
    NC BEACH AND INLET MANAGEMENT PLAN 
  FINAL REPORT 

 
 
_________________________________________________________________________________________________________ 

 
April 2011 1  
 

List of Figures 
Figure II-1. Coastal Carolina Geography....................................................................................................................... II-5 
Figure II-2. Wave and Climate Recording Data Stations .............................................................................................. II-7 
Figure II-3. Tide Variations (After NOAA Tide Tables)............................................................................................... II-8 
Figure II-4. NOAA/USACE Tide Station Locations ................................................................................................... II-10 
Figure II-5. Tidal Shoal System (USACE Coastal Engineering Manual, 2008) ......................................................... II-11 
Figure II-6. Typical Beach Profile – Illustrates Influence of Water Level .................................................................. II-12 
Figure II-7. Sea-Level Rise at Beaufort, N.C. ............................................................................................................. II-13 
Figure II-8. Atlantic Hurricane Tracks (1851-2007) ................................................................................................... II-19 
Figure II-9. Tubbs Inlet Historical Shorelines ............................................................................................................. II-22 
Figure II-10. Beach Profile Locations ......................................................................................................................... II-27 
Figure II-11. Geologic Provinces of North Carolina ................................................................................................... II-29 
Figure II-12. Geologic Provinces of Onslow and Long Bays ...................................................................................... II-30 
Figure II-13. Sand Rich and Sand Poor Barriers ......................................................................................................... II-31 
Figure II-14. North Carolina Inlet Locations ............................................................................................................... II-33 
Figure II-15. Identified Potential Sand Resources ....................................................................................................... II-35 
Figure II-16. Beach Nourishment Project Locations ................................................................................................... II-37 
Figure II-17. USACE Dredge Project Locations (1975-2007) .................................................................................... II-39 
Figure II-18. Mason Inlet Relocation .......................................................................................................................... II-41 
Figure II-19. Masonboro Inlet Jetties (May 2002 – USACE) ..................................................................................... II-42 
Figure II-20. Northern Carolina Beach ........................................................................................................................ II-43 
Figure II-21. Example of Sandbags Used as Temporary Erosion Control Structures at South Nags Head ................ II-43 
Figure II-22. Terminal Groin at Oregon Inlet .............................................................................................................. II-44 
Figure II-23. Relocation of the Cape Hatteras Lighthouse .......................................................................................... II-45 
Figure II-24. ADCIRC Model Grid ............................................................................................................................. II-47 
Figure II-25. Ocean Hazard Areas in the Vicinity of Shallotte Inlet ........................................................................... II-49 
Figure II-26. Example of NCGS Overwash Risk Due to Storms at Ocean Isle .......................................................... II-53 
Figure II-27. Example of Coastal Vulnerability Index (2001) to Sea Level Rise at Ocean Isle .................................. II-55 
Figure II-28. Coastal Vulnerability Index (2004) for Cape Hatteras National Seashore ............................................. II-57 
Figure II-29. Erosion “Hotspots” Identified by NCDOT Outer Banks Task Force ..................................................... II-59 
Figure II-30. Inlet Opening Potential Taken from Mallinson, et al. (2008) and Pilkey. et al. (1998) ......................... II-62 
Figure II-31. Sediment Budget at an Inlet ................................................................................................................... II-62 
Figure III-1. Historic Areas and Properties................................................................................................................. III-22 
Figure IV-1. Location of Counties Analyzed for Property Impacts in Bin et al. (2007) ..............................................IV-3 
Figure IV-2. Example of data used in Bin et al. (2007) property value study. .............................................................IV-5 
Figure IV-3. Location of North Carolina Shore and Pier Fishing Sites ......................................................................IV-17 
Figure V-1. Coastal Geologic Provinces of North Carolina .............................................................................................. 3 
Figure V-2. Four Main Regions and the Capes ................................................................................................................. 4 
Figure V-3. Prograding and Retrograding Shorelines (Cleary, 2008) ............................................................................... 5 
Figure V-4. Barrier and Headland Features (Cleary, 2008) ............................................................................................... 6 
Figure V-5. Geologic Provinces of Onslow and Long Bays (Cleary, 2008) ..................................................................... 7 



    NC BEACH AND INLET MANAGEMENT PLAN 
  FINAL REPORT 

 
 
_________________________________________________________________________________________________________ 

 
April 2011 2  
 

Figure V-6. Shoreline Development Status Along the North Carolina Coast ................................................................... 8 
Figure V-7. DCM Long Term Erosion Rates Along the North Carolina Coast ................................................................ 9 
Figure V-8. Known Sediment Resources Along the North Carolina Coast ....................................................................... 9 
Figure V-9. Delineation of BIMP Sub-regions ................................................................................................................ 10 
Figure VII-1. BIMP Project Website (www.ncbimp.net) ........................................................................................... VII-5 
Figure VII-2. Photos Documenting First Round of Public Information and Input Meetings ..................................... VII-7 
Figure VII-3. Photos Documenting Second Set of Public Meetings .......................................................................... VII-9 
Figure VIII-1. Region 1 Boundaries .......................................................................................................................... VIII-1 
Figure VIII-2. Representative Wind and Wave Roses from WIS Station 310 .......................................................... VIII-3 
Figure VIII-3. Wave and Water Level Stations for Region 1 .................................................................................... VIII-6 
Figure VIII-4. Sea Level Rise at Beaufort, NC ......................................................................................................... VIII-7 
Figure VIII-5. Expected Return Period of Hurricanes ............................................................................................... VIII-8 
Figure VIII-6. Atlantic Storm and Hurricane Tracks for Region 1 ........................................................................... VIII-9 
Figure VIII-7. NCDCM Erosion Rates for Region 1 ............................................................................................... VIII-12 
Figure VIII-8. Beach Profile Monitoring Locations for Region 1 ........................................................................... VIII-14 
Figure VIII-9. Offshore Geology for Region 1 ........................................................................................................ VIII-16 
Figure VIII-10. Sunset Beach, Mad Inlet (closed), and Tubbs Inlet (Cleary, 2008) ............................................... VIII-17 
Figure VIII-11. Example of Parabolic Dune Core on Ocean Isle (Cleary, 2008) .................................................... VIII-18 
Figure VIII-12. Shallotte Inlet: 2003 (left), 2008 (right) ......................................................................................... VIII-20 
Figure VIII-13. Former Inlet Zones and Changing Alignment of Ebb Channel (Cleary, 2008) ............................. VIII-21 
Figure VIII-14. Lockwoods Folly Inlet with Holden Beach Erosion  
                          and Oak Island Accretion (Cleary, 2008) ...................................................................................... VIII-22 
Figure VIII-15. Oak Island, Comprised of Long Beach Spit and Caswell Beach Spit ............................................ VIII-23 
Figure VIII-16. Cape Fear River Inlet Channel Realignment (Cleary, 2008) ......................................................... VIII-26 
Figure VIII-17. Bald Head Island Beaches (Cleary, 2008)...................................................................................... VIII-27 
Figure VIII-18. Cape Fear River Inlet Detailed Sediment Budget Cells ................................................................. VIII-28 
Figure VIII-19. Potential Sediment Resources for Region 1 ................................................................................... VIII-30 
Figure VIII-20. Sample Environmental Considerations for Region 1 ..................................................................... VIII-39 
Figure VIII-22. Number of Dredge Projects – Region 1 by Project Size ................................................................ VIII-47 
Figure VIII-24. Potential Sediment Resources for Region 1 ................................................................................... VIII-51 
Figure IX-1. Region 2a Boundaries ..............................................................................................................................IX-1 
Figure IX-2. Region 2b Boundaries ..............................................................................................................................IX-3 
Figure IX-3. Region 2c Boundaries ..............................................................................................................................IX-5 
Figure IX-4. Representative Wind and Wave Roses from Station 302 (Region 2a) ....................................................IX-7 
Figure IX-5. Representative Wind and Wave Roses from Station 290 (Region 2b) ....................................................IX-8 
Figure IX-6. Representative Wind and Wave Roses from Station 275 (Region 2c) ....................................................IX-9 
Figure IX-7. Wave and Water Level Stations for Region 2a ......................................................................................IX-11 
Figure IX-8. Wave and Water Level Stations for Region 2b ......................................................................................IX-12 
Figure IX-9.   Wave and Water Level Stations for Region 2c ....................................................................................IX-13 
Figure IX-10. Sea Level Rise at Beaufort, N.C. .........................................................................................................IX-14 
Figure IX-11. Expected Return Period of Hurricanes ................................................................................................IX-16 
Figure IX-12. Atlantic Storm and Hurricane Tracks for Region 2a ...........................................................................IX-17 
Figure IX-13. Atlantic Storm and Hurricane Tracks for Region 2b ...........................................................................IX-18 



    NC BEACH AND INLET MANAGEMENT PLAN 
  FINAL REPORT 

 
 
_________________________________________________________________________________________________________ 

 
April 2011 3  
 

Figure IX-14. Atlantic Storm and Hurricane Tracks for Region 2c ...........................................................................IX-19 
Figure IX-15. DCM Erosion Rates for Region 2a ......................................................................................................IX-25 
Figure IX-16. DCM Erosion Rates for Region 2b ......................................................................................................IX-26 
Figure IX-17. DCM Erosion Rates for Region 2c ......................................................................................................IX-27 
Figure IX-18. Beach Profile Monitoring Locations for Region 2a .............................................................................IX-29 
Figure IX-19. Beach Profile Monitoring Locations for Region 2b .............................................................................IX-30 
Figure IX-20. Beach Profile Monitoring Locations for Region 2c .............................................................................IX-31 
Figure IX-21. Offshore Geology for Region 2a ..........................................................................................................IX-33 
Figure IX-22. Fort Fisher and Kure Beach (Cleary, 2008) .........................................................................................IX-35 
Figure IX-23. Carolina Beach Mainland and Extension (Cleary, 2008) ....................................................................IX-36 
Figure IX-24. Masonboro Island Washover (Post-Hurricane Fran) (Cleary, 2008) ...................................................IX-37 
Figure IX-25. Masonboro Inlet Jetties (Cleary, 2008) ................................................................................................IX-38 
Figure IX-26. Mason Inlet Relocation Efforts (Cleary, 2008) ....................................................................................IX-41 
Figure IX-27. Figure Eight Island (Cleary, 2008) ......................................................................................................IX-42 
Figure IX-28. Offshore Geology for Region 2b .........................................................................................................IX-43 
Figure IX-29. Closing of Old Topsail Inlet to Form Hutaff Island   
                       (formerly Hutaff and Lea Island) (Cleary, 2008) .................................................................................IX-44 
Figure IX-30. New Topsail Inlet (Cleary, 2008) ........................................................................................................IX-45 
Figure IX-31. Topsail Island - Comprised of Topsail Beach, Surf City,   
                      and North Topsail Beach (Cleary, 2008) ..............................................................................................IX-47 
Figure IX-32. New River Inlet and Associated Erosion/Accretion Effects (Cleary, 2008) ........................................IX-53 
Figure IX-33. Brown’s Inlet, Brown’s Island, Bear Inlet, and Bear Island (Cleary, 2008) ........................................IX-56 
Figure IX-34. Offshore Geology for Region 2c ..........................................................................................................IX-57 
Figure IX-35. Bogue Inlet Ebb Channel Realignment (Cleary, 2008) .......................................................................IX-59 
Figure IX-36. Beaufort Inlet (Cleary, 2008) ...............................................................................................................IX-61 
Figure IX-37. Barden Inlet (Cleary, 2008) .................................................................................................................IX-62 
Figure IX-38. Available Sediment Budgets for Region 2a .........................................................................................IX-64 
Figure IX-39. Available Sediment Budgets for Region 2c .........................................................................................IX-65 
Figure IX-40. Average Annual Longshore Transport Potential, Beaufort Inlet  (Olsen Associates, 2006) ...............IX-66 
Figure IX-41. Model Predicted Seasonal and Annual Longshore Sediment Transport   
                     (Park and Wells, 2007) ..........................................................................................................................IX-67 
Figure IX-42. Model Predicted Longshore Current and Sediment Transport Rates   
                     (Park and Wells, 2005) ..........................................................................................................................IX-68 
Figure IX-43. Potential Sediment Resources for Region 2a .......................................................................................IX-70 
Figure IX-44. Potential Sediment Resources for Region 2b .......................................................................................IX-71 
Figure IX-45. Potential Sediment Resources for Region 2c .......................................................................................IX-72 
Figure IX-47. Sample Environmental Considerations for Region 2a .........................................................................IX-80 
Figure IX-48. Sample Environmental Constraints for Region 2b ..............................................................................IX-87 
Figure IX-49. Sample Environmental Considerations for Region 2c .........................................................................IX-95 
Figure IX-50. Number of Nourishment Projects – Region 2a by Project Size ......................................................... IX-105 
Figure IX-51. Number of Nourishment Projects – Region 2b by Project Size ......................................................... IX-106 
Figure IX-52. Number of Nourishment Projects – Region 2c by Project Size ......................................................... IX-107 
Figure IX-53. Number of Dredge Projects – Region 2a by Project Size .................................................................. IX-110 



    NC BEACH AND INLET MANAGEMENT PLAN 
  FINAL REPORT 

 
 
_________________________________________________________________________________________________________ 

 
April 2011 4  
 

Figure IX-54. Number of Dredge Projects – Region 2b by Project Size .................................................................. IX-111 
Figure IX-55. Number of Dredge Projects – Region 2c by Project Size .................................................................. IX-113 
Figure IX-56. Historical Management Strategies for Region 2a .............................................................................. IX-115 
Figure IX-57. Historical Management Practices for Region 2b ............................................................................... IX-116 
Figure IX-58. Historical Management Practices for Region 2c................................................................................ IX-117 
Figure IX-59. Potential Sediment Resources for Region 2a ..................................................................................... IX-120 
Figure IX-60. Potential Sediment Resources for Region 2b ..................................................................................... IX-121 
Figure IX-61. Potential Sediment Resources for Region 2c ..................................................................................... IX-122 
Figure X-1. Region 3a Boundaries ................................................................................................................................ X-1 
Figure X-2. Region 3b Boundaries ................................................................................................................................ X-3 
Figure X-3. Wind and Wave Roses from WIS Station 270 (Region 3a) ....................................................................... X-5 
Figure X-4. Wind and Wave Roses from Representative WIS Station 263 (Region 3b) .............................................. X-6 
Figure X-5. Wave and Water Level Stations for Region 3a .......................................................................................... X-8 
Figure X-6. Wave and Water Level Stations for Region 3b .......................................................................................... X-9 
Figure X-7. Sea Level Rise at Beaufort, NC ............................................................................................................... X-10 
Figure X-8. Expected Return Period of Hurricanes ..................................................................................................... X-12 
Figure X-9. Atlantic Storm and Hurricane Tracks for Region 3a ................................................................................ X-13 
Figure X-10. Atlantic Storm and Hurricane Tracks for Region 3b ............................................................................. X-14 
Figure X-11. DCM Erosion Rates for Region 3a ........................................................................................................ X-18 
Figure X-12. DCM Erosion Rates for Region 3b ........................................................................................................ X-19 
Figure X-13. Beach Profile Monitoring Locations for Region 3a ............................................................................... X-20 
Figure X-14. Beach Profile Monitoring Locations for Region 3b ............................................................................... X-21 
Figure X-15. Geomorphic Mapping Example - Cape Lookout National Seashore ..................................................... X-24 
Figure X-16. Geomorphic Mapping Example - Ocracoke Island ................................................................................ X-27 
Figure X-17. Available Sediment Budgets for Region 3a ........................................................................................... X-29 
Figure X-18.  Predicted Net Longshore Sediment Transport and Pathways  (Park and Wells, 2005) ........................ X-30 
Figure X-19. Longshore Transport at Cape Lookout (Park and Wells, 2005) ............................................................. X-31 
Figure X-20. Potential Sediment Resources for Region 3a ......................................................................................... X-33 
Figure X-21. Potential Sediment Resources for Region 3b ......................................................................................... X-34 
Figure X-22. Sample Environmental Considerations for Region 3a ........................................................................... X-38 
Figure X-23. Sample Environmental Considerations for Region 3b ........................................................................... X-43 
Figure X-26. Number of Nourishment Projects – Region 3b by Project Size ............................................................. X-51 
Figure X-27. Number of Dredge Projects – Region 3a by Project Size ...................................................................... X-53 
Figure X-28. Number of Dredge Projects – Region 3b by Project Size ...................................................................... X-54 
Figure X-24. Historical Management Strategies for Region 3a ................................................................................... X-55 
Figure X-25. Historical Management Practices for Region 3b .................................................................................... X-56 
Figure XI-1. Region 4a Boundaries ..............................................................................................................................XI-1 
Figure XI-2. Region 4b Boundaries ..............................................................................................................................XI-3 
Figure XI-3. Region 4c Boundaries ..............................................................................................................................XI-5 
Figure XI-4. Wind and Wave Roses from Representative WIS Station 228 (Region 4a) ............................................XI-7 
Figure XI-5. Wind and Wave Roses from Representative WIS Station 222 (Region 4b) ............................................XI-8 
Figure XI-6. Wind and Wave Roses from Representative WIS Station 216 (Region 4c) ............................................XI-9 
Figure XI-7. Wave and Water Level Stations for Region 4a ......................................................................................XI-11 



    NC BEACH AND INLET MANAGEMENT PLAN 
  FINAL REPORT 

 
 
_________________________________________________________________________________________________________ 

 
April 2011 5  
 

Figure XI-8. Wave and Water Level Stations for Region 4b ......................................................................................XI-12 
Figure XI-9. Wave and Water Level Stations for Region 4c ......................................................................................XI-13 
Figure XI-10. Sea Level Rise at Beaufort, NC ...........................................................................................................XI-14 
Figure XI-11. Expected Return Period of Hurricanes ................................................................................................XI-16 
Figure XI-12. Atlantic Storm and Hurricane Tracks for Region 4a ...........................................................................XI-17 
Figure XI-13. Atlantic Storm and Hurricane Tracks for Region 4b ...........................................................................XI-18 
Figure XI-14. Atlantic Storm and Hurricane Tracks for Region 4c ...........................................................................XI-19 
Figure XI-15. DCM Erosion Rates for Region 4a ......................................................................................................XI-23 
Figure XI-16. DCM Erosion Rates for Region 4b ......................................................................................................XI-24 
Figure XI-17. DCM Erosion Rates for Region 4c ......................................................................................................XI-25 
Figure XI-18. Beach Profile Monitoring Locations for Region 4b .............................................................................XI-27 
Figure XI-19. North Carolina’s Paleodrainage System  (Riggs et al., 1995, Boss and Hoffman, 2001) ...................XI-29 
Figure XI-20. Geomorphic Mapping Example - Bodie Island ...................................................................................XI-30 
Figure XI-21. Geologic Framework for Region 4b ....................................................................................................XI-34 
Figure XI-22. Available Sediment Budgets for Region 4b .........................................................................................XI-36 
Figure XI-23. Potential Sediment Resources for Region 4a .......................................................................................XI-38 
\Figure XI-24. Potential Sediment Resources for Region 4b......................................................................................XI-39 
Figure XI-25. Potential Sediment Resources for Region 4c .......................................................................................XI-40 
Figure XI-26. Sample Environmental Considerations for Region 4a .........................................................................XI-44 
Figure XI-27. Sample Environmental Considerations for Region 4b .........................................................................XI-51 
Figure XI-28. Sample Environmental Constraints for Region 4c ...............................................................................XI-55 
Figure XI-31. Number of Dredge Projects – Region 4b by Project Size ....................................................................XI-65 
Figure XI-32. Historical Management Strategies for Region 4a ................................................................................XI-67 
Figure XI-33. Historical Management Strategies for Region 4b ................................................................................XI-68 
Figure XI-34. Historical Management Strategies for Region 4c ................................................................................XI-69 
Figure XI-35. Potential Sediment Resources for Region 4a .......................................................................................XI-72 
Figure XI-36. Potential Sediment Resources for Region 4b .......................................................................................XI-73 
Figure XI-37. Potential Sediment Resources for Region 4c .......................................................................................XI-74 
 

 

 

 

 

 

 

 

 



    NC BEACH AND INLET MANAGEMENT PLAN 
  FINAL REPORT 

 
 
_________________________________________________________________________________________________________ 

 
April 2011 6  
 

 


