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3.4.1.6 Protective behaviour 

The current flood emergency response relies heavily upon ad-hoc protection by the respective 

communities with limited warning time and is not a serious consideration for protective 

behaviour. SES driven response is noted to be constrained by limited warning time and 

resources available during flood emergencies. The FRMS&Ps in all three catchments 

recommend a more collaborative approach between the NSW SES and community residents.  

Emergency Management Flood Response Arrangements are to be identified by the NSW SES 

following the completion of this project and potential implementation of a TFWS for the 

catchment.  

3.4.1.7 Review  

The review stage of the TFWS is vital for maintaining long-term maintenance and efficacy of 

the system. Since extreme flooding happens only rarely and is unpredictable, it is important to 

maintain awareness of the TFWS to ensure that the system runs as intended despite the 

potential years between events. The review process, like the message construction, will be 

highly dependent on the type of flood warning system which is developed and will therefore 

need to be developed alongside it. As such, no explicit review options will be presented in this 

report. Whatever the flood warning system developed, however, it will be important to have the 

community involved in the ongoing maintenance and review process. Toward this goal it is 

proposed that an annual community event is organised around the flood warning system to 

incentivise members of the community to be involved and act as a regular refresher about what 

to do in case of a flooding emergency. It is envisaged that this event could be delivered by the 

Council and NSW SES in partnership. 
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3.4.2 Preliminary TFWS Options  

Preliminary flood warning system options have been developed for the Burrill Lake catchment 

based on outcomes of the component design options assessment (Section 3.4.1). This section 

provides an outline of each option, summary of advantages and disadvantages, preliminary 

cost estimates and a summary of community/stakeholder engagement outcomes (including 

public exhibition).  

3.4.2.1 Option 1: Predictive flood warning and decision support (utilising present gauge 

network) 

This option consists of flood warning system design based on realtime predictive flood 

modelling and decision support and utilising the present gauge network as outlined in Table 

3.24.  

This option involves no new rainfall or water level gauge installations. Rain and water level 

data from the existing gauge network, with entrance condition information from the latest 

Council surveys, and ocean tide and wave data are to be integrated into a predictive flood 

warning system.  

The predictive flood warning system is to be composed of a realtime catchment hydrology 

model and a realtime simplified lake hydraulic model with entrance channel prediction to 

estimate a predicted flood level timeseries in the lake. Inputs to the realtime models will include 

latest rainfall forecast services from the Bureau (Meteye and Rainfields), latest entrance 

configuration information and forecast ocean wave and tide conditions.   

Interpretation of flood predictions will utilise known inundation impacts for pre-defined trigger 

levels, detailed flood evacuation plan and a customised web portal accessed by SES and 

Council to support flood emergency management decision making. A web-based platform will 

be used to provide tailored decision support from flood predictions such as predicted flood 

level timeseries, inundation mapping, flood forecast animations, impending asset flood risk, 

user-defined (“what-if”) scenario flood modelling, latest entrance condition information, 

realtime and forecast ocean conditions, realtime rainfall IFD analysis etc.  

Communication of flood warning messaging to the community is to be undertaken by the SES. 

The TFWS will support the communication process by providing delegated SES and Council 

representatives with automated alerting direct from rainfall and water level instruments as well 

as flood model predictions. An integrated alerting system would be built into SES procedures 

to support communication mechanisms of flood emergency information. 

For all options, the TFWS is to utilise a variety of mechanisms to communicate flood warning 

messaging are to be adopted to allow for redundancy, varying demographics (differ degrees 

of familiarity with technologies) and potential communication line failures (e.g., phone reception 

issues, power outages). These may include SMS, radio, door knocking (where possible), 

phone calls, social media, SES website, Council’s Disaster Dashboard webpage and Hazards 

Near Me app.  

Importantly, communication formats for flood warning are to be clear, concise and consistent 

with the Australian Warning System format (See Section 3.6).  
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3.4.2.2 Option 2: Predictive flood warning and decision support with priority 1 gauge 

installation works 

Option 2 consists of the same components as Option 1 with the additional installation of a 

rainfall and water level station (Priority 1) at Stony Creek Woodstock Rd as outlined in Table 

3.24. The additional water level gauge will provide improved water level monitoring upstream 

of the estuary tidal limit and help to provide early indication of high lake inflows. The additional 

rain gauge will improve rainfall gauge coverage in the Stony Creek catchment.  

Also included in Option 2 is a secondary redundancy flood prediction mechanism (in case of 

realtime flood model failure) utilising rate-of-rise information and trigger levels for different 

entrance and ocean conditions.  

Installation of an additional automatic rainfall station upstream at Stony Creek Woodstock Rd 

(M.2) is considered to be value to improving rainfall coverage in the Stony Creek catchment. 

The installation of this new gauge is also considered a Priority 1 installation.  

Installation of an additional automatic rainfall station upstream at Woodstock Creek (M.3) is of 

slightly lower priority given the generally sufficient coverage of rainfall gauges in the region 

under the existing case (listed in Table 3.15). The installation of this new gauge is considered 

a Priority 2 installation. 

Provision of entrance channel information for flood warning is considered best achieved 

through integration of entrance data from latest Council surveys (M.4). Given the entrance is 

generally open to the ocean, flood predictions are likely to be less sensitive to entrance 

conditions in comparison to prevailing ocean conditions at this location. Remote entrance berm 

monitoring (M.5) is not recommended at this location given the low frequency of entrance 

closure.  

 

3.4.2.3 Option 3: Predictive flood warning and decision support with priority 2 gauge 

installation works 

Option 3 consists of the same components as Options 1 and 2 with the addition of a rainfall 

station at Woodstock Creek (Priority 2) as outlined in Table 3.24. This additional rainfall is to 

provide improved rain gauge coverage in the upper Woodstock Creek catchment and 

redundancy in case of failure of the Stony Creek rain gauge.  

 

Advantages and disadvantages of each of the above options are listed in Table 3.25.  
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Table 3.24: Burrill Lake - Flood warning system preliminary options 

Flood 
warning 

system 
options Monitoring Prediction Interpretation 

Message 
construction Communication 

Protective 
behaviour 

Option 1 - 

Predictive 
flood 

warning and 

decision 
support 

(utilising 

present 
gauge 

network) 

Maintain operation of existing 

rain and water level gauge 
network with the following: 

• M.4 Integrate entrance 
channel data from latest 
Council surveys  

• M.6 Integrate ocean wave 
and tide data. 

 

  

Realtime flood level 

predictions using: 

• P.2 Realtime; hydrology 
modelling 

• P.4 Realtime simplified 
lake hydraulic 
modelling; 

• P.5 Utilise Bureau 
rainfall forecast 
services (Rainfields and 
Meteye); 

• P.6 Entrance channel 
predictions; 

• P.7 Ocean water level 
predictions. 

• I.1 Trigger levels for known 
flood impacts; 

• I.2 Detailed flood evacuation 
plan; 

• I.3 Web based system to 
provide tailored decision 
support.  

To be 
determined 

during next 
phase of 

detailed flood 

warning system 
design 

• C.1 Integrated alerting system 
based on gauge trigger levels to 
Council & SES; 

• C.2 Integrated alerting system 
based on predictive flood 

modelling to Council & SES; 

• C.3 Tie automated alerting into 
procedures for warning 
messaging for SES to 
disseminate to community; 

• C.5 Flood warning message 
dissemination via a range of 
mechanisms such as SMS, radio, 

door knocking (where possible), 
phone calls, social media, SES 
website, Council’s Disaster 

Dashboard webpage and 
Hazards Near Me app. 

Emergency 

Management Flood 
Response 

Arrangements to be 

identified by the 
NSW SES following 

the completion of 

this project and 
potential 

implementation of a 

TFWS. 

Option 2 - 

Predictive 
flood 

warning and 

decision 
support with 

priority 1 

gauge 
installation 

works 

As per Option 1 with addition 

of:  

• M.1 Additional automatic 
water level station 
upstream at Stony Creek 
Woodstock Rd 

• M.2 Additional automatic 
rainfall station upstream at 

Stony Creek Woodstock Rd 

As per Option 1 with 

addition of: 

• P.1 Rate-of-rise and 
trigger level based 
predictions (as backup 
prediction mechanism)  

As per Option 1 As per Option 1 

Option 3 –
Predictive 

flood 
warning and 

decision 
support with 

priority 2 
gauge 

installation 

works  

As per Option 1 & 2 with 
addition of:  

• M.3 Additional automatic 
rainfall station upstream at 
Woodstock Creek. 

 

As per Option 1 & 2. As per Option 1 As per Option 1  
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Table 3.25: Burrill Lake - Advantages and disadvantages of options 

Flood warning 
system options 

Advantages Disadvantages 

Option 1 - 
Predictive flood 

warning and 
decision support 
(utilising present 
gauge network) 

• Improved potential lead time (6-12+ hours) 
to provide earlier warning and better inform 
Council, SES and community of potential 
flooding;   

• Range of potential flood prediction outputs 
to inform emergency decision-making such 
as predicted lake level timeseries, 
inundation mapping, flood forecast 
animations, impending asset flood risk, 
user-defined (“what-if”) scenario flood 
modelling, etc; 

• Utilises best available forecast services 
from Bureau of Meteorology; 

• Utilises available technology and computer 
models with fast runtimes; 

• Inclusion of representative entrance 
behaviour and ocean conditions to improve 
flood prediction; 

• Potential benefits to help inform pre-flood 
entrance management procedures;  

• Supports a proactive pre-flood emergency 
response for Council, SES and 
Community; 

• Lower cost option. 
 

• Prediction accuracy subject to rainfall forecast 
accuracy limitations (including spatial and 
temporal uncertainty), model assumptions and 
limitations;  

• Successful communication and implementation 
of protective behaviour dependant on strong 
and effective collaboration between SES, 
Community and Council. 

Option 2 - 
Predictive flood 

warning and 
decision support 

with priority 1 
gauge installation 

works 

As per Option 1 with addition of: 

• Improved warning of upstream water level 
rises at Stony Creek beyond the tidal 
estuary limit to provide better indication of 
lake inflows  

• Improved rain gauge coverage and 
redundancy in the Stony Creek catchment. 

• Prediction redundancy utilising rate-of-rise 
and trigger level based predictions;  
 

As per Option 1 with addition of: 

• Additional expense to install and maintain new 
gauges.  

• Predictions based on rate of rise information 
and trigger levels are subject to inaccuracies 
and may not represent prevailing entrance and 
ocean conditions.  
 

Option 3 – 
Predictive flood 

warning and 
decision support 

with priority 2 
gauge installation 

works  

As per Option 1 & 2 with addition of: 

• Improved rain gauge coverage and 
redundancy in the Woodstock Creek 
catchment.  

As per Option 1 & 2 with addition of: 

• Additional expense to install and maintain new 
gauge.  
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3.4.3 Preliminary cost estimates 

Preliminary establishment cost estimates for the TFWS options at Burrill Lake are shown in 

Table 3.26. Establishment cost estimates are preliminary and may vary depending on site 

constraints for gauge locations and client requirements.  

Costs include indicative estimate for all TWFS components listed in Table 3.24 including 

provision of technical support to SES for establishment of emergency management flood 

response arrangements, development of a flood evacuation and emergency management plan 

(in consultation with Council/SES), TFWS training with SES/Council and a community TFWS 

awareness event. Costs do not include SES fees associated with dissemination of flood 

warning information. 

 

Table 3.26: Burrill Lake - Preliminary establishment cost estimates for TFWS options 

Catchment 

Option 1 - Predictive 

flood warning and 

decision support 

(utilising present 

gauge network) 

Option 2 - Predictive 

flood warning and 

decision support 

with priority 1 gauge 

installation works 

Option 3 – Predictive 

flood warning and 

decision support 

with priority 2 gauge 

installation works 

Burrill Lake  $70,000 - $95,000 $120,000 - $175,000 $130,000 - $195,000 

 

In addition, Council may also wish to upgrade existing gauges in their network to improve 

operation and communication redundancy during flood events. For all Council-owned gauges 

in the catchment, redundancy upgrades costs are estimated to be approximately $8,000 - 

$12,0001.  

Ongoing maintenance cost estimates for the TFWS are listed below and include:  

• Predictive flood warning system maintenance costs estimated at approximately 

$10,000 - $20,000 per year. 

• Rainfall and water level gauge maintenance costs estimated at approximately $3,000 

- $10,000 per station per year. Total ongoing gauge maintenance costs for proposed 

new gauges for TFWS options are estimated at approximately: 

o Option 1: Nil (assumes separate funding for existing gauge network) 

o Option 2: $3,000 – $10,000 per year  

o Option 3: $6,000 - $20,000 per year  

• Ongoing costs for system review (periodically and following events), annual Council / 

SES training and annual community awareness initiatives, estimated at approximately 

$10,000 per year. 

                                                
1 Redundancy upgrade costs are subject to change with site inspection and do not include site access 
approvals. Includes redundancy upgrades at existing council owned gauges. Excludes redundancy 
upgrade to MHL, BoM and WaterNSW gauges, proposed TFWS new gauges (redundancy already 
included) and Council gauges located near the entrance close to existing MHL gauges (sufficient 
redundancy).  
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3.4.4 Community and stakeholder engagement 

Flood warning system options were presented to community and relevant stakeholders for 

feedback. A 42-day public exhibition period (25th October to 6th December 2023) was 

undertaken to receive community feedback on the TFWS options for Burrill Lake. This included 

exhibition of a draft version of the present report, a TWFS Options summary video posted on 

Council’s Get Involved page, online survey (Appendix C) as well as in-person feedback 

received from a drop-in session at Burrill Lake Community Hall on the 14th November 2023.  

The majority of community feedback received was in support of the development of a flood 

warning system with preference to Option 2 or 3 (Predictive flood warning and decision support 

with priority 1 or 2 gauge installation works). Feedback on minimal warning time requirements 

ranged from a few hours to 48 hours. Some community members raised concerns of inundation 

of low-lying areas during events with high ocean levels. Provision of proactive entrance 

management prior to a flood if the entrance closes was noted. Floodwaters cutting off road 

access along Balmoral Rd, Princess Ave and Princes Highway was also noted. 

Across all three catchments, important benefits of a flood warning system were noted to be: 

• Warning and decision support to aid emergency responses and SES operations.  

• Warning to help those at risk keep out of harm’s way and evacuate to safe areas. 

• Warning and decision support to aid Council actions including pre-flood entrance 

management. 

• Warning to aid businesses (including caravan parks) to better manage operations, 

bookings and onsite safety prior to flooding, and the timely activation of flood 

evacuation plans. 

• Warning to help coordinate movement of possessions and vehicles out of flood risk 

areas. 

Stakeholder agency consultation with Council, the NSW State Emergency Service (State 

Emergency Zone and Ulladulla unit), the Bureau of Meteorology (the Bureau) and Department 

of Climate Change, Energy, the Environment and Water, Environment and Heritage Group 

(DCCEEW EHG), was also undertaken to provide feedback on TFWS options. All stakeholders 

were in agreement for Option 3 (Predictive flood warning and decision support with priority 2 

gauge installation works) as a preferred TFWS option for Burrill Lake. Pre-flood operations 

undertaken by Ulladulla SES and Council would benefit from improved flood warning lead time, 

and particularly advanced warning of 6h to 48h+ if achievable. A summary of stakeholder 

agency comments is provided in Table 3.27. 
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Table 3.27: Summary of stakeholder agency feedback for Burrill Lake 

Flood 

Warning 

System 

Component 

Summary of stakeholder agency feedback 

Monitoring 
• Agreement of recommended monitoring components under Option 3 to help 

increase rain gauge covered in upper catchment and provide useful data for 

SES operations.  

• Rain gauge location for M.3 to be investigated further and ideally be as close 

to the headwaters as possible.  

• Integration also of Council’s latest entrance surveys (M.4) and ocean and tide 

data also supported (M.6).  

• Ability for SES SEZ and Local Ulladulla Unit to monitor conditions remotely.   

 

Prediction • Any improvement to prediction is considered beneficial for SES and the 

community.  

• Agreement with recommendations for predictive system as the basis for flood 

warning and support for inclusions of all predictive components excluding P.3.  

Interpretation • Agreement with recommendations for interpretation components.  

• ICOLL flooding noted to be influenced by a complex interaction of factors (eg., 

current water levels, rainfall, tide and wave conditions, entrance configuration, 

etc). Interpretation components should aim to simplify this information in 

support of emergency decision making.   

Message 

Construction 

• Agreement with recommendations of report and for message construction to 

be aligned with the Australian Warning System format. 

• The messages provided to the Community by the SES through Emergency 

Management Procedures will utilise flood warning information such as 

predicted levels and lead time.   

Communication • Agreement with recommendations of report. A decision-making dashboard 

will likely help SES allocate resources during emergency events.  

Protective 

Behaviour 

• Agreement with recommendations of report. 

• Support for continuing to reduce residual flood risk through the NSW 

Floodplain Risk Management process and community education.  

• Protecting residents and tourists noted to be dependent on the lead time and 

accuracy of the predictions with any improvements considered beneficial.    
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3.5 Tabourie Lake TWFS  

3.5.1 Component Options 

3.5.1.1 Monitoring 

Current monitoring at Tabourie Lake is undertaken via the existing rainfall and water level 

gauges detailed in Table 3.28 and Figure 3.5. All listed rainfall and water level stations are 

automatic with data telemetered at Council owned gauges via Event-reporting Radio Telemetry 

System (ERTS) and mobile network at DCCEEW EHG owned gauges. Also listed in Table 

3.28 are existing rainfall gauges in regional areas surrounding the catchment as well as an 

ocean tide (Ulladulla Harbour) and wave monitoring station (Batemans Bay) situated within the 

region.  

Table 3.29 summarises different monitoring design options for development of a flood warning 

system. A TFWS may include one or a combination of those listed. Options for potential 

installation of new water level and rainfall gauges are: an additional water level at Brandaree 

Creek situated upstream beyond the tidal limit of the estuary to provide better indication of lake 

inflows; and/or an additional rain gauge at Brandaree Creek to improve rain gauge coverage. 

Site specifications for installation and maintenance of additional gauging is to be undertaken 

during detailed design of the flood warning system (Stage 4). Review of additional gauging 

requirements will also be undertaken during detailed design of a preferred flood warning 

system (Stage 4). 

Another monitoring component of flood warning system design for the Tabourie Lake 

catchment is the ability to incorporate dynamic entrance channel and ocean conditions into 

flood level estimates. Entrance berm surveys are currently undertaken by Council at each 

location via:  

• Monthly entrance berm surveys when the channel is closed to the ocean  

• Entrance berm survey within the week prior to a potential flood event where 

possible 

• Entrance monitoring (daylight hours) 

Also included in the monitoring component options is the potential installation of a remotely 

operated and automatic entrance monitoring station to provide live entrance berm and channel 

opening conditions to support flood prediction.  

Manly Hydraulics Laboratory also maintains an automatic ocean tide gauge in Ulladulla 

Harbour and a wave buoy (wave height, direction and period) offshore of Batemans Bay. Flood 

warning system design is recommended to incorporate the latest entrance and ocean 

conditions from such information sources to help improve flood level estimation and warning 

accuracy.  
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Table 3.28: Tabourie Lake and surrounds - existing rainfall and water level gauges 

Catchment 

(including 
surrounds)  

Station  Station No. Type Ownership Maintenance Comms Alerting Live Data Available  

AWRC BoM Level Rain 

Tabourie 

Lake 

Lake Tabourie 216440 - ✓ ✓ DCCEEW 

EHG 

MHL Mobile 

3G/4G 
(IP) 

Yes  

(MHL) 

https://www.mhl.nsw.gov.au/Station-216440 
https://mhl.nsw.gov.au/users/ShoalhavenCityCouncil-TabourieLake  

Lake Tabourie - 569036 ✓ ✓ Council Council  ERTS Yes 

(Enviromon) 

http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60155.html  

Morton  - 569047 - ✓  Council Council  ERTS Yes 

(Enviromon) 

Not yet available 

Brooman 
(Carisbrook) 

- 69121 - ✓ * BoM BoM ERTS Yes 
(Enviromon) 

http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60155.html 

Brooman 
(Clyde River) 

216002 569018 ✓ * ✓ * WaterNSW WaterNSW ERTS No http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60171.html 
http://www.bom.gov.au/fwo/IDN60234/IDN60234.569018.plt.shtml 

Willinga Lake - 569045 ✓ ✓ * Council Council  ERTS Yes 

(Enviromon) 

http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60155.html 
http://www.bom.gov.au/fwo/IDN60234/IDN60234.569045.plt.shtml  

Burrill Lake  216435 - ✓ ✓ * DCCEEW 
EHG 

MHL Mobile 
3G/4G 

(IP) 

No https://www.mhl.nsw.gov.au/Station-216435    

Ocean 

Conditions  

Ulladulla 216471 569039 Ocean Tide * DCCEEW 

EHG 

MHL Mobile 

3G/4G 
(IP) 

No https://www.mhl.nsw.gov.au/Station-216471  

Batemans 

Bay 

BATBOW Ocean Wave 

* 

DCCEEW 

EHG 

MHL Radio No  https://www.mhl.nsw.gov.au/Station-BATBOW 

* Station located outside of catchment area but useful for regional rainfall monitoring or ocean conditions 

 

 

https://www.mhl.nsw.gov.au/Station-216440
https://mhl.nsw.gov.au/users/ShoalhavenCityCouncil-TabourieLake
http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60155.html
http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60155.html
http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60171.html
http://www.bom.gov.au/cgi-bin/wrap_fwo.pl?IDN60155.html
http://www.bom.gov.au/fwo/IDN60234/IDN60234.569045.plt.shtml
https://www.mhl.nsw.gov.au/Station-216435
https://www.mhl.nsw.gov.au/Station-216471
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Table 3.29: Tabourie Lake - Summary of monitoring options 

Component 
Option 

Option Name Summary 

Existing base case 

• No additional monitoring infrastructure will be installed;  

• Continued maintenance of existing gauges as per Table 3.28;  

• Continued maintenance of basic alerting from Council’s rainfall 
gauges through Enviromon;  

• Continued maintenance of water level trigger alerts at the 
Tabourie Lake gauge through MHL.  

• No flood warning integration of entrance and ocean condition 
information. 

M.1 Additional 
automatic 
water level 
station  
upstream at 
Brandaree 
Creek 

• Improved warning of upstream water level rises beyond the 
tidal estuary limit to provide better indication of lake inflows; 

• Scoping of potential location is performed with installation 
location subject to site inspection; 

• Company is engaged for installation and maintenance of the 
new site.  

 

M.2 Additional 
automatic 
rainfall station 
upstream at 
Brandaree 
Creek 

• Additional rainfall gauge coverage in the Brandaree Creek 
catchment; 

• Scoping of potential location is performed with installation 
location subject to site inspection; 

• Company is engaged for installation and maintenance of the 
new site.  

M.3 Integrate 
entrance 
channel data 
from latest 
Council 
surveys. 

Improved use of entrance condition information for flood prediction 
via: 

• Integration of latest entrance conditions from Council existing 
entrance monitoring program including entrance berm surveys 
at monthly intervals when closed, entrance berm surveys 
within the week prior to an event where possible, and entrance 
monitoring cameras; 

• Likely further benefits to pre-flood entrance management 
procedures. 

M.4  Installation of 
remote 
entrance 
berm 
monitoring 
station at 
Tabourie 
Lake 
Entrance 

Improved monitoring of entrance conditions for flood prediction via: 

• Installation of a remotely operated and automatic station to 
monitor the condition of the entrance throat channel and 
entrance berm;   

• Scoping of potential location is performed with installation 
location subject to site inspection; 

• Company is engaged for installation and maintenance of the 
new station;  

• Likely further benefits to pre-flood entrance management 
procedures. 

M.5  Integrate 
ocean wave 
and tide data 

Improved understanding of ocean conditions for flood prediction via:  

• Integration of available ocean water level data from Ulladulla 
tide gauge (216471); 

• Integration of available ocean wave conditions from Batemans 
Bay Wave Buoy (BATBOW), transformed into nearshore water 
depths at entrance. 
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MCA Assessment 

Results of the MCA assessment for monitoring component options are shown in  Table 3.30. 

Installation of an additional automatic water level station upstream at Brandaree Creek (M.1) 

will likely have limited benefit to flood warning due to potential fast rate of lake level rise and is 

not considered a viable option to improving flood warning.  

Installation of an additional automatic rainfall station upstream in the Brandaree Creek 

catchment (M.2) is considered to be of higher priority given the improved benefit to lead time 

and generally poor coverage of rainfall gauges in this area of catchment under the existing 

case (listed in Table 3.28). The installation of this new gauge is considered a Priority 1 

installation. 

Provision of entrance channel information for flood warning is considered best achieved 

through integration of entrance data from latest Council surveys (M.3). This option provides 

best use of available information in comparison to installation of a remote berm entrance 

monitoring station (M.4) with higher capital cost and installation complexities.  

Integration of ocean wave and tide data (M.5) was scored the highest of all component options. 

This also make best use of available information providing realtime ocean conditions to support 

flood prediction accuracy at Tabourie Lake. 

The results indicate that a combination of monitoring options is likely viable for design of a 

TFWS at Tabourie Lake, incorporating available entrance and ocean monitoring information 

with options for improved rain gauge coverage.  
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Table 3.30: Tabourie Lake - Monitoring Component Options MCA Results 
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3.5.1.2 Prediction 

Currently there is no formalised procedure or mechanism to provide realtime flood level 

predictions during a flood event for Tabourie Lake. Current methods are described in Section 

2.1 and rely upon realtime gauge information, Bureau weather warning services and limited 

rate-of-rise information where available from technical studies.  

Potential options to improve flood prediction are listed in Table 3.31. These include flood 

predictions based on (including combinations of) rate-of-rise analysis and gauge trigger levels 

(informal prediction), realtime hydrology modelling, realtime hydrodynamic modelling, realtime 

simplified lake hydraulic modelling, incorporation of Bureau rain forecast products (MetEye, 

Rainfields), entrance channel scour predictions and ocean water level predictions. A TFWS 

may include one or a combination of those listed. 

Table 3.31: Tabourie Lake - Summary of prediction options 

Component 
Option 

Option Name Summary 

Existing base case 

• As per existing flood warning arrangement utilising as 
outlined in Section 2.1.3.6; 

• Relies heavily upon manual interpretation of realtime 
gauge data, BoM weather warning services and 
knowledge of flood behaviour;  

• No formalised procedure or mechanism to provide 
realtime flood level predictions during a flood event. 

P.1 Rate-of-rise and trigger 
level based predictions 

• Flooding predictions are estimated using recorded 
rainfall, water level trigger levels and rate-of-rise 
information from flood modelling analysis; 

• Simplistic and preliminary technique to flood 
prediction with limited accuracy.  

P.2 Realtime hydrology 
modelling 

• Flooding predictions are based on realtime hydrology 
modelling of observed and predicted rainfall; 

• Simple model to setup and run. 

P.3 Realtime direct-rainfall 
hydrodynamic 
modelling 

• Flooding predictions are based on realtime direct-
rainfall hydrodynamic model of observed and 
predicted rainfall; 

• Complex model to setup and run. 

P.4 Realtime simplified 
lake hydraulic 
modelling 

• Flooding predictions are based on simplified lake 
hydraulic modelling incorporating inflows from 
hydrology modelling (P.2), lake bathymetry and 
entrance representation.; 

• Simple model to setup and run. 

P.5 Utilise Bureau rainfall 
forecast services 
(Rainfields and 
Meteye) 

• Use BoM rain radar predictive model (Rainfields) to 
inform short-term (e.g., Thunderstorms) predictions 

• Use BoM Australian Digital Forecasting Database 
(ADFD; MetEye) to inform predictions 

P.6 Entrance channel 
predictions 

• Improvement of flood predictions via integration of a 
predictive entrance model that incorporates latest 
entrance observations and predictive entrance 
breakout/scour during flooding.  

• Based on knowledge of entrance scour behaviour. 

P.7 Ocean water level 
predictions 

• Integration of forecast ocean conditions at the 
entrance to improve flood level predictions. Forecast 
services include the NSW Nearshore Wave Tool 
(utilising AUSWAVE), astronomical tide and ocean 
anomaly forecasts.  
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Prediction options have differing levels of complexities, accuracy and effort associated with 

each approach. Realtime flood models differ in calibration complexity, model setup, computing 

power and runtime requirements. Realtime hydrology models (P.2) take observed and 

predicted rainfall and converting it an inflow into the lake storage system. Outputs from a 

hydrology model can be readily applied in a realtime simplified lake hydraulic model (P.4) to 

provide lake level predictions based on lake and floodplain bathymetry, and entrance 

configuration. These models may be run very quickly (in the order of seconds) and are able to, 

generally, provide a good level of accuracy of downstream prediction as compared to trigger 

level predictions (P.1) when combined with sufficient entrance channel and ocean 

representation (P.6 and P.7). Hydrology models require realtime data to provide the best 

results, need to run automatically in a dedicated computing environment which in some cases 

can be complicated and expensive to operate, and often require experienced personnel to 

interpret the results they provide. Catchment pre-conditions are another factor which is difficult 

to account for in a realtime hydrological model and could have impact on the prediction 

accuracy. 

At the most complex and expensive end of the prediction options is the running of a realtime 

2D direct-rainfall hydrodynamic model (P.3). These models are the same type as those used 

to perform flood studies and floodplain risk management plans, however they need to be 

configured to run in a flood forecasting capacity. These forecasting systems are just starting 

to become available in NSW and can require large amounts of computational power, are costly 

to setup and maintain, and can take hours to run. It is unlikely that given the short lead-time 

for flooding in the respective catchments and the available resources of Council that this option 

will be viable, however it has been included for completeness.  

In order to drive predictions, the Bureau have provided a number of forecast products for 

consideration in this report. P.5 consists of utilising the Bureau’s MetEye forecast products 

which, for the purposes of flood forecasting, provides a number of gridded (6km) probabilistic 

rainfall forecasts (10%, 25% and 50% chance of exceedance) at 3-hour intervals. This gridded 

data can be used to drive predictions from any of the other prediction options to estimate the 

likely flooding up to 7-days in the future. The MetEye forecast services are based on regional 

climate models with limited spatial and temporal resolution. P.5 also includes use of the 

Bureau’s new Rainfields rainfall forecast which is based on rain radar nowcasting. This 

provides much better resolution both across space (100’s of metres to kilometres) and time (6-

minute time interval) and is designed to improve short-term rain predictions for thunderstorm-

scale flood forecasting.  

Representation of the entrance channel (including scour induced by flooding) and forecasted 

ocean conditions at the entrance (waves, tides, anomalies, etc) throughout an imminent flood 

event is also an important component of accurate flood level prediction. Realtime entrance 

prediction (P.6) considers latest entrance observations and characteristic scour behaviour 

during flooding and is calibrated against historical flood events.  

P.7 involves taking into consideration forecast ocean conditions in flood predictions. The NSW 

Nearshore Wave Tool is also available to provide wave height forecasts (based on AUSWAVE) 

into nearshore locations (10m water depth) fronting the entrance. Tidal and ocean anomaly 

forecast services are also available to inform of ocean tailwater conditions.  
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MCA Assessment 

Results of the MCA assessment for prediction component options are shown in Table 3.32. 

The provision of predictive capabilities to the design of a TFWS at Tabourie Lake is estimated 

to extend flood warning lead time by 6-12 hours or more.  

Prediction component options range in differing degrees of complexity, setup effort and cost. 

Realtime two-dimensional direct-rainfall hydrodynamic modelling (P.3) was deemed not a 

viable design options given its high setup effort, cost and longer model run times. All other 

options (including combinations of) are considered viable including incorporation of latest 

forecast information services from the Bureau to improve flood predictions.  

Given the dynamic nature of the entrance and ocean conditions, it is considered important that 

flood warning design incorporate recent entrance observations, entrance scour behaviour, 

ocean condition monitoring data (waves and tides), and forecast ocean conditions to improve 

accuracy of flood level predictions.  
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Table 3.32: Tabourie Lake - Prediction Component Options MCA Results 
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3.5.1.3 Interpretation 

Effective flood interpretation is required to translate flood predictions to an understanding of 

who is at risk from flooding and what the appropriate response should be. Currently the NSW 

SES take rainfall and weather forecast services the Bureau and utilise flood information gained 

from flood studies and historical observed data to determine the most effective response based 

on the information at hand. 

Table 3.33 summarises interpretation component options for TFWS design at Tabourie Lake. 

A TFWS may include one or a combination of those listed.  

Interpretation of flood prediction information can be undertaken through known inundation 

impacts at defined trigger levels (I.1) based on historical flood impacts and technical studies. 

When a predicted flood level is available, information is readily at hand to interpret that likely 

inundation impacts associated with that level and determine an appropriate emergency 

response.  

To assist proactive emergency response during hazardous flood events, a detailed flood 

evacuation plan (I.2) could be formulated by Council and SES in collaboration with the 

Tabourie Lake community. This could consist of meetings or workshops where residents were 

guided through the creation of their own flood evacuation plan, including where to go, what 

route to take, what to do with belongings and pets, etc. Workshops of this nature would also 

help to improve local awareness of flood risk and could be integrated into a yearly review cycle. 

Following the completion of this project and potential implementation of a TFWS, the SES will 

identify the most appropriate emergency management flood response arrangements for the 

Tabourie Lake catchment. 

Web-based platforms (I.3) can also be developed to provide customised interpretation of flood 

predictions and realtime information in a central location to support the decision-making needs 

of Council, SES and community during flood emergencies. Tailored emergency management 

decision support from flood predictions can include information such as predicted flood level 

timeseries, inundation mapping, flood forecast animations, impending asset flood risk, user-

defined (“what-if”) scenario flood modelling, latest entrance condition information, realtime and 

forecast ocean conditions, realtime rainfall Intensity-Frequency-Duration analysis etc.  

 

MCA Assessment 

Results of the MCA assessment for prediction component options are shown in Table 3.34. 

Interpretation options were assessed to be all viable and a flood warning system design could 

include a combination of the approaches listed. Information delivered from a flood warning 

system is to be tailored to the decision-making needs of different end-users (e.g., Council, SES 

and community) and best allow for ease of interpretation. Some users may require more 

detailed level of information whereas others may require more prescriptive information. 

Integration of message interpretation into an emergency response plan for each catchment is 

important. 
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Table 3.33: Tabourie Lake - Summary of interpretation options 

Component 
Option 

Option Name Summary 

Existing base case 
• NSW SES use the outcomes from completed flood 

investigations, additional resources and local knowledge 
to determine likely impacts of flooding. 

I.1 Trigger levels for 
known flood 
impacts 

• Interpretation through known inundation impacts at 
defined trigger levels based on historical flood information 
and technical studies.  

I.2 Detailed flood 
evacuation plan 

• Use available flood data to provide community with 
property-specific flood evacuation plans; 

• Disseminate to the community. 

I.3 Web based 
platforms to 
provide tailored 
decision support 
from flood 
predictions 

• Utilise live web-based platforms to provide tailored 
decision support using realtime model outputs and flood 
predictions. This may include different level of information 
and flood intelligence tools customised to the need of 
different user groups (i.e., Community or Council/SES).  

• Tailored emergency management decision support from 
flood predictions can include information such as 
predicted flood level timeseries, inundation mapping, flood 
forecast animations, impending asset flood risk, user-
defined (“what-if”) scenario flood modelling, latest 
entrance condition information, realtime and forecast 
ocean conditions, realtime rainfall Intensity-Frequency-
Duration analysis etc. 
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Table 3.34: Tabourie Lake – Interpretation Component Options MCA Results 
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3.5.1.4 Message construction 

The content of any warning message is highly dependent on the intended recipients of the 

messaging as well as the means through which the message is communicated. For this 

reason, NSW SES in conjunction with Council and the community will develop pre-defined 

warning messages which are appropriate and useful for those at risk. This process will take 

place during the subsequent stage of the flood warning system detailed development and, 

therefore, no explicit options will be presented for this component in this report.  

Message construction formats will be consistent with the Australian Warning System, 

Australian Institute for Disaster Resilience (2021) as outlined in Section 3.6. 

3.5.1.5 Communication  

The NSW SES are the agency responsible for communicating flood warning messaging to the 

community. Currently the SES use pre-defined channels to communicate flood warning 

information including EA phone calls, radio and television alerts, door knocking (where 

possible) and postings on their website, social media and Hazards Near me phone app.  

A summary of communication options for a TFWS at Tabourie Lake is shown in Table 3.35. A 

TFWS should automatically alert SES with timely flood prediction information for the SES to 

then effectively communicate to the community the imminent flood-risk and appropriate course 

of action. Alerting can also be sent to delegated Council representatives. An integrated system 

with automatic alerting can be direct from gauge trigger levels (C.1) or direct from predictive 

flood modelling when a certain water level threshold is predicted to exceed (C.2). The latter 

provides additional warning time compared to the gauge trigger level approach.  

As a further step, automated alerting can by directly tied into SES procedures for constructing 

flood warning messaging and disseminating to the community (C.3). This approach would aim 

to help streamline SES procedures with automated real-time flood prediction information based 

on the latest alerts.  

Another communication option to provide an additional avenue of support is to engage a third 

party to monitor data in the area and manually send alerts if a trigger level is exceeded (C.4). 

Trigger levels and associated messages would need to be pre-defined and a list of message 

recipients developed for each trigger. Some of these services offer 24-hour support and can 

send alerts in a range of formats including SMS messages, emails and phone calls through an 

electronic dialler. Any such service would not, necessarily, provide any additional warning time, 

but could be used as another mechanism to alert residents to potential flooding via SMS 

messages.  

For all options, the TFWS is to utilise a variety of mechanisms to communicate flood warning 

messaging are to be adopted to allow for redundancy, varying demographics (differ degrees 

of familiarity with technologies) and potential communication line failures (e.g., phone reception 

issues, power outages). These may include SMS, radio, door knocking (where possible), 

phone calls, social media, SES website, Council’s Disaster Dashboard webpage and Hazards 

Near Me app.  

Importantly, communication formats for flood warning are to be clear, concise and consistent 

with the Australian Warning System format (See Section 3.6).  
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Table 3.35: Tabourie Lake - Summary of communication options 

Component 
Option 

Option Name Summary 

Existing base case 

• NSW SES use pre-defined channels of communication 
including EA phone calls, radio and television alerts, 
doorknocking (where possible) and postings on their 
website, social media and Hazards Near Me app. 

C.1 Integrated alerting 
system based on 
gauge trigger 
levels to Council & 
SES 

• Direct SMS (or email) alerting to Council and SES from 
monitoring infrastructure indicating current conditions; 

• SES is the agency responsible for disseminating flood 
warning messaging to community. 

• Requires trigger levels P.1. 

C.2 Integrated alerting 
system based on 
predictive flood 
modelling to 
Council & SES 

• Direct SMS (or email) alerting to Council and SES from 
realtime predictive flood modelling indicating potential 
flooding based on latest forecast information. 

• SES is the agency responsible for disseminating flood 
warning messaging to community. 

• Requires predictive flood model. 

C.3 Tie automated 
alerting into 
procedures for 
warning 
messaging for 
SES to 
disseminate to 
community. 

• Integrated automated alerting into SES procedures for 
issuing flood warning messaging to community;  

• SES is the agency responsible for disseminating flood 
warning messaging to community. 

C.4 Third party to 
issue warning 
messaging to 
individual 
community 
members, Council 
& SES 

• Engage 24-hr monitoring service to initiate warning 
communications; 

• SMS/email/phone calls available; 

• Third party responsible for disseminating flood warning 
messaging to community 

• Requires trigger levels P.1. 

C.5 Flood warning 
message 
dissemination via 
a range of 
mechanisms  

• To be undertaken for all options. 

• Mechanisms for dissemination such as SMS, radio, door 
knocking, phone calls, social media, SES website, 
Council’s Disaster Dashboard webpage and Hazards Near 
Me app. 

• Allow for redundancy, varying demographics (differ 
degrees of familiarity with technologies) and potential 
communication line failures (e.g., phone reception issues, 
power outages). 

 

MCA Assessment 

Results of the MCA assessment for prediction component options are shown in Table 3.36.  

All communications options were assessed to be viable except for third party issuing of warning 

messaging to community (C.4). C.4 was deemed not viable due to high costs associated with 

implementation and maintenance as well as conflicts with legislation requiring SES to be the 

responsible authority for issuing flood warning messages to the community. The National 

Arrangements for Flood Forecasting and Warning (BoM, 2018) require local warning 

dissemination to be undertaken in accordance with jurisdictional emergency management 

arrangement, namely the roles and responsibilities outlined in NSW State Flood Plan (SES, 

2021) and Shoalhaven City Flood Emergency Sub Plan (SES, 2022). 
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Flood warning communication is to be issued by the SES through a range of avenues such as 

SMS, radio, door knocking (where possible), phone calls, social media, SES website, Council’s 

Disaster Dashboard webpage and Hazards Near Me app. SES procedures are to be informed 

by realtime flood information alerts from gauges and/or predictive models. Consistent 

messaging formats is to be adopted across all communications platforms in accordance with 

consistent with the Australian Warning System requirements (AIDR).  
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Table 3.36: Tabourie Lake – Communication Component Options MCA Results 

 



 

MHL2969- 113 

Classification: Public  

© Crown 2024  

3.5.1.6 Protective behaviour 

The current flood emergency response relies heavily upon ad-hoc protection by the respective 

communities with limited warning time and is not a serious consideration for protective 

behaviour. SES driven response is noted to be constrained by limited warning time and 

resources available during flood emergencies. The FRMS&Ps in all three catchments 

recommend a more collaborative approach between the NSW SES and community residents.  

Emergency Management Flood Response Arrangements are to be identified by the NSW SES 

following the completion of this project and potential implementation of a TFWS for the 

catchment.  

3.5.1.7 Review  

The review stage of the TFWS is vital for maintaining long-term maintenance and efficacy of 

the system. Since extreme flooding happens only rarely and is unpredictable, it is important to 

maintain awareness of the TFWS to ensure that the system runs as intended despite the 

potential years between events. The review process, like the message construction, will be 

highly dependent on the type of flood warning system which is developed and will therefore 

need to be developed alongside it. As such, no explicit review options will be presented in this 

report. Whatever the flood warning system developed, however, it will be important to have the 

community involved in the ongoing maintenance and review process. Toward this goal it is 

proposed that an annual community event is organised around the flood warning system to 

incentivise members of the community to be involved and act as a regular refresher about what 

to do in case of a flooding emergency. It is envisaged that this event could be delivered by the 

Council and NSW SES in partnership. 
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3.5.2 Preliminary TFWS Options  

Preliminary flood warning system options have been developed for the Tabourie Lake 

catchment based on outcomes of the component design options assessment (Section 3.5.1). 

This section provides an outline of each option, summary of advantages and disadvantages, 

preliminary cost estimates and a summary of community/stakeholder engagement outcomes 

(including public exhibition).  

3.5.2.1 Option 1: Predictive flood warning and decision support (utilising present gauge 

network) 

This option consists of flood warning system design based on realtime predictive flood 

modelling and decision support and utilising the present gauge network as outlined in Table 

3.37.  

This option involves no new rainfall or water level gauge installations. Rain and water level 

data from the existing gauge network, with entrance condition information from the latest 

Council surveys, and ocean tide and wave data are to be integrated into a predictive flood 

warning system.  

The predictive flood warning system is to be composed of a realtime catchment hydrology 

model and a realtime simplified lake hydraulic model with entrance channel prediction to 

estimate a predicted flood level timeseries in the lake. Inputs to the realtime models will include 

latest rainfall forecast services from the Bureau (Meteye and Rainfields), latest entrance 

configuration information and forecast ocean wave and tide conditions.   

Interpretation of flood predictions will utilise known inundation impacts for pre-defined trigger 

levels, detailed flood evacuation plan and a customised web portal accessed by SES and 

Council to support flood emergency management decision making. A web-based platform will 

be used to provide tailored decision support from flood predictions such as predicted flood 

level timeseries, inundation mapping, flood forecast animations, impending asset flood risk, 

user-defined (“what-if”) scenario flood modelling, latest entrance condition information, 

realtime and forecast ocean conditions, realtime rainfall IFD analysis etc.  

Communication of flood warning messaging to the community is to be undertaken by the SES. 

The TFWS will support the communication process by providing delegated SES and Council 

representatives with automated alerting direct from rainfall and water level instruments as well 

as flood model predictions. An integrated alerting system would be built into SES procedures 

to support communication mechanisms of flood emergency information. 

For all options, the TFWS is to utilise a variety of mechanisms to communicate flood warning 

messaging are to be adopted to allow for redundancy, varying demographics (differ degrees 

of familiarity with technologies) and potential communication line failures (e.g., phone reception 

issues, power outages). These may include SMS, radio, door knocking (where possible), 

phone calls, social media, SES website, Council’s Disaster Dashboard webpage and Hazards 

Near Me app.  

Importantly, communication formats for flood warning are to be clear, concise and consistent 

with the Australian Warning System format (See Section 3.6).  
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3.5.2.2 Option 2: Predictive flood warning and decision support with priority 1 gauge 

installation works 

Option 2 consists of the same components as Option 1 with the additional installation of a 

rainfall station (Priority 1) at Branderee Creek as outlined in Table 3.37. This additional rainfall 

is to provide improved rain gauge coverage in the Branderee Creek area and added rainfall 

gauge redundancy in the Tabourie Lake catchment. 

Also included in Option 2 is a secondary redundancy flood prediction mechanism (in case of 

realtime flood model failure) utilising rate-of-rise information and trigger levels for different 

entrance and ocean conditions.  

3.5.2.3 Option 3: Predictive flood warning and decision support with priority 2 gauge 

installation works 

Option 3 consists of the same components as Options 1 and 2 with the addition of a remote 

entrance berm monitoring station at Tabourie Lake entrance (Priority 2), as outlined in Table 

3.37. Remote entrance berm monitoring at the entrance is to utilise innovative technologies to 

provide realtime entrance channel and berm information to support flood warning predictions. 

Entrance berm monitoring would be undertaken on an automated program via remote 

operation. This provides an alternative to undertaking an entrance survey in-person that can 

be constrained by suitable weather conditions, limited pre-flood timing, safety considerations 

and Council staff availability. 

 

Advantages and disadvantages of each of the above options are listed in Table 3.38.  
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Table 3.37: Tabourie Lake - Flood warning system preliminary options 

Flood 
warning 

system 
options Monitoring Prediction Interpretation 

Message 
construction Communication 

Protective 
behaviour 

Option 1 - 

Predictive 
flood warning 
and decision 

support 
(utilising 
present 

gauge 
network) 

Maintain operation of 

existing rain and water level 
gauge network with the 
following: 

• M.3 Integrate entrance 
channel data from latest 

Council surveys; 

• M.5 Integrate ocean wave 
and tide data. 

 

  

Realtime flood level 

predictions using: 

• P.2 Realtime; 
hydrology modelling 

• P.4 Realtime simplified 
lake hydraulic 
modelling; 

• P.5 Utilise Bureau 
rainfall forecast 
services (Rainfields 
and Meteye); 

• P.6 Entrance channel 
predictions; 

• P.7 Ocean water level 
predictions. 

• I.1 Trigger levels for known 
flood impacts; 

• I.2 Detailed flood evacuation 
plan; 

• I.3 Web based system to 
provide tailored decision 
support.  

To be determined 
during next phase 

of detailed flood 
warning system 

design 

• C.1 Integrated alerting system 
based on gauge trigger levels to 
Council & SES; 

• C.2 Integrated alerting system 
based on predictive flood 

modelling to Council & SES; 

• C.3 Tie automated alerting into 
procedures for warning 
messaging for SES to 
disseminate to community; 

• C.5 Flood warning message 
dissemination via a range of 
mechanisms such as SMS, 

radio, door knocking (where 
possible), phone calls, social 
media, SES website, Council’s 

Disaster Dashboard webpage 
and Hazards Near Me app. 

Emergency 

Management Flood 
Response 

Arrangements to be 

identified by the NSW 
SES following the 
completion of this 

project and potential 
implementation of a 

TFWS. 

Option 2 - 

Predictive 
flood warning 
and decision 

support with 
priority 1 

gauge 

installation 
works 

As per Option 1 with 

addition of:  

• M.2 Additional automatic 
rainfall station upstream 
at Brandaree Creek 
 

As per Option 1 with 

addition of: 

• P.1 Rate-of-rise and 
trigger level based 
predictions (as backup 
prediction mechanism)  

As per Option 1 As per Option 1 

Option 3 –
Predictive 

flood warning 

and decision 
support with 

priority 2 
gauge 

installation 
works  

As per Option 1 & 2 with 
addition of:  

• M.4 Installation of remote 
entrance berm monitoring 
station at Tabourie Lake 
Entrance. 

 

As per Option 1 & 2. As per Option 1 As per Option 1  
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Table 3.38: Tabourie Lake - Advantages and disadvantages of options 

Flood warning 
system options 

Advantages Disadvantages 

Option 1 - 
Predictive flood 

warning and 
decision support 
(utilising present 
gauge network) 

• Improved potential lead time (6-12 hours) 
to provide earlier warning and better inform 
Council, SES and community of potential 
flooding;   

• Range of potential flood prediction outputs 
to inform emergency decision-making such 
as predicted lake level timeseries, 
inundation mapping, flood forecast 
animations, impending asset flood risk, 
user-defined (“what-if”) scenario flood 
modelling, etc; 

• Utilises best available forecast services 
from Bureau of Meteorology; 

• Utilises available technology and computer 
models with fast runtimes; 

• Inclusion of representative entrance 
behaviour and ocean conditions to improve 
flood prediction; 

• Potential benefits to help inform pre-flood 
entrance management procedures;  

• Supports a proactive pre-flood emergency 
response for Council, SES and 
Community; 

• Lower cost option. 
 

• Prediction accuracy subject to rainfall forecast 
accuracy limitations (including spatial and 
temporal uncertainty), model assumptions and 
limitations;  

• Successful communication and implementation 
of protective behaviour dependant on strong 
and effective collaboration between SES, 
Community and Council. 

Option 2 - 
Predictive flood 

warning and 
decision support 

with priority 1 
gauge installation 

works 

As per Option 1 with addition of: 

• Improved rain gauge coverage and 
redundancy in the Brandaree Creek 
catchment.  

• Prediction redundancy utilising rate-of-rise 
and trigger level based predictions;  
 

As per Option 1 with addition of: 

• Additional expense to install and maintain new 
gauge.  

• Predictions based on rate of rise information 
and trigger levels are subject to inaccuracies 
and may not represent prevailing entrance and 
ocean conditions.    
 

Option 3 – 
Predictive flood 

warning and 
decision support 

with priority 2 
gauge installation 

works  

As per Option 1 & 2 with addition of: 

• Utilises new technologies to provide 
innovative realtime entrance berm 
condition monitoring.  

• Entrance berm condition monitoring can be 
undertaken readily and remotely and is not 
limited by weather conditions, timing 
constraints or Council staff availability.  

• Likely benefits to pre-flood entrance 
management procedures and 
environmental monitoring.  

As per Option 1 & 2 with addition of: 

• Higher capital and maintenance costs with 
additional new remote entrance berm 
monitoring station.  

• Potential site location limitations and 
constraints associated with installation of a 
remote entrance monitoring station.  
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3.5.3 Preliminary cost estimates 

Preliminary establishment cost estimates for the TFWS options at Tabourie Lake are shown in 

Table 3.39. Establishment cost estimates are preliminary and may vary depending on site 

constraints for gauge locations and client requirements1.  

Costs include indicative estimate for all TWFS components listed in Table 3.37 including 

provision of technical support to SES for establishment of emergency management flood 

response arrangements, development of a flood evacuation and emergency management plan 

(in consultation with Council/SES), TFWS training with SES/Council and a community TFWS 

awareness event. Costs do not include SES fees associated with dissemination of flood 

warning information.  

Table 3.39: Tabourie Lake - Preliminary establishment cost estimates for TFWS options 

Catchment 

Option 1 - Predictive 

flood warning and 

decision support 

(utilising present 

gauge network) 

Option 2 - Predictive 

flood warning and 

decision support 

with priority 1 gauge 

installation works 

Option 3 – Predictive 

flood warning and 

decision support 

with priority 2 gauge 

installation works 

Tabourie Lake $85,000 - $125,000 $105,000 - $155,000 $120,000 - $180,000 

 

In addition, Council may also wish to upgrade existing gauges in their network to improve 

operation and communication redundancy during flood events. For all Council-owned gauges 

in the catchment, redundancy upgrades costs are estimated to be approximately $16,000 to 

$24,0002.  

Ongoing maintenance cost estimates for the TFWS are listed below and include:  

• Predictive flood warning system maintenance estimate at approximately $5,000 - 

$15,000 per year. 

• Rainfall and water level gauge maintenance costs estimated at approximately $3,000 - 

$10,000 per station per year. Total ongoing gauge maintenance costs for proposed 

new gauges for TFWS options are estimated at approximately: 

o Option 1: Nil (assumes separate funding for existing gauge network) 

o Option 2: $3,000 – $10,000 per year  

o Option 3: $8,000 - $20,000 per year  

                                                
1 Option 3 preliminary costs for remote berm monitoring station are subject to site inspection and 
assume instrument mounting on existing infrastructure and do not consider construction 
costs/approvals for new mounting pole construction.  
2 Redundancy upgrade costs are subject to change with site inspection and do not include site access 
approvals. Includes redundancy upgrades at existing council owned gauges. Excludes redundancy 
upgrade to MHL, BoM and WaterNSW gauges, proposed TFWS new gauges (redundancy already 
included) and Council gauges located near the entrance close to existing MHL gauges (sufficient 
redundancy).  
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• Ongoing costs for system review (periodically and following events), annual Council / 

SES training and annual community awareness initiatives, estimated at approximately 

$10,000 per year. 

3.5.4 Community and stakeholder engagement 

Flood warning system options were presented to community and relevant stakeholders for 

feedback. A 42-day public exhibition period (25th October to 6th December 2023) was 

undertaken to receive community feedback on the TFWS options for Tabourie Lake. This 

included exhibition of a draft version of the present report, a TWFS Options summary video 

posted on Council’s Get Involved page, online survey (Appendix C) as well as in-person 

feedback received from a drop-in session at Burrill Lake Community Hall on the 14th November 

2023.  

The majority of community feedback received was in support of the development of a flood 

warning system with preference to Option 3 (Predictive flood warning and decision support 

with priority 2 gauge installation works). Feedback on minimal warning time requirements 

ranged from a few hours to 48+ hours. Community members also noted a potential lack of 

lived experience of major flood events (e.g., 1 in 100 year) in the community and the need for 

community education to ensure those impacted have a flood plan in place. Provision of 

proactive entrance management prior to a flood if the entrance closes was noted. 

Across all three catchments, important benefits of a flood warning system were noted to be: 

• Warning and decision support to aid emergency responses and SES operations.  

• Warning to help those at risk keep out of harm’s way and evacuate to safe areas. 

• Warning and decision support to aid Council actions including pre-flood entrance 

management. 

• Warning to aid businesses (including caravan parks) to better manage operations, 

bookings and onsite safety prior to flooding, and the timely activation of flood 

evacuation plans. 

• Warning to help coordinate movement of possessions and vehicles out of flood risk 

areas. 

Stakeholder agency consultation with Council, the NSW State Emergency Service (State 

Emergency Zone and Ulladulla unit), the Bureau of Meteorology (the Bureau) and Department 

of Climate Change, Energy, the Environment and Water, Environment and Heritage Group 

(DCCEEW EHG), was also undertaken to provide feedback on TFWS options. All stakeholders 

were in agreement for Option 3 (Predictive flood warning and decision support with priority 2 

gauge installation works) as a preferred TFWS option for Tabourie Lake. Pre-flood operations 

undertaken by Ulladulla SES and Council would benefit from improved flood warning lead time, 

and particularly advanced warning of 6h to 48h+ if achievable. A summary of stakeholder 

agency comments is provided in Table 3.40. 
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Table 3.40: Summary of stakeholder agency feedback for Tabourie Lake 

Flood 

Warning 

System 

Component 

Summary of stakeholder agency feedback 

Monitoring • Agreement of recommended monitoring components under Option 3 

• Remote entrance monitoring (M.4) desirable to understand berm elevation 

and entrance conditions day and night.  

• Integration also of Council’s latest entrance surveys (M.3) and ocean and tide 

data also supported (M.5).  

• Ability for SES SEZ and Local Ulladulla Unit to monitor conditions remotely.   

Prediction • Agreement of recommended predictive components under Option 3 

• Any improvement to prediction is considered beneficial for SES and the 

community.  

• Agreement with recommendations for predictive system as the basis for flood 

warning and support for inclusions of all recommended predictive 

components.    

• Flood predictions noted to likely help inform pre-flood entrance management.  

Interpretation • A web-based solution with public and private (Emergency Response 

Personnel) interface may be suitable given high flood risk in the catchment.  

• Agreement with recommendations for interpretation components.  

• ICOLL flooding noted to be influenced by a complex interaction of factors (eg., 

current water levels, rainfall, tide and wave conditions, entrance configuration, 

etc). Interpretation components should aim to simplify this information in 

support of emergency decision making.   

Message 

Construction 

• Agreement with recommendations of report and for message construction to 

be aligned with the Australian Warning System format. 

• The messages provided to the Community by the SES through Emergency 

Management Procedures will utilise flood warning information such as 

predicted levels and lead time.    

Communication • Agreement with recommendations of report. A decision-making dashboard 

will likely help SES allocate resources during emergency events.  

Protective 

Behaviour 

• Agreement with recommendations of report. 

• Support for continuing to reduce residual flood risk through the NSW 

Floodplain Risk Management process and community education.  

• Protecting residents and tourists noted to be dependent on the lead time and 

accuracy of the predictions with any improvements considered beneficial.    
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3.6 Messaging formats 

All options are to adopt communication formats consistent with the Australian Warning System 

requirements (Australian Institute for Disaster Resilience). This includes three levels of flood 

warning as shown in Figure 3.6, namely:  

• Advice - an incident has started. Stay up to date in case the situation changes. 

o Stay informed 

o Monitor conditions 

o Reduced threat: return with caution 

 

• Watch and Act - conditions are changing and you need to start taking action 

now to protect you and your family. 

o Do not enter floodwater 

o Prepare to evacuate 

o Prepare to isolate 

o Avoid the area 

 

• Emergency Warning - the highest level of warning. You may be in danger and 

need to take action immediately. 

o Evacuate now / Evacuate before [time] 

o Shelter now 

o Move to higher ground  

 

 

 

 

 

Figure 3.6: Three warning levels Australian Warning System 
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Each warning has three components as shown in Figure 3.7, namely: 

• Location + Hazard: The location and the type of hazard impacting the 

community (e.g., Lismore flooding); 

• Action statement: For each warning level there are a range of action 

statements to guide protective action by the community. These statements 

evolve as the warning levels increase in severity. Statements range from ‘stay 

informed’ at the Advice level, to ‘prepare to evacuate’ at the Watch and Act 

level, to ‘evacuate now’ in the Emergency Warning level. As the situation 

changes and the threat is reduced, the level of warning will decrease 

accordingly; and 

• The warning level: The severity of the natural hazard event based on the 

consequence to the community. 

 

 

 

Figure 3.7: Three components of warnings - Australian Warning System 
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3.7 Roles and Responsibilities 

Table 3.41 displays a breakdown of responsibilities for the various components of the TFWS. 

If Council decides to install additional monitoring infrastructure, they will hold the same 

responsibilities for that aspect of the TFWS as do MHL for their sites. Further, if any third 

parties are engaged to provide emergency communications to agencies or residents, they will 

be responsible for performing due diligence checking of the incoming data, currency of the 

recipient lists, composition of the messages, sending of those messages, and quality 

assurance of the methods and contents of all outgoing messaging. 

It is noted that NSW SES are responsible for constructing and disseminating flood warning 

messaging to the community including developing and implementing Emergency Management 

Flood Response Arrangements.  

 

Table 3.41: Assignment of responsibilities associated with TFWS options   

✓ = Lead stakeholder responsible. ✓= stakeholder involvement 

 

TFWS Component 

Stakeholder 

BoM 

DCC

EEW 

EHG 

NSW 

SES SCC 

External 

Consultant 

Monitoring and Prediction 

Flood warning system conceptual design and layout, 
considering system constraints.  ✓ ✓ ✓ ✓ 
Flood warning system detailed design and 
implementation of preferred approach for each 
catchment.   

✓ ✓ ✓ ✓ ✓ 

Nomination of alert thresholds, both real time and 
forecast/predictive. ✓  ✓ ✓ ✓ 

Nomination of warning audience/warning recipients, 
considering intended response actions to mitigate the 
effects of the flood. 

✓  ✓ ✓  

Maintenance of flood warning system supporting 
infrastructure including IT systems and platforms. ✓   ✓ ✓ 

Maintenance of monitoring stations associated with the 
TFWS.    ✓ ✓ 

Maintenance and operation of predictive models 
associated with the TFWS.    ✓ ✓ 
Testing of the flood warning system; including issuing 
test alerts to nominated recipients at a regular and 
defined frequency, and testing forecast/predictive 
systems. 

✓  ✓ ✓ ✓ 

Interpretation 

Interpretation of (near) real time and/or 
forecast/predicted flood heights at specified locations 
at particular times, to identify likely consequences 
within the local area.  

✓  ✓ ✓ ✓ 

Development and ongoing review of a detailed flood 
evacuation plan    ✓ ✓ ✓ 
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TFWS Component 

Stakeholder 

BoM 

DCC

EEW 

EHG 

NSW 

SES SCC 

External 

Consultant 

Initial and ongoing training of use and interpretation of 
TFWS including decision support tools  

  ✓ ✓ ✓ 

Message construction 

Nomination of flood warning system message type, 
and whether message is automated or semi-
automated, considering intended response actions to 
mitigate the effects of the flood. 

✓  ✓ ✓  

If message is semi-automated, provision of required 
human support to ensure message delivery. ✓  ✓   

Communication 

Integrated alerting system direct from predictive flood 
modelling and/or gauging.   ✓ ✓ ✓ 

Incorporation of alerting into procedures for warning 
messaging for SES to disseminate to community.   ✓ ✓ ✓ 
SES use pre-defined channels of communication such 
as SMS, radio, door knocking (where possible), phone 
calls, social media, SES website, Council’s Disaster 
Dashboard webpage and Hazards Near Me app. 

  ✓   

Initial and ongoing community awareness and flood 
emergency and preparedness workshops.    ✓   

Protective behaviour 

Determine appropriate Emergency Management Flood 
Response Arrangements   ✓ ✓  

Review 

TFWS Review 
✓ ✓ ✓ ✓ ✓ 

BoM = Bureau of Meteorology 

DCCEEW EHG = NSW Department of Climate Change, Energy, the Environment and Water, Environment and 

Heritage Group 

NSW SES = NSW State Emergency Service 

SCC = Shoalhaven City Council  

External Consultant = TFWS design consultant 



 

MHL2969- 125 

Classification: Public  

© Crown 2024  

4 Conclusions and recommendations 

This report summarises outcomes of Stages 1 to 3 of the Shoalhaven ICOLL Catchments 

Flash Flood Warning System Scoping Study including review of background information, initial 

community/stakeholder questionnaire findings, and development of fit-for-purpose TFWS 

preliminary options.  

The review of previous flood studies outlines the present and future flood risk of low-lying 

settlements in the Lake Conjola, Burrill Lake and Tabourie Lake catchment areas. Key flood 

information has been summarised from the study areas to help inform development of trigger 

levels for warnings and flood levels for key assets. This information for each catchment shall 

be reviewed in subsequent project stages during the detailing of a preferred flood warning 

system.  

In all floodplain risk management studies, the fundamental importance of successful 

implementation of a Total Flood Warning System is noted as a priority action to reduce risk to 

life during flood events. These previous studies have been undertaken with extensive 

community consultation. Existing flood warning arrangements are noted to provide insufficient 

warning time to the SES, Council and community during flood events. 

Preliminary fit-for-purpose flood warning system options have been developed based on multi-

criteria analysis of a range of component design options. A preferred flood warning system 

option for each catchment was selected in consultation with Council, the NSW State 

Emergency Service, the Bureau of Meteorology (the Bureau), Department of Climate Change, 

Energy, the Environment and Water, Environment and Heritage Group (DCCEEW EHG), and 

the community.  

A predictive flood warning and decision support with priority 2 gauge installation works (Option 

3) was selected as a preferred option for the initial TFWS development for each catchment. 

Components included in this option are outlined in Table 4.1 for the Lake Conjola, Burrill Lake 

and Lake Tabourie catchment areas. Under this approach, predictive flood warning and 

decision support provides the basis for flood warning in each catchment and additional priority 

gauging is undertaken as required to support more robust flood warning operation. 

Detailed development of the preferred flood warning system option for each catchment is to 

be undertaken in subsequent stages. Emergency Management Flood Response 

Arrangements are to be identified by the NSW SES following the completion of this project and 

potential implementation of a TFWS for these catchments. 

Although not noted in previous floodplain risk management studies, development of a flood 

warning system and improved lake level intelligence in each of these catchments may also 

have potential benefits to help inform pre-flood entrance management procedures (outside the 

scope of the present study). 
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Table 4.1: Recommended flood warning system preliminary options 

Catchment 

Recommended TFWS 

option for initial 
development  Monitoring Prediction Interpretation 

Message 
construction Communication 

Protective 
behaviour 

Lake 
Conjola 

Option 3 - Predictive 

flood warning and 
decision support with 
priority 2 gauge 

installation works 

Maintain operation of existing rain and water 

level gauge network with the following: 

• M.1 Additional automatic water level station 
upstream at Conjola Creek Princes Hwy; 

• M.2 Additional automatic rainfall station 
upstream at Conjola Creek Princes Hwy; 

• M.3 Integrate entrance channel data from 
latest Council surveys and Lake Conjola M2 
tidal analysis; 

• M.4 Installation of remote entrance berm 
monitoring station at Lake Conjola Entrance; 

• M.5 Integrate ocean wave and tide data. 

Realtime flood level 
predictions using: 

• P.2 Realtime; 
hydrology modelling 

• P.4 Realtime 
simplified lake 
hydraulic modelling; 

• P.5 Bureau rainfall 
forecast services 
(Rainfields and 

Meteye); 

• P.6 Entrance channel 
predictions; 

• P.7 Ocean water level 
predictions. 

Backup prediction 
mechanism:  

• P.1 Rate-of-rise and 
trigger level based 
predictions 

• I.1 Trigger 
levels for 
known flood 
impacts; 

• I.2 Detailed 
flood 
evacuation 

plan; 

• I.3 Web based 
system to 
provide tailored 
decision 

support.  
 

To be 

determined 
during next 
phase of 

detailed flood 
warning 
system 

design 

• C.1 Integrated alerting 
system based on 
gauge trigger levels to 

Council & SES; 

• C.2 Integrated alerting 
system based on 
predictive flood 
modelling to Council & 

SES; 

• C.3 Tie automated 
alerting into 
procedures for 
warning messaging for 

SES to disseminate to 
community; 

• C.5 Flood warning 
message 
dissemination via a 

range of mechanisms 
such as SMS, radio, 
door knocking (where 

possible), phone calls, 
social media, SES 
website, Council’s 
Disaster Dashboard 

webpage and Hazards 
Near Me app. 

  

Emergency 
Management 

Flood Response 

Arrangements to 
be identified by 
the NSW SES 

following the 
completion of this 

project and 

potential 
implementation of 

a TFWS. 

Burrill Lake 

Option 3 - Predictive 

flood warning and 
decision support with 
priority 2 gauge 

installation works 

Maintain operation of existing rain and water 
level gauge network with the following: 

• M.1 Additional automatic water level station 
upstream at Stony Creek Woodstock Rd; 

• M.2 Additional automatic rainfall station 
upstream at Stony Creek Woodstock Rd; 

• M.3 Additional automatic rainfall station 
upstream at Woodstock Creek. 

• M.4 Integrate entrance channel data from 
latest Council surveys;  

• M.6 Integrate ocean wave and tide data. 

Tabourie 

Lake 

Option 3 - Predictive 
flood warning and 

decision support with 
priority 2 gauge 
installation works 

Maintain operation of existing rain and water 
level gauge network with the following: 

• M.2 Additional automatic rainfall station 
upstream at Brandaree Creek; 

• M.3 Integrate entrance channel data from 
latest Council surveys; 

• M.4 Installation of remote entrance berm 
monitoring station at Tabourie Lake 
Entrance; 

• M.5 Integrate ocean wave and tide data. 
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Appendix A Initial Community Survey Results 
Summary  
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A.1 Community Survey Results Summary 

 

In what location is flood warning information most important to you? (tick all that apply)

How would you classify your property? (tick all that apply)

How would you describe the main buildings (i.e., those primarily used or home) on your property? (tick all that apply)

How long have you lived at this address?

0 5 10 15 20 25 30 35 40 45 50

Lake Conjola

Burrill Lake

Tabourie Lake

37

48

31

Lake Conjola

Burrill Lake

Tabourie Lake

0 10 20 30 40 50 60 70 80

Residential - Rented

Residential - Owner-occupied

Residential - Holiday house

Caravan park owner

6

80

29

1

Residential - Rented

Residential - Owner-occupied

Residential - Holiday house

Caravan park owner

0 5 10 15 20 25 30 35 40 45 50

Two storeys or more

Raised more than one metre above ground

Single storey on the ground

Other (please specify)

34

24

48

11

Two storeys or more

Raised more than one metre above ground

Single storey on the ground

Other (please specify)

0 10 20 30 40 50 60

Less than 1 year

1 to 5 years

5 to 10 years

More than 10 years

Other (please specify)

4

30

13

59

4

Less than 1 year

1 to 5 years

5 to 10 years

More than 10 years

Other (please specify)
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Is there anyone in your household who: (tick all that apply)

What do you think is the risk of flooding to the main buildings on your property? e.g., those primarily used, home

What do you think is the risk of your property flooding? e.g., land, backyard, frontyard, driveway etc.

Do you think your safety is at risk from flooding?

0 10 20 30 40 50 60 70 80 90 100

Require care (e.g. infants, elderly or has a disability)

None of the above

17

93

Require care (e.g. infants, elderly or has a disability)

None of the above

0 5 10 15 20 25 30 35 40 45 50

No risk

Low risk

Moderate risk

High risk

30

47

23

10

No risk

Low risk

Moderate risk

High risk

0 5 10 15 20 25 30 35 40 45

No risk

Low risk

Moderate risk

High risk

16

43

25

26

No risk

Low risk

Moderate risk

High risk

0 10 20 30 40 50 60

No risk

Low risk

Moderate risk

High risk

44

52

9

5

No risk

Low risk

Moderate risk

High risk
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Do you think your property may be flooded in the future?

Have you ever lived at the property during a flood?

Do you have a flood emergency plan for your home?

If a flood occurred tomorrow, how well do you think you could keep yourself and others in your home safe?

0 5 10 15 20 25 30 35 40

No

Yes, but only a small part of my yard/outdoor area

Yes, most of my yard/outdoor area

Yes, my house/office/business' floor could be
flooded

36

39

17

18

No

Yes, but only a small part of my yard/outdoor area

Yes, most of my yard/outdoor area

Yes, my house/office/business' floor could be flooded

0 10 20 30 40 50 60

Yes

No

54

56

Yes

No

0 10 20 30 40 50 60 70 80

Yes

No

39

71

Yes

No

0 10 20 30 40 50 60

Not well

Fairly well

Very well

2

52

56

Not well

Fairly well

Very well
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If your street started to flood, would you help others?

If your street flooded would you need help from others?

0 10 20 30 40 50 60 70 80 90 100

Yes

No

If yes, who would you help?

91

8

11

Yes

No

If yes, who would you help?

0 10 20 30 40 50 60 70 80

Yes

No

If yes, who would help you?

27

78

5

Yes

No

If yes, who would help you?

What is your preferred way to receive flood warning messages (Please tick all preferred options)?

0 10 20 30 40 50 60 70 80 90 100

Door knocking

Social media alerts

Phone calls

SMS messages

Radio messages

Siren

Automated Road Signage

Flood Warning Phone App

Community Information Hub Screen

Other (please specify)

39

24

32

98

43

18

16

47

10

3

Door knocking

Social media alerts

Phone calls

SMS messages

Radio messages

Siren

Automated Road Signage

Flood Warning Phone App

Community Information Hub Screen

Other (please specify)
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How would you learn more about what to do before, during and after a flood? (tick all that apply)

0 10 20 30 40 50 60 70

Community or cultural group

SES website

Council website

Community Information Hub Screen

Family and friend

Newspaper

Speak with the SES

Neighbours

Social media e.g. Facebook, Twitter

Speak with Council

Television

Flood meeting or forum

Radio

Police

YouTube

Google search

Other (please specify)

30

58

51

17

35

10

35

67

29

20

22

37

49

28

2

15

7

Community or cultural group

SES website

Council website

Community Information Hub Screen

Family and friend

Newspaper

Speak with the SES

Neighbours

Social media e.g. Facebook, Twitter

Speak with Council

Television

Flood meeting or forum

Radio

Police

YouTube

Google search

Other (please specify)
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Appendix B Initial Stakeholder Survey  
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Appendix C TWFS Options Surveys  

C.1 Community Survey 
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C.2 Stakeholder Agency Survey 
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