented from 

closing.  It is envisaged that there would be adequate warning time to carry out this 

task, 

 replacement of the hinged flap gates with rubber ñduck billò valves may reduce the 

problem.  The cost to replace each flap gate would be approximately $10,000. 

 

It is unclear if the gates failed during the June 2007 event.  Inundation from local runoff ponding 

behind the levee will always occur.  The depth of inundation largely depends upon: 

 the volume of runoff, 

 the capacity of the culverts, 

 the storage volume in the area, 

 the lake level. 

 

Pumps have been suggested as a means of addressing the problem but are not widely used in 

levee type situations in NSW.  Some of the drawbacks of employing pumps are: 

 high capital cost (say) $50,000 per pump, plus $20,000 for a control panel, plus 

$10,000 for a pump well, plus $10,000 for an outlet structure.  In many instances two 

sets of pumps are installed in case one set is being repaired or maintained when the 

flood occurs, 

 high maintenance cost.  The pumps have to be regularly maintained and tested by 

trained personnel, 

 relatively high risk of failure.  Experience in other areas has shown that as the pumps 

are used only infrequently there is a relatively high risk of failure due to: 

o inadequate maintenance of the pumps causing seals or valves to deteriorate, 

o power cuts caused by the storm, 

o failure of the device which activates the pumps. 

 

The pumps are only required to operate for a short time (several hours) possibly once or twice a 

year.  If they fail to start or fail during the event there is practically no likelihood that service 

personnel will be able to restart them prior to the peak level being reached.  An alternative to 

pumps is to install additional flap gated culverts under Wilfred Barrett Drive, however there is a 

significant capital cost to place pipes under the roadway. 

 

A longitudinal survey of Wilfred Barrett Drive was carried out by Council in 1997.  As a result 
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approximately a 50 m length of road was raised (by up to 0.2 m) to the 100 year ARI level.  

Survey near Link Road was undertaken by Council in 1997 and showed that the height of the 

natural barrier is at approximately 2.3 mAHD (approximately the 100 year ARI flood level). 

 

There is little (if any) freeboard between the crest of Wilfred Barrett Drive and the 100 year ARI 

lake level.  During such an event it is possible that wind/wave action may cause overtopping of 

the road in places.  A long term goal may be to raise Wilfred Barrett Drive to the PMF Level 

(2.7 mAHD). 

 

OUTCOMES 

A preliminary review of the flood liable areas surrounding Tuggerah Lakes indicates that there 

are no other areas where a levee system, similar to that at The Entrance North could be 

constructed to protect existing buildings.  The levee system at The Entrance North would appear 

to not have worked successfully in the June 2007 event due to issues with internal drainage.  It 

is recommended that further investigation be undertaken to improve the performance of the 

system. 

 

6.3.3. Local Drainage Issues  

DESCRIPTION 

Local flooding is probably the flooding mechanism which is most widely identified by the 

community as being of concern, the only exception being where the residents actually 

experienced the February 1990 or the June 2007 floods.  This problem occurs in nearly all 

suburbs due to the relatively flat grades.  Many residents consider that local flooding is a 

significant issue (possibly many view this as a greater issue than the more infrequent flooding of 

Tuggerah Lakes) and report this to Council. 

 

DISCUSSION 

Local flooding results from rainfall over the local catchment being unable to quickly drain away.  

Generally it only occurs after over 24 hours of rain and will not cause above floor inundation.  In 

the past there has been extensive ponding but this has been significantly reduced with 

installation of kerb and guttering in the streets adjoining the lakes.  Ponding in yards still occurs 

and may take several days to drain away.  It is likely to be associated with high water table 

conditions and is exacerbated when a slight rise in the lake level occurs simultaneously or if the 

sub-surface drainage system is restricted by debris or silt. 

 

Upgrading the sub-surface system to improve yard to road drainage would improve the situation 

but is unlikely to solve the problem and would not be cost effective (on the basis of a reduction 

in tangible damages). 

 

Debris (litter, vegetation) in the piped system is not considered to be a major contributing factor 

according to Council officers.  Installation of agricultural drains in the yards would assist in 

reducing the incidence of local flooding.  As the benefits of the works are largely intangible 

(reduction in inconvenience) it is difficult to justify these works on economic grounds. 
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There is an already existing problem with maintenance of channels and culverts due to 

excessive vegetation growth. 

 

OUTCOMES 

Local flooding is a significant issue for many residents but preliminary investigation indicates 

that there is no viable economic solution.  One approach would be to more closely identify the 

worst affected areas and provide a newsletter suggesting how residents could install (at their 

expense) agricultural drains to reduce the problem (if successful with high water table 

conditions).  This could be combined with assistance from landcare groups to control exotic 

vegetation in the watercourses.  A community based approach (say by the local progress 

association) with input from Council, is likely to be the most successful.  At a minimum the 

problem should be more closely monitored and identified by Council.  This should be 

accompanied by a public education program to explain the difference between local and lakes 

flooding and how the public can be involved in reducing the local flooding problem. 

 

6.3.4. Enlarging the Entrance  Channel  

DESCRIPTION 

During a flood the rate of outflow from Tuggerah Lake to the Pacific Ocean is smaller than the 

rate of inflow to the lakes system.  Consequently the water level in the lakes rises until the 

outflow equals the inflow.  Enlarging the outlet (widening and/or deepening) will increase the 

rate of outflow and therefore reduce the peak lake level.  However it is not just the size of the 

outlet at the start of a flood which is critical.  During a flood the outlet is eroded by the 

floodwaters becoming deeper and wider.  The rate of erosion of the outlet is largely dependent 

upon the quantity of sand which has to be removed from the entrance channel and beach berm 

area during the event. 

 

For a number of years Council has been examining the possibility of creating a permanent tidal 

opening so as to: 

 reduce nuisance flooding, 

 improve tidal flushing and water quality, 

 maximise productivity of the fishery, 

 enhance the quality of the area and so attract tourists, 

 reduce the need for artificial opening of the waterway when it closes (it has closed 

approximately ten times since 1900). 

 

The following recent studies have been undertaken: 

 

October 1987 -  Jet Pumping Systems for Maintaining Tidal Entrances (Reference 6): this study 

concluded that jet pumps will not maintain the location of an untrained tidal inlet channel per se.  

The jet pumps could be outflanked and rendered ineffective by channel migration.  To overcome 

this, some form of restraining wall or walls would be required to fix the channel location above 

the jet pumps.  The cost of the pumps was $820 000 with an annual maintenance cost of 

$54 000 (in $1987). 
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Subsequently in October 1988 (Reference 7) the feasibility of constructing an entrance 

restraining wall was investigated.  The work was terminated due to the relatively high cost of the 

structure and concern at the adequacy of the scour protection system.  An indicative cost was 

$580 000 (in 1988). 

 

In 1990/1991 studies (Reference 8) were carried out (including a trial dredge) on a mobile 

dredge system.  It was proposed that the system operate upstream of the entrance channel with 

a submersible pump downstream of the entrance channel.  Since mid 1993 Council has 

employed a mobile dredge to maintain a permanent open entrance (Reference 5). 

 

DISCUSSION 

The inlet to Tuggerah Lake is a delta extending approximately two kilometres from the beach to 

the lake.  The 800 m reach from the beach to the road bridge is the entrance area, consisting of 

rapidly moving sand shoals with one or more tidal channels.  Upstream of the bridge there is a 

sandy delta which is largely stabilised by weed growth and two islands have developed. 

 

A considerable amount of detailed survey work has been undertaken as part of the previous 

investigations of the outlet.  This indicates that the maximum waterway width is 350 m but under 

normal circumstances the outlet is restricted to (say) a 20 m to 50 m wide channel with bed 

levels at a maximum of -1.5 m to -2.0 mAHD. 

 

During a flood the sand in the entrance channel is swept out to sea.  A rock shelf (at -1 mAHD to 

+0.5 mAHD) at the southern most point limits the size of the opening.  Following a flood, tidal 

flows together with wind and wave action cause the partial (or complete) closure of the opening.  

Photographs taken near the peak of the February 1990 flood indicate that the outlet to the ocean 

was probably only 100 m to 150 m wide (refer Figure 3 ï Photo 11). 

 

Previous studies (References 6, 7, 8) have indicated that a permanently open channel, of 

sufficient dimensions to pass a large flood event, with minimal hydraulic restriction, is not 

economically viable.  A hydraulic assessment to increase the capacity of the entrance channel 

was undertaken in the late 1990ôs (this work cannot now be replicated ï refer Section 3.4.1).  

Two design scenarios were investigated for the 100 year ARI event (results in Table 20), 

namely: 

 

 Case A: a 250 m wide (to -1 mAHD) channel from the road bridge to the ocean. 

 Case B: as above plus removal of the beach berm at the entrance. 

 

Table 20: Impact of Maintaining a 250 m wide Entrance Channel 

Event  
(ARI) 

Design Flood Levels (mAHD) and Change (m)  

Existing Entrance 
Condition 

A: Fully Dredged Entrance 
Condition 

B: Fully Dredged Entrance Condition 
and Beach Berm Removed 

Level (mAHD) Level (mAHD) Change (m) Level (mAHD) Change (m) 

100 year 2.23 1.92 -0.31 1.78 -0.45 

20 year 1.82 1.58 -0.24 1.47 -0.35 

5 year 1.35 1.31 -0.04 0.96 -0.37 

2 year 0.94 0.91 -0.03 0.67 -0.27 
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The results show that Case A produces little benefit (maximum reduction of 0.04 m) in the 5 

year ARI and smaller events.  For the 100 year and 20 year ARI events the reduction is 0.31 m 

and 0.24 m respectively. 

 

Case B, which includes removal of the beach berm provides a further reduction in flood level.  

The total reduction ranges from 0.27 m (2 year ARI) to 0.45 m (100 year ARI).  Removal of the 

berm provides the most additional benefit in the 2 year and 5 year ARI events. 

 

A fully open channel (250 m wide to -1 mAHD) will provide a significant reduction in flood levels 

(a 100 year ARI event becomes a 20 year ARI event) and would reduce the 100 year ARI 

damages by approximately 80%.  However, there are many factors which must be considered 

including: 

 the cost of undertaking and maintaining a fully open channel.  The studies to date 

have indicated that it is not economically feasible, 

 the possible environmental consequences to the Tuggerah Lakes ecosystem, 

 the possible effect on the local tourist and recreational fishing industry, 

 will an open entrance cause adverse ocean wave impacts in the entrance channel? 

 will an open entrance affect the local coastal environment? 

 design flood levels were estimated assuming a given design scenario (rainfall, ocean 

level, offshore wave climate and partially open entrance).  If a different entrance 

scenario is adopted (i.e. fully open) the effects of other design scenarios must be 

analysed.  For example a 100 year ARI ocean level (say 2.0 mAHD if including wave 

setup) plus nominal runoff from the catchment may produce higher levels and 

therefore become the 100 year ARI design scenario. 

 

Anecdotal information suggests that the 1949 flood (peak level of 2.1 mAHD) was as a result of 

a severely choked entrance.  Under Councilôs present entrance dredging policy a repeat of that 

situation would probably not occur.  This factor was taken into account in the determination of 

the design flood levels in the Flood Study. 

 

OUTCOMES 

Construction and maintenance of a larger opening at The Entrance would provide greater 

hydraulic benefit and reduction in flood damages.  The benefits of a reduction in flood level must 

be weighed against the initial and maintenance costs, the impact upon the lakes ecosystem, the 

impact upon the local tourist industry and the possible effect upon coastal and estuarine 

processes. 

 

6.3.5. Emergency Openin g of the Entrance  

DESCRIPTION 

Having an ñopenò entrance at the time of a flood will ensure that floodwaters can readily exit to 

the ocean.  This situation is typical of all ICOLLs and has been addressed in different ways by 

various Councils.  At Smiths Lake Great Lakes Council has a policy of opening the lake using a 

backhoe once the lake rises to 2.1 mAHD (the lake empties in approximately 8 hours).  At 
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Terrigal Lagoon and at Shoalhaven Heads the respective Councils have an entrance 

management policy which ensures that a nominated berm level is maintained through 

excavation by bulldozer. 

 

For small ICOLLs the relatively short catchment response time (< 12 hours) means that there is 

little time from the onset of the rain to the lake rising to enable a bulldozer to be employed to 

lower the berm and let the floodwaters escape.  At Tuggerah Lakes this is a possibility due to 

the longer response time (24 hours) and has been investigated. 

 

DISCUSSION 

The feasibility of employing earthmoving equipment to excavate the entrance channel during a 

flood event depends upon a number of factors including: 

 adequacy of warning time: In order to provide the greatest benefit the equipment 

must be employed for as long as possible prior to the peak.  It may take several 

hours to site the machinery, 

 removal of excavated material: Where will the excavated material be placed?  For 

maximum benefit it needs to be removed from the channel area, 

 rate of rise of Tuggerah Lake:  Above (say) 1.0 mAHD the equipment would become 

bogged.  In the June 2007 flood the lake rose from 0.3 mAHD to 1 mAHD in 

approximately 16 hours, 

 safety considerations: The equipment and labour are working in a harsh environment 

(rain, wind, ocean waves, rising water level, possibly darkness).  There is a high risk 

to life and loss of equipment, 

 ocean activity: A hostile ocean environment (high wave activity, storm tides) may 

severely limit the effectiveness.  Ocean activity may cause the sand in the entrance 

to build up at a faster rate than it can be removed.  Experience at Terrigal Lagoon 

(Gosford City Council) has shown that it is not always possible to open the entrance, 

 availability of machinery and labour: It is likely that the equipment and labour will 

only be required (say) every five (or maybe longer) years.  This makes it difficult for 

Council to guarantee that it will be readily available at short notice when required, 

 cost: The cost to undertake the works depends upon the type of equipment and for 

how long it is used (say $20,000).  However if it reduces the flood peak by even a 

small amount this will still produce a high benefit cost ratio due to the number of 

house floors inundated, 

 benefit of the work: The reduction in peak level attributable to the work will vary for 

each flood and cannot be predicted.  It is unlikely that the work will result in a higher 

lake level, unless in exceptional circumstances (elevated ocean level penetration). 

 

OUTCOMES 

This measure is likely to produce some reduction in the peak lake level, albeit a small reduction 

(say less than 0.1 m).  Apart from the tangible benefit there is a large intangible benefit as the 

residents will appreciate that Council is committed to reducing the impact of flooding.  This 

measure should be investigated further. 
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6.3.6. Wave Vulnerability Assessment  

DESCRIPTION 

Flooding in Tuggerah Lakes is associated with major storm events that usually last several days.  

As a result, there is a high likelihood that flood waters and wind generated lake waves will 

coincide.  Under flood conditions, these waves would have the potential to cause additional 

damage to inundated properties as a result of wave impacts and/or to damage properties above 

flood levels as a result of wave runup inundation. 

 

Properties on the lake foreshore margins with an exposed lake reach are the most likely to be 

subject to wave impacts.  The waves could potentially cause structural damage as a result of 

repeated alternating horizontal hydraulic and vertical uplift forces, which could cause walls to 

collapse and windows to break.  Flows generated by the waves could also dislodge loose 

furniture / equipment and cause localised scour. 

 

Wave runup would be confined to those areas were waves could penetrate to a sloping 

foreshore.  The waves would then break on the foreshore and runup, potentially causing 

inundation of properties and/or foreshore erosion.   

 

Wave impact and runup effects would vary during the storm and at different locations as a result 

of changing foreshore exposure, lake reach length and direction, lake depth, foreshore 

vegetation, foreshore structures, bed profile etc.  There are no accurate historical records 

(height of waves, damage, frequency of occurrence etc.) of significant wave impact and runup 

activity in Tuggerah Lakes.  However, the following table identifies those areas with the most 

potential or otherwise for wave impact or runup damage.   

 

The nominated fetch length was based on the length and direction of open water likely to 

produce the largest wind wave during a 100 year ARI storm event.  The wind data use was the 

long term BOM record from Sydney Airport.  The (Shore Protection Manual, 1984) simplified 

wave prediction model was then used to estimate the significant wave height and period at 24 

locations around the foreshore of the lakes.   

 

Wave vulnerability was assessed (Table 21) based on four general conditions for each of the 24 

foreshore locations including consideration of:  

 relative significant wave height and period, 

 foreshore levels and slopes, 

 foreshore development exposure, level and extent, 

 foreshore vegetation density. 

 

The generalised conditions used were: 

 None  - no significant vulnerability,  

 Minor  - only a small number of properties vulnerable, 

 Moderate - a significant level of vulnerability to a number of properties, 

 Major  - a substantial level of vulnerability to a large number of properties. 
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Table 21: Wave Vulnerability Assessment 

Location  Fetch  Significant Wave  Wave Vulnerability  

 Direct ion  Dist . 
(km) 

Height 
(m) 

Period 
(sec)  

Impact  Runup  

The Entrance  W 4.1 1.25 3.4 Minor Minor 

Long  Jetty  NW 4.3 1.20 3.4 Major None 

Killarney Vale  NW 4.0 1.10 3.3 Major None 

Tumbi Umbi  NE 3.5 0.95 3.0 Major Minor 

Berk eley Vale  E 4.0 0.96 3.1 Major Minor 

Chittaway Bay  SE 4.3 1.25 3.4 Major Minor 

Chittaway Pt (N)  NE 9.1 1.35 3.9 Major None 

Rocky Point  NE 6.2 1.20 3.6 Moderate Minor 

Tuggerawong  S 4.9 1.30 3.6 Major None 

Wyongah  SE 3.7 1.20 3.3 None None 

Kanwal  SE 3.7 1.20 3.3 None None 

Gorokan (S)  SW 7.7 1.20 3.9 Minor Minor 

Toukley (S)  SW 8.5 1.5 4.0 Minor Minor 

Canton Beach  SW 9.2 1.6 4.2 Moderate Moderate 

Gorokan (N)  NE 3.7 0.91 3.0 Minor Minor 

Lake Haven  E 3.9 0.92 3.1 Minor Minor 

Charmhaven  SE 4.4 1.25 3.4 Minor None 

San Remo  S 4.4 1.25 3.4 None None 

Buff Point  S 2.5 0.95 2.9 None None 

Budgewoi  SW 3.6 1.20 3.2 Minor Minor 

Toukley (N) NW 4.6 1.15 3.4 Minor Minor 

Budgewoi (N)  NW 3.5 1.20 3.2 Moderate Minor 

Halekulani  NW 2.6 0.91 2.8 None None 

Lake Munmorah  S 4.0 1.20 3.3 Minor Minor 

 

DISCUSSION 

Wind waves during a severe storm can have a significant height up to 1.5m and a period of 4 

seconds.  Such waves when impacting on exposed inundated properties fronting the foreshore 

could substantially increase structure damages and when breaking on inclined foreshores could 

runup and inundate properties higher than the lake water level.  Wave impact and runup could 

also cause foreshore erosion and extensive property and infrastructure/services damage.  In 

general, no allowance is made for the structural impacts of these waves.  The damages 

resulting from wave impacts and runup are difficult to accurately quantify as there is little data 

available. 

 

Mitigation measures for wave impacts and runup are possible and at some ocean beaches 

concrete barriers (or similar) are used to deflect the waves and rock protection has been 

employed near Speers Point at Lake Macquarie.  At other places vegetation re growth can be 

used to ñdampenò the waves.  Both these approaches are unlikely to be acceptable to the local 

community (access and aesthetic impacts) and for this reason development controls to include 

wave runup are the preferred approach rather than mitigation measures.  

 

OUTCOMES 

The effects of wave impacts and runup on the houses fronting on to the foreshore needs to be 

considered further.  It is recommended that further studies are undertaken so as to quantify the 
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impacts on houses and other structures and to formulate appropriate development controls. 

 

6.4. Response Modification Measure s 

6.4.1. Flood Warning  

DESCRIPTION 

It may be necessary for a number of residents to evacuate their homes during or following a 

major flood such as the February 1990 and June 2007 events, though it is understood that many 

residents stayed in their homes (possibly moved to an upper floor).  Apart from the risk to life 

and ñinconvenienceò issues the main reason for evacuating residents is because of failure of the 

sewerage system.  This occurred in both these events (refer to Figure 8 for failure in the June 

2007 flood). 

 

The amount of time for evacuation depends on the available warning time.  Providing sufficient 

warning time has the potential to reduce the social impacts of the flood as well as reducing the 

strain on emergency services. 

 

Flood warning and the implementation of evacuation procedures by the State Emergency 

Services (SES) are widely used throughout NSW to reduce flood damages and protect lives.  

Adequate warning gives residents time to move goods above the reach of floodwaters and to 

evacuate from the immediate area to high ground.  The effectiveness of a flood warning scheme 

depends on: 

 the maximum potential warning time before the onset of flooding, 

 the actual warning time provided before the onset of flooding.  This depends on the 

adequacy of the information gathering network and the skill and knowledge of the 

operators, 

 the flood awareness of the community responding to a warning. 

 

For smaller catchments a Severe Weather Warning (SWW) is provided by the BOM but this is 

not specific to a particular catchment. 

 

DISCUSSION 

The Bureau of Meteorology (BOM) is responsible for flood warnings on major river systems such 

as Tuggerah Lakes.  Flood warning systems are based on stations which automatically record 

rainfall or river levels at upstream locations and telemeter the information to a central location 

(Reference 4).  This information is then provided to the SES who undertake evacuation. 

 

Studies have shown that flood warning systems generally have high benefit/cost ratios if 

sufficient warning time is provided.  In this regard all residents should be made aware of the 

types of warnings issued by the BOM (refer flood awareness in Section 6.4.3). 

 

Flooding on Tuggerah Lakes differs from flooding on the tributary creeks or on major river 

systems.  Firstly, the rate of rise of the lake is relatively slow providing more warning time.  

Secondly, the magnitude of the rise is also relatively small (only 1.9 m in a 100 year ARI event) 
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with the level responding more to the volume of runoff rather than the magnitude of the peak 

inflows.  Finally, the entrance conditions are more dominant than in most river systems.  If a 

large rainfall event occurs when the entrance is fully open the peak level will be much less than 

if it occurred when the entrance was closed and heavily silted. 

 

As the lake rises relatively slowly (refer Figure 5) residents are unlikely to be ñcaught completely 

unawareò and should have some time to prevent damages to easily moved items such as 

televisions, rugs, clothing and cars as long as they are in the building at the time or nearby.  As 

the depth of inundation is shallow (generally less than 1.0 m) it is also easy to raise goods 

above the floodwaters.  Intangible damages such as the loss of memorabilia, important papers 

and pets should also be much reduced. 

 

The Flood Study (Reference 2) examined a range of rainfall durations (24h to 72h) to determine  

the design storm duration which produces the highest lake level and concluded that the 48h 

duration was critical, although the 36h and 72h duration were only 0.04 m lower.  However, it is 

misleading to consider that the duration of the design rainfall event is necessarily related to the 

available warning time.  A much shorter duration storm (36h) may produce a peak very similar 

(but slightly smaller) than the adopted design duration.  The peak level in the 48h 100 year ARI 

event occurs 38h after the start of the storm.  For the first 6h there is little runoff from the 

catchments and the lakes barely rise.  Thereafter the lakes rise at a relatively constant rate of 

90 mm per hour. 

 

The lakes are at their peak for approximately 10h before falling at a similar rate to their rise in 

the 100 year ARI event however Figure 5 indicates that both February 1990 and June 2007 

produced a greater duration of inundation. 

 

The Flood Study indicated that the peak level was relatively insensitive to the adopted ocean 

level and also showed little change as a result of varying the entrance breach model parameters 

by ±10%. 

 

OUTCOMES 

Wyong Council already has a flood warning system (Reference 4) but it would appear that it did 

not operate successfully in June 2007 and no warning was provided to the SES.  A thorough 

review of the system should be undertaken to ensure that it will work successfully in all future 

events. 

 

The state of the entrance is the single largest factor controlling the peak level and must be 

adequately taken into account in any forecasting system.  Whilst it takes a relatively long 

duration rainfall event to produce an elevated lake level, the critical rise which produces the 

peak can occur within the order of 12 hours (1.5 mAHD to 2.2 mAHD).  This is a short time in 

terms of the need to protect people and minimise damages, particularly given the number of 

residents requiring assistance. 

 

A more rigorous entrance breach modelling procedure should be implemented in the flood 

forecasting system to predict the time and magnitude of the peak lake level.  This would enable 
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the SES to effectively manage their response to provide the maximum benefit.  The linking of 

the floor level database used in this study to the flood warning system would ensure that the 

warning can be ñtailoredò to residents who would be affected rather than a blanket warning to all 

residents.  The flood warning system should also be used to indicate where and when roads are 

inundated. 

 

The greatest improvement in the accuracy of any flood warning predictions generally only 

occurs following major flood events.  It is imperative therefore that a post flood assessment 

report be prepared following each future flood event with particular emphasis on the adequacy 

and accuracy of the flood warning system.  It is unclear whether this has been adequately 

undertaken for the June 2007 event. 

 

Improving the flood warning system is relatively inexpensive and is likely to have a high 

benefit/cost ratio.  It has no apparent environmental or social dis-benefits. 

 

6.4.2. Flood Emergency Management  

DESCRIPTION 

As mentioned above, it may be necessary for some residents to evacuate their homes in a 

major flood.  This would be undertaken unde the direction of the SES though some residents 

may leave on their own accord or upon advice from the radio or other warning and may be 

assisted by local residents.  The main problems with all flood evacuations are: 

 they must be carried out quickly and efficiently, 

 they are hazardous for both rescuers and the evacuees, 

 residents are generally reluctant to leave their homes, causing delays and placing 

more stress on the rescuers, 

 people do not appreciate the dangers of crossing floodwaters. 

 

For this reason, the preparation of a Community Flood Emergency Response Plan (CFERP) 

helps to minimise the risk associated with evacuations by providing information regarding 

evacuation routes, refuge areas, what to do/not to do during floods etc.  It is the role of the SES 

to develop a CFERP. 

 

DISCUSSION 

The SES have the skills and experience to undertake the necessary evacuations. 

 

OUTCOMES 

The SES should ensure that the Local Flood Plan for all settlements surrounding Tuggerah 

Lakes is up to date and includes feedback from the June 2007 event.  This might include floor 

level and ground level details provided in this report and the Flood Study.  In addition input from 

the local community (e.g Council, RFS, SES and community representatives) through a 

Community Flood Emergency Response Plan (CFERP)) is required to ensure that workable 

actions for the community are incorporated.  Priority should be given to the implementation of 

this Plan once completed, which will involve ongoing community education and awareness. 

 
































