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A Provided Data 
Table A 1  Previous study reports provided by Council 

Category Title Author Year 

Catchment The Origin and Development of the Umina - Woy Woy 
Beach Ridge System, Broken Bay, NSW, Article in The 
Australian Geographer, XI, pp.1-12. [GCC DN 1574905] 

Hails, J., R. (1969) 1969 

Community 
Consultation 

Community Consultation Woy Woy Borefield Gosford City Coucil 2006 

Development 
Control Plan 

RE: Gosford DCP Chapter 6.7 Water Cycle Management – 
Stage 1 Report 

Storm Consulting 2015 

Drainage Woy Woy, Umina, Ettalong Peninsula, Drainage Strategy 
Study, for Gosford City Council, June, [GCC DN 1012556 & 
1012564] 

Webb McKeown & 
Associates  

1992 

Drainage Ross-Rowan Catchment, Woy Woy Channel to Ocean 
Beach Road, Trunk Drainage Management Study and 
Management Plan, for Gosford City Council, Sydney, 
February, [GCC DN 1012933] 

Webb McKeown & 
Associates  

1993 

Drainage Woy Woy Peninsula Catchments 'B' and 'C' Drainage 
Study, for Gosford City Council, Sydney, February, [GCC 
DN 1013286] 

Webb McKeown & 
Associates  

1996 

Drainage Woy Woy Peninsula - Catchments 'P' and 'O' Drainage 
Investigation - Draft Report (Issue 1), for Gosford City 
Council, Sydney, February, [GCC DN 1013287] 

Patterson Britton & 
Partners 

1997 

Drainage Drainage Investigation Veron Road / Dulkara Road 
Catchment Umina / South Woy Woy, for Gosford City 
Council, Sydney, July. [GCC DN 1013225] 

Kinhill Engineers  1999 

Drainage Woy Woy Peninsula Catchments 'D' and 'E' Drainage 
Study, for Gosford City Council, Sydney, July. [GCC DN 
1013288] 

Ivan Tye and 
Associates  

2000 

Drainage Drainage Investigation Veron Road / Dulkara Road 
Catchment Umina / South Woy Woy, for Gosford City 
Council, Sydney, July. [GCC DN 1013225] 

Kinhill Engineers  1999 

Drainage Assessment of Alternative Stormwater Drainage Systems 
for the Woy Woy Peninsula, for Gosford City Council, 
Insearch, Sydney, September. [GCC DN 1574904] 

O'Loughlin, G.  1997 

Flooding 

Brisbane water 

Brisbane Water: Waterway Foreshore Study, Department 
of Public Works NSW, March, [GCC DN 1020708] 

Posford Pavry 
Sinclair & Knight  

1975 

Flooding Report Stormwater Investigations to Catchment: Blackwall 
Mountain, Springwood Street, Waitangi Street, Warrigal 

Giammarco 
Engineering 

1989 
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Street, Wyalong Street, Memorial Avenue, Umina, for 
Gosford Council:, April, [GCC DN 1021789] 

Flooding 

Brisbane water 

Brisbane Water Flood Study: Compendium of Data, PWD 
Report No.89043, June, [GCC DN 1012682] 

Public Works  1991 

Estuary 

Brisbane Water 

Brisbane Water Estuary Processes Study, Report for 
Gosford City Council, [in progress] 

Cardno Lawson 
Treloar  

2007a 

Flooding 

Brisbane water 

Brisbane Water Foreshore Flood Study, Report for Gosford 
City Council, [In progress] 

Cardno Lawson 
Treloar  

2007b 

Flooding 

Brisbane water 

Brisbane Water Foreshore Flood Study Cardno Lawson 
Treloar  

2013 

Flooding 

Brisbane water 

Brisbane Water Foreshore Floodplain Risk Management 
Plan 

Cardno Lawson 
Treloar  

2015 

Flooding 

Brisbane water 

Brisbane Water Foreshore Floodplain Risk Management 
Study 

Cardno Lawson 
Treloar  

2015 

Flooding Central Coast February 1992 Flood Event, Public Works, 
Report MHL 615, April, [GCC DN 1011945] 

Manly Hydraulics 
Laboratory  

1992 

Flooding 

Kahibah 

Kahibah Creek Flood Study Willing & Partners 
Consulting Engineers 

1991 

Flooding 

Kahibah 

Kahibah Creek Floodplain Management Study Willing & Partners 
Consulting Engineers 

1991 

Flooding 

Kahibah 

Kahibah Creek Floodplain Management Plan Willing & Partners 
Consulting Engineers 

1996 

Flooding 

Woy Woy 

Woy Woy Peninsular Flood Study DHI 2010 

Groundwater 
Dependent 
Ecosystems 

Proposal for the Monitoring of Impacts associated with 
Groundwater Extraction from the Woy Woy Peninsula on 
locally occurring Groundwater Dependent Ecosystems and 
the Endangered Ecological Community, Umina Coastal 
Sands Woodland. 

Conacher Travers  2005 

Geotechnical Desktop Review and Geotechnical Investigation, Proposed 
Bores, Various Locations, Umina Beach and Woy Woy, 
Report for Gosford City Council, October. [GCC DN 
3115445] 

Douglas & Partners 2005 

Groundwater Development of Further Options for the Gosford Wyong 
Joint Water Supply Scheme Working Paper 4- Final Report 
Use of Groundwater 

NSW Department of 
Commerce 

2003 

Groundwater Woy Woy Peninsula Sand Aquifer System Numerical 
Modelling of Groundwater Abstractions, Mackie 

Mackie 2005 
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Environmental Research, Report for Gosford City Council, 
June. [Not in DataWorks] 

Groundwater Woy Woy Peninsula Sand Aquifer System Numerical 
Modelling of KBR Options, Mackie Environmental 
Research, Report for Gosford City Council, May. [GCC DN 
2234593] 

Mackie 2006 

GW abstraction Ecological Assessment of Proposed Groundwater 
Extraction from Woy Woy Peninsula, Draft, Kariong, July. 
[GCC DN 3102004] 

Conacher Travers  2005 

Hydrogeology Woy Woy Stormwater Infiltration Study Drilling Cored 
Boreholes 

Larry Cook 2000 

Hydrogeology Stratigraphic Analysis of Woy Woy Peninsula – Preliminary 
Interpretation, Report for Gosford - Wyong Councils, 
January [GCC DN 1585302] 

Hydroilex 2005a 

Hydrogeology Test Drilling and Aquifer Testing, 22 reports for Gosford-
Wyong Joint Water Authority, 1 November. [GCC DN 
1892492 and others] 

Hydroilex 2005b 

Hydrogeology/Wat
er Supply 

Hydrogeological Assessment, Groundwater Supplies, Woy 
Woy Peninsula, for Gosford - Wyong Joint Water Supply 
Scheme, Hydroilex Groundwater Specialists, October. 

Cook, L.  2004 

Stormwater 
Infiltration 

Potential for Stormwater Infiltration on the Woy Woy 
Peninsula, Insearch, Sydney, March. [GCC DN 1013390] 

O'Loughlin G., 
Hazelton P., Cook L.  

1998 

Stormwater 
Infiltration 

Hydrogeological Assessment - Stormwater Infiltration Study 
Woy Woy Peninsula, Volumes 1 & 2, Larry Cook & 
Associates Pty Ltd, Gosford, December. [GCC DN 
1021287 & 1021332] 

Cook, L. 1998 

Stormwater 
Infiltration 

Stormwater Management - Infiltration Project for Woy Woy 
Peninsula, University of Technology, Sydney, January. 

Mackett, A., Vidler, M.  1999 

Stormwater 
Infiltration 

Woy Woy Stormwater Infiltration Devices - Design 
Drawings, for Gosford City Council, Sydney, January. 

Kinhill Brown & Root  1999 

Stormwater 
Infiltration 

Pollution Removal by Stormwater Infiltration in the Woy 
Woy Peninsula, Stormwater Trust Stage 1 Report 
HG92.12.2 for Gosford City Council, Sydney, May. [GCC 
DN 1021333] 

UTS  1999a 

Stormwater 
Infiltration 

Stormwater Infiltration for the Woy Woy Peninsula, Report 
for Gosford City Council, Sydney, November. [GCC DN 
1021335] 

UTS  1999b 

Stormwater 
Infiltration 

Report on Stormwater Infiltration Study Woy Woy 
Peninsula January 1999 to June 2000, for Gosford City 
Council, Larry Cook & Associates Pty Ltd, Report No. 
HG00.6.1, Gosford, June. [GCC DN 1021336] 

Cook. L. 2000 

Stormwater 
Infiltration 

Woy Woy Peninsula Stormwater Infiltration Project - 
Investigation into Stormwater Quality, University of 
Technology, Sydney, November.  

Brooks, N., Hogan, 
M.  

2000 
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Stormwater 
Infiltration 

Stormwater Infiltration Experiments on a Sandy Area in 
Eastern Australia, Lyon, France, June. [GCC DN 1574906] 

Matuzic, J., Blasi, A., 
O'Loughlin, G., 
Beecham, S., Myl, S. 

2001 

Stormwater 
Infiltration 

Woy Woy Stormwater Infiltration Project - Vadose Zone 
and Wetland Investigation, University of Technology, 
Sydney, November. [GCC DN 1335716] 

Parmer, H.  2001 

Stormwater 
Infiltration 

Report on Stormwater Infiltration Study Woy Woy 
Peninsula June 2000 to October 2001, for Gosford City 
Council, Larry Cook & Associates Pty Ltd, Gosford, 
January. 

Cook, L.  2002 

Stormwater/Groun
dwater 

Stormwater and Groundwater Analysis from the Woy Woy 
Peninsula, University of Technology, Sydney, November. 
[GCC DN 1335716] 

Brisbin, S., Stevens, 
J.  

2001 

Groundwater 

Salinity 

Installation of Monitoring Bores for Potential Saltwater 
Encroachment at Woy Woy 

Hydroilex 2005 

Groundwater 

Salinity 

Request for Dataflow "Odyssey" EC Data Loggers Hydroilex 2007 

Groundwater 

Salinity 

Proposed Salinity Sentinel Bores, Woy Woy Peninsula Hydroilex 2007 

Lagoon Everglades Lagoon System Precinct, Plan of Management, 
Report for Gosford City Council, Kellogg Brown & Root Pty 
Ltd, Sydney, 21 June. [GCC DN 1605942] 

Kellogg Brown & Root 
Pty Ltd  

2005 

Landuse Land Use Investigation, Woy Woy Peninsula, Report for 
Gosford-Wyong Joint Water Authority, November. [GCC 
DN 2368247] 

Andrews Neil 2005 

Review/GW Gosford/Wyong Groundwater Development - Report 
"Stratigraphic Analysis of Woy Woy Peninsula - Preliminary 
Interpretation" 

Peter Dundon & 
Associates Pty 
Limited 

2005 

Water Sensitive 
Urban Design 

Water Sensitive Urban Design on the Woy Woy Peninsula, 
Report to Council (SF.016/04), 28 September. (GCC DN 
1352655). 

GCC 2004 

Flood Study Davistown Catchment Flood Study Cardno Lawson 
Treloar 

2010 
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Table A 2 GIS layers provided by Council 

GIS layers Descriptions 

WW-BellsVegetation2013-20180523 

Vegetation within Gosford Local Government Area 
classified. (Bell, 2004)  

According to “Ecological assessment of proposed 
groundwater extraction from Woy Woy Peninsula” 
(Travers, 2005), vegetation communities identified 
as GDEs on Woy Woy Peninsula are Paperbark 
Swamp Forest and Umina Coastal Sandplain 
Woodland. These corresponds to Unit 37e and 
33b. 

WW-Cadastre-20180523 Cadastres 

WW-COSS2010-20180523 
The Coastal Open Space System (COSS)  

A network of native vegetation reserves managed 
by the Gosford City Council 

WW-CouncilLandRegister-20180523 Council registered land  

WW-CouncilReserves-20180523 Council reserves 

WW-Creeks-20180523 Creeks 

WW-DgeBoxCulverts-20180523 

WW-DgeCatchments-20180523 

WW-DgeChannels-20180523 

WW-DgeGrossPollutantTraps-20180523 

WW-DgeHeadwalls-20180523 

WW-DgePipes-20180523 

WW-DgePits-20180523 

WW-DgeSubCatchments-20180523 

Drainage features 

WW-NatParks-20180523 National Parks 

WW-RainfallRecorders-20180523 

Rainfall gauges 

Ettalong School 

Pearl Beach 

Woy Woy  

WW-RoadCentrelines-20180523 Centrelines of roads 

WW-FloodGates-20180523 Flood Gates 

WW-SewerConnectionPoint-20180523 

WW-SewerControlValves-20180523 

WW-SewerEncasement-20180523 

WW-SewerFitting-20180523 

Sewer network/structures 
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WW-SewerGravityMain-20180523 

WW-SewerJunctions-20180523 

WW-SewerMaintenanceHoles-20180523 

WW-SewerMeter-20180523 

WW-SewerNetworkStructures-20180523 

WW-SewerPit-20180523 

WW-SewerPressureMain-20180523 

WW-SewerValves-20180523 

WW-SewerVentPipes-20180523 

WW-WaterService-20180523 

WW-WaterValve-20180523 

WW-WaterMain-20180523 

WW-WaterMeter-20180523 

WW-WaterFitting-20180523 

WW-WaterHydrant-20180523 

Water Supply network/structures 

WW-WaterNetworkStructure-20180523 Reservoirs and treatment plant 

WW-WaterPumps-20180523 Pumps 

WW-WaterLevelRecorders-20180523 Decommissioned and proposed water level 
recorders 

WW-WaterBores-20180523 Monitoring and Production bores 
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Community drop in session will be held: 
Thursday 18 February 4pm-7pm, Country Women’s Association (CWA) Hall (30/32 The 
Boulevarde, Woy Woy) 
You are invited to come along to find out more about the study and to share with the project team 
your experiences and concerns about flooding in the local area. 

At Council we know some parts of the Local Government Area 
(LGA) are more prone to flooding than others and we’re 
committed to finding solutions to reduce the social and 
economic damages of flooding.  
A Flood Study was completed for Woy Woy Peninsula in 2010 
and the Brisbane Water Floodplain Risk Management Study and 
Plan was completed in 2015.  
The Woy Woy Peninsula is prone to nuisance flooding, especially 
from long-duration rainfall events. Flooding occurs in the road 
reserves and in private property, where it remains until it 
infiltrates or evaporates. Generally, this flooding may remain for 
a couple of days. However, during very wet periods the 
groundwater table can rise such that flooding remains for several 
weeks. 
Flooding is also caused by creek flooding during large rainfall 
events, as well as inundation from ocean storms. 
This Floodplain Risk Management Study and Plan will be looking 
at options to manage flooding and its consequences. This may 
include drainage upgrades, foreshore barriers, raising roads, 
property filling, drainage easements, planning and development 
controls, community awareness programs or evacuation 
procedures.  
Council will be identifying potential options with the input from 
the community and will then assess the options and identify 
what actions Council, SES and the community can undertake to 
improve flood risk. 

In 2010 Central Coast Council completed a Flood Study for the Woy Woy Peninsula. The study identified flood 
risks to people, property, infrastructure and assets. The study provided Council with a better understanding 
of the importance of the interaction of coastal inundation, groundwater conditions and the increasing effects 
of development on flood behaviour due the changing hydraulics of the existing terrain surface. 
Council, with the assistance of state and federal government, is now undertaking a Floodplain Risk 
Management Study and Plan (FRMSP) for Woy Woy Peninsula including Kahibah Creek catchment to look at 
ways to manage flood risk. 

More than 10,000 properties within the 
study area could be affected by 
flooding in extreme ocean and rainfall 
events. 

Council is asking the community what 
flood risks they area concerned about and 
how they would like Council to address the 
risks. 

Do you have any local knowledge of flooding around Woy Woy Peninsula?  
Council would like to hear from you by email, phone or by filling in a brief online questionnaire 
(yourvoiceourcoast.com/floodplain) or by return mail (postage paid envelope included). Your responses will help 
us understand the local flooding problems in more detail. Local knowledge and personal experiences of flooding 
are an invaluable source of data. You can also share you knowledge and thoughts with the project team at the 
community drop in session listed below. 

Woy Woy Peninsula  
Floodplain Risk Management Study and Plan 

Email: FloodManagement@centralcoast.nsw.gov.au 

Mail: PO Box 21, Gosford NSW 2250 

Online: yourvoiceourcoast.com/floodplain 

Submissions should be provided by Friday 12th 

March 2021 

For more informa on phone:  

Robert Baker 02 4304 7087 

Smita Nepal 02 4304 7695 



Woy Woy Peninsula 
Floodplain Risk Management Study and Plan 

Community Questionnaire Form 
Contact Details: 
Name ___________________________________________________________________________________________ 
Address  (including Lot / DP, if known) _________________________________________________________ 
Email  _____________________________________________  Phone Number _______________________ 
 
How long have you lived, worked in Woy Woy Peninsula?  
  _______ years 
How often do you visit Woy Woy Peninsula and each time how long is your stay?                  
 _______ weeks _______ months _______ years 
How aware are you of flooding in and around Woy Woy Peninsula? (please select one) 
 Aware ___  Somewhat aware ___  Not aware ___ 
 
Do you have any specific concerns about flooding related to Woy Woy Peninsula? 
(e.g. locations of frequent or severe flooding, or specific impacts of flooding on roads, properties, 
assets or access) 
_______________________________________________________________________________________________________ 
_______________________________________________________________________________________________________ 
_______________________________________________________________________________________________________ 
 
Do you have any suggestions on how this flooding could be managed better? 
_______________________________________________________________________________________________________ 
_______________________________________________________________________________________________________ 
_______________________________________________________________________________________________________ 
_______________________________________________________________________________________________________ 
_______________________________________________________________________________________________________ 
When Council manages flooding, what is important to you? Please rank in order of 
importance - from 1 (most important) to 9 (least important). 

How important is flood management concerning: 
Rank from 1 (most 

important) to 9 
(least important)  

community access and recreational use  
Disadvantage in individual members of the community  
safety of the community during flooding  
community awareness and understanding of the local flood risk  
impacts of flood management on local plants and animals and their habitat  
impact on water quality issues  
cost to Council and the community  
reduction in flood damages to the community  
negative flood impacts on other locations  



Please provide your responses via email, mail, phone or online through Council’s website 

How do you an cipate you would respond in a major flood in this area? 

 Evacuate early to an official evacuaƟon centre 

 Evacuate elsewhere—please describe: ____________________________________________________ 

 Remain at my house (is your house elevated or do you have a second storey?)____________________ 

 Other—please describe: ________________________________________________________________ 

 Don’t know / unsure 

 I would be interested in informaƟon to assist me in responding to a flood 

If you were to evacuate, what would be the reasons for you to evacuate? (Select all that apply) 

 Discomfort / inconvenience / cost of being isolated by floodwater 

 Need for uniterrupted access to medical faciliƟes. Please specify:_______________________________ 

 Safety of our household 

 Other—please describe:  _______________________________________________________________ 

If you were to remain at your house, what would be the reasons for your to stay? (Select all that apply) 

 Discomfort / inconvenience / cost of evacuaƟng 

 Need to care for animals 

 I know my house can not be flooded and we can cope with isolaƟon  

 Concern for security of my property if I evacuate 

 Other—please describe: ________________________________________________________________ 

 Not applicable (I intend to evacuate from my house) 

What informa on do you look for during a flood event  (please circle all that apply):  

Road Closures / EvacuaƟon NoƟces / Flood CharacterisƟcs (magnitude, duraƟon, areas impacted, etc.)  

Other—please describe: ________________________________________________________________ 

Where do you currently get updates and informa on (please circle all that apply) : 

Websites / Radio  / TV  / Social Media  / Smartphone App 

Other—please describe: ________________________________________________________________ 

Can Council or our consultant contact you for further informa on rela ng to your responses to this 

survey? Yes / No  (please circle)  Would you prefer to be contacted by:    Phone / Email (please circle 

and provide phone number or email address)_________________ 

Do you give Council permission to use your supplied photos and informa on for the purposes of 

publicity or inclusion in the project documents?  Yes / No  (please circle) 

Please feel free to a ach addi onal pages.  

Woy Woy Peninsula  
Floodplain Risk Management Study and Plan 

Email: FloodManagement@centralcoast.nsw.gov.au 

Mail: PO Box 21, Gosford NSW 2250 

Online: www.yourvoiceourcoast.com/
floodplain 

Submissions should be provided by Friday 

12th March 2021 

For more informaƟon phone:  

Robert Baker 02 4304 7087  

Smita Nepal 02 4304 7695 
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NAM model for the Kahibah Creek catchment 
D-1 

D NAM model for the Kahibah Creek catchment 
A NAM model for the Kahibah Creek catchment was developed to determine the critical 
durations and temporal patterns in the area. 

A NAM model is a deterministic, lumped and conceptual rainfall-runoff model embedded in 
MIKE HYDRO River (DHI, 2021). It simulates overland flow, interflow, and baseflow 
components as a function of the moisture contents in four storages and the simulated flow 
can be directly added to the MIKE HYDRO River network for hydraulic routing.  

For each of the network branches, a number of catchment areas were delineated and 
developed in the NAM model based on the DEM. For each of these, the same rainfall and 
reference evaporation data as the calibrated MIKE SHE model were applied.  

For all simulations a 0.1m3/s baseflow was assumed for Kahibah Creek while sea levels 
were set based on gauged data from the 1988 event at Ettalong 212423 station.  

An automated optimisation procedure was employed to calibrate 13 key NAM model 
parameters. This calibration routine is based on a multi-objective optimisation strategy 
known as the SCE algorithm. Using this procedure in combination with the NAM models 
allows for the simultaneous optimisation of the 13 parameters to meet up to four distinct 
calibration objectives. The parameters included in the autocalibration process were: 

• Maximum water content in surface storage (Umax)
• Maximum water content in root zone storage (Lmax)
• Overland flow runoff coefficient (CQOF)
• Time constant for interflow (CKIF)
• Time constant 1 for routing overland flow (CK1)
• Time constant 2 for routing overland flow (CK2)
• Root zone threshold value for overland flow (TOF)
• Root zone threshold value for interflow (TIF)
• Root zone threshold value for groundwater recharge (TG)
• Time constant for routing baseflow (CKBF)
• Lower baseflow
• Recharge to lower reservoir (Cqlow)
• Time constant for routing lower baseflow (Cklow)

The autocalibration process optimised the above parameters to provide modelled runoff and 
flow from a number of creeks across the catchment. These data series were then compared 
against MIKE SHE 2D results from the 1988 event. Parameters were selected with the aim to 
minimise the RMSE and balance the overall water balance between these two series. MIKE 
SHE 2D results were used as the target data series as no historical flow monitoring data was 
available across the catchment. 

Water level and creek flow optimisation was conducted across several locations throughout 
the area of interest. These locations are shown in Figure D 1. Simulated NAM results were 
also compared to MIKE SHE 2D outputs across a number of locations in Figure D 2 through 
Figure D 9.   



   

NAM model for the Kahibah Creek catchment 
D-2 

 

Figure D 1 Calibration site locations. Ettalong Creek-Outlet cross-section 3628.61 (rose), Ettalong 
Creek cross-section 800 (green), McLaurin Channel cross-section 45 (red) and 
Kahibah Channel Ceek cross-section 1640 (yellow) 

 

Figure D 2 NAM simulated water levels (blue) compared against the MIKE SHE calibration 
target (black) at Ettalong Creek Outlet cross-section 3628.61. 



   

NAM model for the Kahibah Creek catchment 
D-3 

 

Figure D 3 NAM simulated discharges (blue) compared against the MIKE SHE calibration target 
(black) at Ettalong Creek Outlet cross-section 3628.61. 

 

Figure D 4 NAM simulated water levels (blue) compared against the MIKE SHE calibration 
target (black) at McLaurin Channel cross-section 45. 
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Figure D 5 NAM simulated discharges (blue) compared against the MIKE SHE calibration target 
(black) at McLaurin Channel cross-section 45. 

 

Figure D 6 NAM simulated water levels (blue) compared against the MIKE SHE calibration 
target (black) at Ettalong Creek cross-section 800. 
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Figure D 7 NAM simulated discharges (blue) compared against the MIKE SHE calibration target 
(black) at Ettalong Creek cross-section 800. 

 

Figure D 8 NAM simulated water levels (blue) compared against the MIKE SHE calibration target 
(black) at Kahibah Channel Creek cross-section 1640. 
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Figure D 9  NAM simulated discharges (blue) compared against the MIKE SHE calibration target 
(black) at Kahibah Channel Creek cross-section 1640. 
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0.5%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.2
1%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.3
2%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.4
5%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.5
10%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.6
20%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.7
50%AEP
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.8
PMF
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.9
0.5%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.10
1%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.11
2%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.12
5%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.13
10%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.14
20%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

FINALVersion

Woy Woy 
Flood Risk Management Study



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0

±
Model Domain

Flood Level (mAHD)
0.7 - 1
1.1 - 1.5
1.6 - 2
2.1 - 2.5
2.6 - 3
3.1 - 3.5
3.6 - 4
4.1 - 4.5
4.6 - 5
5.1 - 5.5
5.6 - 6
6.1 - 6.5
6.6 - 7
7.1 - 7.5
7.6 - 8
8.1 - 9
9.1 - 10
10.1 - 20
20.1 - 30
30.1 - 40
40.1 - 50
50.1 - 60
60.1 - 70
70.1 - 80
80.1 - 90
90.1 - 100
100.1 - 110
110.1 - 120
120.1 - 130
130.1 - 140

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:23,000 Date
Project No 43803055

1 Oct 2020

FIGURE E.15
50%AEP
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.16
PMF
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.17
0.5%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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Flood Risk Management Study



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0

±

Model Domain
Velocity (m/s)

Below 0.75
0.76 - 1
1.01 - 1.5
1.51 - 2
2.01 - 2.5
Above 2.5

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:23,000 Date
Project No 43803055

1 Oct 2020

FIGURE E.18
1%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.19
2%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.20
5%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.21
10%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.22
20%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

FINALVersion

Woy Woy 
Flood Risk Management Study



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0

±

Model Domain
Velocity (m/s)

Below 0.75
0.76 - 1
1.01 - 1.5
1.51 - 2
2.01 - 2.5
Above 2.5

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:23,000 Date
Project No 43803055

1 Oct 2020

FIGURE E.23
50%AEP
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.24
PMF
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE E.25 
0.5%AEP
(Critical Duration)
Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 2hrs
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FIGURE E.26  
1%AEP
(Critical Duration)
Flood Depth
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Assessed for the critical duration 6hrs
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FIGURE E.27  
2%AEP
(Critical Duration)
Flood Depth
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Assessed for the critical duration 2hrs
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FIGURE E.28  
5%AEP
(Critical Duration)
Flood Depth
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Assessed for the critical duration 2hrs
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FIGURE E.29 
10%AEP
(Critical Duration)
Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE E.30 
20%AEP
(Critical Duration)
Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hrs
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FIGURE E.31 
50%AEP
(Critical Duration)
Flood Depth
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Assessed for the critical duration 6hrs
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FIGURE E.32 
PMF
(Critical Duration)
Flood Depth
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Assessed for the critical duration 2hrs
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FIGURE E.33
0.5%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.34
1%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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FIGURE E.35
2%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.36
5%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.37
10%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE E.38
20%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hrs
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FIGURE E.39
50%AEP
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE E.40
PMF
(Critical Duration)
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.41
0.5%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.42
1%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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FIGURE E.43
2%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.44
5%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE E.45
10%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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FIGURE E.46
20%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hrs
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FIGURE E.47
50%AEP

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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FIGURE E.48
PMF

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE F.1

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC1

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.20m,
Interim Climate Change Factor 9.0%)
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FIGURE F.2

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC2

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.39m,
Interim Climate Change Factor 14.2%)
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FIGURE F.3

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC3

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.74m,
Interim Climate Change Factor 19.7%)
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FIGURE F.18

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

15 March 2023

1%AEP CC3 iniSZ

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

6hrsAssessed for the critical duration

(Sea level rise 0.74m, Interim 
Climate Change Factor 19.7%, 
Updated antecedent conditions)
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FIGURE F.5

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC1

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 2hr

(Sea level rise 0.20m,
Interim Climate Change Factor 9.0%)
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FIGURE F.6

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC2

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 2hr

(Sea level rise 0.39m,
Interim Climate Change Factor 14.2%)
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FIGURE F.7

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC3

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 2hr

(Sea level rise 0.74m,
Interim Climate Change Factor 19.7%)
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FIGURE F.8

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC1

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.20m,
Interim Climate Change Factor 9.0%)
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FIGURE F.9

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC2

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.39m,
Interim Climate Change Factor 14.2%)
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FIGURE F.10

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC3

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.74m,
Interim Climate Change Factor 19.7%)
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FIGURE F.11

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

15 March 2023

1%AEP CC3 iniSZ

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.74m, Interim 
Climate Change Factor 19.7%, 
Updated antecedent conditions)
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FIGURE F.12

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC1

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 2hr

(Sea level rise 0.20m,
Interim Climate Change Factor 9.0%)
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FIGURE F.13

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC2

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 2hr

(Sea level rise 0.39m,
Interim Climate Change Factor 14.2%)
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FIGURE F.14

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC3

Peak Velocity

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 2hr

(Sea level rise 0.74m,
Interim Climate Change Factor 19.7%)
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FIGURE F.15

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC1

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

6hrsAssessed for the critical duration

(Sea level rise 0.20m,
Interim Climate Change Factor 9.0%)
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FIGURE F.16

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC2

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

6hrsAssessed for the critical duration

(Sea level rise 0.39m,
Interim Climate Change Factor 14.2%)
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FIGURE F.17

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

1%AEP CC3

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

6hrsAssessed for the critical duration

(Sea level rise 0.74m,
Interim Climate Change Factor 19.7%)
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FIGURE F.4

Filtered with"
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

15 March 2023

1%AEP CC3 iniSZ

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs

(Sea level rise 0.74m, Interim 
Climate Change Factor 19.7%, 
Updated antecedent conditions)
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FIGURE F.19

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC1

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

2hrAssessed for the critical duration

(Sea level rise 0.20m,
Interim Climate Change Factor 9.0%)
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FIGURE F.20

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC2

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

2hrAssessed for the critical duration

(Sea level rise 0.39m,
Interim Climate Change Factor 14.2%)
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FIGURE F.21

Filtered with
Depth>0.10m, OR
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 March 2023

PMF CC3

Flood Level

FINALVersion

Woy Woy 
Flood Risk Management Study

2hrAssessed for the critical duration

(Sea level rise 0.74m,
Interim Climate Change Factor 19.7%)
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Flood Risk Management Study

FIGURE G.1
1%AEP
Hazard Classification
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE G.2
2%AEP
Hazard Classification
Assessed for the critical duration 2hrs
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FIGURE G.3
5%AEP
Hazard Classification
Assessed for the critical duration 2hrs
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FIGURE G.4
10%AEP
Hazard Classification
Assessed for the critical duration 3hrs
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FIGURE G.5
20%AEP
Hazard Classification
Assessed for the critical duration 1hrs
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FIGURE G.6
50%AEP
Hazard Classification
Assessed for the critical duration 6hrs
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FIGURE G.7
PMF
Hazard Classification
Assessed for the critical duration 2hrs
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FIGURE H.1

Date
Project No 43803055

14/07/2022

PMF
Flood Function

FINALVersion

Woy Woy 
Flood Risk Management Study

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE H.2

Date
Project No 43803055

14/07/2022

1%AEP
Flood Function

FINALVersion

Woy Woy 
Flood Risk Management Study

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE H.3

Date
Project No 43803055

14/07/2022

5%AEP
Flood Function

FINALVersion

Woy Woy 
Flood Risk Management Study

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE H.4

Date
Project No 43803055

14/07/2022

20%AEP
Flood Function

FINALVersion

Woy Woy 
Flood Risk Management Study

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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Figure I 110

Flood Emergency 
Response Classification

10% AEP

Cadastre

Emergency Response Category
Flooded, Isolated, Submerged

Flooded, Isolated, Elevated

Flooded, Escape Overland

Flooded, Escape Rising Road

10% AEP Flood Depth (m)
0.1 - 0.2

0.2 - 0.3

0.3 - 0.4

0.4 - 0.5

0.5 - 0.75

0.75 - 1

1 - 1.2

> 1.2

Throughout the flatter area in the eastern
side of the Woy Woy peninsula (generally
bound by Hillview Street, Carpenter Street,
and Hobart Avenue) flooding consists of
isolated pockets mainly occurring on
roadways.  Maximum flood depths are in the
order of 200-300mm and the affected
properties all have rising road access within
50m.
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Figure I 111

Flood Emergency 
Response Classification

5% AEP

Cadastre

Emergency Response Category
Flooded, Isolated, Submerged

Flooded, Isolated, Elevated

Flooded, Escape Overland

Flooded, Escape Rising Road

5% AEP Flood Depth (m)
0.1 - 0.2

0.2 - 0.3

0.3 - 0.4

0.4 - 0.5

0.5 - 0.75

0.75 - 1

1 - 1.2

> 1.2

Throughout the flatter area in the eastern
side of the Woy Woy peninsula (generally
bound by Hillview Street, Carpenter Street,
and Hobart Avenue) flooding consists of
isolated pockets mainly occurring on
roadways.  Maximum flood depths are in the
order of 200-300mm and the affected
properties all have rising road access within
50m.



Legend

Scale : 1:20000@A3
Date : 9 November 2020

Revision : A
Created by : JRF

Coordinate System : MGA 56

Figure I 112

Flood Emergency 
Response Classification

1% AEP

Cadastre

Emergency Response Category
Flooded, Isolated, Submerged

Flooded, Isolated, Elevated

Flooded, Escape Overland

Flooded, Escape Rising Road

1% AEP Flood Depth (m)
0.1 - 0.2

0.2 - 0.3

0.3 - 0.4

0.4 - 0.5

0.5 - 0.75

0.75 - 1

1 - 1.2

> 1.2

Throughout the flatter area in the eastern
side of the Woy Woy peninsula (generally
bound by Hillview Street, Carpenter Street,
and Hobart Avenue) flooding consists of
isolated pockets mainly occurring on
roadways.  Maximum flood depths are in the
order of 300-400mm and the affected
properties all have rising road access within
50m.
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Figure I 113

Flood Emergency 
Response Classification

0.5% AEP

Cadastre

Emergency Response Category
Flooded, Isolated, Submerged

Flooded, Isolated, Elevated

Flooded, Escape Overland

Flooded, Escape Rising Road

0.5% AEP Flood Depth (m)
0.1 - 0.2

0.2 - 0.3

0.3 - 0.4

0.4 - 0.5

0.5 - 0.75

0.75 - 1

1 - 1.2

> 1.2

Throughout the flatter area in the eastern
side of the Woy Woy peninsula (generally
bound by Hillview Street, Carpenter Street,
and Hobart Avenue) flooding consists of
isolated pockets mainly occurring on
roadways.  Maximum flood depths are in the
order of 300-450mm and the affected
properties all have rising road access within
50m.
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Figure I 114

Flood Emergency 
Response Classification

PMF

Cadastre

Emergency Response Category
Flooded, Isolated, Submerged

Flooded, Isolated, Elevated

Flooded, Escape Overland

Flooded, Escape Rising Road

PMF Flood Depth (m)
0.1 - 0.2

0.2 - 0.3

0.3 - 0.4

0.4 - 0.5

0.5 - 0.75

0.75 - 1

1 - 1.2

> 1.2

In the flatter areas in the eastern side of 
the Woy Woy peninsula categorised at 
Flooded, Isolated, Elevated, flooding is 
extensive and many areas become 
isolated while others have rising road 
access but it is unlikely that emergency 
services will be able to access these 
areas from the Woy Woy Hospital or 
Gosford Hospital.
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FIGURE J.1

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 Feb 2022

1% AEP 
+ 500mm freeboard

FINALVersion

Woy Woy 
Flood Risk Management Study

Flood Planning Area

Legend
Model Domain

Flood Planning Area
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FIGURE J.2

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 Feb 2022

1% AEP 
+ 500mm freeboard
+ Sea Level Rise 0.2m

FINALVersion

Woy Woy 
Flood Risk Management Study

Flood Planning Area

Legend
Model Domain

Flood Planning Area
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FIGURE J.3

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 Feb 2022

1% AEP 
+ 500mm freeboard
+ Sea Level Rise 0.39m

FINALVersion

Woy Woy 
Flood Risk Management Study

Flood Planning Area

Legend
Model Domain

Flood Planning Area
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FIGURE J.4

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
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FIGURE J.5

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
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FIGURE J.6

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
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FIGURE J.7

Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
Project No 43803055

1 Feb 2022

PMF
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Flood Risk Management Study

Assessed for the critical duration 2hr
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FIGURE K.2
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Flood Risk Management Study

Assessed for the critical duration 6hr
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Flood Risk Management Study

FIGURE L.1 
PMF FM01
Woy Woy CBD

Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
Assessed for the critical duration 2hrs
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Assessed for the critical duration 2hrs

FIGURE L.2 
PMF FM02
Dulkala Rd to Karingal Cl

Flood Depth
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Assessed for the critical duration 2hrs

FIGURE L.3 
PMF FM03
Infiltration Devices

Flood Depth
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Assessed for the critical duration 2hrs

FIGURE L.4 
PMF FM05
Greenhaven Dr

Flood Depth
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FIGURE L.5 
PMF FM06A
Kahibah Ck System 
maintenance Work

Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE L.6 
PMF FM08
Palmtree Grove 
Detention Basin

Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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PMF FM10
Neera Rd 

Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 2hrs
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1%AEP FM01
Woy Woy CBD

Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.9 
1%AEP FM02
Dulkala Rd to Karingal Cl
Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 6hrs
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Infiltration Devices
Flood Depth
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Assessed for the critical duration 6hrs
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FIGURE L.11 
1%AEP FM04
Groundwater pumping and 

Everglades drainage update work

Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
Assessed for the critical duration 6hrs
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FIGURE L.12 
1%AEP FM05
Greenhaven Dr
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.13 
1%AEP FM06A
Kahibah Ck system 
maintenance work
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.14 
1%AEP FM06B
Further improvement of the Kahibah 
Creek system maintenance work
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Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.15 
1%AEP FM08
Palmtree Grove Detention Basin

Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.16 
1%AEP FM09
Wilks Av and McManus Cl

Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.17 
1%AEP FM10
Neera Rd

Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 6hrs
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FIGURE L.18 
10%AEP FM01
Woy Woy CBD
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.19 
10%AEP FM02
Dulkala Rd to Karingal Cl
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.20 
10%AEP FM03
Infiltration Devices
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.21 
10%AEP FM05
Greenhaven Dr
Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.22 
10%AEP FM06A
Kahibah Ck system maintenance work

Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.23 
10%AEP FM08
Palmtree Grove Detention Basin

Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.24 
10%AEP FM10
Neera Rd

Flood Depth
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Flood Risk Management Study

Assessed for the critical duration 3hrs
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FIGURE L.25 
20%AEP FM01
Woy Woy CBD
Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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FIGURE L.26 
20%AEP FM02
Dulkala Rd to Karingal Cl
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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FIGURE L.27 
20%AEP FM03
Infiltration Devices
Flood Depth
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Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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FIGURE L.28 
20%AEP FM04
Groundwater pumping and Everglades 
drainage update work

Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
Assessed for the critical duration 1hr
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No puddles less than 100m2.

Date
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1 Aug 2021

FIGURE L.29 
20%AEP FM05
Greenhaven Dr
Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.30 
20%AEP FM06A
Kahibah Ck system maintenance 
work
Flood Depth
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.
Assessed for the critical duration 1hr
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Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
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1 Aug 2021

FIGURE L.31 
20%AEP FM06B
Further improvement of the Kahibah 
Creek system maintenance work

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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No puddles less than 100m2.
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FIGURE L.32 
20%AEP FM08
Palmtree Grove Detention Basin

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2.

Date
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FIGURE L.33 
20%AEP FM09
Wilks Av and McManus Cl

Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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No puddles less than 100m2.

Date
Project No 43803055

1 Aug 2021

FIGURE L.34 
20%AEP FM10
Neera Rd
Flood Depth

FINALVersion

Woy Woy 
Flood Risk Management Study

Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.35
PMF FM01
Woy Woy CBD
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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Flood Risk Management Study

FIGURE L.36
PMF FM02
Dulkala Rd to Karingal Cl
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 2hrs
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Flood Risk Management Study

FIGURE L.37
PMF FM03
Infiltration Devices
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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Flood Risk Management Study

FIGURE L.38
PMF FM05
Greenhaven Dr
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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Flood Risk Management Study

FIGURE L.39
PMF FM06A
Kahibah Ck system maintenance 
work
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 2hrs
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Flood Risk Management Study

FIGURE L.40
PMF FM08
Palmtree Grove Detention Basin

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 2hrs



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0

±
Model Domain

Flood Level (mAHD)
0.7 - 1
1.1 - 1.5
1.6 - 2
2.1 - 2.5
2.6 - 3
3.1 - 3.5
3.6 - 4
4.1 - 4.5
4.6 - 5
5.1 - 5.5
5.6 - 6
6.1 - 6.5
6.6 - 7
7.1 - 7.5
7.6 - 8
8.1 - 9
9.1 - 10
10.1 - 20
20.1 - 30
30.1 - 40
40.1 - 50
50.1 - 60
60.1 - 70
70.1 - 80
80.1 - 90
90.1 - 100
100.1 - 110
110.1 - 120
120.1 - 130
130.1 - 140

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:23,000 Date
Project No 43803055

1 Aug 2021
FINALVersion

Woy Woy 
Flood Risk Management Study

FIGURE L.41
PMF FM10
Neera Rd
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.42
1%AEP FM01
Woy Woy CBD
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.43
1%AEP FM02
Dulkala Rd to Karingal Cl

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.44
1%AEP FM03
Infiltration Devices
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.45
1%AEP FM04
Groundwater pumping and Everglades 
drainage update work

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.46
1%AEP FM05
Greenhaven Dr
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.47
1%AEP FM06A
Kahibah Ck system maintenance 
work
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.48
1%AEP FM06B
Further improvement of the Kahibah 
Creek system maintenance work
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.49
1%AEP FM08
Palmtree Grove 
Detention Basin
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.50
1%AEP FM09
Wilks Av and McManus Cl
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.51
1%AEP FM10
Neera Rd
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.52
10%AEP FM01
Woy Woy CBD
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.53
10%AEP FM02
Dulkala Rd to Karingal Cl
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.54
10%AEP FM03
Infiltration Devices
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.55
10%AEP FM05
Greenhaven Dr
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.56
10%AEP FM06A
Kahibah Ck system maintenance 
work
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.57
10%AEP FM08
Palmtree Grove Detention Basin

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.58
10%AEP FM10
Neera Rd
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.59
20%AEP FM01
Woy Woy CBD
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.60
20%AEP FM02
Dulkala Rd to Karingal Cl
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.61
20%AEP FM03
Infiltration Devices
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.62
20%AEP FM04
Groundwater pumping and Everglades 
drainage update work

Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Flood Risk Management Study

FIGURE L.63
20%AEP FM05
Greenhaven Dr
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.64
20%AEP FM06A
Kahibah Ck system 
maintenance work
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0

±
Model Domain

Flood Level (mAHD)
0.7 - 1
1.1 - 1.5
1.6 - 2
2.1 - 2.5
2.6 - 3
3.1 - 3.5
3.6 - 4
4.1 - 4.5
4.6 - 5
5.1 - 5.5
5.6 - 6
6.1 - 6.5
6.6 - 7
7.1 - 7.5
7.6 - 8
8.1 - 9
9.1 - 10
10.1 - 20
20.1 - 30
30.1 - 40
40.1 - 50
50.1 - 60
60.1 - 70
70.1 - 80
80.1 - 90
90.1 - 100
100.1 - 110
110.1 - 120
120.1 - 130
130.1 - 140

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:23,000 Date
Project No 43803055

1 Aug 2021
FINALVersion

Woy Woy 
Flood Risk Management Study

FIGURE L.65
20%AEP FM06B
Further improvement of the 
Kahibah Creek system 
maintenance work
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Flood Risk Management Study

FIGURE L.66
20%AEP FM08
Palmtree Grove 
Detention Basin
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.67
20%AEP FM09
Wilks Av and McManus Cl
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Flood Risk Management Study

FIGURE L.68
20%AEP FM10
Neera Rd
Flood Level
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.69
PMF FM01
Woy Woy CBD
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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Flood Risk Management Study

FIGURE L.70
PMF FM02
Dulkala Rd to Karingal Cl
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 2hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.71
PMF FM03
Infiltration Devices
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE L.72
PMF FM05
Greenhaven Dr
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE L.73
PMF FM06A
Kahibah Ck system 
maintenance work
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 2hrs
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FIGURE L.74
PMF FM08
Palmtree Grove Detention 
Basin
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE L.75
PMF FM10
Neera Rd
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 2hrs
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FIGURE L.76
1%AEP FM01
Woy Woy CBD
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.77
1%AEP FM02
Dulkala Rd to Karingal Cl

Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.78
1%AEP FM03
Infiltration Devices
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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FIGURE L.79
1%AEP FM04
Groundwater pumping and 
Everglades drainage update work

Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.80
1%AEP FM05
Greenhaven Dr
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.81
1%AEP FM06A
Kahibah Ck system 
maintenance work
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs
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FIGURE L.82
1%AEP FM06B
Further improvement of 
the Kahibah Creek system 
maintenance work
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.83
1%AEP FM08
Palmtree Grove 
Detention Basin
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.84
1%AEP FM09
Wilks Av and McManus Cl
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 6hrs



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0±

Model Domain
Velocity (m/s)

Below 0.75
0.76 - 1
1.01 - 1.5
1.51 - 2
2.01 - 2.5
Above 2.5

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:25,078 Date
Project No 43803055

1 Aug 2021
FINALVersion

Woy Woy 
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FIGURE L.85
1%AEP FM10
Neera Rd
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 6hrs
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Flood Risk Management Study

FIGURE L.86
10%AEP FM01
Woy Woy CBD
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.87
10%AEP FM02
Dulkala Rd to Karingal Cl
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed 
for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.88
10%AEP FM03
Infiltration Devices
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.89
10%AEP FM05
Greenhaven Dr
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 3hrs
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FIGURE L.90
10%AEP FM06A
Kahibah Ck system 
maintenance work
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.91
10%AEP FM08
Palmtree Grove Detention 
Basin
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.92
10%AEP FM10
Neera Rd
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 3hrs
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Flood Risk Management Study

FIGURE L.93
20%AEP FM01
Woy Woy CBD
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.94
20%AEP FM02
Dulkala Rd to Karingal Cl
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Flood Risk Management Study

FIGURE L.95
20%AEP FM03
Infiltration Devices
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.96
20%AEP FM04
Groundwater pumping and 
Everglades drainage update work

Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Flood Risk Management Study

FIGURE L.97
20%AEP FM05
Greenhaven Dr

Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.98
20%AEP FM06A
Kahibah Ck system 
maintenance work
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.99
20%AEP FM06B
Further improvement of the 
Kahibah Creek system 
maintenance work

Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed for 
the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.100
20%AEP FM08
Palmtree Grove 
Detention Basin
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Flood Risk Management Study

FIGURE L.101
20%AEP FM09
Wilks Av and McManus Cl
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. Assessed 
for the critical duration 1hr



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0±

Model Domain
Velocity (m/s)

Below 0.75
0.76 - 1
1.01 - 1.5
1.51 - 2
2.01 - 2.5
Above 2.5

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:25,078 Date
Project No 43803055

1 Aug 2021
FINALVersion
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Flood Risk Management Study

FIGURE L.102
20%AEP FM10
Neera Rd
Peak Velocity
Filtered with
Depth>0.10m, OR 
Velocity>2m/s, OR
(Depth>0.05m AND VxD>0.025m2/s)
No puddles less than 100m2. 
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.103
1%AEP FM01
Woy Woy CBD
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.104
1%AEP FM02
Dulkala Rd to Karingal Cl
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.105
1%AEP FM03
Infiltration Devices
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.106
1%AEP FM04
Groundwater pumping and 
Everglades drainage update 
work
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.107
1%AEP FM05
Greenhaven Dr
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.108
1%AEP FM06A
Kahibah Ck system 
maintenance work
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.109
1%AEP FM06B
Further improvement of 
the Kahibah Creek system 
maintenance work
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.110
1%AEP FM08
Palmtree Grove 
Detention Basin 
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.111
1%AEP FM09
Wilks Av and McManus Cl
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.112
1%AEP FM10
Neera Rd
Hazard Classification
Assessed for the critical duration 6hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.113
10%AEP FM01
Woy Woy CBD
Hazard Classification
Assessed for the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.114
10%AEP FM02
Dulkala Rd to Karingal Cl
Hazard Classification
Assessed for the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.115
10%AEP FM03
Infiltration Devices
Hazard Classification
Assessed for the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.116
10%AEP FM05
Greenhaven Dr
Hazard Classification
Assessed for the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.117
10%AEP FM06A
Kahibah Ck system 
maintenance work
Hazard Classification
Assessed for the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.118
10%AEP FM08
Palmtree Grove 
Detention Basin 
Hazard Classification
Assessed for the critical duration 3hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.119
10%AEP FM10
Neera Rd
Hazard Classification
Assessed for the critical duration 3hrs



340000

340000

341000

341000

342000

342000

343000

343000

344000

344000

345000

345000

346000

346000

347000

347000

62
88

00
0

62
88

00
0

62
89

00
0

62
89

00
0

62
90

00
0

62
90

00
0

62
91

00
0

62
91

00
0

62
92

00
0

62
92

00
0

62
93

00
0

62
93

00
0

62
94

00
0

62
94

00
0±

Model Domain

H1
H2
H3
H4
H5
H6

0 1 20.5
km

Datum Projection: GDA 1994 MGA Zone 56
Vertical Datum: Australian Height Datum
Grid: Map Grid of Australia

1:25,085 Date
Project No 43803055

1 Aug 2021
FINALVersion

Woy Woy 
Flood Risk Management Study

FIGURE L.120
20%AEP FM01
Woy Woy CBD
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.121
20%AEP FM02
Dulkala Rd to Karingal Cl
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.122
20%AEP FM03
Infiltration Devices
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.123
20%AEP FM04
Groundwater pumping and 
Everglades drainage update 
work
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.124
20%AEP FM05
Greenhaven Dr
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.125
20%AEP FM06A
Kahibah Ck system 
maintenance work
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.126
20%AEP FM06B
Further improvement of the 
Kahibah Creek system 
maintenance work
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.127
20%AEP FM08
Palmtree Grove 
Detention Basin 
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.128
20%AEP FM09
Wilks Av and McManus Cl
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.129
20%AEP FM10
Neera Rd
Hazard Classification
Assessed for the critical duration 1hr
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Woy Woy 
Flood Risk Management Study

FIGURE L.130
PMF FM01
Woy Woy CBD
Hazard Classification
Assessed for the critical duration 2hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.131
PMF FM02
Dulkala Rd to Karingal Cl
Hazard Classification
Assessed for the critical duration 2hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.132
PMF FM03
Infiltration Devices
Hazard Classification
Assessed for the critical duration 2hrs
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Woy Woy 
Flood Risk Management Study

FIGURE L.133
PMF FM05
Greenhaven Dr
Hazard Classification
Assessed for the critical duration 2hrs
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Woy Woy 
Flood Risk Management Study
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Hazard Classification
Assessed for the critical duration 2hrs
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FIGURE L.135
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Palmtree Grove 
Detention Basin 
Hazard Classification
Assessed for the critical duration 2hrs
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FIGURE L.136
PMF FM10
Neera Rd
Hazard Classification
Assessed for the critical duration 2hrs
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M Consultation Strategy 
The consultation strategy outlined in Table M. 1 describes the approach to consultation 
adopted for this study. The approach is in accordance with the IAP2 framework and the 
requirements of the NSW Government’s Floodplain Development Manual (2005). 

Table M. 1 Consultation Strategy Outline. 

IAP2 Engagement Strategy Guide Woy Woy FRMSP 

Context  
The internal and external drivers, pressures 
and other background information that is of 
relevance to the consultation strategy, and 
in particular how these may influence how 
the community receives and responds to 
the consultation program. 
 

 

The context of the consultation has been defined by 
the following: 

• Floodplain Development Manual. 
• Australian Emergency Management Handbook 7. 
• Council’s policies. 
• Flood behaviour (e.g. Brisbane Water levels, 

waterway flooding and overland flow and the 
coincidence of these). 

• Past flooding experiences and local, regional, 
and national media on flooding. 

• Council’s contact with flood impacted residents 
following previous flood events. 

• Consultation undertaken as part of the 2010 
Flood Study and 2015 Brisbane Water FRMSP (it 
is important to build on this rather than just 
repeat or supersede it). The consultation 
approach, breadth and outcomes of relevant 
projects will be reviewed prior to finalising the 
consultation program and materials.  

Scope 
The scoping statements are based on the 
project context and articulate why the 
consultation is being undertaken for this 
project, what the desired outcomes would 
be, and what the limitations of the 
engagement are.  

The scope of the consultation strategy is to engage 
with stakeholders and the community to better 
understand the flood risks within the study area, to 
identify preferred methods of floodplain 
management and to develop community 
understanding and ownership of the study 
outcomes. 

Stakeholders 
This section provides an overview of the 
different categories of stakeholders, and 
their relative level of interest, influence, and 
impact.  
This process is useful in identifying the 
level of engagement under the IAP2 
Consultation Spectrum that may be suitable 
for different types of stakeholders. 

A stakeholder matrix has been provided below this 
strategy. This has informed the selection of 
appropriate consultation methods. 
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IAP2 Engagement Strategy Guide Woy Woy FRMSP 

Purpose 
The purpose relates to the purpose of the 
consultation not the overall project. 
Stakeholders will be linked to each purpose 
and the goals within each purpose for each 
stakeholder will be identified. 

The purpose of the consultation is to: 

• Inform the community and stakeholders of 
the study 

• Gain an understanding of the community and 
stakeholders’ concerns relating to flooding in 
the study area 

• Seek input from the community on 
management options 

• Gather information from the community by 
participation 

• Obtain feedback on the Draft Floodplain Risk 
Management Study  

• Develop and maintain community confidence 
and collaboration with the study results. 

Methods Details of the engagement methods are provided in 
Section 7 of the FRMS. 

M.1 Stakeholder Matrix  

It is important to ensure that all those who need to be involved in the floodplain 
management (i.e. those with responsibility for managing flood risk and those with a 
vested interest in its management, such as property owners) are kept informed and 
invited to contribute to the process to establish a common understanding of flood risk and 
how decisions are made.  

Stakeholders may tend to make judgements about risk based solely on their own 
perceptions. These perceptions can vary due to differences in values, needs, 
assumptions, concepts, concerns and degrees of knowledge. Stakeholders’ views can 
have a significant impact on the decisions made, so it is important that differences in their 
perceptions of risk be identified, recorded, and addressed. 

A stakeholder matrix (Table M. 2) has been developed to provide an overview of the 
different categories of stakeholders, and their relative level of interest, influence, and 
impact on the FRMS. Each stakeholder has been recommended a type of consultation 
based on the IAP2 consultation spectrum (Table M. 3). 
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Table M. 2 Stakeholder Matrix 

Stakeholder Level of 
Impact 

Level of 
Interest 

Level of 
Influence 

Recommended Type of 
Consultation 

Impacted Stakeholders 
Central Coast Council High High High Empower 

Department of Planning, 
Industry and 
Environment 

High High High Empower 

Brisbane Water and 
Gosford Lagoon 
Catchments and Coast 
Committee 

High High High Involve 

State Emergency 
Service 

High High Moderate Collaborate 

Impacted Infrastructure 
Service Providers 
(Ausgrid, Telstra, 
Jemena Gas, Optus, 
Ambulance Service, 
Rail) 

Low High Low Inform 

Internal Sections at 
Council and Councol 
Officers 

Moderate Moderate Moderate Involve 

Interested Stakeholders 

Roads and Maritime 
Service / TfNSW 

High High Low Inform 

WaterNSW Moderate Moderate Low Inform 

Ecosystem managers Moderate Low Moderate Inform 

Darkinjung Aboriginal 
Land Council  

Moderate Low Moderate Inform 

Impacted Community Stakeholders 
Flood-affected property 
owners 

High High Low Consult 

Flood-affected residents High High Low Consult 

Flood-affected business 
owners 

High High Low Consult 

Property owners 
directly impacted by 
proposed flood risk 
management options 

Moderate – 
High (depending 
on type of option) 

Moderate – 
High (depending 
on type of option) 

Moderate Involve 

Residents and owners 
of properties not 
affected by flooding but 
within the study area 
(e.g. impacted by flood 
access) 

Moderate Moderate Low Consult 

Users of the area (e.g. 
impacted by flood 
access) 

Low Moderate Low Consult 

Interested Community Stakeholders 
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Stakeholder Level of 
Impact 

Level of 
Interest 

Level of 
Influence 

Recommended Type of 
Consultation 

Community groups: 
Peninsula Environment 
Group, South Woy Woy 
Progress Association, 
Ettalong Ratepayers & 
Citizen Progress 
Association, The Bays 
Community Group, Woy 
Woy Bay Bushcare, 
Everglades Probus 
Club, Central Coast Inc., 
Rotary Club of Woy 
Woy, Peninsula 
Mainstreet (Chamber of 
Commerce), Woy Woy 
Peninsula 
Neighbourhood Service 
Inc., Country Womens 
Association of NSW 
Woy Woy Branch 

Moderate Low Low Consult 

Wider community Low Low Low Consult 

 

Table M. 3 IAP2 Consultation Spectrum 

INFORM CONSULT INVOLVE COLLABORATE EMPOWER 

Public Participation 
Goal 

Public Participation 
Goal 

Public Participation 
Goal 

Public Participation 
Goal 

Public Participation 
Goal 

To provide the public 
with balanced and 

objective information 
to assist them in 

understanding the 
problems, 

alternatives and/or 
solutions. 

To obtain public 
feedback on analysis, 

alternatives and/or 
decisions. 

To work directly with 
the public throughout 
the process to ensure 
that public concerns 
and aspirations are 

consistently 
understood and 

considered. 

To partner with the 
public in each aspect 

of the decision, 
including the 

development of 
alternatives and the 
identification of the 
preferred solution. 

To place final 
decision-making in 

the hands of the 
Council 

Promise Promise Promise Promise Promise 
We will keep you 

informed. 
We will keep you 

informed, listen to, 
and acknowledge 

concerns and provide 
feedback on how 

public input 
influenced the 

decision. 

We will work with you 
to ensure that your 

concerns and 
aspirations are 

directly reflected in 
the alternatives 
developed and 

provide feedback on 
how public input 
influenced the 

decision. 

We will look to you 
for direct advice and 

innovation in 
formulating solutions 
and incorporate your 

advice and 
recommendations 

into the decisions to 
the maximum extent 

possible. 

We will implement 
what you decide. 

Stakeholders Stakeholders Stakeholders Stakeholders Stakeholders 
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INFORM CONSULT INVOLVE COLLABORATE EMPOWER 

Impacted 
Infrastructure 

Services 
RMS 

WaterNSW 
Department of 

Industry 
 Ecosystem 
Managers 

Local Member (MP)  

Impacted Community 
Stakeholders  

Impacted 
Stakeholders-Internal 

Business Units 
Council  

Office of Environment 
& Heritage 

State Emergency 
Services 

Catchments & Coast 
Committee  

Councillors                                                              

Engagement Tools Engagement Tools Engagement Tools Engagement Tools Engagement Tools 

Media Releases 
Have your Say 

Website (including 
access to online 

survey) 
Technical Papers 

(Study & Plan) 

Newsletter & Survey 
(directly mailed to 
potentially flood 

affected residents) 
Briefings 

Public Information 
Sessions (2) 
Submissions 

Have your Say 
Website 

Stakeholder 
meetings 

Direct email / mail 
and follow up phone 

calls, as required 

C & C Committee 
meetings 
Technical 

Subcommittee 
Workshops 

Briefings Internal 

Council Workshops 
Council Meetings 

 

M.2 Engagement Approach and Communication Deliverables           

Based on the objectives of the consultation (identified in the consultation strategy outline), 
the level of consultation identified for each of the stakeholders (in the stakeholder matrix), 
and discussions with Council, engagement methods were selected to achieve the project 
objectives (Table M. 4). 
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Table M. 4 Engagement Methods 

Event/Activity Action / key messages Target Audience Engagement level Responsibility 

Brief sent to Communication and 
Engagement 

 Internal N/A Project Officer 

Contact Council’s Knowledge 
Management Officer of Customer 
Relationships 

Currently Sandra Smith – on 
x8317 

Internal N/A Project Officer 

Inception meeting • Provide overview of project scope 
• Identify key issues for the study 
• Discuss approach to consultation 

Internal Business Units Council, 
SES and OEH 

Collaborate and Involve Project Officer and Consultants 

South Woy Woy Progress 
Association briefing 

• Provide brief summary of the 
project 

Progress Association Inform Council 

Your Voice Our Coast page – 
with a link to the project website 

• Provide scope and context of 
project. 

• Invite community input on what 
they see as the key flooding 
issues and how they would like to 
see them managed. 

• Provide project updates 
throughout project. 

Impacted and interested 
stakeholders 

Inform and consult Council and Rhelm (Consultant) 

Community newsletter and 
questionnaire  

• Provide scope and context of 
project. 

• Invite community input on what 
they see as the key flooding 
issues and how they would like to 
see them managed. 

Residents, property owners, local 
business owners, and the wider 
community. 

Consult Rhelm (Consultant) 

Media release • Advise of the project and 
advertise the engagement 
activities 

Residents, property owners, local 
business owners, and the wider 
community. 

Inform Rhelm to provide draft content. 

Council to finalise and release. 

Public notice in Coast 
Community News 

• Advise of the project and 
advertise the engagement 
activities 

Residents, property owners, local 
business owners, and the wider 
community. 

Inform Communications 
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Event/Activity Action / key messages Target Audience Engagement level Responsibility 

Community information sessions • Provide scope and context of 
project. 

• Invite community input on what 
they see as the key flooding 
issues and how they would like to 
see them managed. 

• Provide interactive mapping via 
WaterRide dongles, laptops, iPad, 
TVs and connecting cables for 
ease of representing the study 

Residents, property owners, local 
business owners, and the wider 
community. 

Consult Engagement, Project Officer and 
Rhelm 

Stakeholder meetings • Provide scope and context of 
project. 

• Invite community input on what 
they see as the key flooding 
issues and how they would like to 
see them managed. 

Community groups, action groups 
and other key stakeholders 
identified 

Consult and Involve Project Officer and Rhelm 

Engagement summary • A one-page summary of the 
engagement campaign to be 
uploaded to Your Voice Our Coast 

All stakeholders Inform Engagement to create and 
upload summary 

Technical Papers 

Committee Meeting 

• Recommendation to Council 
regarding public exhibition 

Catchment and Coasts Committee Consult  Council and Rhelm (Consultant) 

Technical Papers 

Council Meeting 

• Approval for documents to go on 
public exhibition 

Councillors Consult Council 

Media release • Advise of the project and 
advertise the engagement 
activities 

Residents, property owners, local 
business owners, and the wider 
community. 

Inform Rhelm to provide draft content. 
Council to finalise and release. 

Public notice in Coast 
Community News  

• Advise of the project and 
advertise the engagement 
activities 

Residents, property owners, local 
business owners, and the wider 
community. 

Inform Communications 

Public Exhibition – Your Voice 
Our Coast page, with a link to the 
project website 

• Invite feedback on draft 
documents 

Residents, property owners, local 
business owners, the wider 

Consult Council and Rhelm (Consultant) 
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Event/Activity Action / key messages Target Audience Engagement level Responsibility 

community, agency stakeholders 
and community groups. 

Community information sessions • Invite feedback on draft 
documents 

All stakeholders Consult Council and Rhelm (Consultant) 

Stakeholder meetings • Provide scope and context of 
project. 

• Invite community input on what 
they see as the key flooding 
issues and how they would like to 
see them managed. 

Community groups, action groups 
and other key stakeholders 
identified. 

Consult Council and Rhelm (Consultant) 

Engagement summary • A one-page summary of the 
engagement campaign to be 
uploaded to Your Voice Our Coast 

All stakeholders Inform Engagement to create and 
upload summary 

Finalisation and handover • Data uploaded to SES Web portal DPIE, SES  Council and Rhelm (Consultant) 
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N Economic Flood Damages 

N.1 Damage Categories 

In order to quantify the economic impacts of flooding, a flood damage assessment has been 
undertaken. A property may suffer economic impacts from flooding through several ways. These 
are broadly grouped into three categories, as summarised in Table N. 1. 

Table N. 1 Flood Damages Categories 

Type of Flood Damages Description 

Tangible Direct Building contents (internal) 

Structure (building repair and clean) 

External items (vehicles, contents of sheds etc.) 

Infrastructure 

Indirect Clean-up (immediate removal of debris) 

Financial (loss of revenue, extra expenditure) 

Opportunity (non-provision of public services) 

Intangible Social – increased levels of insecurity, depression, stress 

General inconvenience in post-flood stage 

Damage dealt directly to a property or its contents (direct damages) are only a component of the 
total damages accrued during a flood event. Indirect costs, while also tangible, arise as a result 
of consequences of the flood event, such as clean-up costs, opportunity costs, and other 
financial impacts.  

In addition to tangible damages, there are also a category of damages referred to as intangible 
damages. Intangible costs relate to social impacts, such as insecurity and depression, that arise 
as a result of major flood event, or general inconveniences that occur during the post-flood 
stage.  The intangible costs are difficult to calculate in economic terms. 

N.2 Property Survey 

Detailed floor level survey was available for a total of 1,606 properties within the Woy Woy study 
area. The floor levels of the remaining properties (11,513) were estimated using aerial imagery, 
Google Street view and site inspections, whilst the ground level was estimated using the LiDAR 
derived ground surface DEM. Where it was not possible to get a good reading of the floor level 
of a property, the damages assessment assumed that the floor level was 0.3 metres higher than 
the ground level. A total of 13,119 properties were assessed in terms of floodplain damages, 
with a breakdown of their survey source provided in Table N. 2.  

 

. 
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Table N. 2 Property Survey in Woy Woy Study Area 

Survey Source Residential Single 
Storey 

Residential Double 
Storey Commercial Total 

Woy Woy 138 24 3 165 

Brisbane Water 680 256 89 1,025 

Kahibah Creek 245 0 2 247 

Kahibah 167 0 2 169 

'Estimated' 11,300 N/A 213 11,513 

Total 12,530 280 309 13,119 

Due to the large number of properties estimated through aerial imagery and Google Maps, the 
damages assessment assumed that these properties were single storey. A full list of 
assumptions and inputs is provided in the following section. 

N.3 Methodology, Assumptions and Inputs 

The damage assessment undertaken for this study has examined the tangible damages only, 
using the Excel template (Version 3.00) developed by the Department of Environment and 
Climate Change (DECC) (now DPIE) in 2007. The spreadsheet provides damage curves for 
three residential building types: 

1. Single storey, high set 
1. Single storey, slab on ground 
2. Two storey, slab on ground. 
Damage curves for commercial buildings were derived using ANUFLOOD, with values indexed 
to present day dollars ($2021). 

The spreadsheet is subject to a number of assumptions and inputs, which are detailed in Table 
N. 3. The residential and commercial damage curves applied to the analysis are illustrated in 
Figure N. 1. The sudden jump in the two storey damage curve at a depth of 2.60m indicates that 
the flooding is starting to impact the upper storey, significantly increasing the damages incurred. 

Table N. 3 List of assumptions and inputs in the damages assessment 

Assumption / Input Value Justification 

Regional cost variation factor 1.02 Obtained from Rawlinsons – Regional Indices. Gosford is 
1.02, relative to Sydney (1.00), and is the closest location 
to Woy Woy 

Inflation adjustments 2.02 Based on Average Weekly Earning (AWE): 

November 2020:  $1,711.60 

November 2001:  $848.70 

Post-flood inflation factor 1.50 Large scale impacts in a regional area, with more than 150 
properties affected  

Typical duration of 
immersion 

6 hours Assumed 
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Assumption / Input Value Justification 

Building damage repair 
limitation factor 

0.85 Short duration 

Typical house size 170 m2 Estimated, based on aerial imagery of a range of 
representative properties 

Contents damage repair 
limitation factor 

0.75 Short duration 

Level of flood awareness Low Assumed 

Effective warning time 0 hours Assumed 

Interpolated Damage 
Reduction Factor 

1.00 Assumed 

Likely time and cost in 
alternate accommodation 

6 weeks, $220 
per week 

Recommended values 

Clean-up costs $4,000 Recommended value, per property 

External/Garden damage: 
Major cost 

$5,000 per 
property 

Triggered if depth of inundation above ground level is 
greater than 0.50 metres 

External/Garden damage: 
Minor cost 

$500 per 
property 

Triggered if depth of inundation above ground level is 
greater than 0.15 metres but less than 0.50 metres 

Single Storey Properties High-Set All single storey properties within the study area are 
assumed to be high-set (as opposed to slab on ground) 

Commercial and Industrial 
properties 

Low value All commercial and industrial properties within the study 
area are assumed to be of low value (as opposed to 
medium or high) 
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Figure N. 1 Damage Curves 

The following events were modelled in terms of catchment flooding to form the basis of the 
floodplain damages assessment: 

• PMF 
• 1% AEP  
• 10% AEP  
• 20% AEP  

N.3.1 Technical Note: Damages Calculation 

The floodplain damages associated with the base case were calculated based on the median 
temporal pattern for the critical storm across the mitigation option locations. The change in 
damages associated with each floodplain management option was calculated based on the 
difference between the median temporal pattern and critical duration of the flood event, as 
detailed below: 

• PMF: 2 hour critical duration 
• 1% AEP: 6 hour critical duration, temporal pattern 09 
• 10% AEP: 3 hour critical duration, temporal pattern 04 
• 20% AEP: 1 hour critical duration, temporal pattern 03 

N.4 Results: Existing (Base Case) 

The results from the damage assessment are summarised in Table N. 4. The average annual 
damage (AAD) for the Woy Woy study area under existing conditions is $2,911,637. Over a 
50-year assessment period and under a seven per cent discount rate, this is equivalent to a 
Net Present Value (NPV) of $40.2 million. Note that these damages were calculated based on 
the tangible damages only.  



 

Economic Flood Damages 
N-5 

Table N. 4 Woy Woy – Existing Damages Assessment Results 

AEP Properties with 
Over-Floor Flooding 

Max Over-Floor 
Depth (m) 

Average Over-Floor 
Depth (m) Total Damages 

PMF 2,138 2.07 0.23 $165,207,840 

1% AEP 36 1.54 0.25 $2,603,748 

10% AEP 19 1.36 0.25 $1,459,712 

20% AEP 16 0.32 0.12 $1,152,774 

As there are 2,138 properties in the damages assessment that experience over-floor flooding in 
the PMF, this equates to an AAD per property of $620. 

The removal of garden damages has a negligible impact on the result of the damages 
assessment, suggesting that the outcome of the damages is not sensitive to this assumption. 

As an additional sensitivity test, an assessment was undertaken for the assumption of all 
buildings using floor levels estimated based on ground LiDAR values.  The assumed value of 
0.3m above ground level was based on a combination of site inspections, Google Streetview 
and aerial imagery. Table N. 5 shows the impact of increasing this value on over floor flooding 
and total damages. 

Table N. 5 Existing Damages Assessment Results – Sensitivity to Estimated Floor Level Heights 

  0.3m Above 
Ground Level 

0.4m Above 
Ground Level 

0.5m Above 
Ground Level 

0.6m Above 
Ground Level 

PMF Properties with 
Over-Floor Flooding 2,138 1,538 1,127 823 

Total Damages $165,207,840 $121,392,367 $89,602,079 $67,738,650 

1% AEP Properties with 
Over-Floor Flooding 36 35 34 34 

Total Damages $2,603,748 $2,575,765 $2,530,196 $2,463,699 

10% AEP Properties with 
Over-Floor Flooding 19 19 18 18 

Total Damages $1,459,712 $1,456,185 $1,391,451 $1,367,448 

20% AEP Properties with 
Over-Floor Flooding 16 16 15 15 

Total Damages $1,152,774 $1,086,729 $1,062,274 $1,062,274 

Average Annual Damage $1,324,615 $1,090,814 $918,702 $803,890 

The estimated floor level above ground level has a minor impact on the resultant AAD 
(potentially a 18% to 39% reduction when increased 0.1m to 0.3m, respectively).  This reduction 
is mostly attributed to reduction in damages in the PMF event.  In the smaller modelled events, 
over floor flooding is largely experienced by dwellings which have had their floor levels surveyed, 
hence the reduction of only one or two properties experiencing a change when the estimated 
floor level elevation is increased. 
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N.5 Results: Options 

The flood damages assessment is a useful tool for comparing the merits of various options, it is 
not a precise flood risk analysis tool and the limitation associated with the assessment should be 
considered when interpreting the results. The outcomes of the damages assessment for the 
seven options that were assessed in detail are provided in the following sections. 

The PMF event was removed from the damages assessment, as it was concluded that the 
modelled flood mitigation options have minimal effect on design flood levels and the effect on 
reduction in AAD is negligible. 

The economic evaluation of each of these options was also assessed by considering the 
reduction in the amount of flood damages incurred for the design events and by then comparing 
this value with the cost of implementing the measure. 

The indicator adopted to rank these measures on economic merit is the benefit-cost ratio (B/C or 
BCR), which is based on the net present value (NPV) of the benefits (reduction in AAD) and the 
costs (capital and ongoing), adopting a 7% discount rate and an implementation period of 50 
years. 

The benefit-cost ratio provides an insight into how the damage savings from a measure, relate to 
its cost of construction and maintenance:  

• Where the benefit-cost ratio is greater than 1, the economic benefits are greater than the 
costs of implementing the measure; 

• Where the benefit-cost ratio is less than 1 but greater than 0, there is still an economic 
benefit from implementing the measure but the cost of implementing the measure is greater 
than the economic benefit; 

• Where the benefit-cost is equal to zero, there is no economic benefit from implementing the 
measure; and  

• Where the benefit-cost is less than zero, there is a negative economic impact of 
implementing the measure. 

The following sections detail the damage assessment results for each of the seven options. The 
Figure below displays the difference in Annual Average Damage (AAD) between the floodplain 
mitigation option and the Base Case (existing scenario). 



 

Economic Flood Damages 
N-7 

 

Figure N. 2 Difference in AAD between floodplain options and the Base Case (existing scenario) 

N.5.1 FM01  

FM01 considers mitigation of flooding around Woy Woy CBD which is low-lying area close to the 
coastline.  

The table below shows a comparison between the forecasted results of the mitigation option and 
the Base Case. The results show a marginal reduction in the AAD ($176). There is also a 
negligible change in the number of properties affected by over-floor and overground flooding as 
a result of implementing this mitigation option. 

Table N. 6 FM01: Comparison with Existing Damages 

  Properties with Over-
Floor Flooding 

Flood affected 
properties Total Damages ($2021) Reduction in 

Damages 

  Existing FM01 Existing FM01 Existing FM01  

1% AEP 36 36 239 239 $2,603,748 $2,600,221 $3,527 

10% AEP 19 19 92 92 $1,459,712 $1,459,712 $0 

20% AEP 16 16 73 73 $1,152,774 $1,152,774 $0 

AAD 

    

$1,324,615 $1,324,439 $176 

The cost of implementing Option FM01 is compared against the reduction in AAD (compared to 
the existing case) to provide a benefit cost ratio (see Table below). 
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Table K.1 FM01: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

NPV Benefit Cost 
Ratio 

FM01 $1,708,840 $500 $1,603,947 $2,434 -$1,601,513 0.00 

N.5.2 FM02 

FM02 considers the increase of drainage capacity at Dulkala Road to Karingal Close including 
the utilization of the public space north of Dulkala Road and west of St John the Baptist Catholic 
Primary School. Modifications include increase of the drainage pipe sizes and gradient changes 
to Karloo Rd and Lentara Rd to reduce flow entering to properties.  

The table below shows a comparison between the forecasted results of the mitigation option and 
the Base Case. The results show a minor reduction in the AAD ($14,457), despite a negligible 
change in the number of properties affected by over-floor and overground flooding as a result of 
implementing this mitigation option. 

Table N. 7 FM02: Comparison with Existing Damages 

  Properties with Over-
Floor Flooding 

Flood affected 
properties Total Damages ($2021) Reduction 

in Damages 

  Existing FM02 Existing FM02 Existing FM02  

1% AEP 36 35 239 238 $2,603,748 $2,559,888 $43,861 

10% AEP 19 19 92 92 $1,459,712 $1,421,498 $38,215 

20% AEP 16 16 73 73 $1,152,774 $1,109,607 $43,167 

AAD         $1,324,615 $1,310,158 $14,457 

The cost of implementing Option FM02 is compared against the reduction in AAD (compared to 
the existing case) to provide a benefit cost ratio (see Table below). 

Table N. 8 FM02: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

NPV Benefit Cost 
Ratio 

FM02 $653,100 $500 $617,274 $199,512 -$417,762 0.32 

N.5.3 FM03 

FM03 considers the installation of infiltration devices along streets with ponding. A number of 
infiltration devices were tested in several locations of the Woy Woy peninsula previously and 
showed improvements to local drainage issues, while the maintenance of devices has been a 
challenge.  

The Table below shows a comparison between the forecasted results of the mitigation option 
and the Base Case. The results show no reduction in the AAD, and no change in the number of 
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properties affected by over-floor and overground flooding as a result of implementing this 
mitigation option. 

The cost of implementing Option FM03 is compared against the reduction in AAD (compared to 
the existing case) to provide a benefit cost ratio (see Table below). 

Table N. 9 FM03: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

NPV Benefit Cost 
Ratio 

FM03 $144,200 $6,000 $217,571 $0 -$217,571 0.00 

N.5.4 FM05 

FM05 considers increasing the capacity of the drainage along The Rampart, Greenhaven Drive, 
Australia Avenue, and Glenhaven Close and navigating more ponding water to the drainage 
system. 

The Table below shows a comparison between the forecasted results of the mitigation option 
and the Base Case. The results show a minor reduction in the AAD ($15,247), despite a 
negligible change in the number of properties affected by over-floor and overground flooding as 
a result of implementing this mitigation option. 

Table N. 10 FM05: Comparison with Existing Damages 

  Properties with 
Over-Floor Flooding 

Flood affected 
properties Total Damages ($2021) Reduction in 

Damages 
  Existing FM05 Existing FM05 Existing FM05 

1% AEP 36 35 239 237 $2,603,748 $2,601,532 $2,216 

10% AEP 19 19 92 92 $1,459,712 $1,435,709 $24,003 

20% AEP 16 16 73 73 $1,152,774 $1,088,493 $64,281 

AAD         $1,324,615 $1,309,368 $15,247 

The cost of implementing Option FM05 is compared against the reduction in AAD (compared to 
the existing case) to provide a benefit cost ratio (see Table below). 

Table N. 11 FM05: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

Net Present 
Value 

Benefit Cost 
Ratio 

FM05 $163,520 $0 $152,822 $210,424 $57,601 1.38 

N.5.5 FM06A 

Council has been undertaking a routine vegetation maintenance program at the Kahibah Creek 
system established following the Kahibah Creek Floodplain Management Plan (Willing & 
Partners, 1996) as well as development controls along the drainage reserves along the 
channels.  
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The Baseline model was modified to increase surface roughness along the creek riparian area, 
representing a scenario prior to when the routine maintenance started taking place.  This option 
determines the viability of the current maintenance program by comparing the benefits it 
produces against the cost of its implementation. 

The table below shows a comparison between the forecasted results of the vegetation 
maintenance program against the scenario where it is not implemented. The results show a 
marginal decrease in the AAD ($803). 

Table N. 12 FM06A: Comparison with Existing Damages 

  Properties with 
Over-Floor Flooding 

Flood affected 
properties Total Damages ($2021) Reduction in 

Damages 
  Existing FM06A Existing FM06A Existing FM06A 

1% AEP 36 36 239 243 $2,603,748 $2,613,625 $9,877 

10% AEP 19 20 92 92 $1,459,712 $1,462,298 $2,586 

20% AEP 16 16 73 73 $1,152,774 $1,153,091 $317 

AAD         $1,324,615 $1,325,418 $803 

The cost of implementing the vegetation maintenance program is compared against the 
reduction in AAD to provide a benefit cost ratio (see table below). 

Table N. 13 FM06A: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

Net Present 
Value 

Benefit Cost 
Ratio 

FM06A $0 $320,000 $4,416,239 $11,079 $4,405,160 0.00 

N.5.6 FM08 

Palmtree Grove Detention Basin stores flow from the upper catchment originating on the 
escarpment. It is registered as a declared dam and requires significant maintenance costs for 
Council. FM08 considers the impact on flood risk in case that the basin storage is reduced. To 
minimize the impact, alternative mitigation measures are proposed. 

The table below shows a comparison between the forecasted results of the mitigation option and 
the Base Case. The results show a minor increase in the AAD ($2,822).  This is resulting from 
the behaviour of the dam producing additional flood flows towards properties in the 20% AEP, 
while in larger events, these flood levels are reduced because a greater proportion of flow is 
directed along Palmtree Grove. 

Table N. 14 FM08: Comparison with Existing Damages 

  Properties with 
Over-Floor Flooding 

Flood affected 
properties Total Damages ($2021) Reduction in 

Damages^ 
  Existing FM08 Existing FM08 Existing FM08 

1% AEP 36 34 239 238 $2,603,748 $2,576,510 $27,238 
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10% AEP 19 19 92 92 $1,459,712 $1,453,449 $6,264 

20% AEP 16 16 73 74 $1,152,774 $1,176,667 -$23,893 

AAD         $1,324,615 $1,327,437 -$2,822 

^ A negative reduction corresponds to an increase in flood damages 
The cost of implementing Option FM08 is compared against the reduction in AAD (compared to 
the existing case) to provide a benefit cost ratio (see Table below). 

Table N. 15 FM08: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

Net Present 
Value 

Benefit Cost 
Ratio* 

FM08 $295,400 -$30,000 -$137,948 -$38,943 $99,005 3.54 

^ This BCR interprets the negative benefits as costs and negative costs as benefits. 

N.5.7 FM10 

FM10 considers increasing the capacity of the drainage at Neera Road and navigating more 
ponding water to the drainage system.  

The Table below shows a comparison between the forecasted results of the mitigation option 
and the Base Case. The results show no significant reduction in the AAD ($25). There is also no 
change in the number of properties affected by over-floor and overground flooding as a result of 
implementing this mitigation option. 

Table N. 16 FM10: Comparison with Existing Damages 

  Properties with 
Over-Floor Flooding 

Flood affected 
properties Total Damages ($2021) Reduction in 

Damages 
  Existing FM10 Existing FM10 Existing FM10 

1% AEP 36 36 239 239 $2,603,748 $2,603,248 $500 

10% AEP 19 19 92 92 $1,459,712 $1,459,712 $0 

20% AEP 16 16 73 73 $1,152,774 $1,152,774 $0 

AAD         $1,324,615 $1,324,590 $25 

The cost of implementing Option FM10 is compared against the reduction in AAD (compared to the 
existing case) to provide a benefit cost ratio (see Table below). 

Table N. 17 FM10: Economic Results 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

Net Present 
Value 

Benefit Cost 
Ratio 

FM10 $138,880 $0 $129,794 $345 -$129,449 0.00 



 

Economic Flood Damages 
N-12 

N.6 Results Summary: Economic Outcome of Options  

The economic assessment considers the comparative costs and benefits of the proposed 
floodplain management options against the existing scenario (base case). The economic merit of 
the options was determined by comparing the present value (PV) of the change in AAD 
(compared with the base case) less the change in capital and maintenance costs.  

The Table below and Figure N. 3 summarises the results of the economic assessment of 
floodplain damages for the seven options, across a 50-year assessment period. A positive NPV 
and BCR greater than one support a claim for the program to be considered as economically 
feasible.  

Table N. 18 Economic Summary of Floodplain Management Options 

Option Capital Cost 
Recurrent 
Cost 
(Annual) 

NPV of Costs 
NPV of 
Reduction in 
AAD 

Net Present 
Value 

Benefit Cost 
Ratio 

FM01 $1,708,840 $500 $1,603,947 $2,434 -$1,601,513 0.00 

FM02 $653,100 $500 $617,274 $199,512 -$417,762 0.32 

FM03 $144,200 $6,000 $217,571 $0 -$217,571 0.00 

FM05 $163,520 $0 $152,822 $210,424 $57,601 1.38 

FM06A $0 $320,000 $4,416,239 $11,079 $4,405,160 0.00 

FM08 $295,400 -$30,000 -$137,948 -$38,943 $99,005 3.54 

FM10 $138,880 $0 $129,794 $345 -$129,449 0.00 
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Figure N. 3 Net Present Value of Floodplain Management Options 

The results show that FM05 and FM08 are the best performing options, with a BCR greater than 
1.  Both FM06A and FM08 result in increased flood damages to private properties. 
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Criteria Weighting 5 5 5 2 2 4 2 5 4 2 3 5  

FM01 
Woy Woy 
CBD drainage 
upgrades 

$1,708,840 $ 500 $176 0.00 1 
-3 

-1 -2 2 1 0 0 1 -1 0 -1 -14.0 18 8 

Ca
pi

ta
l W

or
ks

 R
an

k 

FM02 

Dulkara Road 
to Karringal 
Close 
drainage 
upgrades 

$ 653,100 $ 500 $14,457 0.32 1 -3 -1 -2 1 -1 0 1 1 1 0 -1 -15.0 19 9 

FM03 Infiltration 
Devices $ 144,200 $6,000 $138 N/A 1 -2 -2 2 2 -1 0 1 1 2 3 0 11.0 6 1 

FM04 

Groundwater 
pumping and 
Everglades 
drainage 
update work 

$ - $4,000 N/A N/A 0 0 -1 2 0 -1 0 0 0 2 0 0 -1.0 11 3 



 

  

FM05 

Greenhaven 
Drive 
drainage 
upgrades 

$ 163,520 $ - $15,247 1.38 1 -1 0 -2 1 -1 0 1 1 1 0 -1 0.0 10 2 

FM06A 
Kahibah 
Creek system 
maintenance 

$ - $ 
320,000 $ 803 0.00 -1 0 -3 0 2 -1 2 0 1 2 -2 -2 -24.0 20 10 

FM06B 

Increase 
Kahibah 
Creek system 
maintenance 

$ 300,000 $ 
200,000 N/A N/A 1 0 -3 -2 2 -1 2 0 0 0 1 0 -7.0 15 6 

FM08 

Palmtree 
Grove 
detention 
basin 
reduced 
capacity 

$ 295,400 -$30,000 -$ 2,822 3.54 -1 -2 2 -2 1 -1 0 1 1 1 -1 0 -3.0 12 4 

FM09 

Wilks Avenue 
and 
McManus 
Close 
drainage 
upgrades 

$96,320 $ - N/A N/A 0 -2 0 -2 1 -1 0 1 1 1 0 -1 -10.0 16 7 

FM10 
Neera Road 
drainage 
upgrades 

$138,880 $ - $25 0.00 1 -2 0 -1 1 -1 0 1 1 1 0 -1 -3.0 12 4 

PM03 
Voluntary 
House 
Raising 

$100,000 each $ - $10 - $20k each 0.01 3 -3 0 -3 -1 -1 0 3 0 0 0 0 3.0 9 8 

Pl
an

ni
ng

 M
ea

su
re

s R
an

k 

PM04 

Property 
Flood Risk 
Education 
Program 

$ - $2,000 N/A N/A 0 -1 0 3 0 -1 2 0 0 2 0 0 5.0 7 6 

PM05 

Property 
Management 
Education 
Program 

$80,000 $5,000 N/A N/A 1 -2 -2 3 0 -1 2 0 0 1 2 1 4.0 8 7 

PM06 

Reduced 
Level of 
Drainage 
Service 

$20,000 N/A N/A N/A 0 -1 2 3 2 -1 0 0 0 0 -1 1 13.0 3 3 

PM07 Landform 
Adaptation 

$2.0M to 
$49.6M $ - $1,000 to $10,000 per 

property 
0.2 to 

0.8 3 -3 2 -3 2 2 0 3 3 2 2 0 53.0 1 1 

EM01 

Review of 
Evacuation 
Centre 
Locations 

$10,000 $ - N/A N/A 0 -1 0 2 0 -1 0 2 0 1 0 1 12.0 5 5 



 

  

EM02A 
EM02B 

Access 
Improvement
s During 
Flooding 

$1.6M - 1% AEP 
$12.2M - PMF $ - N/A N/A 0 -3 0 -3 1 -1 0 0 2 1 0 0 -13.0 17 10 

EM03 
Flood 
Warning 
System 

$50,000 $ 10,000 NA NA 0 -2 -2 1 1 -1 0 2 0 1 1 0 -5.0 14 9 

EM04 
Flood 
Warning 
Signs 

$5,000 $ - NA NA 0 -1 -1 3 2 -1 3 2 0 1 0 0 14.0 2 2 

EM05 
Flood 
Education 
Programs 

$10,000 $4,500 NA NA 0 -1 -1 3 0 -1 3 2 0 1 1 0 13.0 3 3 

PM02 
Voluntary 
House 
Purchase 

Not considered 
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