
 

 

NORTH BYRON FLOODPLAIN RISK MANAGEMENT STUDY AND DRAFT PLAN 
 

TABLE OF CONTENTS 
 

PAGE 
 

 

LIST OF ACRONYMS ................................................................................................................. i 

ADOPTED TERMINOLOGY ........................................................................................................ i 

EXECUTIVE SUMMARY ............................................................................................................ 1 

1. INTRODUCTION ........................................................................................................ 4 

1.1. Study Area .................................................................................................. 4 

1.2. The Floodplain Risk Management Process ................................................. 4 

1.3. Available Data ............................................................................................ 5 

2. NORTH BYRON CATCHMENT .................................................................................. 6 

2.1. Overview .................................................................................................... 6 

2.2. Social Characteristics ................................................................................. 6 

2.3. Vulnerable Properties ................................................................................. 8 

2.4. Environmental Features .............................................................................. 9 

2.4.1. Key water management issues ................................................................... 9 

2.4.2. Environmental Values ................................................................................. 9 

2.5. Built Environment........................................................................................ 9 

2.6. Flood Behaviour ....................................................................................... 11 

2.6.1. Marshalls Creek Flood Behaviour ............................................................. 11 

2.6.2. Brunswick River Flood Behaviour ............................................................. 12 

2.6.3. Simpsons Creek Flood Behaviour ............................................................. 12 

2.7. Drainage Structures and Features ............................................................ 13 

2.7.1. Mullumbimby ............................................................................................ 13 

2.7.2. Brunswick Heads ...................................................................................... 14 

3. PREVIOUS FLOOD STUDIES AND INVESTIGATION ............................................ 16 

3.1. Brunswick Valley Floodplain Management Study, 1987 ............................ 16 

3.2. Flood Mitigation Options for Billinudgel, 1988 ........................................... 17 

3.3. Brunswick River Floodplain Management Investigation, 1989 .................. 17 

3.4. Mullumbimby Floodplain Management Study, 1989 .................................. 18 



 

3.5. Proposed Levees around South Golden Beach, 1989 .............................. 19 

3.6. Report on Feasibility of an EIS for North Ocean Shores Flood Outlet, 1992

 ................................................................................................................. 19 

3.7. Draft Mullumbimby Floodplain Management Plan, 1993 ........................... 19 

3.8. Marshalls Creek Floodplain Management Plan, 1997 ............................... 20 

3.9. North Byron Shire Flood Study, 2016........................................................ 21 

4. FLOOD STUDY MODELLING REVIEW AND UPDATE ........................................... 22 

4.1. Hydrologic Model ...................................................................................... 22 

4.2. Hydraulic Model ........................................................................................ 23 

4.2.1. Brunswick Heads Tidal Boundary Condition ............................................. 24 

4.3. Australian Rainfall and Runoff 2019 (ARR2019) ....................................... 25 

4.4. March 2017 Calibration Event ................................................................... 26 

4.5. Design Event ............................................................................................ 26 

5. COMMUNITY CONSULTATION ............................................................................... 28 

5.1. Community Questionnaire Results ............................................................ 28 

5.2. Community Consultation on Draft FRMS .................................................. 29 

5.2.1. Drainage Maintenance .............................................................................. 31 

6. FLOODPLAIN MANAGEMENT POLICY .................................................................. 32 

6.1. NSW Flood Prone Land Policy ................................................................. 33 

6.2. Section 10.7 Planning Certificates ............................................................ 34 

6.2.1. Schedule 4 Planning Certificates .............................................................. 34 

6.3. State Environmental Planning Policy (Exempt and Complying Development 

Codes (2008)) ........................................................................................... 35 

6.3.1. Housing Code ........................................................................................... 36 

6.4. Summary of State Legislative and Planning Policies ................................. 38 

6.5. Local Council Policy .................................................................................. 39 

6.5.1. Byron Local Environment Plan .................................................................. 39 

6.5.2. Byron Shire Development Control Plan ..................................................... 40 

6.5.3. Byron Shire Council Climate Change Strategic Planning Policy (CCSPP) 41 

7. EXISTING FLOOD ENVIRONMENT ........................................................................ 42 

7.1. Flood Behaviour Overview ........................................................................ 42 

7.1.1. Design Flood Data .................................................................................... 42 

7.1.2. Hydraulic Structures Blockage Sensitivity Assessment ............................. 42 

7.2. Hydraulic and Hazard Classification ......................................................... 43 

7.3. Flood Emergency Response Classifications ............................................. 47 



 

7.4. Access and Movement during Flood Events ............................................. 48 

7.4.1. Access Road Flooding .............................................................................. 48 

7.4.1.1. Evacuation Routes ................................................................... 48 

7.4.1.2. Rising Road Access ................................................................. 51 

7.5. Town Flooding .......................................................................................... 52 

7.6. First Event Flooded ................................................................................... 52 

7.6.1. Vulnerable Properties ............................................................................... 53 

7.6.2. Critical Infrastructure ................................................................................. 54 

7.7. Isolated Properties .................................................................................... 54 

7.8. Hot Spot Identification ............................................................................... 54 

7.8.1. Mullumbimby ............................................................................................ 54 

7.8.2. Riverside Crescent, Brunswick Heads ...................................................... 55 

7.8.3. New Brighton ............................................................................................ 56 

7.8.4. Billinudgel ................................................................................................. 58 

8. FUTURE FLOOD ENVIRONMENT ........................................................................... 60 

8.1. Changes due to development ................................................................... 60 

8.1.1. Zoning Categorisation ............................................................................... 60 

8.1.2. Development Potential .............................................................................. 60 

8.1.2.1. Byron Shire Council Residential Strategy, and Business and 

Industrial Strategy (2019) ......................................................... 61 

8.1.2.2. Marshalls Creek Floodplain Management Plan ......................... 61 

8.1.3. Development Scenarios ............................................................................ 61 

8.1.4. Assessment .............................................................................................. 62 

8.1.4.1. Cumulative Development Scenario 1 Results ........................... 62 

8.1.4.2. Cumulative Development Scenario 2 Results ........................... 62 

8.1.5. Additional Scenarios ................................................................................. 63 

8.1.5.1. Iteration 2 Additional Areas ....................................................... 63 

8.1.5.2. Iteration 4 Additional Areas ....................................................... 67 

8.1.6. Results ..................................................................................................... 70 

8.1.6.1. Iteration 1 Results ..................................................................... 70 

8.1.6.2. Iteration 2 Results ..................................................................... 70 

8.1.6.3. Iteration 3 Results ..................................................................... 71 

8.1.6.4. Iteration 4 Results ..................................................................... 71 

8.1.6.5. Recommended No Fill Areas .................................................... 72 

8.1.7. Recommendations .................................................................................... 72 



 

8.2. Changes due to climate variation .............................................................. 73 

8.2.1. Impacts on Property Inundation and Flood Damages ............................... 74 

8.2.2. Impact on Flood Hazard............................................................................ 75 

9. EXISTING FLOOD MANAGEMENT MEASURES .................................................... 76 

9.1. Existing Structural Mitigation Measures .................................................... 76 

9.2. Flood Emergency Response Arrangements.............................................. 77 

9.2.1. Emergency Response Planning Documentation ....................................... 77 

9.3. Evacuation Planning ................................................................................. 78 

9.3.1. Billinudgel ................................................................................................. 79 

9.3.2. Ocean Shores ........................................................................................... 80 

9.3.3. South Golden Beach ................................................................................. 80 

9.3.4. New Brighton ............................................................................................ 81 

9.3.5. Brunswick Heads ...................................................................................... 81 

9.3.6. Mullumbimby ............................................................................................ 81 

9.3.7. Evacuation Centre Capacity ..................................................................... 83 

9.3.7.1. Brunswick Heads ...................................................................... 83 

9.3.7.2. Ocean Shores, Billinudgel, South Golden Beach and New 

Brighton .................................................................................... 83 

9.3.7.3. Mullumbimby ............................................................................ 86 

10. ECONOMIC IMPACT OF FLOODING ...................................................................... 87 

10.1. Overview .................................................................................................. 87 

10.2. Flood Damages Assessment .................................................................... 88 

10.2.1. Residential Properties ............................................................................ 89 

10.2.2. Non-residential – Commercial and Industrial .......................................... 92 

11. FLOODPLAIN RISK MANAGEMENT MEASURES ................................................. 93 

11.1. Categories of Floodplain Risk Management Measures ............................. 93 

11.2. Assessment Methodology ......................................................................... 95 

11.3. Community Input ...................................................................................... 96 

11.4. Flood Modification Measures .................................................................... 96 

11.4.1. Levees and Embankments .................................................................... 96 

Option BL – Billinudgel Levee ................................................................... 97 

11.4.2. Temporary Flood Barriers ...................................................................... 98 

11.4.3. Channel Modification ............................................................................. 99 

Option BP01 – Kings Creek Bypass Floodway ......................................... 99 

Option BP02 – Saltwater Creek Upgrade ................................................ 100 



 

Option DO – Dune Openings .................................................................. 101 

Option RW – Rock Wall Modifications ..................................................... 102 

Option TW – Removal of Brunswick River Training Walls ....................... 104 

11.4.4. Channel Maintenance .......................................................................... 105 

Option BRM01 – Brunswick River Dredging at Mullumbimby .................. 106 

Option BRM02 – Brunswick River and Tributaries .................................. 107 

Option MC – Marshalls Creek Dredging at Ocean Shores ...................... 109 

11.4.5. Drainage Modification .......................................................................... 110 

Option AC – Avocado Court .................................................................... 111 

Option CDM – Detailed Catchment Drainage Model ............................... 112 

11.4.6. Drainage Maintenance ......................................................................... 112 

Option FDC - Debris Control Measures for Federation Bridge and the 

Billinudgel Railway Bridge ...................................................... 113 

11.4.7. Hydraulic Structures ............................................................................ 114 

Option GCW – Ocean Shores Golf Course Weir lowering ....................... 115 

Option BM – Billinudgel Infrastructure Improvements ............................. 115 

11.4.8. Flood Storage Areas ............................................................................ 117 

Option SW – Saltwater Creek Flood Storage Area.................................. 117 

11.4.9. Dams ................................................................................................... 119 

11.4.10. Combined Options ............................................................................... 119 

CB01 – Marshalls Creek Dredging (MC), Dune Openings (OO), Rock Wall 

Modification (RW) and Kallaroo Circuit Bund Modification ...... 119 

Combined Option CB02 – Billinudgel Infrastructure (BM) and Billinudgel 

Levee (BL) .............................................................................. 121 

11.5. Response Modifications .......................................................................... 121 

11.5.1. RM01: Flood Emergency Management Planning ................................. 122 

11.5.2. RM02: Flood Warning and Emergency Response Strategies .............. 122 

11.5.2.1. Flood Warning Network .......................................................... 123 

11.5.2.2. Opportunities for Increasing Available Warning Time ............. 124 

11.5.2.3. Opportunities for Reducing Warning Time .............................. 124 

11.5.3. RM03: Improved Flood Access – River Street, New Brighton .............. 125 

11.5.4. RM04: Improved Flood Access – Wilfred Street ................................... 128 

11.5.5. RM05: Road Closures, Early Notifications and Creek Crossing Deterrents

 ............................................................................................................ 129 

11.5.5.1. Automatic Road Closures and Boom Gates ............................ 129 

11.5.5.2. Automatic Warning Signs and Depth Indicators ...................... 130 



 

11.5.6. RM06: Community Flood Education..................................................... 130 

11.5.7. RM07: Mullumbimby Evacuation Assessment ..................................... 135 

11.6. Property Modification .............................................................................. 136 

11.6.1. PM01: Voluntary House Raising .......................................................... 136 

11.6.2. PM02: Voluntary Purchase .................................................................. 138 

11.6.3. PM03: Land Use Zoning ...................................................................... 141 

11.6.4. PM04: Flood Planning Levels .............................................................. 142 

11.6.5. PM05: Flood Planning Area ................................................................. 143 

11.6.6. PM06: Development Control Plan ........................................................ 144 

11.6.7. PM07: Flood Proofing .......................................................................... 147 

11.6.8. PM08: Property Level Protection ......................................................... 148 

11.6.9. PM09: Section 10.7 Certificate ............................................................. 148 

11.6.10. PM10: Use of fill for future development .............................................. 150 

11.6.11. PM11: Investigate incompatible builds ................................................. 150 

12. OPTION ASSESSMENT ........................................................................................ 152 

12.1. Detailed Assessment of Structural Options ............................................. 152 

12.1.1. Option CB02 – Billinudgel Levee and Billinudgel Infrastructure ............ 152 

12.1.1.1. Option CB02 – Design ............................................................ 152 

12.1.1.1. Option CB02 – Impacts........................................................... 153 

12.1.1.2. Option CB02 - Economic Assessment .................................... 153 

12.1.2. Option BM – Billinudgel Infrastructure Upgrade ................................... 154 

12.1.2.1. Option BM – Design ............................................................... 154 

12.1.2.2. Option BM – Impacts .............................................................. 155 

12.1.2.3. Option BM - Economic Assessment........................................ 155 

12.1.3. Option AC – Avocado Court Drainage Improvements .......................... 156 

12.1.3.1. Option AC – Design ................................................................ 156 

12.1.3.1. Option AC – Impacts .............................................................. 157 

12.1.3.2. Option AC - Economic Assessment ........................................ 157 

12.1.4. Option SC – Saltwater Creek Upgrade ................................................ 158 

12.1.4.1. Option SC2 – Removal of Myokum Street embankment and 

increased Jubilee Avenue culvert capacity ............................. 158 

12.1.4.2. Option SC2b – Removal of Myokum Street embankment, 

increased Jubilee Avenue culvert capacity and increased 

capacity .................................................................................. 160 

12.1.4.3. Option SC3 – Combination of BP02 and SC2 ......................... 161 

12.1.4.4. Option RR – Removal of Myokum Street embankment, increased 



 

Jubilee Avenue culvert capacity and removal of railway 

embankment ........................................................................... 162 

12.2. Recommendations from Detailed Assessment ........................................ 164 

12.3. Multi-Criteria Assessment ....................................................................... 164 

12.3.1. Background ......................................................................................... 164 

12.3.2. Results ................................................................................................ 166 

13. REFERENCES ....................................................................................................... 168 

 GLOSSARY ........................................................................................... A.1 

 PREVIOUS FLOOD STUDIES AND INVESTIGATION .......................... B.1 

B.1. Brunswick Valley Floodplain Management Study Hydrology Report, 1984

 ............................................................................................................... B.1 

B.2. Marshalls Creek Flood Study, 1986 ........................................................ B.1 

B.3. Brunswick Valley Floodplain Management Study, 1987 .......................... B.1 

B.4. Flood Mitigation Options for Billinudgel, 1988 ......................................... B.2 

B.5. Brunswick River Floodplain Management Investigation, 1989 ................ B.2 

B.6. Mullumbimby Floodplain Management Study, 1989 ................................ B.4 

B.7. Proposed Levees around South Golden Beach, 1989 ............................ B.5 

B.8. Marshalls Creek Dredging Investigations Stage 1 Report ....................... B.5 

B.9. Mullumbimby Floodplain Management Study Re-evaluation of Options, 

1992 ....................................................................................................... B.5 

B.10. Report on Feasibility of an EIS for North Ocean Shores Flood Outlet, 1992

 ............................................................................................................... B.6 

B.11. Draft Mullumbimby Floodplain Management Plan, 1993 ......................... B.6 

B.12. Draft Kallaroo Circuit Bund Culvert Amplification Hydraulic Impact 

Assessment, 1996 .................................................................................. B.8 

B.13. Brunswick River Tidal Data Collection, 2008 ........................................... B.8 

B.14. Marshalls Creek Floodplain Management Plan, 1997 ............................. B.8 

B.15. North Byron Shire Flood Study, 2016...................................................... B.9 

 RAINFALL FREQUENCY ANALYSIS MEMORANDUM ........................ C.1 

 ROUGHNESS SENSITIVITY .................................................................. D.1 

 BEND LOSS SENSITIVITY .................................................................... E.1 

 INITIAL AND CONTINUING LOSS SENSITIVITY ...................................F.1 

 MARCH 2017 CALIBRATION EVENT AND MODEL REVIEW .............. G.1 

 COMMUNITY CONSULTATION QUESTIONNAIRE .............................. H.1 

 COMMUNITY CONSULTATION RESULTS ............................................. I.1 

 INFORMATION TO SUPPORT EMERGENCY RESPONSE ................... J.1 



 

 TOWNSHIP FLOODING – LEVEL OF GAUGE AT FIRST FLOODING . K.1 

 HIGH LEVEL DESIGN DRAWINGS FOR DETAILED OPTIONS 

ASSESSMENT ........................................................................................................L.1 

 DETAILED OPTIONS ASSESSMENT - PEAK LEVEL DIFFERENCE 

MAPPING ............................................................................................................... M.1 

 DETAILED OPTIONS ASSESSMENT – BENEFIT COST 

CALCULATIONS ................................................................................................... N.1 

 PEAK FLOOD HEIGHT FIGURES ......................................................... O.1 

 FUTURE DEVELOPMENT DATA USED IN THE ASSESSMENT OF 

FUTURE DEVELOPMENT ..................................................................................... P.1 

 MULTI-CRITERIA ASSESSMENT ......................................................... Q.1 

 PRELIMINARY MITIGATION OPTIONS ................................................ R.1 

 HYDRAULIC STRUCTURES AND BLOCKAGE ASSESSMENT .......... S.1 

 MODEL UPDATE – ADDITIONAL DEVELOPMENTS ............................T.1 

 CUMULATIVE DEVELOPMENT SCENARIO – ITERATIONS AND 

RESULTS ............................................................................................................... U.1 
 

 



 

LIST OF TABLES 
 

 
Table 1: Asessment of Floodplain Risk Management Options 2 

Table 2: 2016 Census Data 7 

Table 3: Breakdown of building type for residential buildings 11 

Table 4: Combination of Catchment Flooding and Oceanic Inundation Scenarios 24 

Table 5: Oceanic scenarios and catchment scenarios used for each design flood event. 26 

Table 6: Design Flood Levels at Key Locations 42 

Table 7: Floodway Definition Parameters 44 

Table 8: Residential properties located in high hazard zones (H4 - H6) for each design flood event

 46 

Table 9: Hazard Classification 46 

Table 10: Response Required for Different Flood ERP Classifications 47 

Table 11: ERP Categorisation for Hotspot Locations PMF event 48 

Table 12: Flood Affected Evacuation routes Locations 50 

Table 13: Inundation of Evacuations routes 51 

Table 14: Flood Affected Road Locations 51 

Table 15: Inundation of Access Road 52 

Table 16: Total residential properties impacted by suburb for the PMF event 53 

Table 17: Residential properties impacted by suburb for the 1% AEP event 53 

Table 18: Vulnerable properties flooded above floor level 53 

Table 19: Isolated houses for the full range of design flood events. 54 

Table 20: Impact on Tangible Residential Damages and Above Floor Affectation, 1% AEP event

 75 

Table 21: Estimated Brunswick Heads residents whi may require shelter based on the census 

average people per dwelling. 83 

Table 22: Estimated Billinudgel residents who may require shelter based on the census average 

people per dwelling. 84 

Table 23: Estimated New Brighton residents who may require shelter based on the census 

average people per dwelling. 84 

Table 24: Estimated Ocean Shores residents who may require shelter based on the census 

average people per dwelling. 84 

Table 25: Esimtated South Golden Beach residents who may require shelter based on the census 

average people per dwelling. 85 

Table 26: Estimated Mullumbimby residents who may require shelter based on the census 

average people per dwelling. 86 

Table 27: Estimated Total Flood Damages (residential & non-residential) for North Byron 

catchment 89 

Table 28: Estimated Total Flood Damages (residential) for North Byron catchment 89 

Table 29: Estimated Total Flood Damages (residential) for Billinudgel 90 

Table 30: Estimated Total Flood Damages (residential) for Brunswick Heads 90 

Table 31: Estimated Total Flood Damages (residential) for Mullumbimby 90 

Table 32: Estimated Total Flood Damages (residential) for New Brighton 91 

Table 33: Estimated Total Flood Damages (residential) for Ocean Shores 91 

Table 34: Estimated Total Flood Damages (residential) for South Golden Beach 91 

Table 35: Estimated Total Flood Damages (commercial and industrial) for North Byron catchment

 92 



 

Table 36: North Byron Catchment management long-list of options considered and initial 

assessment recommendations 93 

Table 37: Properties experiencing above floor flooding with River Street as the only evacuation 

route available. 126 

Table 38: Methods to Increase Flood Awareness and Preparedness 131 

Table 39: Properties potentially eligible for inclusion in Voluntary House Raising program 137 

Table 40: Preliminary economic assessment of voluntary house raising program 138 

Table 41: Properties potentially eligible for inclusion in Voluntary House Purchase program 140 

Table 42: Voluntary House Purchase considerations 140 

Table 43: Existing and Option CB02 Impacts on Property – Billinudgel Only 153 

Table 44: Existing and Option BM Impacts on Property – Billinudgel Only 155 

Table 45: Existing and Option AC Impacts on Property – Mullumbimby Only 157 

Table 46: Existing and Option SC2 Impacts on Property – 1% AEP event, Mullumbimby Only 159 

Table 47: Existing and Option SC2b Impacts on Property – 1% AEP event, Mullumbimby Only

 160 

Table 48: Existing and Option SC3 Impacts on Property – 1% AEP event, Mullumbimby Only 161 

Table 49: Existing and Option RR Impacts on Property – 1% AEP event, Mullumbimby Only 163 

Table 50: Matrix Scoring System 165 

 
 
APPENDICES: 
Table J 1: Level at Federation Bridge Gauge when road overtops – Brunswick Heads Route 
Table J 2: Level at Federation Bridge Gauge when road overtops – Mullumbimby West 

Table J 3: Level at Federation Bridge Gauge when road overtops – Mullumbimby East 

Table J 4: Level at Federation Bridge Gauge when road overtops – Mullumbimby South 

Table J 5: Level at Billinudgel Gauge when road overtops – New Brighton Evacuation Route 

Table J 6: Level at Billinudgel Gauge when road overtops – Ocean Shores Evacuation Route 

Table J 7: Level at Billinudgel Gauge when road overtops – South Golden Beach Route 

Table J 8: Level at Billinudgel Gauge when road overtops – Billinudgel Evacuation Route 

Table K 1: Level at Federation Bridge Gauge at first flooding - Mullumbimby and Brunswick Heads 

Table K 2:Time between Federation Bridge hitting minor and first flooding - Mullumbimby and 

Brunswick Heads 

Table K 3: Level at Billinudgel Gauge at first flooding - Billinudgel, New Brighton, Ocean Shores 

and South Golden Beach 

Table K 4: Time between Billinudgel Gauge hitting minor and first flooding - Billinudgel, New 

Brighton, Ocean Shores and South Golden Beach 

 

  



 

LIST OF FIGURES 
 

Figure 1: North Byron Study Area 

Figure 2: Vulnerable Properties within the North Byron Shire Study Area 

Figure 3: Land Use Planning in North Byron 

Figure 4: Peak Flood Depths – 0.2 EY 

Figure 5: Peak Flood Depths – 10% AEP 

Figure 6: Peak Flood Depths – 5% AEP 

Figure 7: Peak Flood Depths – 2 % AEP 

Figure 8: Peak Flood Depths – 1% AEP 

Figure 9: Peak Flood Depths – 0.5% AEP 

Figure 10: Peak Flood Depths – 0.2% AEP 

Figure 11: Peak Flood Depths - PMF 

Figure 12: Key Reporting Locations  

Figure 13: Flood Function – 1% AEP 

Figure 14: Flood Function - PMF 

Figure 15: Hydraulic Hazard – 0.2 EY 

Figure 16: Hydraulic Hazard – 10% AEP  

Figure 17: Hydraulic Hazard – 5% AEP 

Figure 18: Hydraulic Hazard – 2% AEP 

Figure 19: Hydraulic Hazard – 1% AEP 

Figure 20: Hydraulic Hazard – 0.5% AEP 

Figure 21: Hydraulic Hazard – 0.2% AEP 

Figure 22: Hydraulic Hazard – PMF 

Figure 23: Flood Emergency Repsonse Classification - PMF 

Figure 24: Flood Emergency Repsonse Classification, Rising Road Access – PMF 

Figure 25: Evacuation Centres and Identified Evacuation Routes 

Figure 26: Stage Hydrograph at Federation Bridge, Mullumbimby and Brunswick heads Flooding 

- 1% AEP 

Figure 27: Stage Hydrograph at Billinudgel Gauge, Billinudgel, New Brighton and Ocean Shores 

Flooding - 1% AEP 

Figure 28: Properties Flooded Above Floor Level 

Figure 29: Mullumbimby - Properties Flooded Above Floor Level 

Figure 30: Brunswick Heads - Properties Flooded Above Floor Level 

Figure 31: New Brighton - Properties Flooded Above Floor Level 

Figure 32: Ocean Shores – Properties Flooded Above Floor Level 

Figure 33: South Golden Beach - Properties Flooded Above Floor Level 

Figure 34: Flood Exposure of Vulnerable Properties 

Figure 35: Isolated Areas – 0.2 EY 

Figure 36: Isolated Areas – 10% AEP 

Figure 37: Isolated Areas – 5% AEP 

Figure 38: Isolated Areas – 2% AEP 

Figure 39: Isolated Areas – 1% AEP 

Figure 40: Isolated Areas – 0.5% AEP 

Figure 41: Isolated Areas – 0.2% AEP 

Figure 42: Isolated Areas – PMF 

Figure 43: Cumulative Development 01 – Roughness and Assumed Fill Area 

Figure 44: Cumulative Development 02 – Roughness and Assumed Fill Area 

Figure 45: Peak Flood Difference Between CD01 & Design – 1% AEP  

Figure 46: Peak Flood Difference Between CD02 & Design – 1% AEP 

Figure 47: Peak Flood Difference Between CD01 & Design – 0.5% AEP 



 

Figure 48: Peak Flood Difference Between CD02 & Design – 0.5% AEP 

Figure 49: Peak Flood Difference Between CD01 & Climate Change Sensitivity Test 2 – 1% AEP 

Figure 50: Peak Flood Difference Between CD02 & Climate Change Sensitivity Test 2 – 1% AEP 

Figure 51: Peak Flood Depths 1%AEP Climate Change Sea Level Rise 2050 

Figure 52: Peak Flood Depths 1%AEP Climate Change Sea Level Rise 2100 

Figure 53: Peak Flood Depths 1%AEP Climate Change Sensitvity Test 1 

Figure 54: Peak Flood Depths 1%AEP Climate Change Sensitvity Test 2 

Figure 55: Peak Flood Depths 1%AEP Climate Change Sensitvity Test 3 

Figure 56: Peak Flood Depths 0.2%AEP Climate Change Sea Level Rise 2050 

Figure 57: Peak Flood Depths 0.2%AEP Climate Change Sea Level Rise 2100 

Figure 58: Peak Flood Depths 0.2%AEP Climate Change Sensitivity Test 1 

Figure 59: Peak Flood Depths 0.2%AEP Climate Change Sensitivity Test 2 

Figure 60: Peak Flood Depths PMF Climate Change Sea Level Rise 2050 

Figure 61: Peak Flood Depths PMF Climate Change Sea Level Rise 2100 

Figure 62: Peak Flood Depths PMF Climate Change Sensitivity Test 1 

Figure 63: Peak Flood Depths PMF Climate Change Sensitivity Test 2 

Figure 64: Peak Level Difference – 1% AEP Climate Change Sea Level Rise 2050 versus existing 

1% AEP 

Figure 65: Peak Level Difference - 1% AEP Climate Change Sea Level Rise 2100 versus existing 

1% AEP 

Figure 66: Peak Level Difference - 1% AEP Climate Change Sensitivity Test 1 versus existing 1% 

AEP 

Figure 67: Peak Level Difference - 1% AEP Climate Change Sensitivity Test 2 versus existing 1% 

AEP 

Figure 68: Peak Level Difference - 1% AEP Climate Change Sensitivity Test 3 versus existing 1% 

AEP 

Figure 69: Peak Level Difference – 0.2% AEP Climate Change Sea Level Rise 2050 versus 

existing 0.2% AEP 

Figure 70: Peak Level Difference – 0.2% AEP Climate Change Sea Level Rise 2100 versus 

existing 0.2% AEP 

Figure 71: Peak Level Difference – 0.2% AEP Climate Change Sensitivity Test 1 versus existing 

0.2% AEP 

Figure 72: Peak Level Difference – 0.2% AEP Climate Change Sensitivity Test 2 versus existing 

0.2% AEP 

Figure 73: Peak Level Difference – PMF Climate Change Sea Level Rise 2050 versus existing 

PMF  

Figure 74: Peak Level Difference – PMF Climate Change Sea Level Rise 2100 versus existing 

PMF 

Figure 75: Peak Level Difference – PMF Climate Change Sensitivity Test 1 versus existing PMF 

Figure 76: Peak Level Difference – PMF Climate Change Sensitivity Test 2 versus existing PMF 

Figure 77: Hydraulic Hazard 1%AEP Climate Change Sea Level Rise 2050 

Figure 78: Hydraulic Hazard 1%AEP Climate Change Sea Level Rise 2100 

Figure 79: Hydraulic Hazard 1%AEP Climate Change Sensitivity Test 1 

Figure 80: Hydraulic Hazard 1%AEP Climate Change Sensitvitiy Test 2 

Figure 81: Hydraulic Hazard 1%AEP Climate Change Sensitivity Test 3 

Figure 82: Hydraulic Hazard 0.2%AEP Climate Change Sea Level Rise 2050 

Figure 83: Hydraulic Hazard 0.2%AEP Climate Change Sea Level Rise 2100 

Figure 84: Hydraulic Hazard 0.2%AEP Climate Change Sensitivity Test 1 

Figure 85: Hydraulic Hazard 0.2%AEP Climate Change Sensitivity Test 2 

Figure 86: Hydraulic Hazard PMF Climate Change Sea Level Rise 2050 

Figure 87: Hydraulic Hazard PMF Climate Change Sea Level Rise 2100 

Figure 88: Hydraulic Hazard PMF Climate Change Sensitivity Test 1 



 

Figure 89: Hydraulic Hazard PMF Climate Change Sensitivity Test 2 

Figure 90: Hydraulic Hazard 1%AEP Climate Change Sea Level Rise 2100 versus existing 

Figure 91: Hydraulic Hazard 1%AEP Climate Change Sea Level Rise 2100, 30% rainfall increase 

(Sensitivity Test 3) versus existing 

Figure 92: Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 93: Brunswick Heads, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 94: Mullumbimby East, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 95: Mullumbimby West, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 96: Brunswick Heads North, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 97: Billinudgel, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 98: New Brighton, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 99: Ocean Shores, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 100: South Golden Beach, Newly Flooded Properties Climate Change Sensitvitiy 1% AEP 

Figure 101: South Golden Beach Levee Failure Peak Flood Difference – 1% AEP 

Figure 102: South Golden Beach Levee Failure Peak Flood Difference – PMF 

Figure 103: Option RM03, River Street Road Raising – 1% AEP 

Figure 104: Option RM04, Wilfred Street Road Raising – 1% AEP 

Figure 105: Land Use Zoning in High Flood Risk Areas 

Figure 106: Flood Hazard Overlay 

Figure 107: 2050 Flood Planning Level  

Figure 108: 2100 Flood Planning Level  

Figure 109: Flood Planning Area, Current 1% AEP + 500mm freeboard 

Figure 110: Flood Planning Area, 2100 + 500mm freeboard 

 

 

APPENDICES: 
Figure J 1: Stage Hydrograph at Federation Bridge Gauge – Brunswick Heads Evacuation Route 

1% AEP 

Figure J 2: Long Profile - Brunswick Heads Evacuation Route 

Figure J 3: Stage Hydrograph at Federation Bridge Gauge – Mullumbimby East Evacuation Route 

1% AEP 

Figure J 4: Long Profile - Mullumbimby East Evacuation Route 

Figure J 5: Stage Hydrograph at Federation Bridge Gauge – Mullumbimby West Evacuation Route 

1% AEP 

Figure J 6: Long Profile - Mullumbimby West Evacuation Route 

Figure J 7: Stage Hydrograph at Federation Bridge Gauge – Mullumbimby South Evacuation 

Route 1% AEP 

Figure J 8: Long Profile - Mullumbimby South Evacuation Route 

Figure J 9: Stage Hydrograph at Billinudgel Gauge – New Brighton Evacuation Route 1 % AEP 

Figure J 10: Long Profile - New Brighton Evacuation Route 

Figure J 11: Stage Hydrograph at Billinudgel Gauge – Ocean Shores Evacuation Route 1% AEP 

Figure J 12: Long Profile - Ocean Shores Evacuation Route 

Figure J 13: Stage Hydrograph at Billinudgel Gauge – South Golden Beach 1% AEP  

Figure J 14: Long Profile - South Golden Beach 

Figure J 15: Stage Hydrograph at Billinudgel Gauge – Billindudgel Evacuation Route 1% AEP 

Figure J 16: Long Profile - Billindudgel Evacuation Route 

Figure J 17: Evacuation Routes 

 
Figure L 1: Billinudgel Mitigation Option Levee Long Profile 

Figure L 2: Billinudgel Mitigation Option Typical Levee Cross Section 

Figure L 3: Billinudgel Mitigation Option Left Bank Rail Embankment Removal At Marshalls Creek 

Figure L 4: Avocado Court And Grevillea Avenue Mitigation Option Long Section 



 

 

Figure M 1: Peak Flood Difference Option CB02 – 1% AEP 

Figure M 2: Peak Flood Difference Option CB02 – Climate Change Sensitivity 2 

Figure M 3: Peak Flood Difference Option BM2 – 1% AEP 

Figure M 4: Peak Flood Difference Option BM2 – Climate Change Sensitivity 2 

Figure M 5: Peak Flood Difference Option AC – 1% AEP 

Figure M 6: Peak Flood Difference Option AC – Climate Change Sensitivity 2 

Figure M 7: Peak Flood Difference Option SC2 – 1% AEP 

Figure M 8: Peak Flood Difference Option SC2B – 1% AEP 

Figure M 9: Peak Flood Difference Option RR – 1% AEP 

 

Figure O 1: Peak Flood Levels – 10% AEP Event 

Figure O 2: Peak Flood Levels – 10% AEP Event, Brunswick Heads North 

Figure O 3: Peak Flood Levels – 10% AEP Event, Brunswick Heads South 

Figure O 4: Peak Flood Levels – 10% AEP Event, Mullumbimby 

Figure O 5: Peak Flood Levels – 10% AEP Event, Ocean Shores  

Figure O 6: Peak Flood Levels – 10% AEP Event, South Golden Beach 

Figure O 7: Peak Flood Levels – 1% AEP Event 

Figure O 8: Peak Flood Levels – 1% AEP Event, Brunswick Heads North 

Figure O 9: Peak Flood Levels – 1% AEP Event, Brunswick Heads South 

Figure O 10: Peak Flood Levels – 1% AEP Event, Mullumbimby 

Figure O 11: Peak Flood Levels – 1% AEP Event, Ocean Shores  

Figure O 12: Peak Flood Levels – 1% AEP Event, South Golden Beach 

Figure O 13: Peak Flood Levels – PMF Event 

Figure O 14: Peak Flood Levels – PMF Event, Brunswick Heads North 

Figure O 15: Peak Flood Levels – PMF Event, Brunswick Heads South 

Figure O 16: Peak Flood Levels – PMF Event, Mullumbimby 

Figure O 17: Peak Flood Levels – PMF Event, Ocean Shores  

Figure O 18: Peak Flood Levels – PMF Event, South Golden Beach 

 

Figure P 1: Land Use Zone Classification 

Figure P 2: Vacant Undeveloped Possible New Residential Land 

Figure P 3: Areas identified for future infill 

Figure P 4: Billinudgel Consolidation and Mullumbimby Expansion 

Figure P 5: Mullumbimby Release Areas Outputs 

Figure P 6: Marshalls Creek No Fill Zones 

 

Figure U 1: Peak Flood Difference between CD02 Iteration 1 (Floodway) and Design – 1% AEP 

Figure U 2: Peak Flood Difference between CD02 Iteration 2 (Sensitive Areas) and Design - 1% 

AEP 

Figure U 3: Peak Flood Difference between CD02 Iteration 3 (Floodway and Sensitive Areas) and 

Design – 1% AEP 

Figure U 4: Peak Flood Difference between CD02 Iteration 2 (Additional Sensitive Areas) and 

Design - 1% AEP 

Figure U 5: Recommended No Fill Areass Areas 

Figure U 6: Peak Flood Difference between CD01 (Recommended No Fill Area) & Design – 

1% AEP 

Figure U 7: Peak Flood Difference between CD02 (Recommended No Fill Area) & Design – 

1% AEP 

Figure U 8: Peak Flood Difference between CD01 (Recommended No Fill Area) & Design – 

0.5% AEP 



 

Figure U 9: Peak Flood Difference between CD02 (Recommended No Fill Area) & Design – 

0.5% AEP 

Figure U 10: Peak Flood Difference between CD01 (Recommended No Fill Area) & Climate 

Change Sensitivity Test 2 - 1% AEP 

Figure U 11: Peak Flood Difference between CD02 (Recommended No Fill Area) & Climate 

Change Sensitivity Test 2 - 1% AEP 

 

LIST OF DIAGRAMS 
 

Diagram 1: Floodplain Risk Management Process ...................................................................... 4 

Diagram 2: Land Use breakdown in the Property Database ...................................................... 10 

Diagram 3: Mullumbimby main drainage feature ....................................................................... 14 

Diagram 4: Brunswick Heads main drainage features ............................................................... 15 

Diagram 5 Hazard Classifications ............................................................................................. 45 

Diagram 6: Mullumbimby hotspot .............................................................................................. 55 

Diagram 7: Riverside Crescent hotspot ..................................................................................... 56 

Diagram 8: New Brighton hotspot.............................................................................................. 57 

Diagram 9: Casons Road, New Brighton hotspot ...................................................................... 58 

Diagram 10: Billinudgel hotspot ................................................................................................. 59 

Diagram 11: Area near Azalea Street, Mullumbimby, identified as being sensitive to landform 

changes (1% AEP event, CD02 scenario) ................................................................................. 64 

Diagram 12: Area between Mullumbimby Creek and Brunswick River identified as being sensitive 

to landform changes (1% AEP event, CD02 scenario) .............................................................. 64 

Diagram 13: Area within south Mullumbimby identified as being sensitive to landform changes 

(1% AEP event, CD02 scenario) ............................................................................................... 65 

Diagram 14: Area near Chinbible Creek within Mullumbimby identified as being sensitive to 

landform changes (1% AEP event, CD02 scenario) .................................................................. 66 

Diagram 15: Billinudgel identified as being sensitive to landform changes (1% AEP event, CD02 

scenario) ................................................................................................................................... 66 

Diagram 16: Ocean Shores area identified as being sensitive to landform changes (1% AEP event, 

CD02 scenario) ......................................................................................................................... 67 

Diagram 17: Ocean Shores additional area identified as being sensitive to landform changes (1% 

AEP event, CD02 scenario) ...................................................................................................... 68 

Diagram 18: Area in Mullumbimby near Jubilee Avenue identified as being sensitive to landform 

changes (1% AEP event, CD02 scenario) ................................................................................. 69 

Diagram 19: Area in Mullumbimby east of Queen Street identified as being sensitive to landform 

changes (1% AEP event, CD02 scenario) ................................................................................. 69 

Diagram 20: Area south of Towers Drive identified as being sensitive to landform changes (1% 

AEP event, CD02 scenario) ...................................................................................................... 70 

Diagram 21: South Golden Beach Levee .................................................................................. 77 

Diagram 22:  Flood Damages Categories ................................................................................. 87 

Diagram 23: Flood Mitigation Assessment Methodology ........................................................... 95 

Diagram 24: Option BL - Billinudgel levee. ................................................................................ 98 

Diagram 25: Option BP01 - Diversion of floodwaters down Kings Creek. ................................ 100 

Diagram 26: Option BP02 - Saltwater Creek upgrade. ............................................................ 101 

Diagram 27: Option DO – Construction of Dune Openings...................................................... 102 

Diagram 28: Option RW - Rock wall modifications. ................................................................. 103 



 

Diagram 29: Option TW - removal of Brunswick River training walls. ...................................... 104 

Diagram 30: Option BRM01 - Mullumbimby dredging.............................................................. 106 

Diagram 31: Option BRM02 - Mullumbimby and tributaries dredging. ..................................... 108 

Diagram 32: Option MC - Marshalls Creek Dredging. .............................................................. 109 

Diagram 33: Option AC - Avocado Court Flow Path. ............................................................... 111 

Diagram 34: Option GCW – Lowering of the Golf Course weir. ............................................... 115 

Diagram 35: Option BM - Billinudgel Infrastructure improvements........................................... 116 

Diagram 36: Option SW – Saltwater Creek Flood Storage Area. ............................................. 118 

Diagram 37: Option CB01 - combined flood modification measures. ....................................... 120 

Diagram 38: The section of River Street that has been raised tothe 1% AEP flood level. ........ 127 

Diagram 39: Raising of Wilfred Street to the 1% AEP flood level. ........................................... 128 

Diagram 40: Option BM – Billinudgel Infrastructure Upgrade. ................................................. 154 

Diagram 41: Option AC – Avocado Court / Grevillea Avenue Drainage Upgrade. ................... 156 

Diagram 42: Option SC2 - Removal of Myokum Street embankment and increased Jubilee Avenue 

culvert capacity. ...................................................................................................................... 159 

Diagram 43: Option SC2b - Removal of Myokum Street embankment, increased Jubilee Avenue 

culvert capacity and increased capacity .................................................................................. 160 

Diagram 44: Option SC3 - Combination of BP02 and SC2 ...................................................... 161 

Diagram 45: Option RR - Removal of Myokum Street embankment, increased Jubilee Avenue 

culvert capacity and removal of railway embankment.............................................................. 162 

 
 



North Byron Floodplain Risk Management Study and Draft Plan 

 

 
117098: 20201006_NorthByronFRMS_Final_clean.docx: 22 October 2020  i 

LIST OF ACRONYMS 
 

AEP Annual Exceedance Probability 

ARI Average Recurrence Interval 

ALS Airborne Laser Scanning 

ARR Australian Rainfall and Runoff  

BOM Bureau of Meteorology 

DECC Department of Environment and Climate Change (now DPIE) 

DNR Department of Natural Resources (now DPIE) 

DPIE Department of Planning, Industry and Environment  

DRM Direct Rainfall Method 

DTM Digital Terrain Model 

FRMS Floodplain Risk Management Study 

FRMP Floodplain Risk Management Plan 

GIS Geographic Information System 

GPS Global Positioning System 

IFD Intensity, Frequency and Duration (Rainfall) 

mAHD meters above Australian Height Datum 

OEH Office of Environment and Heritage (now DPIE) 

PMF Probable Maximum Flood 

SRMT Shuttle Radar Mission Topography 

TUFLOW one-dimensional (1D) and two-dimensional (2D) flood and tide 

simulation software (hydraulic model) 

WBNM Watershed Bounded Network Model (hydrologic model) 

  

 

 

ADOPTED TERMINOLOGY 
 

Australian Rainfall and Runoff (ARR, ed Ball et al, 2016) recommends terminology that is not 

misleading to the public and stakeholders. Therefore the use of terms such as “recurrence interval” 

and “return period” are no longer recommended as they imply that a given event magnitude is 

only exceeded at regular intervals such as every 100 years. However, rare events may occur in 

clusters.  For example there are several instances of an event with a 1% chance of occurring 

within a short period, for example the 1949 and 1950 events at Kempsey. Historically the term 

Average Recurrence Interval (ARI) has been used. 

 

ARR 2016 recommends the use of Annual Exceedance Probability (AEP). Annual Exceedance 

Probability (AEP) is the probability of an event being equalled or exceeded within a year. AEP 

may be expressed as either a percentage (%) or 1 in X. Floodplain management typically uses 

the percentage form of terminology. Therefore a 1% AEP event or 1 in 100 AEP has a 1% chance 

of being equalled or exceeded in any year.  

 

ARI and AEP are often mistaken as being interchangeable for events equal to or more frequent 
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than 10% AEP. The table below describes how they are subtly different. 

 

For events more frequent than 50% AEP, expressing frequency in terms of Annual Exceedance 

Probability is not meaningful and misleading particularly in areas with strong seasonality.  

Therefore the term Exceedances per Year (EY) is recommended. Statistically a 0.5 EY event is 

not the same as a 50% AEP event, and likewise an event with a 20% AEP is not the same as a 

0.2 EY event. For example an event of 0.5 EY is an event which would, on average, occur every 

two years. A 2 EY event is equivalent to a design event with a 6 month Average Recurrence 

Interval where there is no seasonality, or an event that is likely to occur twice in one year. 

 

The Probable Maximum Flood is the largest flood that could possibly occur on a catchment. It is 

related to the Probable Maximum Precipitation (PMP). The PMP has an approximate probability. 

Due to the conservativeness applied to other factors influencing flooding a PMP does not translate 

to a PMF of the same AEP.  Therefore an AEP is not assigned to the PMF.  

 

This report has adopted the approach recommended by ARR and uses % AEP for all events rarer 

than the 50 % AEP and EY for all events more frequent than this. 
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