
SOUTH ATLANTIC COASTAL STUDY (SACS) 

South Carolina 
Appendix 

FINAL DRAFT REPORT 
OCTOBER 2021 





SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX i 

Table of Contents 
 Introduction .................................................................................................................. 1-1 

 Agency Coordination and Collaboration ........................................................................ 2-1 

 Overview of Existing and Future Conditions .................................................................. 3-1 

3.1 Study Area ................................................................................................................................3-1 
3.2 Problems and Opportunities Overview ....................................................................................3-2 

 Problems .........................................................................................................................3-3 
 Opportunities ..................................................................................................................3-3 

3.3 Political Boundaries..................................................................................................................3-4 
3.4 Planning Reaches .....................................................................................................................3-6 

 Watersheds within Planning Reaches .............................................................................3-7 
 Counties and Population within Planning Reaches .........................................................3-9 

3.5 Shoreline Characteristics ........................................................................................................ 3-12 
3.6 Overview of Storm History and Sea Level Change Projections ............................................... 3-14 

 Storm History ................................................................................................................ 3-14 
 Storm Surge................................................................................................................... 3-18 
 Sea Level Rise ................................................................................................................ 3-20 
3.6.3.1 Relative Sea Level Change................................................................................. 3-20 

 Nuisance Flooding ......................................................................................................... 3-24 

 Risk Assessment............................................................................................................ 4-1 

4.1 Overview ..................................................................................................................................4-1 
 Tier 1 Hazards .................................................................................................................4-2 
 Tier 1 Exposure ................................................................................................................4-3 
 Tier 1 Vulnerability ..........................................................................................................4-5 
 Tier 2 Hazards .................................................................................................................4-5 
4.1.4.1 Storm Surge and Inundation ...............................................................................4-6 
4.1.4.2 Wave Attack...................................................................................................... 4-17 
4.1.4.3 Erosion and Shoreline Change .......................................................................... 4-19 
4.1.4.4 Wind ................................................................................................................. 4-21 
4.1.4.5 Compound Flooding.......................................................................................... 4-23 
4.1.4.6 Saltwater intrusion ........................................................................................... 4-25 

 Tier 2 Exposure .............................................................................................................. 4-27 
 Tier 2 Vulnerability ........................................................................................................ 4-29 
 Reporting Results: Planning Reaches and U.S. Census Bureau Geographic Types ......... 4-29 

4.2 Planning Reach SC_03 Risk Assessment ................................................................................. 4-31 
 Planning Reach SC_03 Tier 1 ......................................................................................... 4-31 
4.2.1.1 Planning Reach SC_03 Tier 1 Hazards ............................................................... 4-31 
4.2.1.2 Planning Reach SC_03 Tier 1 Exposure ............................................................. 4-31 
4.2.1.3 Planning Reach SC_03 Tier 1 Vulnerability ........................................................ 4-36 
4.2.1.4 Planning Reach SC_03 Tier 1 High-risk Locations .............................................. 4-36 



TABLE OF CONTENTS 

ii SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

 Planning Reach SC_03 Tier 2 ......................................................................................... 4-41 
4.2.2.1 Planning Reach SC_03 Tier 2 Hazards ............................................................... 4-41 
4.2.2.2 Planning Reach SC_03 Tier 2 Exposure ............................................................. 4-44 
4.2.2.3 Planning Reach SC_03 Tier 2 Vulnerability ........................................................ 4-49 
4.2.2.4 Planning Reach SC_03 Tier 2 High-risk Locations .............................................. 4-52 

 Planning Reach SC_03 Summary of High-risk Locations ................................................ 4-55 
4.3 Planning Reach SC_04 Risk Assessment ................................................................................. 4-61 

 Planning Reach SC_04 Tier 1 ......................................................................................... 4-61 
4.3.1.1 Planning Reach SC_04 Tier 1 Hazards ............................................................... 4-61 
4.3.1.2 Planning Reach SC_04 Tier 1 Exposure ............................................................. 4-61 
4.3.1.3 Planning Reach SC_04 Tier 1 Vulnerability ........................................................ 4-66 
4.3.1.4 Planning Reach SC_04 Tier 1 High-risk Locations .............................................. 4-66 

 Planning Reach SC_04 Tier 2 ......................................................................................... 4-70 
4.3.2.1 Planning Reach SC_04 Tier 2 Hazard ................................................................. 4-71 
4.3.2.2 Planning Reach SC_04 Tier 2 Exposure ............................................................. 4-73 
4.3.2.3 Planning Reach SC_04 Tier 2 Vulnerability ........................................................ 4-77 
4.3.2.4 Planning Reach SC_04 Tier 2 High-risk Locations .............................................. 4-80 

 Planning Reach SC_04 Summary of High-risk Locations ................................................ 4-86 
4.4 Summary of South Carolina High-risk Locations..................................................................... 4-95 

 Managing Risk .............................................................................................................. 5-1 

5.1 Coastal Program Guide – South Carolina .................................................................................5-1 
5.2 Hurricane Evacuation Planning ................................................................................................5-2 
5.3 Existing Coastal Storm Risk Management Projects and Programs ...........................................5-4 

 Federal Project Performance Evaluation .........................................................................5-7 
5.4 Regional Sediment Management Strategies ............................................................................5-8 

 Opportunities for Action ............................................................................................... 5-10 
5.5 Coastal Storm Risk Management Measures and Costs .......................................................... 5-10 
5.6 Focus Area Selection .............................................................................................................. 5-12 
5.7 Focus Area Action Strategies .................................................................................................. 5-15 

 Grand Strand Focus Area Action Strategy ..................................................................... 5-15 
 Charleston Metro Focus Area Action Strategy .............................................................. 5-17 

5.8 Strategies for Addressing Remaining High-Risk Areas ............................................................ 5-19 
 Identification of Further Study Efforts........................................................................... 5-19 
 Remaining High-Risk Areas ............................................................................................ 5-22 

 Institutional and Other Barriers .................................................................................... 6-1 

6.1 Risk and Resilience Standards Barriers in South Carolina .........................................................6-2 
6.2 Risk Communication Barriers in South Carolina .......................................................................6-4 
6.3 Risk Management Barriers in South Carolina ...........................................................................6-5 
6.4 Science, Engineering, and Technology Barriers in South Carolina ............................................6-6 
6.5 Leadership and Institutional Coordination Barriers in South Carolina .....................................6-7 
6.6 Local Planning and Financing Barriers in South Carolina ..........................................................6-8 
6.7 Barriers to Implementing Regional Sediment Management ....................................................6-9 



TABLE OF CONTENTS 

SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX iii 

 Recommendations to Address Risks and Vulnerabilities ............................................... 7-1 

 References .................................................................................................................... 8-1 

Attachments: 
Attachment 1: The Grand Strand Focus Area Action Strategy 

Attachment 2: Charleston Metro Focus Area Action Strategy



TABLE OF CONTENTS  

 
 

iv SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

List of Tables 
Table 1-1: Appendix Organization and Alignment with the Coastal Storm Risk Management 

Framework .............................................................................................................................. 1-2 

Table 2-1: Agency Coordination and Collaboration Activities ............................................................. 2-3 

Table 3-1: USACE Generalized Shoreline Types and National Oceanic and Atmospheric Administration 
Environmental Sensitivity Index Shoreline Types (NOAA 2015) ............................................ 3-12 

Table 3-2: Shoreline Types for Planning Reach SC_03 ...................................................................... 3-14 

Table 3-3: Shoreline Types for Planning Reach SC_04 ...................................................................... 3-14 

Table 3-4: Historical Coastal South Carolina Storms ......................................................................... 3-17 

Table 3-5: South Carolina Storm Tide Elevations (FEMA 2017, 2004, 2003, 1991, 1989, 1986) ........ 3-20 

Table 3-6: Sea Level Rise Summary South Carolina ........................................................................... 3-21 

Table 3-7: Flooding Thresholds for Charleston, South Carolina (SCDHEC 2021) ............................... 3-25 

Table 4-1: Tier 2 Hazards .................................................................................................................... 4-5 

Table 4-2: Effective Flood Insurance Study Used in Hazus Flood Model (FEMA 2017, 2004, 2003, 1991, 
1989, 1986) ............................................................................................................................. 4-8 

Table 4-3: Stillwater Levels for Annual Exceedance Probabilities (in meters) (USACE 2020a) .......... 4-10 

Table 4-4: Stillwater Levels for Annual Exceedance Probabilities for Sea Level Rise SLC1 (in meters) 
(USACE 2020a) ...................................................................................................................... 4-10 

Table 4-5: Stillwater Levels for Annual Exceedance Probabilities for Sea Level Rise SLC2 (in meters) 
(USACE 2020a) ...................................................................................................................... 4-11 

Table 4-6: Wave Height for Annual Exceedance Probabilities (in meters) (USACE 2020a)................ 4-18 

Table 4-7: Wave Height for Annual Exceedance Probabilities for SLC1 (in meters) (USACE 2020a) .. 4-18 

Table 4-8: Wave Height for Annual Exceedance Probabilities for SLC2 (in meters) (USACE 2020a) .. 4-19 

Table 4-9: Damage Description based on Wind Speeds .................................................................... 4-21 

Table 4-10: Summary of Shoreline Changes Rates in SC_03 (SCDHEC n.d.-b) ................................... 4-43 

Table 4-11: Vulnerability of Exposed Cultural Resources Areas to Tier 2 Hazards in Planning Reach 
SC_03 .................................................................................................................................... 4-51 

Table 4-12: Summary of High-risk Locations for Planning Reach SC_03 ........................................... 4-59 

Table 4-13: Summary of Shoreline Changes Rates in SC_04 (SCDHEC n.d.-b) ................................... 4-72 

Table 4-14 Vulnerability of Exposed Cultural Resources Areas to Tier 2 Hazards in Planning Reach 
SC_04 .................................................................................................................................... 4-79 

Table 4-15: Summary of Planning Reach SC_04 High-risk Locations ................................................. 4-91 

Table 4-16: Summary of South Carolina High-risk Locations ............................................................. 4-99 

Table 5-1: South Carolina Coastal Storm Risk Management Projects ................................................. 5-4 

Table 5-2: Overall Project Performance Rating System ...................................................................... 5-7 

Table 5-3: Project Performance Rating System During a Significant Storm Event ............................... 5-7 



TABLE OF CONTENTS 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX v 

Table 5-4: List of Data Inputs for Optimization Template to Define RSM Opportunities and Quantify 
Value of Implemented RSM Projects and Potential RSM Opportunities ................................. 5-9 

Table 5-5: Total Dredge Volume and Value of Regional Sediment Management-Implemented 
Charleston District Navigation and Flood Risk Management Projects .................................... 5-9 

Table 5-6: Structural Coastal Storm Risk Management Measures from the SACS Measures and Costs 
Library and Associated Annual Cost/Unit (Based on Planning Reach SC_03) ........................ 5-11 

Table 5-7: Natural and Nature-based Coastal Storm Risk Management Measures from the SACS 
Measures and Costs Library (Based on Planning Reach SC_03) ............................................ 5-12 

Table 5-8: Nonstructural Physical Coastal Storm Risk Management Measures from the SACS Measures 
and Costs Library (Based on Planning Reach SC_03) ............................................................. 5-12 

Table 5-9: Action Strategy for Grand Strand Focus Area ................................................................... 5-15 

Table 5-10: Action Strategy for Charleston Metro Focus Area .......................................................... 5-17 

Table 5-11: Action Strategies for Remaining High-Risk Areas ........................................................... 5-20 

Table 5-12: Remaining High-Risk Areas ............................................................................................. 5-22 

Table 6-1: Risk and Resilience Standards Barriers in South Carolina ................................................... 6-2 

Table 6-2: Specific Opportunities for Action for Risk and Resilience Standards Barriers in South 
Carolina ................................................................................................................................... 6-3 

Table 6-3: Risk Communication Barriers in South Carolina ................................................................. 6-4 

Table 6-4: Specific Opportunities for Action for Risk Communication Barriers in South Carolina ....... 6-4 

Table 6-5: Risk Management Barriers in South Carolina ..................................................................... 6-5 

Table 6-6: Specific Opportunities for Action for Risk Management Barriers in South Carolina ........... 6-5 

Table 6-7: Science, Engineering, and Technology Barriers in South Carolina ...................................... 6-6 

Table 6-8: Specific Opportunities for Action for Science, Engineering and Technology Barriers in South 
Carolina ................................................................................................................................... 6-6 

Table 6-9: Leadership and Institutional Coordination Barriers in South Carolina ............................... 6-7 

Table 6-10: Specific Opportunities for Action for Leadership and Institutional Coordination Barriers in 
South Carolina ......................................................................................................................... 6-7 

Table 6-11: Local Planning and Financing Barriers in South Carolina .................................................. 6-8 

Table 6-12: Specific Opportunities for Action for Planning and Financing Barriers in South Carolina . 6-9 

Table 7-1: Recommendations for South Carolina (State Priority Recommendations in Yellow) ......... 7-1 

 

 

 

 



TABLE OF CONTENTS  

 
 

vi SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

List of Figures 
Figure 3-1: South Carolina Study Area ................................................................................................ 3-2 
Figure 3-2: Political Boundaries .......................................................................................................... 3-4 

Figure 3-3: South Carolina Planning Reaches ...................................................................................... 3-7 

Figure 3-4: Watershed Boundaries for Planning Reach SC_03 ............................................................ 3-8 

Figure 3-5: Watershed Boundaries for Planning Reach SC_04. ........................................................... 3-9 

Figure 3-6: 2020 Census County Population Estimates ..................................................................... 3-10 

Figure 3-7: U.S. Environmental Protection Agency’s Integrated Climate and Land Use Scenario B2 for 
2020 to 2100 in South Carolina (EPA 2009)........................................................................... 3-11 

Figure 3-8: Shoreline Types ............................................................................................................... 3-13 

Figure 3-9: Historical Storm Tracks – Hurricanes and Tropical Storms Since 2000 (100-mile radius of 
Awendaw, South Carolina) (NOAA n.d.-a) ............................................................................. 3-16 

Figure 3-10: Breakdown of Historical Storms and Hurricanes into Saffir-Simpson Categories Between 
1852 and 2019 (NOAA n.d.-a) ............................................................................................... 3-17 

Figure 3-11: South Carolina Coastal Counties ................................................................................... 3-19 

Figure 3-12: Expected Relative Sea Level Rise (RSLR) Values +/- 1 standard deviation (s.d.) for 
Compliant Gauges in South Carolina and Northern Georgia ................................................. 3-21 

Figure 3-13: Tidal Datums and Extreme Water Levels (Top Left), Estimated Relative Sea Level Change 
(RSLC) Projections with Base Flood Elevation and Extreme Water Levels (Bottom Left), Sea 
Level Change Trends (Top Right), and Estimated Sea Level Change Projections from 2020 to 
2120 (Bottom Left) at Charleston, South Carolina (NOS Gauge No. 8665530) (USACE 2019) 3-23 

Figure 3-14: Nuisance Flooding (NOAA 2021) ................................................................................... 3-24 

Figure 3-15: Observed and Predicted “Minor Coastal Flooding” in Charleston (City of Charleston 2019)
 .............................................................................................................................................. 3-26 

Figure 4-1: Conceptualization of Risk (USACE 2014) ........................................................................... 4-1 

Figure 4-2: Regional Sea Level Rise in the Southeast Atlantic and Gulf of Mexico .............................. 4-3 

Figure 4-3: South Carolina Hazard Mitigation Plan – South Carolina’s Risk to Storm Surge (SCEMD 
2018) ....................................................................................................................................... 4-7 

Figure 4-4: Coastal Hazards System Select Locations .......................................................................... 4-9 

Figure 4-5: CHS Modeled Inundation Depth for the 1-Percent Annual Exceedance Probability Event in 
South Carolina (USACE 2020a) .............................................................................................. 4-12 

Figure 4-6: CHS Modeled Inundation Depth for the 1-Percent Annual Exceedance Probability Event 
with 2.73 feet of Sea Level Rise in South Carolina (USACE 2020a) ........................................ 4-13 

Figure 4-7: CHS Modeled Inundation Depth for the 1-Percent Annual Exceedance Probability Event 
with 7.35 feet of Sea Level Rise in South Carolina (USACE 2020a) ........................................ 4-14 

Figure 4-8: Inundation Hazard Based on Federal Emergency Management Agency Data 
(SCDHEC n.d.-a) ..................................................................................................................... 4-15 



TABLE OF CONTENTS 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX vii 

Figure 4-9: Inundation from Storm Surge (SCDHEC n.d.-a) ............................................................... 4-16 

Figure 4-10: Shoreline Change Caused by Erosion (SCDHEC n.d.-a) .................................................. 4-20 

Figure 4-11: Historical Tropical Cyclone Wind Hazards for Planning Reach SC_03 (NOAA n.d.-b) .... 4-22 

Figure 4-12: Historical Tropical Cyclone Wind Hazards for Planning Reach SC_04 (NOAA n.d.-b) .... 4-23 

Figure 4-13: Observed Rainfall from Hurricane Florence as of September 18, 2018 (National Weather 
Service n.d.) .......................................................................................................................... 4-24 

Figure 4-14: Process of Saltwater Intrusion (USGS n.d.) ................................................................... 4-25 

Figure 4-15: Marsh Migration Tool of NOAA Sea Level Rise Viewer (NOAA n.d.-c) ........................... 4-26 

Figure 4-16: U.S. Census Bureau Geographic Entities (University of Pittsburgh 2010) ..................... 4-30 

Figure 4-17: Existing and Future Flood Hazard for Planning Reach SC_03 from the 10-Percent Annual 
Exceedance Probability Flood, the 1-Percent Annual Exceedance Probability Flood, and the 
Category 5 Maximum of Maximum Water Levels ................................................................. 4-32 

Figure 4-18: Exposure Indices for Planning Reach SC_03 .................................................................. 4-33 

Figure 4-19: Existing Composite Risk Index and Future Composite Risk Index for Planning Reach SC_03
 .............................................................................................................................................. 4-38 

Figure 4-20: Planning Reach SC_03 High Risk Census Places ............................................................ 4-39 

Figure 4-21: Planning Reach SC_03 Future High Risk Census Places ................................................. 4-39 

Figure 4-22: Planning Reach SC_03 Acres Currently at Medium-high and High Risk. ........................ 4-40 

Figure 4-23: Planning Reach SC_03 Future Acres at Medium-high and High Risk. ............................ 4-40 

Figure 4-24: Planning Reach SC_03 Inundation from Coastal Storm Flooding and Storm Surge (SCDHEC 
n.d.-a) .................................................................................................................................... 4-42 

Figure 4-25: South Carolina Department of Health and Environmental Control-Ocean and Coastal 
Resource Management Critically Eroded Beaches, Planning Reach SC_03 (SCDHEC n.d.-a) . 4-43 

Figure 4-26: Planning Reach SC_03 Estimated Infrastructure Exposure (USACE n.d.) ...................... 4-45 

Figure 4-27: Housing Density Projections 2020 through 2100 for SC_03 .......................................... 4-47 

Figure 4-28: Map of Vulnerability Rating for Environmental Resources in Planning Reach SC_03 ... 4-50 

Figure 4-29: Priority Environmental Areas identified for Planning Reach SC_03. (Note: While the 
Santee Coastal Reserve is a PEA that overlaps with Planning Reach SC_03, it is included as part 
of Planning Reach SC_04.) ..................................................................................................... 4-54 

Figure 4-30: Existing and Future Flood Hazard for Planning Reach SC_04 from the 10-Percent Annual 
Exceedance Probability Flood, the 1-Percent Annual Exceedance Probability Flood, and the 
Category 5 Maximum of Maximum Water Levels ................................................................. 4-62 

Figure 4-31: Exposure Indices for Planning Reach SC_04 .................................................................. 4-63 

Figure 4-32: Existing Composite Risk Index and Future Composite Risk Index for Planning Reach SC_04
 .............................................................................................................................................. 4-67 

Figure 4-33: SC_04 High Risk Census Places ...................................................................................... 4-68 

Figure 4-34: South Carolina Future High-Risk Census Places ............................................................ 4-69 

Figure 4-35: Planning Reach SC_04 Current Acres at Medium-High and High Risk ........................... 4-69 

Figure 4-36: Planning Reach SC_04 Future Acres at Medium-high and High Risk ............................. 4-70 



TABLE OF CONTENTS  

 
 

viii SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

Figure 4-37: Planning Reach SC_04 Inundation from Coastal Storm Flooding and Storm Surge (SCDHEC 
n.d.-a) .................................................................................................................................... 4-71 

Figure 4-38: South Carolina Department of Health and Environmental Control-Ocean and Coastal 
Resource Management Critically Eroded Beaches, Planning Reach SC_04 (SCDHEC n.d.-a) . 4-72 

Figure 4-39: Planning Reach SC_04 Estimated Infrastructure Exposure (USACE n.d.) ...................... 4-74 

Figure 4-40: Housing Density Projections 2020 through 2100 for SC_04 (EPA 2009) ....................... 4-75 

Figure 4-41: Map of Vulnerability Rating for Environmental Resources in Planning Reach SC_04 ... 4-78 

Figure 4-42: Priority Environmental Areas identified for Planning Reach SC_04 .............................. 4-85 

Figure 5-1: Locations of Federal and Non-federal Nourishment Projects ........................................... 5-6 

Figure 5-2: Map of Charleston District Projects (USACE 2020b). Note: AIWW is not included on the 
map. ........................................................................................................................................ 5-9 

Figure 5-3: Potential Measures to Improve Resilience and Sustainability in a Coastal Environment 
(USACE 2015) ........................................................................................................................ 5-11 

Figure 5-4: South Atlantic Coastal Study Focus Areas ....................................................................... 5-13 

Figure 7-1: Recommendation Categories ............................................................................................ 7-1 

 

 

https://cdmsmithonline.sharepoint.com/sites/USACESACSStakeholderSupportProposal/Shared%20Documents/Report%20Compilation%20(T10)/Final%20Draft_Public%20Review/SENT%20Documents/Formatting/FinalDraft_SACS_SAC_SC_Appendix_2021_1006_Format.docx#_Toc84598016


 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 1-1 

  
Introduction 

The South Atlantic Coastal Study (SACS) Main Report examines the SACS study area at a regional scale 
and describes the Coastal Storm Risk Management (CSRM) Framework (the Framework). The eight 
SACS state and territory appendices execute the Framework, considering specific conditions for each 
state or territory, including problems and opportunities, risk assessment, and comprehensive CSRM 
strategies to provide a more tailored analysis. This appendix provides details on the state of South 
Carolina.  

The Framework is a three-tiered evaluation defined by different scales, objectives to address risk, and 
input from stakeholders. The Tier 1 and Tier 2 analysis are completed as part of the SACS while Tier 3 
efforts would be completed as follow-on analyses, either by the U.S. Army Corps of Engineers 
(USACE) or other agencies and stakeholders. By completing a tiered analysis, assumptions and data 
requirements become more refined with each tier as described: 

• Tier 1 presents a large-scale application of the Framework in the evaluation of exposure, 
hazards, vulnerability, and potential risk for the study area. For consistency across state and 
territory boundaries, national data sets were used to complete the Tier 1 analysis. The Main 
Report describes Tier 1 methods and general output. South Carolina-specific Tier 1 
information is provided in this appendix. 

• The Tier 2 analysis for South Carolina is provided in this appendix. Additional state and 
regional data sources are used to refine potential risk areas identified in Tier 1. Focus areas 
were selected from the highest risk locations, and detailed Focus Area Action Strategies 
(FAAS) were developed to serve as examples of how to develop strategies that lower risk in 
populated areas, areas of concentrated economic development, and areas with vulnerable 
environmental resources.  

• Tier 3 (not completed by the SACS) would be a local-scale analysis incorporating in-depth 
analysis and benefit-cost evaluations of CSRM plans.  

The purpose of this appendix is to provide South Carolina stakeholders with useful information and 
resources. The organization of this appendix and alignment with the CSRM Framework is shown in 
Table 1-1.  
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Table 1-1: Appendix Organization and Alignment with the Coastal Storm Risk Management 
Framework 

Report Section Content CSRM Framework 
Step 

Section 1: Introduction Objective of the document and organization of the report Step 1: Initiate 
Analysis Section 2: Agency Coordination 

and Collaboration 
Overview of the collaborative efforts of the SACS study 
including stakeholder engagement, workshops, informational 
sessions, and federal partners 

Section 3: Overview of Existing 
and Future Conditions 

Provides geographic, climatic, and political context for the 
analysis and an overview of existing and expected future 
conditions  

Step 2: Characterize 
Conditions 

Section 4: Risk Assessment Application of the Tier 1 Risk Assessment and development of 
the South Carolina-specific Tier 2 analysis used to identify 
high-risk areas 

Step 3: Analyze Risk 
and Vulnerability 

Section 5: Managing Risk Overview of resources to support South Carolina resiliency 
efforts, including federal directives, resources, and funding to 
help communities better leverage needed resources 

Step 4: Identify 
Possible Solutions 

Section 6: Institutional and 
Other Barriers 

Identification of institutional and other barriers impeding 
further risk reduction efforts 

Section 7: Recommendations 
to Address Risks and 
Vulnerabilities 

Recommendations of actions to address the risks identified in 
Section 4 

Step 5: Evaluate 
and compare 
solutions 
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Agency Coordination and 
Collaboration 
The study was conducted in coordination with other federal agencies and applicable state, local, and 
tribal officials to ensure that all information, observations, and recommendations are consistent with 
other plans to be developed. 

During the fall of 2019, USACE Charleston District held in-person Field Workshops in Conway and 
Charleston. Participants, which included representatives from federal, state, regional, and local 
agencies, non-governmental organizations, and academics, were divided into breakout sessions 
focused on the following topics: (1) existing/future conditions, problems, and opportunities, (2) draft 
focus areas, (3) existing/planned risk management strategies and projects, and (4) institutional and 
other barriers to reducing risk. Stakeholders provided input via written questionnaires and facilitated 
discussion.  

In summer and fall of 2020, USACE held a series of three virtual Focus Area Visioning Meetings for 
each focus area. The virtual nature of the workshop was due to the global COVID-19 pandemic and 
provided a unique opportunity to maximize outreach and participation through virtual platforms. Like 
the field workshops, these were attended by representatives from federal, state, regional and local 
government agencies, non-governmental organizations, and academics. Feedback received was used 
to inform the FAAS. There were pre-meetings and post-meetings associated with each workshop to 
ensure objectives were in alignment with stakeholders.  

Throughout the development of the state/territory appendices and FAAS, USACE held additional 
virtual workshops to engage specific subgroups of stakeholders, including two SACS Environmental 
Webinars, a SACS Cultural Stakeholder Webinar, and a SACS Military Installation Webinar. The USACE 
Command Team and District Project Managers also held quarterly webinar updates for stakeholders 
to provide information on various SACS products and answer stakeholder questions.  

The USACE Charleston District team engaged key federal stakeholders, including the Federal 
Emergency Management Agency (FEMA), the U.S. Environmental Protection Agency (EPA), the 
National Oceanic and Atmospheric Administration (NOAA), the U.S. Geological Survey (USGS), the 
National Fish and Wildlife Foundation (NFWF), the U.S. Fish and Wildlife Service (USFWS), the Bureau 
of Ocean Energy Management (BOEM), the National Hurricane Program (NHP), and the U.S. National 
Park Service (NPS). Several state agencies and several state universities were also engaged. 
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Key regional stakeholders participated in their respective Focus Area Visioning Meetings. These 
regional stakeholders play an important role in promoting resilience through regional coordination 
and planning. Problems pertaining to coastal storms and sea level rise are too complex for a single 
agency to solve. Joint responsibility by federal, state, and local officials is necessary to create a more 
resilient and robust system. In addition to coordination with stakeholders, there is internal 
coordination with ongoing USACE Feasibility Studies occurring in South Carolina. The FAAS reports 
summarize the local and regional stakeholders that participated at the workshops.  

Table 2-1 shows the meetings held in support of agency coordination and collaboration and their 
outcomes.  
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Table 2-1: Agency Coordination and Collaboration Activities 

Date Meeting Title & Purpose Subject/Reason Stakeholder/Non-Federal Agency Decisions/Outcomes 

1-Feb-19 US Army Corps of Engineers SACS Vision Meeting 1 Introduction of the South Atlantic Coastal Study 

All levels of government, all states within South Atlantic 
Division, including the Congressional office of Senator 
Marco Rubio, FWS, NOAA, USGS, BOEM, and U.S. 
Department of Agriculture (USDA), U.S. Navy, state 
representatives from North Carolina, South Carolina, 
Georgia, Florida, Mississippi and Alabama 

Stakeholders were provided an overview of the study, 
background, and schedule. USACE encouraged 
opportunities for continued partnering and outreach. 

9-Apr-19 
USACE SACS coordination with the South Carolina 
Department of Health and Environmental Control 
(SCDHEC)  

Briefing on study SCDHEC Established working relationship 

9-May-19 SACS Vision Meeting 2 (Charleston) Interagency Coordination 
Coastal.EDU, City of Charleston, SCDHEC, City of Myrtle 
Beach, South Carolina Sea Grant, Horry County, Low 
Country  

Refinement of Shared Vision statement and 
coordination of problem statement/high risk areas 

18-May-19 SACS Vision Meeting 2 Interagency Coordination SACS Stakeholders Refinement of Shared Vision statement and 
coordination of problem statement/high risk areas 

3-Jul-19 USACE SACS coordination with South Carolina 
Emergency Management Division (SCEMD) Briefing on study  SCEMD Established working relationship 

14-Aug-19 USACE SACS coordination with SCDHEC Preparation for planning reach meetings SCDHEC Determined key background info to provide at planning 
reach meetings 

16-Sep-19 SC_03 meeting, stakeholder coordination Planning reach meeting  
Conway; Myrtle Beach; North Myrtle Beach; Coastal 
Carolina University; Horry County; SCDHEC; The Nature 
Conservancy (TNC); USFWS; Georgetown 

Gathered information on problems, opportunities, 
objectives, constraints, as well as study and project 
ideas 

18-Sep-19 SC_04 meeting, stakeholder coordination Planning reach meeting  

American Shore and Beach Preservation Association; 
Hanahan; College of Charleston; Kiawah Island 
Community Association; NOAA; NOAA Office for 
Coastal Management (OCM); South Carolina 
Department of Transportation (SCDOT); South Carolina 
Institute of Archaeology; South Carolina Ports 
Authority; South Carolina Sea Grant; SCDHEC; TNC; 
Town of Kiawah Island; U.S. Air Force (USAF); USFWS 

Gathered information on problems, opportunities, 
objectives, constraints, as well as study and project 
ideas 

10-13 Feb 20 South Carolina Beach Advocates Meeting SACS overview South Carolina Beach attendees SACS presentation 

5-Mar-20 SACS Quarterly Webinar SACS Progress Brief SACS Stakeholders Provide progress on study 

29-Jun-20 SACS Quarterly Webinar #2 SACS Progress Brief SACS Stakeholders Provide progress on study 

15-Jul-20 Grand Strand Focus Area Webinar #1 Kick-Off Workshop 

North Myrtle Beach; TNC; Debordieu Colony; 
Georgetown; USFWS; NOAA; South Carolina 
Department of Natural Resources (SCDNR); Coastal 
Carolina University; USGS; SCDOT; Horry County; 
Clemson; SCDHEC; University of South Carolina; South 
Carolina Beach Advocates 

Provided SACS and Focus Area background, initiated 
establishment of Focus Area Shared Vision Statement, 
charted path forward for Webinar #2 and interim 
activities 

16-Jul-20 Charleston Metro Focus Area Webinar #1 Kick-Off Workshop 

SCDOT; South Carolina State Port Authority; Berkeley-
Charleston-Dorchester Council of Governments; 
Summerville; Clemson; USDA; SCDHEC; Charleston; 
University of South Carolina; Moncks Corner 

Initiated establishment of Focus Area Shared Vision 
Statement, charted path forward for Webinar #2 and 
interim activities 

28-Jul-20 SACS Environmental Webinar Environmental Update Environmental Stakeholders 
Overview of Environmental exposure, vulnerability and 
risk, SACS Environmental Web Mapping Application, 
Identification of Priority Environmental Areas (PEAs) 
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Date Meeting Title & Purpose Subject/Reason Stakeholder/Non-Federal Agency Decisions/Outcomes 

4-Aug-20 SACS Cultural Stakeholder Webinar Cultural Update Cultural Stakeholders 
Overview of cultural resources at risk and obtained 
feedback from stakeholders on identification of at-risk 
cultural resources 

26-Aug-20 Grand Strand Focus Area Webinar #2 Strategy Development Workshop 

TNC; North Myrtle Beach; USFWS; SCDNR; USDA; 
Clemson; SC Dept of Archives and History; Horry 
County; SCDOT; USGS; BOEM; SCDHEC; Debordieu 
Colony; Waccamaw Regional Council of Governments 

Provided robust study update, and provided forum for 
stakeholders to dialogue and share suggestions for 
actions in focus area  

27-Aug-20 Charleston Metro Focus Area Webinar #2 Strategy Development Workshop 

TNC; Charleston County; Dorchester County; NOAA; 
Town of Hollywood; SC Seagrant; College of Charleston; 
Berkeley County; SCDNR; USAF; SC State Ports 
Authority; Berkeley-Charleston-Dorchester Council of 
Governments; Summerville; Clemson; USDA; SCDHEC; 
Charleston; SCDOT; South Carolina Forestry 
Commission 

Provided robust study update, and provided forum for 
stakeholders to dialogue and share suggestions for 
actions in focus area  

15-Sep-20 USACE SACS Coordination with City of Georgetown Utilized SACS tools to discuss flooding problems in City 
of Georgetown City of Georgetown 

Obtain input on other high risk area problem 
statements and communicate risk information from 
SACS analyses 

30-Sep-20 Environmental Stakeholder Webinar Environmental Priority Areas Environmental Stakeholders 
Presentation of PEAs by state and territory and explain 
criteria used to identify these areas - obtain feedback 
from stakeholders 

21-Oct-20 SACS Quarterly Webinar #3 Study Progress Update and Focus Area Action Strategy 
progress development SACS Stakeholders  Provide progress on study 

3-Nov-20 South Carolina PEAs Follow-up 
Review/clarify/discuss environmental vulnerability 
scoring; review proposed priority environmental areas, 
particularly those managed by SCDNR 

SCDNR, ACE Basin National Estuarine Research Reserve 
(NERR) 

Concurred with vulnerability scoring; removed two 
smaller PEAs (Hunting Island/Phillips Island and Botany 
Bay) for inclusion of the entire ACE Basin NERR; added 
Capers Island Preserve as a PEA 

1-Dec-20 Grand Strand Focus Area Webinar #3 Wrap-Up/Report-Out Workshop 

TNC; USFWS; SCDNR; SC Beach Advocates; USDA; 
Clemson; South Carolina Forestry Commission; South 
Carolina Department of Archives and History; Horry 
County; BOEM; SCDHEC; NOAA; USGS; South Carolina 
Sea Grant; Debordieu Colony; SCDOT 

Refine actions under integrated risk strategy and invite 
ongoing additional feedback  

2-Dec-20 Charleston Metro Focus Area Webinar #3 Wrap-Up/Report-Out Workshop 

Charleston County; USFWS; USGS; SCDNR; Town of 
Hollywood; South Carolina Beach Advocates; TNC; 
Dorchester County; Berkeley County; South Carolina 
Department of Archives and History; SCDOT; South 
Carolina State Ports Authority; Berkeley-Charleston-
Dorchester Council of Government; Summerville; 
USDA; SCDHEC; NOAA; Charleston; South Carolina Sea 
Grant 

Refine actions under integrated risk strategy and invite 
ongoing additional feedback  

11-Dec-20 Military workshop coordination Preparation with Joint Base Charleston (JBC) co-
presenter JBC (USAF) Achieved clarity on the scope of the presentation 

15-Dec-20 SACS Military Installation Workshop Update on SACS progress Military stakeholders throughout the region Emphasized SACS findings pertinent to military 
installations, established new contacts 

26-Jan-21 SACS Quarterly Update Webinar #4 

Sand Availability and Needs Determination (SAND) 
product, Dredged Material Management Areas 
(DMMAs) Offloading and Sediment Exchange Study, 
and Regional Sediment Management (RSM) 
Optimization 

SACS Stakeholders Overall update to stakeholders 
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Date Meeting Title & Purpose Subject/Reason Stakeholder/Non-Federal Agency Decisions/Outcomes 

5-Feb-21 Charleston Resilience Network February Coffee Hour, 
Guest Presenter Update on SACS progress Members of the Charleston Resilience Network Emphasized Charleston Metro Focus Area findings and 

draft strategy, answered questions, and received input 

12-Feb-21 City of Beaufort flooding  Utilized SACS tools to discuss potential study City of Beaufort Provided information on potential new study 
start/received letter of intent 

9-Mar-21 Coastal South Carolina Community Ratings System User 
Group Winter meeting SCDHEC-Ocean & Coastal Resource Management 

(OCRM) and local communities Provided information on upcoming products for review 

10-Mar-21 South Carolina Silver Jackets Quarterly Meeting SCDNR, SCDOT, USGS, Natural Resources Conservation 
Service, NOAA-OCM, FEMA, SCEMD 

SACS report out this summer, Coastal Hazards System 
(CHS) and other SACS tools training to come in FY23 

15-Mar-21 Silver Jacket recommendations that could be added to 
SACS appendix 

Determine if South Carolina should have 
recommendation for Erosion Control for Projects in the 
Coastal Zone 

SCDOT New recommendation added to South Carolina State 
Appendix 

15-Mar-21 Silver Jacket recommendations that could be added to 
SACS appendix 

Determine if South Carolina should have 
recommendation for South Carolina Mesh for Coastal 
Emergency Risks Assessment (CERA) 

SCDOT New recommendation added to South Carolina State 
Appendix 

15-Mar-21 Silver Jacket recommendations that could be added to 
SACS appendix 

Determine if South Carolina should have 
recommendation for Risk Analysis for Tidally Influenced 
Bridges to Wave Loading and Clearance Reduction 

SCDOT New recommendation added to South Carolina State 
Appendix 

16-Mar-21 Community Rating System (CRS) Open Space Credits 
Determine if South Carolina should have 
recommendation to expand CRS Open Space tool 
statewide 

SCDHEC-OCRM New recommendation added to South Carolina State 
Appendix 

16-Mar-21 Rapid Deployment Gages (RDG) expansions  

Determine if SC should have recommendation to 
expand RDG network. RDGs are fully functional stream 
gages designed to be deployed quickly and temporarily 
to measure and transmit stream stage data in 
emergency situations. 

USGS-SCDOT Stakeholder decision to not include as a 
recommendation 

22-Apr-21 SACS Quarterly Webinar #5 Study Progress Update with a focus on Environmental 
Priority Areas SACS Stakeholders 

Provided an updated on the Environmental Resources 
Vulnerability and Risk Analysis, Priority Environmental 
Area Identification a look at the Environmental Analysis 
Story Map and looking ahead for upcoming 
opportunities for engagement. 
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Overview of Existing and 
Future Conditions 
Many factors contribute to South Carolina’s overall exposure, vulnerability, and coastal risk (defined 
in Section 4). Following Step 2 of the Framework (Characterizing Conditions), this section provides an 
overview of the existing and future conditions within South Carolina, including the unique 
characteristics of the study area, the political landscape, shoreline characteristics, and storm history. 

3.1  Study Area 
Sea level change currently impacts the entire South Carolina coast. Since 1874, the coast has 
encountered 60 hurricane strikes, resulting in significant risk to populations, infrastructure, 
environmental, and cultural resources (NOAA n.d.-a). While local, state, and federal projects are in 
place to help manage risk, as sea level rises, limited or inadequate storm risk management puts the 
South Carolina coast at risk from increasing impacts associated with sea level change. 

This study area includes approximately 9,000 miles of tidally influenced coastline and approximately 
250 miles of ocean coastline (Figure 3-1). South Carolina has about 3,000 miles of tidal shoreline (11th 
longest coastline in the nation), including six major estuaries and approximately 35 barrier islands 
(Walpole 2016) running parallel to the coast. The coastline is dynamic and constantly changing as a 
result of waves, wind, tides, currents, sea level change, and storms. Coasts with greater tidal ranges 
are more buffered against storm surges than those with low tidal ranges, except when storms strike 
during high tide. Mean tidal ranges increase southward along the Atlantic coast as the tidal range 
varies from approximately 5.1 feet at the boundary of North Carolina and South Carolina to 
approximately 6.9 feet at the boundary of South Carolina and Georgia border.1  

 

1 Numbers are for 2019, near Myrtle Beach, and near Savannah. Note that a wave tide increases as it is constricted by the 
landmass/water depth and thus will be higher in areas that are the most restricted by the surrounding shoreline. 
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Figure 3-1: South Carolina Study Area 

 

3.2  Problems and Opportunities Overview 
During intense storm activity waves erode sediment from shorelines, beaches, and dune systems. 
Storm surge can flood coastal and inland properties. Higher storm surge elevations lead to higher 
rates of erosion and greater flooding damage. 

Identifying problems and opportunities is a key initial step in the planning process. The problems and 
opportunities statements encompass both current and future conditions and are not meant to 
preclude the consideration of any alternatives to solve the problems and achieve the opportunities.  
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 Problems 
Field Workshops were held with local government officials as well as local experts from universities 
and nonprofits on September 16, 2019, and September 18, 2019, and included a discussion of 
problems and opportunities throughout the South Carolina study area. Based on these meetings, as 
well as other references and professional judgment, the following problems statements have been 
developed for coastal South Carolina. 

• Communities are harmed by storm surge that damages structures and critical infrastructure 
such as water and wastewater treatment plants, hospitals, schools, and roads, and puts 
people at risk. This includes storm surge impacts to the ocean-facing portions of the mainland 
and barrier islands as well as back bay areas, rivers, and tidally influenced waterways. 

• Coastal areas, back bays, and tidally influenced waterways of the mainland and barrier islands 
are harmed by storm surge that damages nationally significant cultural and historic resources.  

• Ecosystems are harmed by storm surge that damages fish and wildlife resources and wetland 
habitats and puts natural resources at risk. This includes impacts to ecosystems along ocean-
facing portions of the mainland and barrier islands and back bay areas, rivers, and tidally 
influenced waterways. 

• Coastal storms are causing erosion to ocean facing beaches and dunes, as well as back bays, 
marshes, tidally influenced waterways and rivers, both on the mainland and on barrier islands. 
Erosion can increase risk to structures and infrastructure, as well as archaeological, cultural, 
historic, and natural resources.  

 Opportunities 
Opportunities exist to reduce coastal storm risk in South Carolina with a variety of actions, including 
policies, programs, and projects that improve resilience. These can be summarized by the following 
two opportunity statements.  

• Communities throughout coastal South Carolina can guide and manage future development to 
achieve coastal storm resilience. 

• Communities throughout coastal South Carolina can improve environmental resources to 
achieve coastal storm resilience.  
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3.3  Political Boundaries 
South Carolina has three congressional districts that are partially or wholly included in the study area. 
These include Congressional Districts 1, 6, and 7 (Figure 3-2). The 13 counties included in the SACS 
study area include Horry, Marion, Florence, Williamsburg, Georgetown, Charleston, Berkeley, 
Dorchester, Colleton, Hampton, Jasper, Allendale, and Beaufort. Counties are labeled in Figure 3-6. 

  

Figure 3-2: Political Boundaries 
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Several governmental agencies in South Carolina have CSRM-related mandates and missions: 

• South Carolina Floodwater Commission: The Floodwater Commission was created in October 
2018 by the state governor’s office to include a variety of stakeholders with expertise and 
interest in flooding. Task forces were formed on the following topics: artificial reef systems, 
living shorelines, infrastructure and shoreline armoring, smart rivers and dam security, grid 
security, landscape beautification and protection, national security, stakeholder engagement, 
federal funding, and economic development. Among a variety of other activities, this 
commission worked to complete a report addressing flooding resiliency across the state. The 
South Carolina Floodwater Commission Report, November 8, 2019, contains many 
recommendations pertinent to CSRM.  

• South Carolina Department of Health and Environmental Control, Ocean and Coastal 
Resource Management: The mission of OCRM is to “protect and enhance the state's coastal 
resources by preserving sensitive and fragile areas while promoting responsible development 
in the eight coastal counties of South Carolina. We manage wetland alterations, stormwater, 
and land disturbance activities. We certify all federal and state permits and direct federal 
actions and all alterations of tidally influenced critical area lands, waters, and beaches. We 
preserve sensitive natural, historical, and cultural resources through regulatory oversight and 
guidance. We provide technical expertise to resolve complex coastal management issues. 
And we encourage low impact and alternative development to preserve water quality and 
environmental integrity.” OCRM has a number of programs pertinent to CSRM including, but 
not limited to, coastal planning initiatives; hazard mitigation planning and policy; coastal zone 
management; local comprehensive beach management planning; community rating system 
users’ group; and a living shoreline working group (SCDHEC 2019).  

• South Carolina Emergency Management Division: SCEMD “leads the state emergency 
management program by supporting local authorities in the pursuit of minimizing the loss of 
life and property from all hazard events” (SCEMD n.d.). SCEMD is involved in mitigation, 
preparedness, response, and recovery. There are six emergency management regions 
providing staff that live within their local counties. The staff coordinates with county 
emergency management personnel on plan enhancement, training and exercise 
development, and evaluation. They provide first-hand information to the state. SCEMD keeps 
people and communities informed regarding emergencies, such as CSRM, and helps them 
prepare in advance and recover from emergencies.  

• South Carolina Councils of Government (COG): The network of 10 COGs partner with and 
provide resources to local governments. They also partner with federal and state agencies to 
obtain and administer grants. COGs are focused on quality of life, with a special interest in 
workforce development, transportation planning, economic development, aging resources, 
and government services (South Carolina COG 2019). COGs were established in 1967 by 
Governor McNair to provide a “uniform geographical framework within which the planning, 
programming and delivery of services by state, federal and local government might be 
undertaken with maximum efficiency and effectiveness.” The structure and general purpose 
of the COGs may well serve CSRM should they undertake this as one of their special interest 
areas.  
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3.4  Planning Reaches 
The planning reaches were derived from the consideration of three datasets and visual edits based on 
coastal geomorphology and professional judgment. Datasets include the following: 

1. TNC Ecoregions – boundaries of areas that TNC has prioritized for conservation 

2. State boundaries 

3. Category 5 NOAA’s Sea, Lake, and Overland Surges from Hurricanes (SLOSH) Maximum of 
Maximums (MOM) inland limit of inundation 

The resulting feature class was then provided with names based on the state two-digit acronym and a 
sequential number.  

South Carolina has two planning reaches (Figure 3-3). Planning Reach SC_03 comprises the northern 
portion of the coast, which includes, but is not limited to the Grand Strand, extending more than 60 
miles from the state border with North Carolina to the Santee River. It is composed generally of sandy 
beaches and tidal rivers. Planning Reach SC_04 comprises the southern portion of the coast, which 
includes the Lowcountry, extending from the Santee River to the Georgia state line. It is composed 
generally of estuaries and barrier islands. 
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Figure 3-3: South Carolina Planning Reaches 

 

 Watersheds within Planning Reaches 
Planning Reach SC_03 contains all or portions of the following eight hydrologic unit code (HUC)-8 
watersheds: Coastal Carolina, Waccamaw, Little Pee Dee, Carolina Coastal–Sampit, Lower Pee Dee, 
Lynches, Black, and the Santee (Figure 3-4). It also contains all or portions of the following five 
counties: Horry, Georgetown, Marion, Florence, and Williamsburg (Figure 3-6). 
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Planning Reach SC_04 contains all or portions of the following 11 HUC-8 watersheds: the Santee, Bulls 
Bay, Cooper, South Carolina Coastal, Four Hole Swamp, Edisto River, Salkehatchie, St. Helena Island, 
Broad–St. Helena, Calibogue Sound–Wright River, and the Lower Savannah (Figure 3-5). It also 
contains all or portions of the following six counties: Charleston, Berkeley, Dorchester, Beaufort, 
Jasper, and Hampton (Figure 3-6). 

 

Figure 3-4: Watershed Boundaries for Planning Reach SC_03 
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Figure 3-5: Watershed Boundaries for Planning Reach SC_04. 

 

 Counties and Population within Planning Reaches 
County boundaries within SC_03 and SC-04 are displayed in Figure 3-6 with corresponding population 
data. Counties with more than 250,000 people are shown in the darkest blue in Figure 3-6 and 
include Horry and Charleston.  
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Figure 3-6: 2020 Census County Population Estimates 

 

Figure 3-7 displays population projections from EPA’s Integrated Climate and Land Use Scenarios 
(ICLUS). Scenario B2 assumes a moderate increase in population, economic development, fertility, 
mortality, and migration. Future population and development projections predict 50 to 75 percent 
increase from 2020 to 2100 for Horry and Beaufort Counties (EPA 2009). 
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Figure 3-7: U.S. Environmental Protection Agency’s Integrated Climate and Land Use Scenario B2 for 
2020 to 2100 in South Carolina (EPA 2009) 
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3.5  Shoreline Characteristics 
Based on NOAA’s Environmental Sensitivity Index (ESI) guidelines and types of screening-level CSRM 
measures that may be applicable to a shoreline type, USACE developed a generalized grouping of 
shoreline types. The groupings are outlined in Table 3-1. 

Table 3-1: USACE Generalized Shoreline Types and National Oceanic and Atmospheric Administration 
Environmental Sensitivity Index Shoreline Types (NOAA 2015) 

 USACE Generalized Shoreline Type  NOAA ESI Shoreline Types 

1 Wetlands/Marshes/Swamps (Sheltered) 
Vegetated Low Banks, Hypersaline Tidal Flats, Salt and 
Brackish Water Marshes, Freshwater Marshes, Swamps, and 
Scrub/Shrub Wetlands 

2 Wetland/Marshes/Swamps (Exposed)  Exposed, Wave-Cut Platforms (Bedrock/Mud/Clay) and 
Exposed Scarps and Steep Slopes (Clay) 

3 Mangroves Mangroves 

4 Coral Reefs and Hardbottoms Not an ESI Shoreline Type, but included as a sensitive 
shoreline geographic information system (GIS) layer 

5 Bluffs and Steep Slopes Scarps and Steep Slopes (Sand) 
6 Rocky Shores (Exposed) Exposed, Rocky Shores, Gravel Beaches, and Boulder Rubble 

7 Rocky Shores (Sheltered) Sheltered Scarps (Bedrock/Mud/Clay) and Sheltered, Rocky, 
Rubble Shores 

8 Man-made Structures (Exposed) Exposed, Solid Man-Made Structures and Riprap 
9 Man-made Structures (Sheltered) Sheltered, Permeable, Rocky Shores and Sheltered Riprap 

10 Sandy Beaches (Exposed) 
Fine- to Medium-grained Sand Beaches, Coarse-grained 
Sand Beaches, Mixed Sand and Gravel Beaches, and 
Exposed Tidal Flats 

11 Sandy Beaches (Sheltered) Sheltered Tidal Flats 

 

Of the 11 USACE generalized shoreline types used in the analysis for the SACS effort, nine are found 
in South Carolina, as shown in Figure 3-8. Wetlands, marshes, and swamps (sheltered) are the 
predominant shoreline type in both reaches with approximately 90 percent prevalence. Shoreline 
type percentages for Planning Reach SC_03 and SC_04 are shown in Table 3-2 and Table 3-3.  
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Figure 3-8: Shoreline Types 
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Table 3-2: Shoreline Types for Planning Reach SC_03 

Shoreline Type Percent Miles 
Man-made Structures (Exposed) 0.4 29.4 
Man-made Structures (Sheltered) 1.3 95.4 
Rocky Shores (Exposed) 1.1 84.1 
Rocky Shores (Sheltered) 0.2 17.8 
Sandy Beaches (Exposed) 2.1 154.2 
Sandy Beaches (Sheltered) 0.0 1.4 
Scarps and Steep Slopes 1.2 90.8 
Wetlands/Marshes/Swamps (Exposed) 0.5 37.2 
Wetlands/Marshes/Swamps (Sheltered) 93.1 6,849.0 

 

Table 3-3: Shoreline Types for Planning Reach SC_04 

Shoreline Type Percent Miles 
Man-made Structures (Exposed) 1.3 18.9 
Man-made Structures (Sheltered) 4.7 67.2 
Rocky Shores (Exposed) 0.3 4.3 
Rocky Shores (Sheltered) 0.1 1.6 
Sandy Beaches (Exposed) 5.5 78.4 
Sandy Beaches (Sheltered) 0.1 1.4 
Scarps and Steep Slopes 0.0 0.3 
Wetland/Marshes/Swamps (Exposed) 0.5 7.5 
Wetlands/Marshes/Swamps (Sheltered) 87.34 1,240.4 

 

3.6  Overview of Storm History and Sea 
Level Change Projections 
This section summarizes significant coastal storms, storm surge, and sea level rise that have shaped 
South Carolina’s coastal conditions. 

 Storm History 
The South Carolina coastline is influenced predominantly by tropical systems, which occur during the 
late summer and fall. Nor’easters, during the late fall, winter, and spring, also have an effect but to a 
lesser degree. Although hurricanes typically generate larger waves and storm surge, Nor’easters 
impact the shoreline because of their longer duration and higher frequency of occurrence.  

More than 250 storms have impacted South Carolina since the Colonial period when tropical storms 
(TS) and hurricanes were known as "September gales." The term was likely coined by farmers whose 
crops were damaged or destroyed just before harvest season. 
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Hurricanes Hazel (October 1954), Gracie (September 1959), and Hugo (September 1989) have been 
the most memorable storms in the last century. Hurricane Hazel, a Category 4 storm, made landfall 
near Little River, South Carolina, with 106-mile per hour winds and 16.9-foot storm surge. One fatality 
was reported, and damage was estimated at $27 million (South Carolina State Climatology Office 
2021). 

Hurricane Gracie, a Category 4 hurricane, made landfall on St. Helena Island with 130 miles per hour 
winds and continued north-northwest. Heavy damage occurred along the coast from Beaufort to 
Charleston. Heavy rains caused flooding through much of the state and crop damage was severe 
(South Carolina State Climatology Office 2021). The NOAA Hurricane Re-analysis Project upgraded 
Hurricane Gracie from a Category 3 to a Category 4 in June 2016 (NOAA 2014). 

Hurricane Hugo made landfall near Sullivan's Island with 140 miles per hour winds. It followed a 
northwest track at 25 to 30 miles per hour and maintained hurricane-force winds as far inland as 
Sumter. Hurricane Hugo exited the state southwest of Charlotte, North Carolina, before sunrise on 
September 22. The hurricane caused 13 directly related deaths, 22 indirectly related deaths, and 
injured several hundred people in South Carolina. Estimated damages in the state exceeded $7 
billion, including $2 billion in crop damage. The forests in 36 counties along the path of the storm 
sustained major damage (South Carolina State Climatology Office 2021; State of South Carolina Water 
Resources Commission 1990). 

South Carolina is located in an area of significant tropical storm and hurricane activity. Figure 3-9 
shows 28 storms (including tropical storms [TS], tropical depressions [TD], and extra-tropical storms 
[ET]) passed within 100 nautical miles of Awendaw, South Carolina (roughly the centroid of South 
Carolina coast) between 2000 and 2019. The same area encountered 187 storms from 1852 (when 
official records began) to 2019, as recorded by the National Hurricane Center (NHC) and made 
available in NOAA’s Historical Hurricane Tracks tool (NOAA n.d.-a). The shaded circle in Figure 3-9 
indicates a 100-mile radius drawn from Awendaw. While storms passing near the coast have the most 
direct impact, strong storms at greater distances are still capable of producing damage. The center of 
Tropical Storm Irma passed 200 miles southwest of the state, affecting the entire state with periods 
of heavy rain and damaging tropical-storm-force winds. Tropical Storm Irma brought one of the 
highest storm surges since 1989's Hurricane Hugo.  
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Figure 3-9: Historical Storm Tracks – Hurricanes and Tropical Storms Since 2000 (100-mile radius of 
Awendaw, South Carolina)2 (NOAA n.d.-a) 

 

Figure 3-10 displays the breakdown of historic coastal storms and hurricanes, also summarized in 
Table 3-4, as documented by NOAA. Saffir-Simpson Categories range from 1 to 5 based on a 
hurricane's maximum sustained wind speed. 

 

2 H1 = Category 1 Hurricane 
H2 = Category 2 Hurricane 
H3 = Category 3 Hurricane 
H4 = Category 4 Hurricane 
H5 = Category 5 Hurricane 
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Figure 3-10: Breakdown of Historical Storms and Hurricanes into Saffir-Simpson Categories Between 
1852 and 2019 (NOAA n.d.-a) 

 

Typically, tropical storms are generated during the summer and fall. Hurricane season is defined as 
extending from June 1 through November 30. South Carolina’s historical tropical storms follow this 
typical pattern with a few exceptions which occurred in May.  

During intense storm activity, waves erode sediment from shorelines, beaches, and dune systems. 
Storm surge can flood coastal and inland properties. The higher the storm surge elevation, the more 
flooding (and subsequently more erosion, wave, and flood damage) is expected to occur. 

Table 3-4: Historical Coastal South Carolina Storms 

Name Year Name Year Name Year Name Year 
Dorian 2019 Diana 1984 Unnamed 1945 Unnamed 1893 
Chantal 2019 Unnamed 1982 Unnamed 1944 Unnamed 1893 
Florence 2018 Dennis 1981 Unnamed 1944 Unnamed 1889 
Unnamed 2017 Unnamed 1981 Unnamed 1941 Unnamed 1888 
Matthew 2016 David 1979 Unnamed 1940 Unnamed 1888 
Julia 2016 Unnamed 1979 Unnamed 1937 Unnamed 1887 
Hermine 2016 Clara 1977 Unnamed 1935 Unnamed 1886 
Colin 2016 Unnamed 1976 Unnamed 1934 Unnamed 1885 
Bonnie 2016 Dottie 1976 Unnamed 1932 Unnamed 1885 
Ana 2015 Unnamed 1976 Unnamed 1929 Unnamed 1885 
Arthur 2014 Hallie 1975 Unnamed 1928 Unnamed 1885 
Andrea 2013 Amy 1975 Unnamed 1927 Unnamed 1884 
Beryl 2012 Dawn 1972 Unnamed 1924 Unnamed 1883 
Alberto 2012 Unnamed 1972 Unnamed 1924 Unnamed 1883 
Hanna 2008 Agnes 1972 Unnamed 1923 Unnamed 1882 
Cristobal 2008 Unnamed 1971 Unnamed 1920 Unnamed 1880 
Barry 2007 Unnamed 1970 Unnamed 1916 Unnamed 1879 
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Name Year Name Year Name Year Name Year 
Ernesto 2006 Alma 1970 Unnamed 1916 Unnamed 1879 
Alberto 2006 Gladys 1968 Unnamed 1916 Unnamed 1878 
Ophelia 2005 Dolly 1968 Unnamed 1916 Unnamed 1878 
Gaston 2004 Abby 1968 Unnamed 1913 Unnamed 1877 
Charley 2004 Alma 1966 Unnamed 1912 Unnamed 1876 
Bonnie 2004 Dora 1964 Unnamed 1911 Unnamed 1874 
Alex 2004 Unnamed 1964 Unnamed 1911 Unnamed 1873 
Kyle 2002 Ginny 1963 Unnamed 1910 Unnamed 1872 
Allison 2001 Alma 1962 Unnamed 1910 Unnamed 1871 
Helene 2000 Unnamed 1961 Unnamed 1909 Unnamed 1871 
Gordon 2000 Donna 1960 Unnamed 1908 Unnamed 1871 
Irene 1999 Brenda 1960 Unnamed 1908 Unnamed 1871 
Floyd 1999 Gracie 1959 Unnamed 1907 Unnamed 1868 
Earl 1998 Cindy 1959 Unnamed 1907 Unnamed 1867 
Josephine 1996 Arlene 1959 Unnamed 1906 Unnamed 1867 
Fran 1996 Helene 1958 Unnamed 1906 Unnamed 1863 
Bertha 1996 Unnamed 1957 Unnamed 1904 Unnamed 1861 
Arthur 1996 Unnamed 1956 Unnamed 1904 Unnamed 1861 
Allison 1995 Flossy 1956 Unnamed 1902 Unnamed 1860 
Gordon 1994 Hazel 1954 Unnamed 1901 Unnamed 1857 
Unnamed 1994 Unnamed 1954 Unnamed 1901 Unnamed 1857 
Hugo 1989 Unnamed 1954 Unnamed 1900 Unnamed 1856 
Chris 1988 Unnamed 1952 Unnamed 1899 Unnamed 1854 
Unnamed 1987 Able 1952 Unnamed 1899 Unnamed 1853 
Charley 1986 Love 1950 Unnamed 1898 Unnamed 1853 
Kate 1985 Unnamed 1947 Unnamed 1897 Unnamed 1852 
Isabel 1985 Unnamed 1947 Unnamed 1896 Unnamed 1852 
Claudette 1985 Unnamed 1946 Unnamed 1894 Unnamed 1852 
Bob 1985 Unnamed 1946 Unnamed 1894 Unnamed 1851 
Isidore 1984 Unnamed 1945 Unnamed 1893  

 

 Storm Surge 
Storm surge is defined as the rise of the ocean surface above its astronomical tide level caused by 
storm forces. Surges occur primarily as a result of atmospheric pressure gradients and surface 
stresses created by wind blowing over a water surface. Strong onshore winds pile up water near the 
shoreline, resulting in super-elevated water levels along the coastal region and inland waterways. In 
addition, the lower atmospheric pressure that accompanies storms also contributes to a rise in water 
surface elevation. Extremely high wind velocities coupled with low barometric pressures (such as 
those experienced in tropical storms, hurricanes, and very strong nor'easters) can produce very high, 
damaging water levels. In addition to wind speed, direction, and duration, storm surge is influenced 
by water depth, length of fetch (distance over water), and frictional characteristics of the nearshore 
sea bottom. An estimate of storm surge is required for the design of dune crest elevations. An 
increase in water depth may increase the potential for coastal flooding and allow larger storm waves 
to attack the shore.  
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The six coastal counties of South Carolina are Jasper, Beaufort, Colleton, Charleston, Georgetown, 
and Horry (Figure 3-11) with the elevations ranging from approximately zero to 42 feet NAVD88. 
Table 3-5 displays surge levels versus storm frequency based on FEMA’s Flood Insurance Studies (FIS) 
for each of the six coastal counties (FEMA 2017, 2004, 2003, 1991, 1989, 1986). The storm surge 
elevations presented include the effects of astronomical high tide and wave setup. These reports 
provide storm surge elevations for storms with 10-, 2-, 1-, and 0.2-percent annual exceedance 
probabilities (AEP). 

 
Figure 3-11: South Carolina Coastal Counties 
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Table 3-5: South Carolina Storm Tide Elevations (FEMA 2017, 2004, 2003, 1991, 1989, 1986) 

Shorelines  10% AEP 
(feet-NAVD88) 

2% AEP 
(feet-NAVD88) 

1% AEP 
(feet-NAVD88) 

0.2% AEP 
(feet-NAVD88) 

Horry 8.7 12.0 13.6 16.7 
Georgetown 8.3 11.4 12.9 15.9 
Charleston 7.1 9.8 11.1 13.7 
Colleton 6.2 8.5 9.7 11.9 
Beaufort 8.3 11.4 12.9 15.9 
Jasper 8.3 11.4 12.9 15.9 

 

 Sea Level Rise 
The SACS addresses sea level change in accordance with the guidance document USACE Engineering 
Regulation (ER) 1100-2-8162, Incorporating Sea Level Change in Civil Works Programs (USACE 2013). 
This guidance document refers to “sea level change” rather than sea level rise because of its 
applicability throughout the nation, including locations where sea levels are falling as a result of land 
uplift. Within the entire SACS study area, sea levels are rising. Therefore, the SACS products refer to 
“sea level rise” to clearly communicate this trend occurring throughout the SACS study area. 

3.6.3.1 Relative Sea Level Change 
Relative sea level change was calculated using the USACE 
Sea Level Change Curve Calculator, which uses the 
methodology described in Engineer Regulation (ER) 1100-2-
8162, Incorporating Sea Level Changes in Civil Works 
Programs (USACE 2013).  

There are a total of three gauges utilized in this study area, 
two in South Carolina and one in Northern Georgia. The 
state of South Carolina has two National Ocean Service (NOS) gauges with a data record compliant 
with USACE guidance (>40 years). The most northern gauge in Georgia at Fort Pulaski is 
representative of the most southern reaches of South Carolina and is also compliant (>40 years). 

Potential impacts of rising sea level on total water levels experienced in the South Carolina coastal 
zone include overtopping of waterside structures, increased shoreline erosion, and flooding of low-
lying areas. For the three compliant gauges in South Carolina and surrounding vicinity, expected sea 
level rise under the USACE Low Scenario is between 1.39 and 1.66 feet relative to mean sea level 
(MSL) in 2120 between Charleston and Springmaid Pier, respectively. Under the USACE Intermediate 
Scenario, expected sea level rise is between 2.85 and 3.12 feet relative to MSL ending in 2120 
between Charleston and Springmaid Pier, respectively. Under the USACE High Scenario, expected sea 
level rise is between 7.74 and 7.47 feet relative to MSL in 2120 between Charleston and Springmaid 
Pier, respectively (Table 3-6). Figure 3-12 shows the expected sea level rise values with a +/- 1 
standard deviation (s.d.) for compliant gauges in South Carolina and Northern Georgia. 

USACE Sea Level Change Curve 
Calculator: 
https://cwbi-
app.sec.usace.army.mil/rccslc/
slcc_calc.html 

https://cwbi-app.sec.usace.army.mil/rccslc/slcc_calc.html
https://cwbi-app.sec.usace.army.mil/rccslc/slcc_calc.html
https://cwbi-app.sec.usace.army.mil/rccslc/slcc_calc.html
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Table 3-6: Sea Level Rise Summary South Carolina 

 

NOS Gauge No. 8661070, 
Springmaid Pier, South Carolina 

NOS Gauge No. 8665530, 
Charleston, South Carolina 

NOS Gauge No. 8670870, Fort 
Pulaski, Georgia 

User-defined Rate: 0.012992 
feet/year 3 

User-defined Rate: 0.01089 
feet/year 

User-defined Rate: 0.01092 
feet/year 

All values are expressed in feet relative to mean sea level (MSL). 

Year USACE USACE USACE USACE USACE USACE USACE USACE USACE 

 Low  Intermediate High  Low  Intermediate High  Low  Intermediate High  

2020 0.36 0.43 0.65 0.31 0.38 0.6 0.31 0.38 0.6 

2070 1.01 1.55 3.27 0.85 1.39 3.11 0.85 1.39 3.11 

2120 1.66 3.12 7.74 1.39 2.85 7.47 1.4 2.86 7.47 

 

 

Figure 3-12: Expected Relative Sea Level Rise (RSLR) Values +/- 1 standard deviation (s.d.) for 
Compliant Gauges in South Carolina and Northern Georgia 

 

 

3 User-defined rates were obtained from https://climate.sec.usace.army.mil/slr_app/ using 2019 NOAA rates were obtained from 
https://tidesandcurrents.noaa.gov/sltrends/sltrends_us.html. 
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Table 3-6 displays some of the information available at the Charleston Harbor gauge (NOS Gauge no. 
8665530), which has been continuously operational since 1921. The top-left panel of Figure 3-13 
shows the tidal datums and extreme water levels (including the maximum FEMA Base Flood Elevation 
[BFE]); the top-right panel illustrates MSL data over the period of record; the bottom-left panel 
displays the relative sea level change between 2020 and 2120 for the USACE Low, Intermediate, and 
High Scenarios; and the bottom-right panel displays the maximum BFE (11.1 feet, Charleston County) 
plotted relative to relative sea level change. 

In accordance with ER 1100-2-8162, the SACS will not include projections of increased storm 
frequency or severity. The ER states, “At this time, no certain effects of climate change on tropical 
cyclone activity in terms of frequency, intensity, and rainfall across all global basins have been 
identified as changes to the variability of tropical cyclone activity expected from natural causes 
[Knutson et al., 2010].…the current science related to climate effects on [tropical cyclone] activity 
relevant to the United States has not reached the point of standard consensus necessary to inform a 
change in storm analysis baselines.” 

As described in the Main Report, sea level change was incorporated in Tier 1 in a manner consistent 
with the North Atlantic Coast Comprehensive Study (NACCS) and it is appropriate for a screening-
level assessment. Three feet of sea level rise was added to the 1-percent and 10-percent AEP flood 
hazard layers to simulate future flooding given three feet of relative sea level rise for the 10-percent 
and 1-percent AEP coastal storm. Three feet of sea level rise was also applied in Tier 2 state-wide 
screening-level assessments of risk (e.g., Hazus) described later in this appendix. More localized 
relative sea level rise estimates are also applied in Tier 2, as appropriate, particularly in focus areas 
discussed later in this appendix. 
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Figure 3-13: Tidal Datums and Extreme Water Levels (Top Left), Estimated Relative Sea Level Change (RSLC) Projections with Base Flood 
Elevation and Extreme Water Levels (Bottom Left), Sea Level Change Trends (Top Right), and Estimated Sea Level Change Projections from 
2020 to 2120 (Bottom Left) at Charleston, South Carolina (NOS Gauge No. 8665530) (USACE 2019) 
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 Nuisance Flooding  
According to NOAA’s NOS, nuisance flooding (also called high-tide flooding or King Tides) is flooding 
that leads to “public inconveniences such as road closures, overwhelmed storm drains, and 
compromised infrastructure” (Figure 3-14). It is increasingly common as coastal sea levels rise, where 
many locations frequently experience nuisance flooding “due to climate-related sea level rise, land 
subsidence, and the loss of natural barriers” (NOAA 2021).  

Nuisance flooding has increased in the United States, on average, by about 50 percent since 2001 and 
100 percent since 1991. NOAA NOS states, “the effects of rising sea levels along most of the 
continental U.S. coastline are expected to become more noticeable and much more severe in the 
coming decades, likely more so than any other climate-change-related factor. Any acceleration in sea 
level rise that is predicted to occur this century will further intensify high-tide flooding impacts over 
time and will further reduce the time between flood events” (NOAA 2021). 

 

Figure 3-14: Nuisance Flooding (NOAA 2021) 

 

Nuisance flooding can contribute to coastal erosion, flooding of low-lying areas, and road closures. 
When an exceptionally high tide coincides with a major rain event, it can slow water drainage and 
runoff. SCDHEC is leading the South Carolina King Tides initiative to study extreme tide events and 
their impacts through voluntarily collected data (SCDHEC 2021).  

NOAA has established thresholds to classify the severity of extreme high tide events. Table 3-7 
summarizes these thresholds for the Charleston area.  
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Table 3-7: Flooding Thresholds for Charleston, South Carolina (SCDHEC 2021) 

Water Level Thresholds Established for Charleston, South Carolina (feet above MLLW) 
Action Stage (NOAA National Weather Service [NWS]) 6.5 
King Tide (DHEC) 6.6 
Minor Flooding (NOAA NWS) 7.0 
Moderate Flooding (NOAA NWS) 7.5 
High-tide Flooding (NOAA NOS) 7.6 
Major Flooding (NOAA NWS) 8.0 

 

The following terminology is an excerpt from South Carolina MyCoast (SCDHEC 2021). 

Terminology 

Action Stage: The stage or level in which the NWS or a partner or user needs to take action in 
preparation for possible significant hydrologic activity (NOAA National Weather Service 
[NWS]). 

King Tide: A non-scientific term often used to describe exceptionally high tides (NOAA NOS). 

Minor Flooding: Minimal or no property damage, but possibly some public threat (NOAA 
NWS). 

Moderate Flooding: Some inundation of structures and roads. Some evacuations of people 
and/or transfer of property to higher elevations (NOAA NWS). 

Major Flooding: Extensive inundation of structures and roads. Significant evacuations of 
people and/or transfer of property to higher elevations (NOAA NWS). 

High-Tide Flooding (HTF): Heights range from about 0.5 to 0.65 meters above MHHW and 
vary regionally with tide range. HTF height thresholds are based on the minor-flood 
thresholds set by NWS Weather Forecasting Offices and on-the-ground local emergency 
managers who prepare for response to impending conditions (NOAA National Ocean 
Service). 

 

Further information on nuisance flooding can be found at:  
https://oceanservice.noaa.gov/facts/nuisance-flooding.html 

 

https://oceanservice.noaa.gov/facts/nuisance-flooding.html
https://oceanservice.noaa.gov/facts/nuisance-flooding.html
https://water.weather.gov/ahps2/pdf/hydrograph_terminology.pdf
https://water.weather.gov/ahps2/pdf/hydrograph_terminology.pdf
https://oceanservice.noaa.gov/facts/kingtide.html
https://water.weather.gov/ahps2/pdf/hydrograph_terminology.pdf
https://water.weather.gov/ahps2/pdf/hydrograph_terminology.pdf
https://water.weather.gov/ahps2/pdf/hydrograph_terminology.pdf
https://water.weather.gov/ahps2/pdf/hydrograph_terminology.pdf
https://tidesandcurrents.noaa.gov/publications/Techrpt_090_2018_State_of_US_HighTideFlooding_with_a_2019_Outlook_Final.pdf
https://tidesandcurrents.noaa.gov/publications/Techrpt_090_2018_State_of_US_HighTideFlooding_with_a_2019_Outlook_Final.pdf
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As sea level rises in South Carolina, nuisance flooding will also increase. The City of Charleston’s Sea 
Level Rise Strategy shows the acceleration and tipping points identified by scientists for coastal 
inundation from sea level rise based on observed and predicted “minor coastal flooding” (Figure 
3-15) (City of Charleston 2019). Charleston, South Carolina expects a significant increase based on the 
current trend and even more if sea level rise rate increases. Increases are expected along the entire 
South Carolina coast.  

 

Figure 3-15: Observed and Predicted “Minor Coastal Flooding” in Charleston (City of Charleston 2019) 
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Risk Assessment 
This section describes the South Carolina-specific results from: (1) the Tier 1 Risk Assessment 
conducted consistently across the entire SACS study area and (2) the Tier 2 Risk Assessment, which 
represents a second pass through the Framework at a more refined analysis level. An overview of the 
methodology for each analysis is provided first, followed by the results organized by planning reach 
and a summary of the determined highest-risk locations. 

4.1  Overview 
The SACS refers to risk and vulnerability as defined in Engineering Regulation (ER) 1105-2-101. The ER 
states that flood risk can be conceptualized as a function of the hazard, performance, exposure, 
vulnerability, and consequences, as depicted in Figure 4-1. As such, risk can be reduced by modifying 
these components (i.e., by reducing vulnerability or exposure).  

The ER broadly defines risk as a situation or event in which something of value is at stake, and its gain 
or loss is uncertain. Risk is typically expressed as a combination of the likelihood and consequence of 
an event. Consequences are measured in terms of harm to people, cost, time, environment, property, 
and other metrics.  

 

Figure 4-1: Conceptualization of Risk (USACE 2014) 
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Definitions of risk components as utilized in the SACS include: 

Hazard – In a general sense, hazard is anything that is a potential source of harm to a valued 
asset (human, animal, natural, economic, and social) (USACE 2014). 

Performance – System’s reaction to the hazard, and its features and the capability to 
contain or manage the hazard for the full range of possible events. In the context of the 
SACS, performance can include multiple built or natural environments that contribute to 
how well the system reacts to a hazard. 

Exposure – Describes who and what may be harmed by the flood hazard. Exposure 
incorporates a description of where the flooding occurs at a given frequency, and what 
assets exist in that area.  

Vulnerability – Susceptibility of harm to human beings, property, and the environment 
when exposed to a hazard. Depth-damage functions, depth-mortality functions, and other 
similar relationships can be used to describe vulnerability. 

Consequence – Harm that results from a single occurrence of the hazard. Consequences are 
measured in metrics such as economic damage, acreage of habitat lost, value of crops 
damaged, and lives lost. 

Risk – Combination of likelihood and harm to people, property, infrastructure, and other 
assets.  

 Tier 1 Hazards 
In a general sense, “hazard” is anything that is a potential source of harm to a valued asset (human, 
animal, natural, economic, and social) (USACE 2014). The Tier 1 Risk Assessment provides a consistent 
regional assessment of coastal flood risk caused by storm surge and sea level rise for the study area 
scale. This is because, of all coastal storm hazards, storm surge inundation has the greatest potential 
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to negatively impact populations and infrastructure. FEMA states, “Flooding is the most common and 
costly natural disaster in the United States, and it affects every State” (FEMA 2019). 

Tier 1 flood hazards include the following water levels. Additional description is provided in the 
Geospatial Appendix. 

1. 10-percent AEP water levels from the U.S. Army Engineer Research and Development Center 
Coastal and Hydraulics Laboratory (ERDC/CHL) 

2. 1-percent AEP water levels, imported from the National Flood Hazard Layer (NFHL) 

3. Category 5 Hurricane Maximum of Maximum (MOM) hazard from NOAA’s Sea, Lake, and 
Overland Surges from Hurricanes (SLOSH) model 

At the Tier 1 level, three feet of sea level rise was added to the 1-percent and 10-percent AEP flood 
hazard layers to simulate future flooding events. Three feet of sea level rise was chosen based on the 
USACE Intermediate Scenario projections for 2120 and USACE High Scenario projections for 2070, as 
shown in Figure 4-2 which displays the regional average projections for compliant (record lengths of 
greater than 40 years) gauges basin-wide. Under the USACE Intermediate Scenario, the mean of the 
expected water surface elevation for compliant gauges throughout the study area in 2120 is 2.54 feet 
relative to the MSL in 1992. Under the USACE High Scenario, the mean of the expected water surface 
elevation for compliant gauges in the study area in 2070 is 2.92 feet relative to the MSL in 1992. 
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Figure 4-2: Regional Sea Level Rise in the Southeast Atlantic and Gulf of Mexico 

 

 Tier 1 Exposure 
The term exposure describes who and what may be harmed by the flood hazard. Exposure 
incorporates a description of where the flooding occurs at a given frequency and what exists in that 
area (ER 1105-2-101). At the Tier 1 level, exposure was defined by the study area and not by 
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individual hazard footprints. Although a myriad of factors or criteria can be used to identify exposure, 
the Tier 1 analysis focused on the following categories and criteria to define exposure: 

• Population and Infrastructure Index: Population density includes the number of persons 
within an aerial extent across the study area; infrastructure includes critical infrastructure that 
supports the population and communities. These factors were combined to reflect overall 
exposure of the built environment. 

• Environmental and Cultural Resources Exposure Index: This exposure index captures 
important habitat and other natural features that would be affected by storm surge. The 
Environmental and Cultural Resources Exposure Index also captures cultural resource sites 
that would be inundated during storm surge. The Tier 1 datasets for cultural resources include 
only publicly available data. The primary data source is the National Register of Historic Places 
(NRHP). This database includes resources known as historic properties that are listed as 
historic districts or individual listings. Historic properties that are designated as National 
Historic Landmarks or Monuments are also included in the dataset. Additionally, location 
information for cultural sites or institutions (i.e., museums, art galleries) and historic locations 
(i.e., former town and community) are recorded in the dataset provided through the 
Department of Homeland Security. These resources are not generally considered historic 
properties and are not in the NRHP database. Resource types that are not represented in 
either dataset are NRHP-listed archaeological sites and archaeological and historic, sites that 
are eligible for listing on the NRHP, resources that require additional investigation or 
evaluation, and resources that are not eligible for listing on the NRHP.  

• Social Vulnerability Exposure Index: Social vulnerability characterization includes certain 
segments of the population that may have more difficulty preparing for and responding to 
coastal flood events. Although this category is related to the vulnerability of the population 
within the study area, rather than actual “exposure” given the definition above, this category 
was maintained as an “exposure index” to maintain consistency with the NACCS. 

The methodology and data used are described in the Main Report, Tier 1 Risk Assessment Viewer 
Overview Tab, and the Engineering Appendix. 

As described in the Main Report, the three independent exposure indices were weighted and 
summed to develop one composite exposure index (CEI) to convey overall exposure. Weighting used 
in the NACCS methodology was 80/10/10 (80 percent population and infrastructure; 10 percent 
environmental and cultural resources; 10 percent social vulnerability). The SACS weighting was 
modified from the NACCS to 60/30/10 (60 percent population and infrastructure; 30 percent 
environmental and cultural resources; 10 percent social vulnerability). This revised weighting better 
reflects the study authority and conditions in the study area for the following reasons:  

• Lowering the weight of the Population and Infrastructure Exposure Index to 60 percent better 
reflects demographic differences in the coastal zone from the northeast (lower urban 
densities regionally and overall). 
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• Increasing the weight of the Environmental and Cultural Resources Exposure Index to 30 
percent is consistent with authorizing language and better reflects the potential risk to 
vulnerable environmental resources that provide significant coastal storm risk management. 

 Tier 1 Vulnerability 
Because the Tier 1 Risk Assessment relies on national-level datasets and a consistent approach, the 
broad assumption made regarding vulnerability is that any exposed resources impacted by the flood 
hazard are vulnerable. Essentially, if a resource is exposed to a coastal hazard, it is vulnerable. While 
this is a broad assumption, it is relevant to the Tier 1 purpose, which is to broadly identify where 
coastal storm flood risk is likely and where the likelihood may increase with sea level rise. The Social 
Vulnerability Exposure Index provides an additional refinement of vulnerability specific to populations 
within the study area. 

 Tier 2 Hazards 
The Tier 2 analysis refines the Tier 1 analysis through the consideration of additional hazards and 
more localized hazard data and information relevant to South Carolina. Tier 2 hazards considered in 
this study include additional, or more refined, flood data, shoreline erosion data, and other 
information relevant to specific areas. 

Other hazards considered include wave attack, erosion, wind, saltwater inundation and intrusion, and 
compound flooding from rainfall combined with storm surge. Additionally, the Tier 2 Economic Risk 
Assessment includes a refined look at inundation using local water levels. Table 4-1 summarizes the 
hazards considered in Tier 2. 

Table 4-1: Tier 2 Hazards 

Hazards Description of Hazard 

Storm Surge and 
Inundation 

Inundation was assessed in Tier 1 but was reexamined using FEMA data for the AEP inundation 
(through the Hazus model and preliminary FEMA Flood Insurance Rate Maps (FIRMs) to identify 
potential areas that were missed in Tier 1. 

Wave Attack The impact of waves on shorelines, which can be hazardous to both natural shorelines and 
engineered structures and a primary contributor to erosion. 

Erosion Coastal erosion is hazardous to natural shorelines such as marshes and sandy beaches. Erosion 
can lead to increased vulnerability of cultural and environmental resources, and infrastructure. 

Compound 
Flooding 

Compound flooding is combination of hazards that create a greater flood hazard. A combination 
of inundation, precipitation, nuisance flooding, and high groundwater table elevations can create 
greater flooding than storm surge alone. While it is beyond the scope of this study, it is 
documented as a hazard in the coastal areas.  

Wind High winds during hurricanes can cause damage to both infrastructure and environmental 
resources. They are also an indicator of potential for increased waves and erosion.  
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Hazards Description of Hazard 

Saltwater 
Intrusion 

The long-term movement of saltwater into groundwater and/or surface water. Examples of these 
often include: 
Groundwater - The movement of saltwater into freshwater aquifers. Sea level rise, in combination 
with increased groundwater pumping, can increase saltwater intrusion into groundwater aquifers. 
Saltwater intrusion decreases freshwater storage in the aquifers and, in extreme cases, can result 
in the abandonment of supply wells.  
Surface Water - The encroachment of saltwater onto land from sea level rise. As sea levels rise, 
the “salt front” (location of the freshwater-saltwater line) may progress further upstream. This 
encroachment may be further exacerbated by drought, reduced rainfall, or changes in water use 
and demand.  

Saltwater 
Inundation 

The total amount of water that occurs above normally dry ground as a result of flooding. Sources 
of inundation include abnormally high tides, storm surge, persistent onshore winds and waves, 
along with runoff from excessive rainfall. The combination of all these potential factors makes up 
the total water level. For the purposes of SACS, saltwater inundation is the movement of 
saltwater onto land from storm surges or high tides, which submerge low-elevation areas for a 
short duration of time. 

 

The Tier 2 analysis considers two additional relative sea level rise values: 2.73 feet (0.83 meters) and 
7.35 feet (2.24 meters) for the South Atlantic Basin. These values are based on averages of all 
applicable gauges within the South Atlantic Basin, with 2.73 feet of sea level rise based on the USACE 
Intermediate Scenario for 2120, and sea level rise of 7.35 feet based on the USACE High Scenario for 
2120. 

4.1.4.1 Storm Surge and Inundation 
Hurricanes and tropical storms cause storm surge hazards to low-lying areas, beaches, infrastructure, 
and habitat. Large portions of the coastline are low-lying and susceptible to Category 1 and 2 
flooding. From the SCEMD South Carolina Hazard Mitigation Plan, the NWS SLOSH model shows the 
extent of the storm surge hazard to coastal and inland areas in Figure 4-3. Category 5 inundation 
extends far inland, but the greatest impacts are expected in the areas subject to Category 1 
hurricanes, because they will be in all storm surge zones. Those are indicated in red in Figure 4-3.  
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Figure 4-3: South Carolina Hazard Mitigation Plan – South Carolina’s Risk to Storm Surge (SCEMD 
2018) 

 

Inundation (flood) hazard was further assessed in Tier 2 by using the FEMA’s Hazus model to develop 
a more refined outlook of the potential infrastructure damages caused by inundation in both the 
existing and future conditions. A Level 1 analysis was completed for the SACS study area using data 
from FEMA’s FIS. The FIS is a countywide study that investigates the existence and severity of flood 
hazards within local communities. For the existing condition, infrastructure damages are based on the 
10-, 1-, 2-, and 0.2-percent AEP storm events. For the future condition damages, three feet of sea 
level rise is added to these events.  

The Hazus model is a standardized methodology used to estimate physical, economic, and social 
impacts of disasters and allows for the visualization of spatial relationships between populations and 
infrastructure and the hazard being modeled. The depreciated losses for each community were 
calculated to identify other potential high-risk areas that were not identified during the Tier 1 Risk 
Assessment.  

For more information regarding the application of Hazus, refer to the SACS Tier 2 Economic Risk 
Assessment Report (USACE 2021e). The list of effective FIS used in the Hazus assessment are listed in 
Table 4-2.  
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Table 4-2: Effective Flood Insurance Study Used in Hazus Flood Model (FEMA 2017, 2004, 2003, 1991, 
1989, 1986) 

County Publication Date 
Beaufort January 17, 1991 
Charleston November 17, 2004 
Colleton December 21, 2017 
Georgetown March 16, 1989 
Horry September 17, 2003 
Jasper September 29, 1986 

 

The Coastal Hazards System provided information on stillwater level (SWL) for various AEPs for 
thousands of points in the study area (USACE 2020a). The SWL includes the combined effect of storm 
surge and wave setup. Randomly selected locations to demonstrate the data are shown in Figure 4-4, 
and SWL elevations in meters are provided in Table 4-3.  
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Figure 4-4: Coastal Hazards System Select Locations 
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Table 4-3: Stillwater Levels for Annual Exceedance Probabilities (in meters) (USACE 2020a) 

Virtual 
Gauge 

ID 

Latitude 
(degree) 

Longitude 
(degree) 

AEP [SWL in m, NAVD88] 

50% 20% 10% 5% 2% 1% .5% .2% .1% .05% .02% .01% 

8829 33.700823 -78.868491 1.77 2.39 2.63 2.79 3.48 3.99 4.42 4.86 5.18 5.46 5.77 5.96 
8572 33.810096 -78.690104 1.80 2.42 2.67 2.82 3.18 3.60 4.02 4.45 4.78 5.04 5.43 5.71 
8930 33.663083 -79.073135 1.21 1.47 1.62 1.76 1.93 2.06 2.20 2.36 2.46 2.57 2.67 2.74 
9476 33.389414 -79.142462 1.72 2.28 2.49 2.63 3.03 3.43 3.75 4.12 4.39 4.67 5.02 5.29 
9719 33.244598 -79.179626 1.73 2.20 2.39 2.52 3.01 3.34 3.63 4.00 4.25 4.51 4.82 5.06 

10327 33.010603 -79.574388 1.82 2.14 2.41 2.85 3.54 4.12 4.56 5.00 5.21 5.41 5.62 5.81 
10864 32.843279 -79.894870 1.74 2.00 2.14 2.41 2.88 3.25 3.56 3.83 3.99 4.14 4.31 4.45 
11986 32.763826 -79.819612 1.80 2.10 2.28 2.59 3.07 3.41 3.69 3.96 4.15 4.30 4.48 4.59 
12296 32.705098 -79.989025 1.60 1.86 2.00 2.34 2.81 3.13 3.51 3.90 4.12 4.30 4.51 4.63 
12532 32.640221 -79.965034 1.83 2.15 2.31 2.47 2.95 3.32 3.64 4.00 4.20 4.39 4.63 4.78 
13094 32.511601 -80.282850 2.08 2.42 2.60 2.77 3.35 3.81 4.19 4.62 4.92 5.18 5.60 5.85 
14055 32.158705 -80.722525 2.33 2.72 2.91 3.07 3.37 3.81 4.32 4.90 5.24 5.50 5.83 5.98 

 

The CHS also considered two rates of sea level rise. The first sea level rise rate (SLC1 at 2.73 feet or 
0.835 meters) is shown in Table 4-4, and the second sea level change (SLC2 at 7.35 feet or 2.14 
meters) is shown in Table 4-5.  

Table 4-4: Stillwater Levels for Annual Exceedance Probabilities for Sea Level Rise SLC1 (in meters) 
(USACE 2020a) 

Virtual 
Gauge 

ID 

Latitude 
(degree) 

Longitude 
(degree) 

AEP [SWL in m, NAVD88] 

50% 20% 10% 5% 2% 1% .5% .2% .1% .05% .02% .01% 

8829 33.700823 -78.868491 2.59 3.22 3.46 3.61 4.29 4.77 5.19 5.61 5.95 6.21 6.49 6.68 
8572 33.810096 -78.690104 2.63 3.25 3.48 3.63 3.96 4.36 4.75 5.17 5.46 5.75 6.09 6.36 
8930 33.663083 -79.073135 2.08 2.35 2.50 2.63 2.81 2.93 3.08 3.24 3.36 3.47 3.58 3.64 
9476 33.389414 -79.142462 2.55 3.10 3.29 3.42 3.79 4.19 4.51 4.87 5.14 5.43 5.76 6.03 
9719 33.244598 -79.179626 2.59 3.04 3.22 3.35 3.81 4.12 4.41 4.76 5.00 5.25 5.56 5.79 

10327 33.010603 -79.574388 2.66 3.00 3.22 3.63 4.29 4.84 5.28 5.71 5.93 6.13 6.34 6.52 
10864 32.843279 -79.894870 2.60 2.85 2.98 3.23 3.66 4.01 4.30 4.57 4.72 4.87 5.03 5.17 
11986 32.763826 -79.819612 2.63 2.94 3.08 3.37 3.84 4.17 4.46 4.74 4.91 5.07 5.27 5.40 
12296 32.705098 -79.989025 2.46 2.72 2.88 3.21 3.68 4.00 4.37 4.75 4.99 5.17 5.37 5.48 
12532 32.640221 -79.965034 2.70 3.00 3.15 3.33 3.76 4.12 4.42 4.77 4.97 5.14 5.37 5.53 
13094 32.511601 -80.282850 2.92 3.28 3.45 3.58 4.13 4.57 4.95 5.36 5.66 5.93 6.34 6.59 
14055 32.158705 -80.722525 3.15 3.59 3.78 3.91 4.18 4.60 5.09 5.64 5.98 6.24 6.56 6.71 
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Table 4-5: Stillwater Levels for Annual Exceedance Probabilities for Sea Level Rise SLC2 (in meters) 
(USACE 2020a) 

Virtual 
Gauge 

ID 

Latitude 
(degree) 

Longitude 
(degree) 

AEP [SWL in m, NAVD88] 

50% 20% 10% 5% 2% 1% .5% .2% .1% .05% .02% .01% 

8829 33.700823 -78.868491 3.96 4.61 4.85 5.00 5.51 5.96 6.36 6.78 7.08 7.33 7.61 7.79 
8572 33.810096 -78.690104 4.01 4.63 4.86 5.00 5.17 5.51 5.87 6.26 6.53 6.80 7.11 7.37 
8930 33.663083 -79.073135 3.50 3.78 3.94 4.09 4.28 4.42 4.56 4.72 4.82 4.92 5.04 5.11 
9476 33.389414 -79.142462 3.90 4.49 4.68 4.80 5.02 5.40 5.71 6.07 6.32 6.61 6.92 7.17 
9719 33.244598 -79.179626 4.00 4.37 4.54 4.68 5.01 5.30 5.58 5.92 6.15 6.37 6.67 6.89 

10327 33.010603 -79.574388 4.01 4.34 4.50 4.86 5.48 6.00 6.42 6.85 7.06 7.25 7.48 7.65 
10864 32.843279 -79.894870 3.98 4.24 4.35 4.52 4.91 5.23 5.51 5.78 5.94 6.09 6.24 6.40 
11986 32.763826 -79.819612 3.98 4.29 4.43 4.61 5.07 5.40 5.71 5.99 6.19 6.36 6.56 6.71 
12296 32.705098 -79.989025 3.86 4.11 4.25 4.57 5.02 5.34 5.70 6.10 6.34 6.52 6.72 6.86 
12532 32.640221 -79.965034 4.08 4.38 4.53 4.65 5.03 5.37 5.68 6.02 6.23 6.42 6.64 6.82 
13094 32.511601 -80.282850 4.29 4.64 4.80 4.93 5.38 5.81 6.19 6.59 6.89 7.14 7.55 7.79 
14055 32.158705 -80.722525 4.52 4.95 5.14 5.27 5.44 5.82 6.28 6.78 7.11 7.35 7.67 7.82 

 

Figure 4-5, Figure 4-6, and Figure 4-7 illustrate the modeled inundation depth from CHS under 
current conditions, with 2.73 feet of sea level rise (SLC1), and with 7.35 feet of sea level rise (SLC2). 
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Figure 4-5: CHS Modeled Inundation Depth for the 1-Percent Annual Exceedance Probability Event in 
South Carolina (USACE 2020a) 
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Figure 4-6: CHS Modeled Inundation Depth for the 1-Percent Annual Exceedance Probability Event 
with 2.73 feet of Sea Level Rise in South Carolina (USACE 2020a) 
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Figure 4-7: CHS Modeled Inundation Depth for the 1-Percent Annual Exceedance Probability Event 
with 7.35 feet of Sea Level Rise in South Carolina (USACE 2020a) 

 

The SCDHEC Hazard Vulnerability Tool (SCDHEC n.d.-a) 
was also used to determine the inundation hazards 
based on FEMA data (Figure 4-8) and SLOSH storm 
surge data (Figure 4-9). 

SCDHEC Hazard Vulnerability Tool:  
https://gis.dhec.sc.gov/hva/  

https://gis.dhec.sc.gov/hva/
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Figure 4-8: Inundation Hazard Based on Federal Emergency Management Agency Data 
(SCDHEC n.d.-a) 
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Figure 4-9: Inundation from Storm Surge (SCDHEC n.d.-a)  
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SCDHEC Hazard Vulnerability Tool Ranking Definitions (SCDHEC n.d.-b)  

As stated on the website: 

HVA Rank - Vulnerability rank based on a combination of Q3 RANK and SLOSH RANK, 
where 1 represents the least risk and 5 represents the most risk. 

Flooding (Q3 Rank) - Vulnerability rank based on flood zone derived from FEMA 
DFIRM/NFHL data where 1 represents the least risk and 5 represents the most risk. 
The ranks are based on the FEMA flood zone categories. An HVA rank of 5 includes 
categories V, VE, and Open Water. An HVA rank of 4 includes the following 
categories: A, AE, and AH. The HVA rank of 3 only includes B. The HVA rank of 2 
includes C, X, and X500. The HVA rank of 1 includes D, and 0.2 PCT annual chance 
flood hazard. 

Storm Surge (SLOSH Rank) - Vulnerability rank based on maximum storm surge 
height during mean tide conditions derived from SLOSH data where rank is based on 
height exceeding one foot for a given hurricane category. A 1 represents the least risk 
and is assigned in areas where it would take a Category 5 hurricane to reach that level 
of inundation, and 5 represents the most risk where a Category 1 hurricane would 
reach that level of inundation based on the data. 

4.1.4.2 Wave Attack 
Wave attack is the impact of waves on shorelines and is considered one of the main coastal damage 
mechanisms. The repeated pounding of waves on shorelines or structures can create erosion and 
damage over time under normal wave conditions. It is exacerbated during storm conditions when 
waves become larger and more frequent. Wave attack is a hazard for all coastal regions and can 
damage both structured and non-structured shorelines as well as erode and undermine natural shore 
protection features. As sea level rises, wave attack can be exacerbated in some areas. Wave heights 
are a direct function of water depth. As the water depth increases, larger waves are able to form. If 
areas of natural shorelines have sufficient room to migrate or elevate, they may not see additional 
impacts from wave attacks as sea level rises because the shoreline will adapt naturally. Areas with 
permanent shorelines (seawalls, revetments, etc.) cannot adapt naturally to increased depths and 
could see wave heights (and damages) increase. Structures that are sufficient to withstand current 
conditions may no longer be able to withstand wave conditions in the future and replacement or 
more frequent maintenance to ensure functionality. Wave data (heights, periods, directions, etc.) are 
typically available in the form of measurements collected from offshore buoys primarily from NOAA’s 
National Data Buoy Center (NDBC), but also by academia and local efforts. Simulated wave 
information can be found from hindcast models that estimate wave conditions at output points along 
the coast. The USACE Wave Information Study (WIS) is one example of an available database that 
contains hindcast data from 1980 to 2014. 



SECTION 4 | RISK ASSESSMENT 

 
 

4-18 SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

BOEM, NOAA National Centers for Coastal Ocean Science, and NOAA Office for Coastal Management 
have developed OceanReports, a web-based, report-centric tool that provides coastal and ocean 
planners with a high-level analysis for their area of interest which includes wave height, period, and 
direction information (NOAA, n.d.).  

An additional source of wave information developed for the SACS is the CHS (USACE 2020a). The CHS 
is described in detail in the Engineering Appendix. It provides wave height (Hm0) data in meters at the 
same locations as the SWL previously discussed and presented. Table 4-6 displays the wave height 
information at the same select locations as were indicated for the SWL and shown in Figure 4-4. The 
presented data is meant as an example of the thousands of data points available off the South 
Carolina coast as part of the CHS.  

Table 4-6: Wave Height for Annual Exceedance Probabilities (in meters) (USACE 2020a) 

Virtual 
Gauge ID 

Latitude 
(degree) 

Longitude 
(degree) 

AEP [Hm0 in m] 
50% 20% 10% 5% 2% 1% .5% .2% .1% .05% .02% .01% 

8572 33.810096 -78.690104 2.74 3.10 3.36 3.58 3.81 4.01 4.42 4.70 4.82 4.94 5.07 5.16 
8829 33.700823 -78.868491 0.27 0.67 0.87 1.04 1.23 1.37 1.50 1.64 1.75 1.86 1.97 2.06 
8930 33.663083 -79.073135 0.20 0.26 0.31 0.36 0.42 0.46 0.49 0.54 0.56 0.59 0.62 0.65 
9476 33.389414 -79.142462 3.44 5.02 5.91 6.56 7.17 7.61 8.07 8.59 8.89 9.16 9.46 9.70 
9719 33.244598 -79.179626 3.49 4.90 5.47 5.92 6.41 6.60 6.82 7.14 7.34 7.50 7.72 7.83 

10327 33.010603 -79.574388 1.22 1.48 1.77 2.05 2.63 2.99 3.20 3.39 3.53 3.71 3.92 4.05 
10864 32.843279 -79.894870 0.25 0.38 0.49 0.62 0.74 0.81 0.89 0.99 1.06 1.13 1.20 1.24 
11986 32.763826 -79.819612 2.00 2.23 2.41 2.59 2.93 3.09 3.23 3.40 3.55 3.68 3.86 3.97 
12296 32.705098 -79.989025 0.44 0.56 0.64 0.75 0.89 0.97 1.04 1.13 1.18 1.23 1.28 1.31 
12532 32.640221 -79.965034 2.45 3.29 3.54 3.65 3.71 3.73 3.83 3.94 4.01 4.07 4.15 4.20 
13094 32.511601 -80.282850 1.29 1.57 1.69 1.78 1.86 1.90 1.94 2.00 2.09 2.18 2.30 2.38 
14055 32.158705 -80.722525 1.33 1.62 1.74 1.83 1.92 1.98 2.11 2.30 2.45 2.59 2.77 2.87 

 

The CHS considered two rates of sea level rise (SLC1 at 2.73 feet [0.86 meters] and SLC2 at 7.35 feet 
[2.27 meters]). The wave heights corresponding with the sea level rise scenarios are listed in Table 4-7 
and Table 4-8, respectively.  

Table 4-7: Wave Height for Annual Exceedance Probabilities for SLC1 (in meters) (USACE 2020a) 

Virtual 
Gauge ID 

Latitude 
(degree) 

Longitude 
(degree) 

AEP [Hm0 in m] 
50% 20% 10% 5% 2% 1% .5% .20% .1% .05% .02% .01% 

8572 33.810096 -78.690104 3.12 3.57 3.84 4.05 4.28 4.47 4.82 5.10 5.22 5.33 5.44 5.53 
8829 33.701 -78.868 0.28 0.69 0.90 1.08 1.30 1.47 1.62 1.85 2.02 2.18 2.43 2.58 
8930 33.663083 -79.073135 0.17 0.24 0.30 0.36 0.42 0.46 0.50 0.55 0.58 0.61 0.64 0.66 
9476 33.389414 -79.142462 4.24 5.64 6.36 6.83 7.30 7.65 7.97 8.39 8.64 8.87 9.11 9.33 
9719 33.244598 -79.179626 3.59 5.22 5.90 6.39 6.90 7.11 7.34 7.65 7.85 8.03 8.25 8.38 

10327 33.010603 -79.574388 1.72 1.98 2.27 2.54 3.09 3.41 3.61 3.78 3.91 4.07 4.26 4.38 
10864 32.843279 -79.894870 0.28 0.42 0.54 0.68 0.81 0.89 0.96 1.07 1.14 1.21 1.29 1.33 
11986 32.763826 -79.819612 2.47 2.71 2.89 3.07 3.38 3.53 3.67 3.83 3.97 4.10 4.26 4.37 
12296 32.705098 -79.989025 0.55 0.67 0.75 0.86 1.01 1.11 1.20 1.31 1.39 1.44 1.51 1.55 
12532 32.640221 -79.965034 2.81 3.62 3.89 4.02 4.10 4.13 4.15 4.28 4.35 4.41 4.48 4.52 
13094 32.511601 -80.282850 1.54 2.10 2.24 2.31 2.35 2.37 2.37 2.38 2.45 2.53 2.65 2.72 
14055 32.158705 -80.722525 1.64 2.15 2.28 2.34 2.38 2.39 2.48 2.65 2.78 2.92 3.09 3.19 
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Table 4-8: Wave Height for Annual Exceedance Probabilities for SLC2 (in meters) (USACE 2020a) 

Virtual 
Gauge ID 

Latitude 
(degree) 

Longitude 
(degree) 

AEP [Hm0 in m] 
50% 20% 10% 5% 2% 1% .5% .2% .1% .05% .02% .01% 

8572 33.810096 -78.690104 3.70 4.34 4.63 4.84 5.06 5.24 5.46 5.71 5.83 5.93 6.06 6.14 
8829 33.700823 -78.868491 0.33 0.79 1.06 1.32 1.70 1.98 2.27 2.60 2.85 3.05 3.22 3.34 
8930 33.663083 -79.073135 0.19 0.28 0.35 0.42 0.50 0.54 0.58 0.63 0.67 0.70 0.74 0.76 
9476 33.389414 -79.142462 4.35 6.09 6.98 7.55 8.11 8.51 8.87 9.35 9.63 9.88 10.17 10.35 
9719 33.244598 -79.179626 3.97 5.87 6.68 7.22 7.75 8.00 8.23 8.57 8.79 8.99 9.22 9.35 

10327 33.010603 -79.574388 2.52 2.88 3.14 3.39 3.83 4.07 4.22 4.36 4.46 4.57 4.69 4.78 
10864 32.843279 -79.894870 0.32 0.48 0.63 0.79 0.95 1.04 1.12 1.23 1.31 1.37 1.44 1.49 
11986 32.763826 -79.819612 3.19 3.54 3.72 3.89 4.13 4.27 4.38 4.53 4.63 4.75 4.89 4.99 
12296 32.705098 -79.989025 0.59 0.76 0.90 1.07 1.30 1.46 1.59 1.74 1.85 1.93 2.03 2.08 
12532 32.640221 -79.965034 3.16 4.01 4.34 4.53 4.66 4.72 4.84 5.00 5.10 5.19 5.31 5.38 
13094 32.511601 -80.282850 2.21 2.81 2.97 3.05 3.09 3.10 3.11 3.11 3.12 3.12 3.15 3.21 
14055 32.158705 -80.722525 2.37 2.88 3.02 3.09 3.12 3.13 3.14 3.21 3.29 3.38 3.50 3.60 

 

4.1.4.3 Erosion and Shoreline Change 
Wind and wave attack, as well as man-made structures, contribute to shoreline changes along the 
coastal beach face and sheltered areas, resulting in erosion and sometimes accretion. The Tier 2 Risk 
Assessment included erosion as a hazard. Coastal erosion is threatening to coastal environments, 
cultural and environmental resources, and infrastructure. Among the 13 major barrier or sea islands 
along the Atlantic, six are located in South Carolina. These include Bull, Sullivan’s, Kiawah, Edisto, 
Hunting, and Hilton Head, which is the largest island (42 square miles [109 square kilometers) on the 
Atlantic seaboard between New Jersey and Florida. Following the 1988 Beachfront Management Act, 
South Carolina established a beach-monitoring program at approximately 400 survey benchmarks, 
where data are collected twice a year (SCDHEC n.d.-b). These data are used to monitor erosion rates 
along the coastal shoreline. Figure 4-10 shows the shoreline change rate for the coast of South 
Carolina.  



SECTION 4 | RISK ASSESSMENT 

 
 

4-20 SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

 

Figure 4-10: Shoreline Change Caused by Erosion (SCDHEC n.d.-a) 

According to the DHEC website (SCDHEC 2010): 

“Shoreline Change Rate (SCR Rank) - Vulnerability rank based on end-point shoreline 
change rate. There are 5 categories, which are very high, high, medium (no significant 
change), low, and very low. Very High includes shoreline change values less than -1 m/yr. 
High includes shoreline change values between -0.2 to -1 m/yr. Medium includes 
shoreline change values between -0.2 to 0.2 m/yr. Low includes shoreline change values 
between 0.2 to 1 m/yr. Very Low includes shoreline change values greater than 1 m/yr.” 

 

One response to mitigate erosion is to place sand on the beach in a defined template, potentially with 
dunes. This additional sand creates a wider and deeper beach, which can serve as a buffer between 
erosional forces and coastal infrastructure. This process is commonly known as beach nourishment 
(Climate Technology Centre & Network n.d.).  
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4.1.4.4 Wind 
High winds due to tropical systems are included in this study as a coastal hazard because of the 
damage that they could cause; however, evaluating these high winds is beyond the scope of the SACS. 
In South Carolina, high winds during tropical systems can severely damage infrastructure and the 
environment, e.g., by uprooting or snapping trees. High winds can damage roofs, mobile homes, and, if 
strong enough, can destroy entire buildings. Flying debris can also cause additional damage to 
resources. Structures within the state must follow the wind design criteria based on the zone where 
they are located. Table 4-9 describes some of the potential damages associated with tropical systems 
based on the Saffir-Simpson scale for wind speeds.  

Table 4-9: Damage Description based on Wind Speeds 

Tropical System Category 
Saffir-Simpson Scale 

Wind Speeds 
(mph) Typical Damage Description 

Tropical Depression >39 Heavy rains and strong winds can cause minor flooding and 
property damage. 

Tropical Storm 39–73 Minor damage will occur to many mobile homes. A few homes 
may receive mostly minor damage to roof shingles and siding. 

Category 1 Hurricane 74–95 
Damage is done primarily to shrubbery and trees; unanchored 
mobile homes are damaged; some signs are damaged; no real 
damage is done to structures. 

Category 2 Hurricane 96–110 Some trees are toppled; some roof coverings are damaged; major 
damage is done to mobile homes. 

Category 3 Hurricane 111–129 
Large trees are toppled; some structural damage is done to roofs; 
mobile homes are destroyed; structural damage is done to small 
homes and utility buildings. 

Category 4 Hurricane 130–156 Extensive damage is done to roofs, windows, and doors; roof 
systems on small buildings completely fail; some curtain walls fail. 

Category 5 Hurricane >156 
Roof damage is considerable and widespread; window and door 
damage is severe; there are extensive glass failures; some 
complete buildings fail. 

 

NOAA’s OceanReports provide Historical Tropical Cyclone Wind Exposure data (NOAA n.d.-b). 
Historical Tropical Cyclone Wind Exposure data for Planning Reach SC_03 is documented in  
Figure 4-11 and Planning Reach SC_04 is documented in Figure 4-12. These plots indicate that wind 
speeds over 34 knots are likely to occur nearly every year in both planning reaches. Wind speeds over 
64 knots have an approximately 10-percent chance of occurring in any given year in Planning Reach 
SC_03 and an approximately 5-percent chance in Planning Reach SC_04. High winds are also 
contributors to increased wave attack during storm conditions.  
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Figure 4-11: Historical Tropical Cyclone Wind Hazards for Planning Reach SC_03 (NOAA n.d.-b) 
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Figure 4-12: Historical Tropical Cyclone Wind Hazards for Planning Reach SC_04 (NOAA n.d.-b) 

 

4.1.4.5 Compound Flooding 
While the SACS does not consider compound flood hazards in detail, compound flooding is a 
significant issue and source of concern to partners and stakeholders throughout the state. Therefore, 
it is documented as a coastal storm risk that warrants further analyses in future studies.  

Compound flooding occurs when a combination of inundation, precipitation, nuisance flooding, and 
high groundwater table elevations occur simultaneously, resulting in potentially greater impacts. 
Recent coastal storms and hurricanes have resulted in widespread heavy rains in both South Carolina 
and North Carolina. Some watersheds in South Carolina extend from head waters in North Carolina, 
causing massive flooding when combined with South Carolina’s low topography and high tides.  
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Figure 4-13 provides a graphic illustration of the effects of compound flooding during Hurricane 
Florence in 2018, which produced 5-day rainfall totals of more than 20 inches in some areas of the 
Waccamaw River Basin and Pee Dee River Basin in North Carolina. This rainfall eventually flowed into 
South Carolina via the Waccamaw River, the Little Pee Dee River, and the Pee Dee River, which were 
already conveying the rainfall that fell in South Carolina compounded by the high tides that were 
occurring in Winyah Bay where the rivers converge before entering the Atlantic Ocean.  

 

Figure 4-13: Observed Rainfall from Hurricane Florence as of September 18, 2018 (National Weather 
Service n.d.) 

 

According to Southeast River Forecast Center, Hurricane Florence was the highest peak of record. 
USGS indicated this event as the “EXTREMES FOR PERIOD OF RECORD - with a Maximum discharge of 
45,200 ft³/s, on Sep. 23, 2018, and a maximum gage height of 19.82 on Sep. 23, 2018” (USGS Water-
Year Summary for Site USGS 02110550) (National Weather Service n.d.). Several roads were inundated 
and closed to traffic. USACE supported the South Carolina Army National Guard to protect Highway 
501 from the Grand Strand to Conway for the transport of emergency vehicles and supplies, as SCDOT 
worked to protect Highway 17 from the south so that the Grand Strand areas would not be isolated. 
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The Santee River is another high compound flooding hazard if releases from Wilson Dam are 
significant. Wilson Dam is the flood control feature of the Santee Cooper System with a drainage area 
of approximately 14,700 square miles. Flows through Pinopolis are restrained to powerhouse 
capacity but the flows through Wilson Dam have a maximum discharge capacity of 1.3 million cubic 
feet per second (Lakes Online 2021). The USGS gage at Pineville, downstream of the dam, indicates 
the maximum discharge was in 1945 at 155,000 cubic feet per second (USGS 2021). FEMA used the 
155,000 cubic feet per second for the 1-percent AEP boundary. Pinopolis Dam flows are restricted by 
contract with USACE to an approximately 4,500 cubic feet per second weekly average, but peak flows 
can be 28,400 cubic feet per second for short durations. 

4.1.4.6 Saltwater intrusion 
The proximity of coastal aquifers to saltwater creates unique issues with respect to groundwater 
sustainability in coastal regions. These issues are primarily those of saltwater intrusion into 
freshwater aquifers and changes in the amount and quality of fresh groundwater discharge to coastal 
saltwater ecosystems. Additionally, saltwater intrusion from sea level rise can result in marsh changes 
from freshwater to brackish or saltwater marshes, or from brackish to saltwater marshes, and, in 
turn, affect habitat for fish and wildlife species that depend on them.  

 

Figure 4-14: Process of Saltwater Intrusion (USGS n.d.) 
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Figure 4-14 illustrates how the process of saltwater intrusion into an aquifer system can occur. The 
boundary between fresh groundwater and saltwater is referred to as the freshwater/saltwater 
interface. Fresh groundwater discharging to the coast prevents the landward encroachment of 
saltwater. If too much freshwater is pumped from the aquifer system, then saltwater can migrate 
landward. If a pumping well is close to the landward migrating freshwater/saltwater interface, saltwater 
could enter the well and contaminate the water supply. The USGS maintains a website on Saltwater 
Intrusion with documents and links to other sources of information at USEPA and NOAA (USGS n.d.).  

The Carolinas Integrated Sciences and Assessments and South Carolina Sea Grant Consortium report, 
Assessing the Impact of Saltwater Intrusion in the Carolinas under Future Climatic and Sea Level 
Conditions includes research performed to provide information about potential future precipitation 
and sea level conditions under increased climate variability by examining how industries, community 
water and sewer districts, and coastal resource managers might adapt to future changes in the 
freshwater supply. One conclusion made clear for the Yadkin Pee Dee Basin, which can be applied 
elsewhere, is that the salinity thresholds are different for water management and land management. 
More information is needed about salinity thresholds for coastal basin habitats. Screening tools like 
the NOAA Sea Level Rise Viewer Marsh Migration Tool (Figure 4-15) can be used to assess the 
vulnerability of marshes to saltwater intrusion from sea level rise scenarios (NOAA n.d.-c).  

 

Figure 4-15: Marsh Migration Tool of NOAA Sea Level Rise Viewer (NOAA n.d.-c) 

 

While saltwater intrusion is not further evaluated in this study with respect to populations and 
infrastructure, it is considered in the South Atlantic Coastal Study Environmental Technical Report, 
Tier 2 Environmental Resources Vulnerability and Risk Analysis/Priority Environmental Areas 
Identification (Environmental Technical Report) (USACE 2021b). 
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 Tier 2 Exposure 
The Tier 1 exposure analysis incorporates national-level data sets to determine who/what may be 
impacted. The Tier 2 analysis builds on the Tier 1 analysis at a refined scale through the incorporation 
of additional localized data sets and studies. Exposure of resources to coastal hazards is dependent 
on a number of factors, including topography, density of population and development, and other 
considerations.  

The following sections provide an overview of the types, and sources, of Tier 2 exposure data. The 
data are discussed and applied in specific planning reach sections following this overview.  

Population and Infrastructure 

• National Structure Inventory: Tier 2 existing population and infrastructure exposure is 
represented by data from the National Structure Inventory (NSI), developed by the USACE’s 
Hydrologic Engineering Center and FEMA. Estimates of the population exposure (the number 
of people within the footprint of a particular hazard) help determine the extent and severity 
of the risk. 

• U.S. Environmental Protection Agency’s Integrated Climate and Land Use Scenarios: Future 
increases in population and development density by 2100 were evaluated using information 
and data sets generated as part of the EPA’s ICLUS (EPA 2009). The ICLUS residential density 
development forecast for 2100 was compared to the Tier 1 future 1-percent and 10-percent 
AEP hazard (existing 1-percent and 10-percent AEP hazard plus 3 feet of sea level rise) to 
indicate overlapping areas of future flood hazard and development.  

Notably, ICLUS residential density development was computed at a national level and 
compared to the residential density at a smaller scale, which could potentially introduce 
changes in the resolution of the outputs. Some of the residential density increases were in 
areas of open space, as designated by the ICLUS model input parameters, but that are not 
developable, such as a cemetery. Similarly, local planning considerations to account for 
relative sea level change, which may prohibit future development along the coast, could not 
be incorporated into the ICLUS model. The intent of this Tier 2 analysis is identification of 
overlap in development and flood hazard projections so that follow-on analyses at a smaller 
scale can be completed, as necessary.  

Environmental Resources 

For Tier 2 natural resources exposure, information from the 2015 South Carolina State Wildlife Action 
Plan (SWAP) (SCDNR 2015), the Final Planning Aid Report: Biological Resources and Habitats 
Vulnerable to Sea Level Rise and Storm Activity in the Southeastern United States, including Puerto 
Rico and the U.S. Virgin Islands (Planning Aid Report) (USFWS 2020), and local knowledge were used 
to better understand the ecological significance of, and potential threats to, environmental resources 
exposed in Tier 1. Land cover classifications from the SWAP used in the assessment included wetland, 
forest, upland, and marine habitats from the Coastal Zone and Coastal Plain Ecoregions of South 
Carolina. There were 15 wetland subcommunities and 10 upland subcommunities or other coastal 
features identified in the exposure characterization. These are described for each South Carolina 



SECTION 4 | RISK ASSESSMENT 

 
 

4-28 SOUTH ATLANTIC COASTAL STUDY (SACS) | SOUTH CAROLINA APPENDIX 

Planning Reach in Sections 4.2.2.2 and 4.3.2.2, respectively, and the full exposure characterization 
can be found in the Environmental Technical Report. 

Cultural Resources 

The Tier 2 analysis used information and datasets from NPS, South Carolina ArchSite, and USGS to 
evaluate the exposure of significant cultural resources to coastal storm hazards. These data layers are 
discussed below and also viewable in the Geoportal. Data gathered from these databases are current 
as of June 2021, and any cultural resources added after that point are not represented in this analysis.  

• National Register of Historical Places (NRHP): National Park Service (NPS) developed the 
NRHP to protect historic and archeological resources (U.S. National Park Service 2020). The 
NRHP has a comprehensive inventory of cultural 
resources that are deemed worthy of 
preservation. The data is available in the South 
Carolina Geoportal and can provide spatial data 
of where NRHP-listed historic properties (points) 
and districts (polygons) occur relative to 
different types of hazards.  

• Geographic Names Information System (GHIS) Historical Features: USGS developed the GHIS 
to maintain uniform feature name usage throughout the government (U.S. Geological Survey 
2021). The Geographic Names Information System (GHIS) contains information about 
historical features and cultural resources. The data is available in the Geoportal and provides 
spatial information of where physical, cultural, political, and historical points occur relative to 
different types of shorelines and hazards.  

• ArchSite: Additional cultural resources data (ArchSite) was used to refine hazards to cultural 
resources in Tier 2. Information about archaeological and historic resources is contained in 
ArchSite, an online cultural resource information system for South Carolina (SCIAA and SCDAH 
2017). ArchSite combines data from the state’s archaeological and built environment (i.e., 
historic resources) to provide researchers with an online source for cultural resources 
information. This dataset identifies known historic resources (buildings, structures, sites, 
landscape features, and districts) that are eligible for listing, but not listed on the NRHP; 
resources that require additional evaluation for NRHP eligibility; and resources that are not 
eligible for listing on the NRHP that would be exposed due to hazards. Archaeological sites 
that would be exposed due to hazards are also identified using this dataset.  

The 1-percent and 10-percent AEP flood scenario with three feet of sea level rise inundation can be 
viewed through the Combined Hazard Plus sea level rise layer in the Geoportal to demonstrate the 
exposure to coastal storm inundation and sea level rise in the future condition. The Coastal Critical 
Erosion Areas layer can be viewed to identify cultural resources exposed to coastal erosion. Wave 
attack can be evaluated via the SACS NOAA ESI CONUS Shoreline layer. Exposed shorelines have high 
and mixed wave energy while sheltered shorelines have low wave energy. Exposed shoreline types 
depict that a cultural resource may be exposed to wave attack with higher wave energy 
environments.  

SACS South Carolina Geoportal:  
https://data-
sacs.opendata.arcgis.com/pages/
tier-2-state-territory-appendices 

https://data-sacs.opendata.arcgis.com/pages/tier-2-state-territory-appendices
https://data-sacs.opendata.arcgis.com/pages/tier-2-state-territory-appendices
https://data-sacs.opendata.arcgis.com/pages/tier-2-state-territory-appendices
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 Tier 2 Vulnerability 
Vulnerability —susceptibility of harm when exposed to a hazard— considerations were included in 
several Tier 2 data sources and assessments.  

The Tier 2 Economic Risk Assessment incorporates vulnerability through its use of the FEMA’s Hazus 
model, which uses depth-damage functions. These depth-damage functions determine if an asset is 
flooded (negatively affected) and the consequences of the flooding (dollar damages).  

Social vulnerability characteristics are considered in 
FAAS detailed later in this Appendix. Additionally, the 
Environmental Justice Screening and Mapping Tool 
developed by the EPA can be used by follow-on 
analyses to identify factors that can contribute to a 
population’s vulnerability to coastal storms (EPA 2020).  

Vulnerability of environmental resources to coastal hazards and sea level rise was analyzed using the 
environmental vulnerability analysis described in the Environmental Technical Report (USACE 2021b). 
Overall, the majority of natural resources in the study area showed medium to medium-high 
vulnerability. Beach/dune areas and upland mixed forests showed high vulnerability. The results are 
described in more detail for each South Carolina Planning Reach in Sections 4.2.2.3 and 4.3.2.3, 
respectively. 

 Reporting Results: Planning Reaches and U.S. Census Bureau 
Geographic Types 
In addition to planning reaches, several results from Tier 1 and Tier 2 analyses are reported by 
geographic types defined by the U.S. Census Bureau, mainly census places and census blocks 
(Figure 4-16).  

EPA’s Environmental Justice 
Screening and Mapping Tool:  
https://ejscreen.epa.gov/mapper/ 

https://ejscreen.epa.gov/mapper/
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Figure 4-16: U.S. Census Bureau Geographic Entities (University of Pittsburgh 2010)  

 

 

The following description of these areas is excerpted from the University of Pittsburgh’s website 
(University of Pittsburg 2020):  

Counties and equivalent areas are the primary divisions of most states, Puerto Rico, and the Island 
Areas. They include counties in 48 states, parishes in Louisiana; boroughs and census areas in 
Alaska; municipios in Puerto Rico; independent cities in Maryland, Missouri, Nevada, and Virginia; 
and other entities in the Island Areas. 

Census places are concentrations of population such as cities, that have legally prescribed 
boundaries, powers, and functions.  

Census tracts generally contain between 1,000 and 8,000 people with an optimum size of 4,000 
people. Census tract boundaries are delineated with the intention of being stable over many 
decades, so they generally follow relatively permanent visible features. However, they may follow 
governmental unit boundaries and other invisible features in some instances; the boundary of a 
state or county is always a census tract boundary. 

Census blocks are statistical areas bounded by visible features, such as streets, roads, streams, 
and railroad tracks, and by nonvisible boundaries, such as selected property lines and city, 
township, school district, and county limits and short line-of-sight extensions of streets and roads. 

https://s3.amazonaws.com/libapps/accounts/67796/images/census_small_area_geography.jpg
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4.2  Planning Reach SC_03 Risk Assessment 
Planning Reach SC_03 encompasses Northeast South Carolina and includes the counties of Horry, 
Marion, Florence, Williamsburg, and Georgetown. 

 Planning Reach SC_03 Tier 1 
4.2.1.1 Planning Reach SC_03 Tier 1 Hazards 
Figure 4-17 displays both existing and future flood 
hazards for Planning Reach SC_03.  

The Category 5 MOM inundation extent covers a large 
portion of the study area. Planning Reach SC_03 has 
several federal and local CSRM projects that reduce the 
flood hazard along the beach. The 10-percent AEP inundation extent includes the tidal creek and 
swashes along the beach, the back bay areas of the barrier islands on the southern end of the reach, 
and the wildlife preserves near the Santee, Pee Dee, and Waccamaw Rivers and their tributaries. 
These rivers and the adjacent wetlands experienced significant flooding during Hurricanes Florence 
and Dorian. These flood hazards increase with the future scenario of sea level rise.  

4.2.1.2 Planning Reach SC_03 Tier 1 Exposure 
Figure 4-18 shows the three individual Tier 1 exposure 
indices as well as the CEI, composed of 60 percent 
population and infrastructure exposure, 30 percent 
environmental and cultural exposure, and 10 percent 
social vulnerability exposure. Areas of red and amber 
indicate higher densities of populations, infrastructure, environmental and cultural resources, 
habitat, and socially vulnerable populations. 
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Figure 4-17: Existing and Future Flood Hazard for Planning Reach SC_03 from the 10-Percent Annual 
Exceedance Probability Flood, the 1-Percent Annual Exceedance Probability Flood, and the Category 5 
Maximum of Maximum Water Levels 
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Figure 4-18: Exposure Indices for Planning Reach SC_03 
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Population and Infrastructure 

Based on the Tier 1 Population and Infrastructure Exposure Index analysis, four areas were identified 
within Planning Reach SC_03 as having large populations and critical infrastructure, resulting in a 
relatively high exposure to coastal storms and sea level rise. Population and infrastructure along the 
coast generally are exposed to coastal storms and sea level rise, with the highest exposure shown 
around the Myrtle Beach area. Population and infrastructure along waterways, such as Conway, are 
also exposed. The four areas that stand out are North Myrtle Beach, Myrtle Beach, Garden City, and 
Conway.  

Social Vulnerability 

Based on the Social Vulnerability Exposure Index analysis, areas on the coastline and inland were 
identified as having relatively high social vulnerability. There are many areas showing high and 
medium-high social vulnerability. The exposure is compounded when areas of high population and 
infrastructure exposure are also areas of high social vulnerability. The Tier 1 Social Vulnerability 
Exposure Index for Planning Reach SC_03 shows that Myrtle Beach has high exposure and high social 
vulnerability. Myrtle Beach was identified as vulnerable mainly because it has low-income 
populations, is home to a high minority population many of whom are linguistically isolated, and 
contains a large percentage of children under 5 and adults over 65. Conway also has high social 
vulnerability, mainly because of areas with a large percentage of adults over 65.  

Environmental and Cultural Resources 

The Tier 1 Environmental and Cultural Resources Exposure Index analysis identifies ecologically 
important natural areas or features that would be inundated during storm surge. It uses national land 
cover and wetlands datasets, along with information about federal-, state-, and local-managed or 
protected lands, endangered species, and critical habitat to identify important areas.  

Results of the Environmental and Cultural Resources Exposure Index for this planning reach show 
high exposure of tidal freshwater areas found in the lower Waccamaw National Wildlife Refuge 
(NWR). The Waccamaw NWR’s tidal freshwater forested and emergent wetlands are some of the 
most diverse freshwater wetland systems found in North America today, and they offer important 
habitats for abundant migratory birds, fish, and resident wildlife, including the endangered red-
cockaded woodpecker. These wetlands also play a critical role in filtration and stormwater retention 
of the primary drinking water resource for the greater Grand Strand region (USFWS 2020).  

The Environmental and Cultural Resources Exposure Index is also high for estuarine and freshwater 
wetlands found in and around Winyah Bay, including the managed lands of the North Inlet-Winyah 
Bay NERR and the Tom Yawkey Wildlife Heritage Preserve. The beach/dune portions of most of the 
barrier islands and less-developed portions of the Grand Strand are also high, including Waites Island, 
Huntington Beach State Park, Litchfield Beach, North Inlet, Long Island, North Island, and South 
Island. These areas provide habitat for shorebirds, wading birds, and nesting sea turtles. Most of 
these beach/dune systems in Planning Reach SC_03 are designated as critical habitat for piping 
plovers, which are an endangered species. Piping plover habitat also supports the threatened red 
knot. The beach/dune systems of North Island, South Island, and Cedar Island in Planning Reach 
SC_03 are also designated critical habitat for the threatened loggerhead sea turtle, and Long Island 
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contains the only natural population left in the state for the endangered plant species, seabeach 
amaranth. While there are only a few barrier islands in Planning Reach SC_03, most are uninhabited 
and protected from development by the Coastal Barrier Resources Act. 

Results of the Environmental and Cultural Resources Exposure Index show that this planning reach 
holds several areas of medium to high cultural resources exposure throughout the reach. In the 
Grand Strand region, Myrtle Beach and North Myrtle Beach, cultural resources reflect the settlement 
of the area from the early 1900s to 1950s and the associated economic changes from the Depression 
through Post World War II. The majority of cultural resources in this reach with a high and moderate-
high exposure are resources associated with the rice culture in South Carolina. The Pee Dee River Rice 
Planter’s Historic District consists of houses, outbuildings, and landscape features, such as historic 
rice fields with canals, dikes, and trunks (DOI 1988-a; DOI 1988-b; South Carolina Historic Properties 
Record. n.d.). Brookgreen Gardens, a botanical and sculpture garden that covers 1,600 acres and 
includes plantation sites, rice fields, and gardens, is located along the Waccamaw River near Oaks 
Island (DOI 1978; SCDAH n.d.-a). Hobcaw Barony, located within the North Inlet-Winyah Bay NERR is 
an approximately 15,700-acre tract listed on the NRHP (The Belle W. Baruch Foundation. n.d.; SCDAH 
n.d.-g). 

4.2.1.3 Planning Reach SC_03 Tier 1 
Vulnerability 

Vulnerability was incorporated into Tier 1 as described 
in the Overview Section 4.1.6.  

4.2.1.4 Planning Reach SC_03 Tier 1 High-
risk Locations 

The Composite Exposure Index and coastal flood 
inundation hazards were used to identify potential areas 
at risk. Risk is defined as a function of exposure and probability of hazard occurrence. The 
Engineering Appendix describes how each of the inundation hazards (Category 5 MOM, 1-percent 
AEP flood event, 10-percent AEP flood event) and sea level rise were combined with the Composite 
Exposure Index to generate potential risk data presented in the Tier 1 Risk Assessment.  
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Figure 4-19 displays current and future potential 
risk for Planning Reach SC_03. Red- and amber-
colored areas signify high and medium-high 
composite risk. Tier 1 analysis shows composite 
risk to be high in the following areas: Little River; 
North Myrtle Beach and along the coast to 
Garden City; Socastee; around North Conway, 
Conway, and Jamestown; and in the Sampit River area near Georgetown. There are also many areas 
of medium-high composite risk.  

For environmental resources, the Tier 1 composite risk analysis shows that many of the same 
environmental resources that were high in the Environmental and Cultural Resources Exposure Index 
are also high in the Composite Risk Index. An exception is some of the natural areas around Winyah 
Bay that were high in the Exposure Index appear to be medium in the Composite Risk Index. 
Additionally, some environmental resource areas that were low in the Exposure Index now appear to 
be medium-high in the composite risk index. This includes areas of the Waccamaw NWR along the 
Waccamaw River as it nears developed areas such as Socastee and Conway. The trend in increasing 
risk in the Waccamaw NWR is even more evident with sea level rise in the Future Composite Risk 
Index.  

 

SACS Tier 1 Risk Assessment Viewer:  
https://www.arcgis.com/apps/MapSeri
es/index.html?appid=c54beb5072a0463
2958f2373eb1151cf 

https://www.arcgis.com/apps/MapSeries/index.html?appid=c54beb5072a04632958f2373eb1151cf
https://www.arcgis.com/apps/MapSeries/index.html?appid=c54beb5072a04632958f2373eb1151cf
https://www.arcgis.com/apps/MapSeries/index.html?appid=c54beb5072a04632958f2373eb1151cf
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Figure 4-19: Existing Composite Risk Index and Future Composite Risk Index for Planning Reach SC_03 
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Tier 1 high-risk locations are those in which potential medium-high (amber) and high (red) composite 
risk exists. U.S. Census Bureau “census places” were used to define the boundaries of high-risk 
locations. Medium-high and/or high composite risk must cover at least 50 acres and 0.5 percent of 
the total area of a census place for it to be considered high risk. Tier 1 high-risk locations are 
summarized in Table 4-12 and shown in Figure 4-20 and Figure 4-21 for current conditions and future 
conditions respectively. 

In Planning Reach SC_03, the census places with medium-high and high risk include Myrtle Beach, 
Garden City, Conway, Red Hill, Little River, North Myrtle Beach, Socastee, Murrells Inlet, Georgetown, 
and Bucksport. Myrtle Beach has the highest risk in Planning Reach SC_03. 
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Figure 4-20: Planning Reach SC_03 High Risk Census Places 

 

With sea level rise, communities that are currently considered high-risk may have increasing areas at 
high-risk, and communities that are currently considered medium-high risk may become high-risk.  
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Figure 4-21: Planning Reach SC_03 Future High Risk Census Places 
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Forestbrook and Briarcliffe Acres have medium-high-risk under existing conditions but increase to 
high risk with sea level rise (Figure 4-21). Additionally, Surfside Beach is currently not at medium-high 
risk under existing conditions, but with sea level rise becomes high risk. All high-risk locations have 
greater than 50 acres at risk. Conway and Socastee have more than 2,000 acres currently at medium-
high and high risk (Figure 4-22). With sea level rise, Conway and Socastee’s acres at medium-high and 
high-risk increase, and Georgetown reaches more than 1,000 acres at medium-high and high risk 
(Figure 4-23). 

Figure 4-22 shows the acres currently at medium-high and high-risk, and Figure 4-23 shows acres at 
medium-high and high-risk under future conditions with three feet of sea level rise. 

 

 

Figure 4-22: Planning Reach SC_03 Acres Currently at Medium-high and High Risk. 

 

Figure 4-23: Planning Reach SC_03 Future Acres at Medium-high and High Risk. 
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While the emphasis is on the census places at medium-high and high-risk, all communities and 
environments within the modeled extent of a Category 5 hurricane inundation are at risk of a 
catastrophic surge event. This report is focused on parsing out how much risk is present in each 
location relative to the surrounding areas so that informed decisions can be made and resources 
deployed. Medium and low risk are still risk, and though it may be more urgent to attend to areas 
with larger areas of higher risk or more rapidly increasing risk, it is not necessarily any less important 
to attend to areas at relatively medium and low risk or with risk increasing at a slower rate. 
Additionally, not every location is captured in census places, but those that are not, are addressed in 
the Tier 2 analyses.  

 Planning Reach SC_03 Tier 2 
Tier 2 includes additional hazard, exposure, and vulnerability information to refine the Tier 1 Risk 
Assessment. As described subsequently, Tier 2 includes national data sources and evaluation tools as 
well as information specific to South Carolina. 

4.2.2.1 Planning Reach SC_03 Tier 2 Hazards 
Section 4.1.4 introduced the Tier 2 hazards. The 
following section explores Tier 2 hazards in greater detail 
for Planning Reach SC_03. 

The primary hazards assessed for Planning Reach SC_03 
are inundation, erosion, and wave attack caused by 
coastal storms. As with Tier 1, beaches swashes, the Atlantic Intracoastal Waterway (AIWW), back 
bay areas, and tidal rivers are subject to storm surge inundation and flooding. Areas along tidal rivers 
are also subject to compound flooding when there is heavy rainfall in the watershed as seen with 
Hurricanes Florence and Dorian. Beaches are subject to erosion caused by wave attack, which is 
generated from tropical cyclone winds. These hazards will increase with sea level rise.  

Figure 4-24 illustrates the combined inundation hazards from coastal storm flooding and storm surge 
from the South Carolina Department of Health and Environmental Control – Ocean and Coastal 
Resource Management’s Hazard Vulnerability Assessment (SCDHEC n.d.-a), as discussed in Section 
4.1.4.  
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Figure 4-24: Planning Reach SC_03 Inundation from Coastal Storm Flooding and Storm Surge (SCDHEC 
n.d.-a)  

 

With respect to inundation, it is the low-lying barrier islands of the southern coast of South 
Carolina—the Georgetown portion of Planning Reach SC_03—that are subject to the greatest hazards 
from potential inundation from storm surge or coastal storm flooding. Storm surge extending up the 
rivers such as the Waccamaw, as well as tidal creeks and swashes, results in inundation hazards in the 
inland areas as well.  

SCDHEC’s shoreline change initiative provides information on erosion for the state’s coastal 
shorelines (SCDHEC 2010). The assessment indicates that shorelines in the Planning Reach SC_03 
study area are fairly stable, as indicated by the green and yellow areas on the map in Figure 4-25. This 
may be because the public beaches are renourished regularly as part of federal CSRM projects. 
However, there are still hot spots of high erosion in other shoreline areas (as illustrated by the red 
areas on the map), such as Debordieu Beach and the various inlets. Some eroding areas have no 
human population but are of interest because of important habitat. 
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Figure 4-25: South Carolina Department of Health and Environmental Control-Ocean and Coastal 
Resource Management Critically Eroded Beaches, Planning Reach SC_03 (SCDHEC n.d.-a) 

 

Areas of shoreline erosion are also identified by SCDHEC’s South Carolina Beachfront Jurisdictional 
Lines Setback line assessment from 2016-2018 (SCDHEC n.d.-b). Table 4-10 shows the erosion rates 
for beachfront areas in Planning Reach SC_03, most which have benefited from various stabilization 
projects over time.  

Table 4-10: Summary of Shoreline Changes Rates in SC_03 (SCDHEC n.d.-b) 

Location Stabilization Method Erosion Rate Populated 
Debidue Beach EC, BN 1–5.3 feet/year Yes 

Garden City Beach  
EC, CSRM , RSM/ 
Beneficial Use of 
Dredged Material (BUD) 

<2 feet/year Yes 

Litchfield Beach   0. –7.19 feet/year Yes 
Huntington Beach State Park RSM/BUD <2 feet/year No 
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Location Stabilization Method Erosion Rate Populated 
Myrtle Beach EC, CSRM < 1 feet/year Yes 
North Myrtle Beach  CSRM 0–4.4 feet/year Yes 
Pawleys Island EC, BN <2 feet/year  

Singleton Swash to White Point 
Swash (Arcadian Shores)  EC, BN <1 feet/year Yes 

Surfside Beach to Springmaid Pier  EC, CSRM <1 feet/year Yes 
Waties Island  RSM/BUD No 

KEY: 
BN = Beach nourishment in the past or ongoing 
EC = Erosion control projects 
RSM/BUD = Regional sediment management, beneficial use of dredged material project 
CSRM = Coastal Storm Risk Management federal project 

 

4.2.2.2 Planning Reach SC_03 Tier 2 Exposure 
This section highlights details of the Tier 2 exposure—
who/what may be impacted—for Planning Reach 
SC_03. An overview of each exposure element is 
presented in Section 4.1.5. 

Population and Infrastructure Exposure 

The following Hazus outputs provide a basis for understanding the current exposure of population 
and infrastructure. The population and infrastructure exposed to existing and future coastal storm 
hazards is that within the inundation extent of the FEMA Category 5 storm for Georgetown, Horry, 
Marion, and Williamsburg Counties. Population data are taken from the Hazus National Structure 
Inventory for structures with a footprint within a Category 5 storm.  

Figure 4-26 displays infrastructure data from the NSI that is within the footprint of the 0.2-percent 
AEP event floodplain plus three feet of sea level rise. Figure 4-26 shows the proportional relationship 
in exposure values between the general infrastructure types. 
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Figure 4-26: Planning Reach SC_03 Estimated Infrastructure Exposure (USACE n.d.) 

 

The estimated infrastructure value in Planning Reach SC_03 is approximately $128.8 billion. The 
greatest value is estimated to be in single-family and other residential infrastructure, at more than 
$95 billion when combined. Commercial infrastructure follows with over $27 billion. Industrial is 
estimated at more than $2.5 billion. Religious infrastructure is estimated at over $1 billion, 
government infrastructure at nearly $1 billion, education at over $600 million, and agriculture at 
more than $250 million. 

Forecasted Population Housing Density: 

The Tier 2 exposure analysis used EPA ICLUS data to evaluate future population and residential 
development (EPA 2009). Figure 4-27 represents the forecasted increase in development derived 
from ICLUS data for SC_03 using the B2 scenario for housing density increase, from 2020 to 2100. The 
B2 scenario assumes a moderate increase in population, economic development, fertility, mortality, 
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and migration. Housing density data are based on open, undeveloped space. ICLUS data were 
computed at a national level and do not include all local land use or planning and development 
considerations. These projections represent development pressure, not planned or feasible 
development. The Tier 1 analysis 1-percent and 10-percent AEP flood extent with three feet of sea 
level rise were compared to the ICLUS data to demonstrate future development exposure to coastal 
storm inundation and sea level rise by 2100.  

The outputs indicate development pressure is likely to occur all along the coast, with emphasis on the 
areas from Georgetown up the coast to the state border with North Carolina, and inland to Conway. 
Andrews will also experience development pressure. Development within the 1-percent and 10-
percent AEP flood extent with three feet sea level rise will be exposed to coastal storm hazards, 
including storm surge.  

The ICLUS data are available in the SACS Geoportal and can provide information about where 
development pressure may overlap with the 10-percent and 1-percent AEP flood events in the future 
condition. The 10-percent AEP flood event has the highest probability of occurrence. 

The ICLUS data can also be compared to environmental layers to inform where projected future 
development may overlap with at-risk environmental resources that may need to migrate landward 
to higher elevation as sea levels rise. For example, users can compare the SACS Environmental 
Resource Inundation Risk and NFWF Resilience Hubs layers to the ICLUS data to identify potential 
areas of conservation or acquisition measures, and address the problem related to loss of critical 
habitat. Reducing the loss of important habitat can also maintain natural storm damage reduction 
benefits from environmental resources such as marsh wetlands and forested marshes.  
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Figure 4-27: Housing Density Projections 2020 through 2100 for SC_03 
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Population and Social Vulnerability 

Using information and datasets from the EPA, vulnerability based on environmental and demographic 
indicators can be analyzed using the EPA’s Environmental Justice Screening and Mapping Tool.  

The Tier 1 Social Vulnerability Exposure Index accounts 
for social vulnerability exposure, but the Environmental 
Justice Screening and Mapping Tool provides more 
specific data layers related to social vulnerability.  

For example, Murrells Inlet, a community largely in the 10-percent AEP, has a large percentage of 
people over the age of 65, who may be vulnerable based on age. The tool includes several 
vulnerability factors throughout the United States, including in Planning Reach SC_03.  

Environmental and Cultural Resources Exposure 

The Tier 2 environmental resources exposure analysis identified the following natural areas in 
Planning Reach SC_03: four palustrine wetland subcommunities, five estuarine wetland 
subcommunities, lacustrine wetlands, two riverine subcommunities, coastal beaches/dunes, barrier 
islands, marsh hammocks, dry long leaf pine forest, maritime forest, mesic forest, upland and mixed 
forest/dry scrub shrub thicket, grasslands/early successional communities, and swashes. More details 
of the Tier 2 environmental resources exposure characterization can be found in the Environmental 
Technical Report (USACE 2021b). It includes a description of each natural community/subcommunity 
found in the study area and a summary of important species that they support. The characterization 
also indicates where the exposed natural community has protected status within the study area. 

Several areas in the reach that feature cultural resources are exposed to coastal hazards of 
inundation, erosion, and wave attack. The numbers referenced for cultural resources are current as 
of June 2021. However, the datasets used (i.e., ArchSite, NRHP) are consistently updated. Historic 
resources account for the most abundant resource type in SC_03 (with 3,015 historic resources 
identified). The highest concentration of historic resources (874 historic resources) is located in Horry 
County in the North Myrtle Beach and Myrtle Beach areas. The majority of these resources are 
residential structures that date from the early 1900s to 1950s and are located near the shoreline in 
heavily developed and populated areas. Refer to the Tier 2 Cultural Resources Appendix for more 
information on exposure of cultural resources. 

Archaeological sites are the second-most abundant resource type in the reach (with 1,290 
archaeological sites). These sites are scattered throughout the reach, but concentrations can be 
found in close proximity to rivers, creeks, streams, and marshes. The highest concentration of 
archaeological sites is found in Georgetown County (615 archaeological sites). High concentrations of 
sites are located near the Waccamaw River that date to both the prehistoric and historic periods. 

There are 28 resources classified as historic areas in the reach. These resources are historic districts, 
boundary expansions, or multiple resource areas that are eligible for, but not listed on the NRHP, 
contribute to an existing historic district, or have been determined not eligible for listing. The area 
surrounding Georgetown contains numerous historic areas that are related to the rice culture in 
South Carolina. 

EPA’s Environmental Justice 
Screening and Mapping Tool:  
https://ejscreen.epa.gov/mapper/ 

https://ejscreen.epa.gov/mapper/
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4.2.2.3 Planning Reach SC_03 Tier 2 Vulnerability 
An overview of the incorporation of vulnerability into 
the Tier 2 analysis is described in greater detail in the 
Overview (Section 4.1.6) of this appendix. The Tier 2 
Economic Risk Assessment used FEMA’s Hazus model to 
estimate damages to infrastructure. Hazus uses damage 
functions to represent the vulnerability of different types of infrastructure to flood hazards and to 
estimate the impact of flooding. The consequences of infrastructure impacts are represented in 
dollars. For more information regarding the application of the Hazus model, refer to the Tier 2 
Economic Risk Assessment. Information on environmental and cultural resources vulnerability to 
specific hazards, such as erosion, is provided subsequently.  

Environmental Resources 

The Tier 2 environmental resources analysis included an assessment of whether environmental 
resources were vulnerable to coastal hazards in Planning Reach SC_03. This was done by qualitatively 
evaluating and assigning vulnerability scores of the exposed environmental resources to several 
coastal hazards: storm surge inundation including short-term saltwater inundation and sea level rise 
including long-term saltwater intrusion, erosion, and wind. Vulnerability scores were classified as 
high, medium, and low, depending on a resource’s susceptibility to harm if exposed to the hazard. 
These are presented in full in the Environmental Technical Report (USACE 2021b), along with the 
methods. South Carolina’s beaches, dunes, and upland mixed forests scored the highest for 
vulnerability, followed by dry longleaf pine forests and mesic forests, wet pine flatwoods and 
bottomland hardwood forests and swamps, and maritime deciduous forests (Figure 4-28). 

The Tier 2 environmental resources analysis considered natural area vulnerability to several hazards 
other than flooding. For example, saltwater intrusion from sea levels rising into tidal freshwater 
marshes will contribute to an upward and inland shift in habitat because bottomland hardwood 
habitats in the Waccamaw NWR are very sensitive to salinity and flooding patterns. Many threatened 
and endangered species can be found in the Waccamaw NWR; according to the USFWS, reptiles, 
amphibians, and fish will be the first organisms to adapt or be eradicated in such refuges (USFWS 
2020). The inland migration of habitats due to salinity intrusion will be exacerbated under conditions 
of prolonged coastal drought when less freshwater is entering the system; therefore, salinity 
intrusion was considered in the Tier 2 analysis. 

While spatial data used in the Tier 2 analysis do not necessarily capture the vulnerability of the 
swashes along the Grand Strand, stakeholder input informed the inclusion of these unique, naturally 
occurring hydrologic features in the Tier 2 analysis. Swashes require special attention when 
considering flooding impacts along the Grand Strand. Swashes are tidal creeks that drain directly 
from inland communities to the Atlantic Ocean, rather than into estuaries. Many of the swashes have 
been altered over time by development along the Grand Strand, and are known for harboring 
stormwater runoff, creating water quality issues, and producing localized flooding. Since they have a 
direct connection to the ocean, they are also subject to direct storm surge. Stakeholders identified 
several swashes in need of stabilization to reduce erosion and sedimentation that further exacerbate 
flooding.  
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Figure 4-28: Map of Vulnerability Rating for Environmental Resources in Planning Reach SC_03 
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Cultural Resources 

Based on a qualitative assessment of vulnerability, historic structures located on barrier island, along 
the coast, and in low lying areas face vulnerability due to storm surge inundation, erosion, and wave 
attack (Table 4-11). This table is not all-inclusive and is meant to communicate the types of cultural 
resources that may exist in these areas and the types of vulnerability that they may face. A selection 
of historic properties and districts are highlighted due to their NHRP status, stakeholder input 
regarding their historical significance, and concern for continued preservation due to their higher 
exposure rating. General information is also included regarding the presence of archaeological sites in 
areas of higher exposure. Storm surge inundation along the coast and reaching up rivers to low lying 
areas will flood historic properties and damage buildings. Damage may include, but is not limited to, 
structural damage and destruction of historic materials (e.g., furniture, textiles, archives). The 
aftermath of a storm can pose long-term issues, such as the development of mold, mildew, and other 
potentially toxic residues. Erosion and wave attack pose threats to historic properties and both 
terrestrial and submerged archaeological sites. Significant structural damage can be caused to historic 
properties by wave attack. Erosion can eliminate surface evidence of archaeological sites, wear away 
site layers, and displace materials from various cultural layers making recovery and interpretation 
challenging if not impossible. Erosion will impact features more severely due to the disturbed nature 
of the soil, while leaving intact topographic layers less damaged. Strong currents cause hydrographic 
change that can displace submerged cultural resources, including historic wrecks, as well as obscure 
or damage these resources due to storm debris. Currents and even wind can uproot trees and other 
vegetation, which can serve as a major source of disturbance and destruction for both historic 
properties and archaeological sites. 

Table 4-11: Vulnerability of Exposed Cultural Resources Areas to Tier 2 Hazards in Planning Reach 
SC_03  

Exposed Cultural Resource Area  
Tier 2 Hazards 

Storm Surge 
Inundation Erosion Wave Attack 

Murrells Inlet 
Atalaya Castle Y Y Y 
Prehistoric shell mounds/middens Y Y Y 

Pawleys Island 
Pawleys Island Historic District Y Y Y 
Hobcaw Barony Y N N 
Prehistoric shell mounds/middens Y Y Y 

Georgetown 
Brookgreen Gardens Y Y N 
Georgetown Historic District Y Y N 

Socastee Socastee Historic District Y N N 
Myrtle Beach Myrtle Beach Downtown Historic District Y Y Y 
Waites Island Fort Randall Y Y Y 

 

Within this planning reach, there are several plantation sites, historic districts, historic forts, and 
archaeological sites, including shell mounds and middens, along the coast and on barrier islands that 
are susceptible to damages from coastal storm hazards, including storm surge inundation, erosion, 
and wave attack. A few of the most susceptible resources are Hobcaw Barony, Fort Randall, and the 
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archaeological sites on the barrier islands. While some historic districts have protections, such as sea 
walls, in place to minimize vulnerability, many of the historic structures are vulnerable to storm surge 
inundation and the associated damage that it brings. Pawleys Island, Georgetown, Socastee, and 
Myrtle Beach Downtown are a few examples of historic districts that could be severely impacted by 
storm surge inundation, especially if protection measures fail or are not sufficient to protect against 
more extreme storm episodes. Historic and archaeological sites on barrier islands such as Pawleys 
and Waites Islands are susceptible to damages primarily from erosion and wave attack.  

4.2.2.4 Planning Reach SC_03 Tier 2 High-risk Locations 
High-risk locations were determined from data 
presented in the hazard, exposure, and vulnerability 
sections. High-risk locations are summarized in Table 
4-12. For Planning Reaches SC_03 and SC_04, a “high-risk 
location” was defined as any location with estimated 
infrastructure damages characterized as medium, medium-high, or high; and/or an erosion rate 
greater than three feet per year; and/or cultural or environmental resources identified as at risk.  

Population and Infrastructure 

Hazus was used to identify locations of infrastructure damage risk from flooding. The model was run 
on a census tract scale, but the final results are summarized by census place. First floor elevations in 
vulnerable areas were accounted for in the Hazus analysis if the homes were on a foundation type 
that was represented as elevated at the time household data was being collected. Census places that 
have medium to high-risk in the existing condition include the following:  

• Litchfield, Pawleys, and Debordieu 

• South Garden City 

• North Myrtle Beach 

In the future condition with three feet of sea level rise, many of the existing medium- to high-risk 
areas have increased damages. Many of the areas that had low to low-medium risk become medium-
risk locations. These census places include the following:  

• Murrells Inlet 

• Georgetown 

• North Georgetown 

• Garden City 

• Socastee 

• Little River 

• Surfside Beach 
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• Arcadian Shores 

• Forestbrook 

• North Surfside Beach 

Environmental and Cultural Resources 

In order to refine the environmental resources at risk in Planning Reach SC_03, the Tier 2 vulnerability 
indices were multiplied against the Tier 1 Risk Assessment combined hazard plus sea level rise. The 
environmental resources at risk were classified into three categories: high, medium, and low 
potential risk. The detailed methods can be found in the Environmental Technical Report (USACE 
2021b). 

The Tier 2 environmental resources risk assessment affirmed many of the high- and medium-high-risk 
natural resource areas identified for Planning Reach SC_03 in the Tier 1 composite risk assessment, 
while providing more specificity of the resources at risk. For example, the Tier 2 analysis reveals the 
beaches, wetlands, and forests in the Tom Yawkey Wildlife Heritage Preserve (including North, South, 
and Cat Islands) are at risk, as well as the shorelines, maritime forests, and salt marshes in Huntington 
Beach State Park. Salt marshes found in Little River Inlet, along the Little River portion of the AIWW, 
Murrell’s Inlet, and North Inlet, which provide valuable estuarine habitat and protective services (e.g., 
water quality and retention), are also shown to be at medium-high risk. Tidal freshwater wetlands 
and forested wetlands dominate the area of medium-high risk up the Waccamaw River along Sandy 
Island, the AIWW, and through the City of Conway, which are consistent with areas targeted for 
coastal hazard resilience by TNC in their North Coast Resilience Project (TNC 2019). A subset of 
natural areas or features at medium to high risk to storm surge inundation and sea level rise in 
Planning Reach SC_03 have been identified as PEAs, some with identified cultural resources. PEAs 
support priority biological resources (defined in the Planning Aid Report (USFWS 2020) as federally 
listed threatened and endangered species, waterbird nesting colonies, breeding and wintering 
shorebirds, or other managed species) and are considered high priorities for others including state 
and federal agencies and non-governmental organizations (for example, USFWS critical habitats or 
national wildlife refuges, Audubon Important Bird Areas, state heritage preserves and wildlife 
management areas, areas of national and state environmental significance, etc.). These areas can be 
considered by stakeholders when looking for environmental resources to conserve and/or manage. 
Designation as a PEA by USACE does not create a special legal protection or status of the area and 
does not change how the area is regulated under federal and state laws.  

The PEAs in Planning Reach SC_03 are shown in Figure 4-29, and include: 

• Waties Island 

• Huntington Beach State Park 

• Brookgreen Gardens (also an exposed cultural resources site) 

• Waccamaw National Wildlife Refuge 

• Sandy Island 
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• North Inlet-Winyah Bay National Estuarine Research Reserve (co-located with Habcaw Barony, 
which is an exposed cultural resource site) 

• Tom Yawkey Wildlife Heritage Preserve 

A description of each of these PEAs can be found in the Environmental Technical Report, as well as 
information on the methodology used to identify the PEAs. 

 

Figure 4-29: Priority Environmental Areas identified for Planning Reach SC_03. (Note: While the 
Santee Coastal Reserve is a PEA that overlaps with Planning Reach SC_03, it is included as part of 
Planning Reach SC_04.) 
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Cultural Resources 

Based on a qualitative assessment of risk, historic structures and archaeological sites on barrier 
islands and in low lying areas are highly susceptible to damage from storm surge inundation, erosion, 
and wave attack, especially as the risk for sea levels rise increases. These areas are considered as at-
risk cultural resources areas due to the fact that all structures would be vulnerable to the hazards and 
are therefore considered to be most at risk. The northern and southern tips of barrier islands tend to 
be hot spots for erosion, so any historic properties and/or archaeological sites in these areas would 
be at most risk of damage and destruction from storm surge inundation, erosion, and wave attack.  

While threats may be posed to historic resources and archaeological sites due to development on 
barrier islands, such as Pawleys Island, and in low-lying areas, such as Myrtle Beach, storm protection 
measures that are put in place to protect those developed areas can aid in the protection of 
archaeological sites. Strom events pose a greater risk on lesser developed barrier islands, such as 
Waites Island, that have limited or no protective measures present. Undeveloped marsh regions 
between and behind islands where many resources are located are typically inundated by flood 
events that exceed the 10-percent AEP flood level.  

Damage to historic properties can sometimes be repaired, but this can be costly and may lack support 
if more essential recovery efforts are needed in the area to restore infrastructure. Archaeological 
sites are non-renewable resources that cannot be replaced once lost. Loss of historic properties and 
archaeological sites not only means a loss to the historical record that helps us to understand and 
explain past lifeways, but it can also mean a loss to local tourism. Visitors are drawn to this planning 
reach due to the many historical districts and historic forts. Damage caused by storms has in some 
instances meant the complete loss of all or portions of historic properties. Years of costly repairs can 
close these sites indefinitely until the site can be restored and are deemed safe for visitors. The loss 
of archaeological sites could pose a significant hit to the academic community and thereby limiting 
research into and interpretation of prehistoric and historic sites in this reach. 

 Planning Reach SC_03 Summary of High-risk Locations 
There are over 20 high-risk locations in SC_03. High-risk 
locations are tied to the problem statements which were 
focused on the damages caused by storm surge and 
erosion to communities and ecosystems. The following 
criteria was used to identify high-risk locations: 

• Identified as a high-risk location in the Tier 1 Risk Assessment under existing or future 
conditions.  

• Identified as a location with medium, medium-high, or high risk in the Tier 2 Economic Risk 
Assessment. 

• Tier 2 analysis identified a cultural resource at risk. 

• Tier 2 analysis identified an environmental resource at risk. 
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The above criteria were used to identify the following high-risk areas for SC_03: 

• Georgetown County 

▪ Murrells Inlet 

▪ Pawleys Island 

▪ Georgetown 

▪ Andrews 

▪ Litchfield, Pawleys, and Debordieu area 

▪ North Georgetown 

▪ South Garden City 

▪ North, South, and Cat Islands 

▪ Sandy Island 

• Horry County 

▪ North Myrtle Beach 

▪ Garden City 

▪ Socastee 

▪ Little River 

▪ Surfside Beach 

▪ Myrtle Beach 

▪ Forestbrook 

▪ Briarcliffe Acres 

▪ Bucksport 

▪ Conway 

▪ Red Hill 

▪ Arcadian Shores 

▪ North Surfside Beach 

▪ Waties Island 
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Note that erosion greater than three feet per year is pervasive throughout coastal South Carolina, but 
is a priority concern where structures, infrastructure, or cultural or environmental resources are at 
risk. It was not used as criteria to identify high-risk places but is shown in the table to aid 
understanding of the problems facing these high-risk areas.  

Table 4-12 displays Planning Reach SC_03 high-risk locations identified through the Tier 1 and Tier 2 
analyses. The table notes in which tier the location was identified as high risk, any structural damages 
resulting from flooding as estimated by Hazus, high erosional areas, and results of the environmental 
and cultural resources risk assessments. 
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Table 4-12: Summary of High-risk Locations for Planning Reach SC_03  

Planning Reach SC_03 
Tier 1 Tier 2 

Tier 1 Risk Assessment Tier 2 Economic Risk Assessment (ERA) SCDHEC At-Risk Cultural Resources At-Risk Environmental Resources 

County Census Place or 
Location Name 

Identified as 
Existing High-
risk Location 

Identified as 
Future High-
risk Location 

Existing Economic 
Rick (EAD, FY18 

Dollars) 
ERA Rating 

Future Economic 
Risk (EAD, FY18 

Dollars) 
ERA Rating Erosion Greater 

than 3 feet/year 

Identified as Area 
with Cultural 

Resource At-Risk 

Cultural 
Resource Name 

Identified as Area 
with PEA or 

Resource At-Risk 
Environmental Resource Name 

Georgetown Murrells Inlet X X $6,095,000 Low-Med $12,824,000 Med X n/a n/a X 

saltmarshes, Brookgreen Gardens 
Forested Wetlands, Huntington Beach 
State Park Beach, and Back Bay Salt 
Marshes 

Georgetown Pawleys Island n/a n/a $2,873,000 Low $5,742,000 Low-Med X X Historic District X Beach and Back Bay Saltmarshes 

Georgetown Georgetown X X $2,300,000 Low $9,407,000 Med n/a n/a n/a X 
Saltmarshes, Freshwater (Fw) Wetlands 
and Forested Wetlands, North Inlet-
Winay Bay NERR, Waccamaw NWR 

Georgetown Andrews n/a n/a $0 Low $0 Low n/a n/a n/a X Fw Forested Wetlands 

Georgetown Litchfield, Pawleys, 
and Debordieu n/a n/a $36,237 Med-High $76,572 High X X Atalaya Castle X 

Litchfield Beach and Back Bay 
Saltmarshes, Dobordieu Beach, Back bay 
Saltmarshes, Maritime Forest 

Georgetown North Georgetown n/a n/a $4,409 Low-Med $11,503 Med n/a n/a n/a n/a n/a 
Georgetown South Garden City n/a n/a $6,287 Med $11,549 Med n/a n/a n/a n/a n/a 

Georgetown North, South, and Cat 
Islands n/a n/a n/a n/a n/a n/a X n/a n/a X Tom Yawkey Wildlife Heritage Preserve 

Beach, Saltmarshes, Fw Wetlands 

Georgetown Sandy Island n/a n/a n/a n/a n/a n/a  n/a n/a X Fw Wetlands and Forest 

Horry North Myrtle Beach X X $30,340,000 High $55,423,000 High X n/a n/a n/a n/a 
Horry Garden City X X $6,900,000 Low-Med $16,183,000 Med n/a n/a n/a X Back Bay Salt Marshes 
Horry Socastee X X $5,997,000 Low-Med $14,076,000 Med n/a n/a n/a X Fw Wetlands along AIWW 
Horry Little River X X $4,832,000 Low-Med $7,765,000 Med n/a n/a n/a X Saltmarshes along AIWW 
Horry Surfside Beach  X $3,937,000 Low-Med $8,501,000 Med n/a n/a n/a n/a n/a 

Horry Myrtle Beach X X $2,314,000 Low $6,968,000 Low-Med n/a n/a n/a X Myrtle Beach State Park Beach and Fw 
Forested Wetlands 

Horry Forestbrook n/a X $607,000 Low $1,823,000 Low n/a X Historic District n/a n/a 

Horry Briarcliffe Acres n/a X $21,000 Low $52,000 Low n/a n/a n/a X Long Pond Fw Wetlands, Forest 

Horry Bucksport X X $0 Low $61,000 Low n/a n/a n/a X Waccamaw NWR Fw Wetlands and 
Forested Wetlands 
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Planning Reach SC_03 
Tier 1 Tier 2 

Tier 1 Risk Assessment Tier 2 Economic Risk Assessment (ERA) SCDHEC At-Risk Cultural Resources At-Risk Environmental Resources 

County Census Place or 
Location Name 

Identified as 
Existing High-
risk Location 

Identified as 
Future High-
risk Location 

Existing Economic 
Rick (EAD, FY18 

Dollars) 
ERA Rating 

Future Economic 
Risk (EAD, FY18 

Dollars) 
ERA Rating Erosion Greater 

than 3 feet/year 

Identified as Area 
with Cultural 

Resource At-Risk 

Cultural 
Resource Name 

Identified as Area 
with PEA or 

Resource At-Risk 
Environmental Resource Name 

Horry Conway X X $0 Low $365,000 Low n/a n/a n/a X Fw Wetlands along Wacammaw River 

Horry Red Hill X X $0 Low $48,000 Low n/a n/a n/a X Waccamaw NWR Fw Wetlands and 
Forested Wetlands 

Horry Arcadian Shores n/a n/a $3,696 Low-Med $6,077 Med n/a n/a n/a n/a n/a 
Horry Forestbrook n/a n/a $2,779 Low-Med $9,196 Med n/a n/a n/a n/a n/a 
Horry North Surfside Beach n/a n/a $3,583 Low-Med $8,095 Med n/a n/a n/a n/a n/a 

Horry Waties Island n/a n/a n/a n/a n/a n/a n/a X  X Beach, Maritime, Back Bay Saltmarshes 
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4.3  Planning Reach SC_04 Risk Assessment 
Planning Reach SC_04 encompasses Southeast South Carolina and includes the counties of 
Charleston, Berkeley, Dorchester, Colleton, Hampton, Jasper, and Beaufort. 

 Planning Reach SC_04 Tier 1 
4.3.1.1 Planning Reach SC_04 Tier 1 Hazards 
Figure 4-30 displays both existing and future flood 
hazards for Planning Reach SC_04. 

Category 5 MOM inundation extends a significant 
distance inland largely because of the number of rivers, 
extensive marshes, and the low topography in the study 
area. Within SC_04, the 10-perent AEP hazard extends to back bay areas of the barrier islands, the 
uninhabited barrier islands along the AIWW and wildlife preserves around the Santee River, the wide 
areas of Port Royal Sound and St. Helena Sound, and the major rivers of the Cooper, Wando, Ashley, 
Santee, and ACE basin rivers and their tributaries that extend a significant distance inland. The hazard 
increases with future sea level rise.  

4.3.1.2 Planning Reach SC_04 Tier 1 Exposure 
Figure 4-31 shows the three individual Tier 1 exposure 
indices as well as the Composite Exposure Index, 
composed of 60 percent population and infrastructure 
exposure, 30 percent environmental and cultural 
resources exposure, and 10 percent social vulnerability 
exposure. Areas of red and amber indicate higher densities of populations, infrastructure, 
environmental and cultural resources, habitat, and socially vulnerable populations. 
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Figure 4-30: Existing and Future Flood Hazard for Planning Reach SC_04 from the 10-Percent Annual 
Exceedance Probability Flood, the 1-Percent Annual Exceedance Probability Flood, and the Category 5 
Maximum of Maximum Water Levels 
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Figure 4-31: Exposure Indices for Planning Reach SC_04 
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Population and Infrastructure 

Based on the Tier 1 Population and Infrastructure Exposure Index, two areas were identified within 
Planning Reach SC_04 as having large populations and critical infrastructure, resulting in a relatively 
high exposure to coastal storms and sea level rise. The highest exposure is shown in the Charleston 
metropolitan area, including along its coast and waterways. Some of the metro area’s highest 
exposure is in Goose Creek, along Rivers Avenue, in Hanahan, North Charleston, and on the 
Charleston peninsula. The second area is the Hilton Head Island area, which reaches a medium-high 
exposure for population and infrastructure.  

Social Vulnerability 

Based on the social vulnerability exposure analysis, areas on the coastline and inland were identified 
as having relatively high social vulnerability. There are many areas showing high and medium-high 
social vulnerability, but their vulnerability becomes a more significant concern if they are also 
exposed as shown in the preceding population and infrastructure section. The Tier 1 Social 
Vulnerability Exposure Index for Planning Reach SC_04 shows that in the Charleston metro area there 
are many areas with high social vulnerability exposure, mainly due to low income, minority status and 
linguistic isolation, and areas where there is a large percentage of the population under 5 or over 65 
years of age. In the Hilton Head Island area, an area with medium-high exposure, there is high social 
vulnerability near the Hilton Head Airport, mainly due to low income, minority status and 
linguistically isolated, and a large percent of the population under 5 or over 65 years of age.  

Environmental and Cultural Resources 

Results of the Environmental and Cultural Resources Exposure Index for Planning Reach SC_04 show 
high exposure for estuarine emergent wetlands found at the Santee Coastal Reserve, Daws Island 
Heritage Preserve, and Charles Towne Landing State Park, which are state-managed areas. Estuarine 
emergent wetlands are also high exposure within the Cape Romain NWR, ACE Basin NWR, and within 
the ACE Basin NERR. These wetlands support a range of migratory birds and serve as nursery habitat 
for blue crabs, oysters, shrimp, and other economically important fish, such as red drum. Freshwater 
forested wetlands found in certain areas of the Francis Marion National Forest and the ACE Basin 
NWR that include important migratory bird habitat are also high; however, most of the forested lands 
are shown to have low exposure. Beach and dunes on many of the barrier islands in Planning Reach 
SC_04 show high exposure, including those around Cape Romain, Kiawah Island down to Edisto 
Island, Otter Island, from Hunting Island down to St. Phillips Island, Daufuskie Island, and Turtle 
Island. These areas provide habitat for shorebirds, wading birds, and nesting sea turtles, with their 
beach and dune systems designated as critical habitat for endangered loggerhead sea turtles and 
piping plovers. Piping plover habitat also supports the threatened red knot. Many of the barrier 
islands in Planning Reach SC_04 are also CBRA-protected areas. 

Results of the Environmental and Cultural Resources Exposure Index exposure analysis shows that 
this planning reach holds several areas of medium to high cultural resources exposure throughout the 
reach. Cultural resource types located in high to moderately-high exposure areas are diverse in this 
reach. Cultural resources in the vicinity of Charleston reflect the early colonization of the region in the 
late 1600s and the region’s growth through the mid-1960s (SCDAH n.d.-b). Several National Register-
listed sites are located within and near the ACE Basin National Estuarine Research Reserve and the 
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ACE Basin National Wildlife Refuge and Edisto Island. The remains of Willtown Bluff, the second 
planned town to be established in South Carolina, are documented through standing structures and 
archaeological remains (DOI 1974). Grove Plantation, located on Edisto Island, is a plantation house 
site built in 1828 (SCDAH n.d.-f). The house is an excellent example of late Federal period plantation 
homes in the low country. Two other NRHP-listed resources are plantation sites associated with the 
production of cotton. The barrier islands of Daufuskie, Hilton Head, Fig, and St. Helena contain 
cultural resources as well as modern day communities associated with South Carolina’s Gullah culture 
(SCDAH n.d.-c; SCDAH n.d.-d).  

4.3.1.3 Planning Reach SC_04 Tier 1 
Vulnerability 

Vulnerability was incorporated into Tier 1 as described in 
the Overview Section 4.1.3.  

4.3.1.4 Planning Reach SC_04 Tier 1 High-risk Locations 
The Composite Exposure Index and coastal flood 
inundation hazards were used to identify potential areas 
at risk. Risk is a function of exposure and probability of 
hazard occurrence. The Engineering Appendix describes 
how each of the inundation hazards (Category 5 MOM, 
1-percent flood event, 10-percent flood event) and sea level rise were combined with the Composite 
Exposure Index to generate potential risk data presented in the Tier 1 Risk Assessment.  

Figure 4-32 displays both current and future potential risk for Planning Reach SC_04. In Figure 4-32 
Tier 1 “high-risk locations” are those in which potential medium-high (amber) and high (red) 
composite risk exists.  

Red and amber areas signify high and medium-high composite risk. Tier 1 analysis shows composite 
risk to be high in the following areas: along the Charleston Harbor and the Ashley and Cooper Rivers 
all the way up to Dorchester Estates, Goose Creek, and Monck’s Corner; around Beaufort, Port Royal, 
Shell Point, and Burton; parts of Hilton Head Island and along the May River to the Bluffton area.  

With respect to environmental resource areas, there were some differences in the results of the 
Environmental and Cultural Resources Exposure Index and Composite Risk Index (CRI). For example, 
some of the barrier islands that were high in the exposure index were medium in the CRI, including 
Otter Island, Capers Island, Kiawah Island, and Seabrook Island. Most of the Francis Marion Forest, 
which had medium exposure, is shown as having low risk or as not being at risk in the CRI. 

There were also differences in the Charleston, Beaufort, and Hilton Head areas. The Tier 1 
Environmental and Cultural Resources Exposure Index did not identify sizable areas of environmental 
resources with high exposure, with the exception of the barrier islands and back bays and some 
smaller protected or managed lands. However, in the CRI, the marshes and tidal creeks that surround 
these population centers are shown as being at either medium-high or high risk. Sea level rise will 
increase risk to these areas. 
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Figure 4-32: Existing Composite Risk Index and Future Composite Risk Index for Planning Reach SC_04 
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Tier 1 high-risk locations are those in which potential medium-high (amber) and high (red) composite 
risk exists. U.S. Census Bureau “census places” were used to define the boundaries of high-risk 
locations. Medium-high and/or high composite risk must cover at least 50 acres and 0.5 percent of 
the total area of a census place for it to be considered high-risk. Tier 1 high-risk locations are 
summarized in Table 4-15 and shown in Figure 4-33 and Figure 4-34.  

In Planning Reach SC_04, the census places with medium-high and high risk include North Charleston, 
Hanahan, Moncks Corner, Charleston, Beaufort, Hilton Head Island, James Island, Summerville, Port 
Royal, Sullivan’s Island, Mount Pleasant, Burton, Shell Point, Isle of Palms, Bluffton, Folly Beach, 
Ridgeland, Goose Creek, Ravenel, Hardeeville, Hollywood, and Meggett.  
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Figure 4-33: SC_04 High Risk Census Places 

 

Within Planning Reach SC_04, North Charleston has the highest risk, followed by Hanahan and 
Moncks Corner. However, all these communities have areas that are at medium-high and high-risk.  

With sea level rise, communities that are currently at high risk may have more areas that become 
high risk, and communities that are currently medium-high risk may become high-risk.  
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Figure 4-34: South Carolina Future High-Risk Census Places 

 

All the communities previously listed continue to have medium-high and high risk, but Summerville, 
Isle of Palms, and Goose Creek show increased risk with sea level rise. 

Figure 4-35 displays the number of acres in each census place currently at medium-high and high-risk. 

Figure 4-35: Planning Reach SC_04 Current Acres at Medium-High and High Risk 
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There are seven communities in Planning Reach SC_04 that have more than 2,000 acres currently at 
medium-high and high-risk, including Charleston, Mount Pleasant, Hilton Head Island, Folly Beach, 
Beaufort, North Charleston, and Port Royal.  

With sea level rise, additional census places meet the threshold for a Tier 1 high-risk location with 
more than 2,000 acres at medium-high and high risk, including Ridgeland, Isle of Palms, Hardeeville, 
and Hanahan (Figure 4-36). Further, with sea level rise, Goose Creek, Shell Point, Sullivan’s Island, 
Burton, and James Island are projected to have more than 1,000 acres at medium-high and high-risk.  
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Figure 4-36: Planning Reach SC_04 Future Acres at Medium-high and High Risk 

 

While the emphasis is on the census places at medium-high and high-risk, all communities and 
environments within the modeled extent of a Category 5 hurricane inundation are at risk of a 
catastrophic surge event. This report is focused on parsing out how much risk is present in each 
location relative to the surrounding areas so that informed decisions can be made and resources 
deployed. Medium and low risk are still risk, and though it may be more urgent to attend to areas 
with larger areas of higher risk or more rapidly increasing risk, it is not necessarily any less important 
to attend to areas at relatively medium and low risk or with risk increasing at a relatively slower rate. 
Additionally, not everywhere is captured in census places, but those that are not are addressed in the 
Tier 2 analyses.  

 Planning Reach SC_04 Tier 2 
Tier 2 includes additional hazard, exposure, and vulnerability information to refine the Tier 1 Risk 
Assessment. As described in subsequent sections, Tier 2 included national data sources and 
evaluation tools as well as South Carolina-specific information.  
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4.3.2.1 Planning Reach SC_04 Tier 2 Hazard 
Section 4.1.4 introduced the Tier 2 hazards. The 
following section explores Tier 2 hazard in further detail 
for Planning Reach SC-04 are described subsequently. 

The primary Tier 2 hazards assessed for Planning Reach 
SC_04 are inundation, erosion, wave attack. As with Tier 
1, beaches, the numerous barrier islands, back bay areas, and tidal rivers are subject to storm surge 
inundation and flooding. Barrier island beaches and estuarine shorelines are subject to greater 
erosion caused by wave attack, which is generated from hurricane winds. These hazards will increase 
with future sea level rise.  

Figure 4-37 illustrates the combined inundation hazards from coastal storm flooding and storm surge 
from the South Carolina Department of Health and Environmental Control – Ocean and Coastal 
Resource Management’s Hazard Vulnerability Assessment (SCDHEC n.d.-a), as discussed in Section 
4.1.4. 

Category 5 inundation extends far inland, but the low-lying barrier islands of the southern coast of 
South Carolina (Planning Reach SC_04) are subject to the greatest inundation hazards. Coastal hazard 
areas also extend inland along rivers such as the Waccamaw Santee, Cooper, Ashley Edisto, and the 
entire ACE basin, as well as tidal creeks. 

 

Figure 4-37: Planning Reach SC_04 Inundation from Coastal Storm Flooding and Storm Surge (SCDHEC 
n.d.-a) 
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The SCDHEC shoreline change initiative provides information on erosion for the state’s coastal 
shorelines (SCDHEC 2010). It shows that the southern coast of South Carolina that encompasses 
Planning Reach SC_04 experiences more variable erosion rates than Planning Reach SC_03. The 
shoreline change surveys indicate more erosion, predominantly along the barrier islands, as seen by 
the red in Figure 4-38. The numerous river and tidal estuaries also indicate erosion along the 
shoreline. A large portion of the eroding areas in this reach are uninhabited but provide important 
habitat and provide risk management for interior areas by reducing waves and storm surge.  

 

Figure 4-38: South Carolina Department of Health and Environmental Control-Ocean and Coastal 
Resource Management Critically Eroded Beaches, Planning Reach SC_04 (SCDHEC n.d.-a) 

 

These eroded areas are expected to get worse with sea level rise and coastal storms. Loss of barrier 
islands will increase the hazard potential to interior areas. Areas of shoreline erosion are also 
identified by SCDHEC’s SC Beachfront Jurisdictional Lines setback line assessment from 2016-2018 
(SCDHEC n.d.-b). Table 4-13 shows the erosion rates for beachfront areas in Planning Reach SC-04, 
some which have benefited from various stabilization projects over time. 

Table 4-13: Summary of Shoreline Changes Rates in SC_04 (SCDHEC n.d.-b) 

Location Stabilized Erosion Rate Populated 
Bay Point Island  BN 1–4 feet/year No 
Daufuskie Island  BN 1–8 feet/year Yes 
Dewees Island  3–18 feet/year Yes 
Edingsville Beach   2–13.9 feet/year Yes 
Edisto Beach  EC, BN 1–4.9 feet/year Yes 
Folly Beach  EC, CSRM 1–5 feet/year Yes 
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Location Stabilized Erosion Rate Populated 
Fripp Island  EC 1–4 feet/year Yes 
Harbor Island   <2 feet/year Yes 
Hilton Head Island  BN 1–6.9 feet/year Yes 
Hunting Island   3–20.5 feet/year No 
Isle of Palms  BN 1–3.5 feet/year Yes 
Kiawah Island   0.6–2.9 feet/year Yes 
Little Capers Island, 
Beaufort County  

 1–42.5 feet/year No 

Morris Island   3.8–33 feet/year No 
Pockoy Island and 
Botany Bay Island  

 2–20 feet/year No 

Pritchards Island   5–11 feet/year No 
St. Phillips Island   3.6–10 feet/year No 
Seabrook Island  EC <2.5 feet/year Yes 
Sullivan’s Island   <1 to 4 feet/year Yes 

KEY: 
BN = Beach Nourishment in the past or ongoing 
EC = Erosion control projects 
RSM/BUD = Regional sediment management, beneficial use of dredged material project 
CSRM = Coastal Storm Risk Management federal project 

 

4.3.2.2 Planning Reach SC_04 Tier 2 Exposure 
This section highlights details of the Tier 2 analysis—
who/what may be impacted—for Planning Reach SC_04. 
An overview of each exposure element is presented in 
Section 4.1.5. 

Infrastructure 

Hazus outputs provide a basis for understanding the current exposure of population and 
infrastructure. The population and infrastructure exposed to existing and future coastal storm 
hazards is the population within the inundation extent of the FEMA Category 5 storm for Beaufort, 
Berkeley, Charleston, Colleton, Dorchester, Hampton, and Jasper Counties. Population data are taken 
from the Hazus National Structure Inventory for structures with a footprint within the Category 5 
storm.  

Figure 4-39 displays infrastructure data from the NSI that is within the footprint of the 0.2-percent 
AEP event floodplain plus three feet of sea level rise. The pie chart shows the proportional 
relationship in exposure value between the general infrastructure types. 
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Figure 4-39: Planning Reach SC_04 Estimated Infrastructure Exposure (USACE n.d.) 

 

The estimated infrastructure value in Planning Reach SC_04 is approximately $224.3 billion. The 
greatest value is estimated to be in single-family and other residential infrastructure, at more than 
$152 billion when combined. Commercial infrastructure follows with over $56 billion. Industrial has 
over $7.5 billion estimated. Government and religious infrastructure are each estimated at more than 
$3 billion. Education is estimated at over $1 billion, and agriculture is in excess of $400 million.  

Forecasted Population Housing Density 

Figure 4-40 represents the forecasted increase in development derived from ICLUS data for SC_04 
using the B2 scenario for housing density increase, from 2020 to 2100. Housing density data are 
based on open, undeveloped space (EPA 2009).  

The results indicate development pressure is likely to occur all along the coast, with emphasis from 
the Charleston metropolitan area inland to Lake Moultrie, and in the greater Beaufort and Hilton 
Head Island areas. Development within the 1-percent and 10-percent AEP flood scenarios with three 
feet sea level rise will be exposed to coastal storm hazards, including storm surge.  
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Figure 4-40: Housing Density Projections 2020 through 2100 for SC_04 (EPA 2009) 
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Social Vulnerability 

Using information and datasets from the EPA, vulnerability based on environmental and demographic 
indicators can be analyzed using the Environmental Justice Screening and Mapping Tool (EPA 2020).  

The Tier 1 Social Vulnerability Exposure Index 
accounts for social vulnerability exposure, but the 
Environmental Justice Screening and Mapping Tool 
provides a way to look at more specific data layers 
related to social vulnerability.  

For example, Beaufort, a community with some areas in the 10-percent AEP event flood extent, has a 
large percentage of people over the age of 65, who may be vulnerable. There is also an area with low-
income and minority populations, who may also be vulnerable.  

Environmental and Cultural Resources 

The Tier 2 environmental resources exposure analysis identified the following natural areas in 
Planning Reach SC_04: four palustrine wetland subcommunities, five estuarine wetland 
subcommunities, lacustrine wetlands, two riverine subcommunities, coastal beaches/dunes, barrier 
islands, marsh hammocks, dry long leaf pine forest, maritime forest, mesic forest, upland and mixed 
forest/dry scrub shrub thicket, and grasslands/early successional communities. More details of the 
Tier 2 environmental resources exposure characterization can be found in the Environmental 
Technical Report (USACE 2021b). It includes a description for each natural community/subcommunity 
found in the study area and a summary of important species they support. The characterization also 
indicates where the natural resources community/subcommunity has protected status within the 
study area. 

Several areas in the reach that feature cultural resources are exposed to coastal hazards of 
inundation, erosion, and wave attack. The numbers referenced for cultural resources are current as 
of June 2021. However, the datasets used (i.e., ArchSite, NRHP) are consistently updated. 
Archaeological resources account for the most abundant cultural resource type in Planning Reach 
SC_04 (with 7,458 resources identified). The resources are found throughout the reach but have 
highest concentrations near rivers, the coast, and on barrier islands in Charleston and Beaufort 
Counties (5,777 resources). These sites date from the prehistoric and historic periods, and several of 
these sites contain the archaeological remains of eighteenth and nineteenth century plantations. 
Refer to the Tier 2 Cultural Resources Appendix for more information on exposure of cultural 
resources. 

Historic resources account for the second-most abundant resource type in Planning Reach SC_04 
(5,250 historic resources), and they are found in all areas throughout the reach. The highest 
concentrations of historic resources are found in Charleston County (2,769 historic resources) and 
Beaufort County (1,158 historic resources). These resources date primarily from the nineteenth and 
mid-twentieth century.  

EPA’s Environmental Justice 
Screening and Mapping Tool:  
https://ejscreen.epa.gov/mapper/ 

https://ejscreen.epa.gov/mapper/
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There are 166 resources classified as historic areas in the reach. These resources are historic districts, 
boundary expansions, or multiple resource areas that are eligible for, but not listed on the National 
Register; contribute to an existing historic district; have been determined not eligible for the National 
Register; or require additional evaluation. Concentrations of these resources are found in Charleston 
County (82 historic areas) and Colleton County (31 historic areas). Resources in Charleston County are 
located in Charleston on the peninsula and the barrier islands. Historic areas in Colleton County are 
located in the ACE Basin National Wildlife Refuge, along the Combahee River, and in the vicinity of 
the Green Pond community. These resources are often associated with former rice plantations.  

Civil War earthworks (209 total) are a unique resource type found only in Planning Reach SC_04. 
These resources consist of batteries, forts, revetments, and earthen fortifications constructed during 
the Civil War. The majority of these resources are located in the vicinity of James Island, south of the 
city of Charleston. These resources were placed near sounds, rivers, and creeks, which are prone to 
erosion from storm events and are highly susceptible to storm surges, to protect against enemy 
invasion. 

4.3.2.3 Planning Reach SC_04 Tier 2 Vulnerability 
An overview of the incorporation of vulnerability into 
the Tier 2 analysis is described in greater detail in the 
Overview (Section 4.1.6) of this Appendix. The Tier 2 
Economic Risk Assessment used FEMA’s Hazus model to 
estimate damages to infrastructure. Hazus uses damage 
functions to represent the vulnerability of different 
types of infrastructure to flood hazards and to estimate the impact of flooding. The consequences of 
infrastructure impacts are represented in dollars. For more information regarding the application of 
the Hazus model, refer to the Tier 2 Economic Risk Assessment. Information on environmental and 
cultural resources vulnerability to specific hazards, such as erosion, is provided subsequently.  

Environmental Resources 

The Tier 2 environmental resources analysis included an assessment of whether environmental 
resources were vulnerable to coastal hazards in Planning Reach SC_04. The analysis qualitatively 
assigned vulnerability scores of the exposed environmental resources to a number of coastal hazards: 
storm surge inundation, including short-term saltwater intrusion; sea level rise, including long-term 
saltwater intrusion; erosion; and wind. Total scores were classified as high, medium, and low 
vulnerability, and the scores are presented in full in the Environmental Technical Report, along with 
the methods. South Carolina’s beaches and dunes and upland mixed forests scored the highest in the 
high vulnerability category, followed by dry longleaf pine forests and mesic forests, wet pine 
flatwoods and bottomland hardwood forests and swamps, and maritime deciduous forests  
(Figure 4-41). 

The Tier 2 environmental resources analysis highlighted those natural areas identified in Tier 1 that 
are also vulnerable to other hazards. For example, according to a shoreline change analysis 
performed by the South Carolina Office of Coastal Resource Management, all of the highest eroding 
beaches in the state are in Planning Reach SC_04. For those beaches and barrier islands that provide 
habitat for federally or state listed species, erosion makes those natural areas even more vulnerable 
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to the ecological consequences of storm surge. These include, most notably, Botany Bay, Hunting 
Island, Pritchards Island, Little Capers Island, and St. Philips Island. Morris Island at the entrance of 
the Charleston Harbor is another high-erosion barrier island that provides important habitat for sea 
turtles while also being a place of historical importance. The Planning Aid Report suggests that 
saltwater intrusion is contributing to vulnerability in the small freshwater ponds on the Pinckney 
NWR, which may be at most subject to inundation. Saltwater intrusion into the groundwater aquifer 
has already occurred due to regional water demands. This makes it challenging for the refuge to 
manage freshwater wetlands for migratory birds, reptiles, and amphibians, which is further 
exacerbated during periods of coastal drought (USFWS 2020). 

 

Figure 4-41: Map of Vulnerability Rating for Environmental Resources in Planning Reach SC_04 
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Cultural Resources 

Based on a qualitative assessment of vulnerability, historic structures located on barrier island, along 
the coast, and in low lying areas face vulnerability due to storm surge inundation, erosion, and wave 
attack (Table 4-14). This table is not all-inclusive and is meant to communicate the types of cultural 
resources that may be found in these areas and the types of vulnerability that they may face. A 
selection of historic properties and districts are highlighted due to their NRHP status, stakeholder 
input regarding their historical significance, and concern for continued preservation due to their 
higher exposure rating. General information is also included regarding the presence of archaeological 
sites in areas of higher exposure. Storm surge inundation along the coast and reaching up rivers to 
low lying areas will flood historic properties and damage buildings. Damage may include, but is not 
limited to, structural damage and destruction of historic materials (e.g., furniture, textiles, archives). 
The aftermath of a storm can pose long-term issues, such as the development of mold, mildew, and 
other potentially toxic residues. Erosion and wave attack pose threats to historic properties and both 
terrestrial and submerged archaeological sites. Significant structural damage can be caused to historic 
properties by wave attack. Erosion can eliminate surface evidence of archaeological sites, wear away 
site layers, and displace materials from various cultural layers making recovery and interpretation 
challenging if not impossible. Erosion will impact features more severely due to the disturbed nature 
of the soil, while leaving intact topographic layers less damaged. Strong currents cause hydrographic 
change that can displace submerged cultural resources, including historic wrecks, as well as obscure 
or damage these resources due to storm debris. Currents and even wind can uproot trees and other 
vegetation, which can serve as a major source of disturbance and destruction for both historic 
properties and archaeological sites. 

Table 4-14 Vulnerability of Exposed Cultural Resources Areas to Tier 2 Hazards in Planning Reach 
SC_04  

Exposed Cultural Resource Area  
Tier 2 Hazards 

Storm Surge 
Inundation Erosion Wave Attack 

Hilton Head Island 
Gullah Geechee Community (Cherry Hill School) Y Y N 
Stoney-Baynard Plantation Y Y N 
Fort Howell Y N N 

Beaufort 
Daws Island Heritage Preserve Y Y Y 
Robert Smalls House Y N N 
Beaufort Historic District Y N Y 

Bluffton 
Bluffton Historic District Y N N 
Altamaha Towne Heritage Preserve Y Y N 

East Beaufort / St 
Helena Island 

Gullah Geechee Community (Penn Center 
Historic District) Y N N 

Seaside Plantation Y N N 
Eddings Point Community Praise House Y N N 
Fort Fremont Y Y Y 
Mary Jenkins Community Praise House Y N N 

East Bluffton Victoria Bluff Heritage Preserve/Wildlife 
Management Area Y N N 
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Exposed Cultural Resource Area  
Tier 2 Hazards 

Storm Surge 
Inundation Erosion Wave Attack 

Daufuskie Island 
Daufuskie Island Historic District Y Y Y 
Gullah Geechee Community Y Y Y 

Moncks Corner 
Cooper River Historic District Y Y N 
Mulberry Plantation Y N N 

Charleston 

Charleston Historic District Y Y Y 
Charlestowne Landing State Park Y N N 
Charleston Cemeteries Historic District Y N N 
Fort Sumter Y Y Y 
Ashley River Historic District Y N N 

Kiawah Island Arnoldus Vander Horst House Y Y N 
Sullivan's Island Fort Moultrie Y Y Y 

James Island 

Civil War Historic Resources (Battery Cheves, 
Battery LeRoy) Y Y N 

Gullah Geechee Historic Sites Y Y Y 
Fort Johnson Y Y Y 
McLeod Plantation Historic Site Y N N 

Morris Island Morris Island Lighthouse Y Y Y 

Sol Legare Island 
Sol Legare Historic District Y Y N 
Gullah Geechee Historic Sites Y Y N 

 

Within this planning reach, there are several plantation sites, historic districts, historic forts, and 
archaeological sites, including shell mounds and middens, along the coast and on barrier islands that 
are susceptible to damages from coastal storm hazards, including storm surge inundation, erosion, 
and wave attack. A few of the most susceptible resources are Ft. Sumter National Monument, Fort 
Morris, and the Morris Island Lighthouse. While some historic districts have protections, such as sea 
walls, in place to minimize vulnerability, many of the historic structures are vulnerable to storm surge 
inundation and the associated damage that it brings. Beaufort, Bluffton, and even Charleston are a 
few examples of historic districts that could be severely impacted by storm surge inundation, 
especially if protection measures fail or are not sufficient to protect against more extreme storm 
episodes. Historic and archaeological sites on barrier islands such as Hilton Head, St. Helena, 
Daufuskie, Kiawah, Sullivan’s, James, and Sol Legare Islands are susceptible to damages primarily 
from erosion and wave attack.  

4.3.2.4 Planning Reach SC_04 Tier 2 High-risk Locations 
High-risk locations were determined from data 
presented in the hazard, exposure, and vulnerability 
sections. High-risk locations are summarized in Table 
4-15. For Planning Reaches SC_03 and SC_04, a “high-risk 
location” was defined as any location with estimated 
infrastructure damages characterized as medium, 
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medium-high, or high; and/or an erosion rate greater than three feet per year; and/or cultural or 
environmental resources identified as at risk.  

Population and Infrastructure  

Hazus was used to identify locations of infrastructure damage risk from flooding. The model was run 
on a census tract scale, but the final results are summarized by census place. First floor elevations in 
vulnerable areas were accounted for in the Hazus analysis, if the homes were on a foundation type 
that was represented as elevated at the time household data was being collected. Census places that 
have medium to high-risk in the existing condition include the following:  

• Hilton Head Island 

• Port Royal 

• Beaufort 

• East Beaufort and St. Helena 

• Fripp Island 

• North Bluffton 

• East Bluffton 

• South Daniel Island 

• Mount Pleasant 

• Charleston 

• North Charleston 

• Folly Beach 

• Kiawah Island 

• Seabrook Island 

• James Island 

• South Johns Island 

• Central James Island 

In the future condition with three feet sea level rise, many of the existing medium-to-high-risk areas 
have increased damages. Many of the areas that had low to low-medium risk now have become 
medium- or medium-high-risk locations. These census places include the following:  
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• North Beaufort 

• Dataw Island 

• Hanahan 

• North Daniel Island 

• Sullivan’s Island 

• Isle of Palms 

• Church Creek 

• Bees Ferry and Rantowles 

• North Johns Island 

• West James Island 

• Edisto Island 

• Edisto Beach 

• Coosaw and Wescott  

Environmental and Cultural Resources 

To refine the environmental resources at risk in Planning Reach SC_04, the Tier 2 vulnerability indices 
were multiplied against the Tier 1 Risk Assessment combined hazard plus sea level rise. The detailed 
methods can be found in the Environmental Technical Report (USACE 2021b).  

The Tier 2 environmental resources risk assessment affirmed many of the high and medium-high risk 
natural resources areas for Planning Reach SC_04 in the Tier 1 Composite Risk Index. For example, the Tier 2 
analysis suggests that all of the barrier islands and their cultural resources from the Santee River to the 
Charleston Harbor are at high or medium-high risk, including their cultural resources, natural beach/dunes, 
maritime forests, and back bay salt marshes, as well as intact salt marsh along this stretch of the AIWW. These 
areas include the Santee Coastal Reserve Wildlife Management Area, the Cape Romain NWR, and Capers 
Island Heritage Preserve, along with many miles of critical habitat for endangered piping plovers and nesting 
loggerhead sea turtles. The Cape Romain NWR encompasses more than 66,000 acres of beach/dune, 
saltmarsh, maritime forest, and managed impoundments for endangered species and other fish and wildlife. 
The Cape Romain NWR is part of a larger resilience planning area where increasing storm surge and sea level 
rise are expected to lead to dramatic beach and freshwater habitat losses or shifts (USFWS 2020). While 
environmental resources in the Francis Marion National Forest were shown to be vulnerable to wind and other 
hazards, the storm surge inundation exposure is low for a majority of the National Forest, resulting in low risk, 
which was consistent with Tier 1. 

A similar trend is seen along the barrier islands and AIWW from the Charleston Harbor to the ACE 
Basin, with piping plover and loggerhead critical habitat at risk along Folly, Kiawah, and Seabrook 
Islands. While Bird Key-Stono Seabird Sanctuary (also piping plover critical habitat) was not mapped 
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in the Tier 2 Risk Assessment because of data limitations, local knowledge supports that this 
important sand island in Stono Inlet is at high risk. This is also true for Deveaux Bank Seabird 
Sanctuary (also piping plover critical habitat) at the mouth of the Edisto River. Both of these islands 
provide extremely valuable colonial nesting bird habitat, as well as resting habitat for migratory birds 
along the South Carolina coast; yet, they have shifted in size and configuration over time as a result of 
coastal processes, with a history of dramatic loss from past hurricanes. 

Medium-high risk of inundation also is observed for intact salt marshes and tidal freshwater wetlands 
up the Wando, Cooper, Ashley, and Stono Rivers, potentially affecting valuable historic sites that also 
provide wildlife habitat, such as Charlestowne Landing State Park. The rich bald cypress/tupelo 
forests and swamps of Cypress Gardens and at Dungannon Plantation Heritage Preserve/Wildlife 
Management Area, which has one of the most significant nesting colonies of endangered wood storks 
in the state, is also at medium-high risk of inundation.  

Environmental resources in Charleston are tied directly to the protection of cultural resources. The 
unprotected wetlands in the Charleston area are already under threat of development, yet provide 
important protective services to Charleston’s neighborhoods, cultural resources, and economy. Many 
cultural resources within the Charleston area wetlands are located on Kiawah, Folly, and Seabrook 
Islands and along the Wando and Cooper Rivers. The Tier 2 analysis highlighted that with climate 
change these historic districts and resources will see an increase in sea level rise, dramatically 
increasing their chances of storm surge inundation.  

As seen in Tier 1, most of the ACE Basin is at medium-high risk for its extensive environmental and 
cultural resources across a largely undeveloped landscape. Beach/dunes of most of the barrier islands 
are at high risk, including Botany Bay, Pine Island, Otter Island, Harbor Island, Hunting Island, Fripp 
Island, Pritchard’s Island, Little Capers Island, and St. Phillips Island. Many of these beaches are 
designated critical habitat for piping plovers and nesting sea turtles. The ACE Basin also includes 
extensive salt marshes and freshwater wetlands and forest that are medium-high risk, including 
several notable protected places for their habitat value as well as cultural significance. Most notable 
cultural resource areas include Botany Bay Plantation Heritage Preserve/Wildlife Management Area 
and St. Helena Sound Heritage Preserve/Wildlife Management Area, as well as the nearby Penn 
Center Historic District (SCDAH n.d.-h). Federally managed lands at risk include the ACE Basin NERR 
(which encompasses several state- and private-protected areas, and cultural resource groups) and 
the ACE Basin NWR. The ACE Basin NWR totals almost 12,000 acres of exceptionally diverse and high-
quality habitat, including forested wetlands, upland forest, tidal and managed wetlands, and pristine 
rivers. Managing these habitats in light of tidal inundation and saltwater intrusion will “greatly 
challenge” existing actions (USFWS 2020).  

The areas from Port Royal Sound to the south, the salt marshes of Parris Island, Beaufort and up the 
Broad River, Bluffton, back bay of Hilton Head Island and along the AIWW, and along the Savannah 
River are at medium-high risk. As with the Charleston area, these salt marshes not only provide 
valuable estuarine habitat, but they provide important services to surrounding communities. A 
particular focus of this area is the protection of the habitats and cultural resources in the Fort Howell 
and the historic communities of the Gullah-Geechee Nation (SCDAH n.d.-e).  
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Finally, a subset of natural areas or features at medium to high risk to storm surge inundation and sea 
level rise in Planning Reach SC_04 have been identified as Priority Environmental Areas (PEAs), some 
with identified cultural resources. PEAs support priority biological resources (defined in the Planning 
Aid Report (USFWS 2020) as federally listed threatened and endangered species, waterbird nesting 
colonies, breeding and wintering shorebirds, or other managed species) and are considered high 
priorities for others including state and federal agencies and non-governmental organizations (for 
example, USFWS critical habitats or national wildlife refuges, Audubon Important Bird Areas, state 
heritage preserves and wildlife management areas, areas of national and state environmental 
significance, etc.). These areas can be considered by stakeholders when looking for environmental 
resources to conserve and/or manage. Designation as a PEA by USACE does not create a special legal 
protection or status of the area and does not change how the area is regulated under federal and 
state laws.  

The PEAs in Planning Reach SC_04 are shown in Figure 4-42, and include: 

• Santee Coastal Reserve 

• Cape Romain NWR  

• Capers Island Heritage Preserve 

• Charlestowne Landing State Park (also a cultural resources priority site) 

• Morris Island and Lighthouse Inlet 

• Cypress Gardens  

• Bird Key Stono Seabird Sanctuary 

• Deveaux Bank Seabird Sanctuary 

• ACE Basin NERR (also a cultural resources priority area) 

A description of each of these PEAs can be found in the Environmental Technical Report, as well as 
information on the methodology used to identify the PEAs. 
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Figure 4-42: Priority Environmental Areas identified for Planning Reach SC_04 
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Cultural Resources 

Based on a qualitative assessment of risk, historic structures and archaeological sites on barrier 
islands and in low lying areas are highly susceptible to damage from storm surge inundation, erosion, 
and wave attack, especially as the risk for sea levels rise increases. These areas are considered as at-
risk cultural resources areas due to the fact that all structures would be vulnerable to the hazards and 
are therefore considered to be most at risk. The northern and southern tips of barrier islands tend to 
be hot spots for erosion, so any historic properties and/or archaeological sites in these areas would 
be at most risk of damage and destruction from storm surge inundation, erosion, and wave attack.  

While threats may be posed to historic resources and archaeological sites due to development on 
barrier islands, such as Hilton Head and James Islands, and in low-lying areas, such as Charleston, 
storm protection measures that are put in place to protect those developed areas can aid in the 
protection of archaeological sites. Strom events pose a greater risk on lesser developed barrier 
islands, such as Morris and Sullivan’s Islands, that have limited or no protective measures present. 
Undeveloped marsh regions between and behind islands where many resources are located are 
typically inundated by flood events that exceed the 10-percent AEP flood level.  

Damage to historic properties can sometimes be repaired, but this can be costly and may lack support 
if more essential recovery efforts are needed in the area to restore infrastructure. Archaeological 
sites are non-renewable resources that cannot be replaced once lost. Loss of historic properties and 
archaeological sites not only means a loss to the historical record that helps us to understand and 
explain past lifeways, but it can also mean a loss to local tourism. Visitors are drawn to this planning 
reach due to the many historical districts and historic forts. Damage caused by storms has in some 
instances meant the complete loss of all or portions of historic properties. Years of costly repairs can 
close these sites indefinitely until the site can be restored and are deemed safe for visitors. The loss 
of archaeological sites could pose a significant hit to the academic community and thereby limiting 
research into and interpretation of prehistoric and historic sites in this reach. 

 Planning Reach SC_04 Summary of High-risk Locations 
There are 60 high risk locations in SC_04. The high-risk 
locations are tied to the problem statements which were 
focused on the damages caused by storm surge and 
erosion to communities and ecosystems. The following 
criteria was used to identify high-risk locations: 

• Identified as a high-risk location in the Tier 1 risk assessment under existing or future 
conditions  

• Identified as a location with medium, medium-high, or high risk in the Tier 2 Economic Risk 
Assessment 

• Tier 2 analysis identified a cultural resource at risk. 

• Tier 2 analysis identified an environmental resource at risk. 
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The above criteria were used to identify the following high-risk areas for SC_04: 

• Beaufort County 

▪ Port Royal 

▪ Beaufort 

▪ Shell Point 

▪ Burton 

▪ Bluffton 

▪ Yemassee 

▪ North Beaufort 

▪ East Beaufort and St. Helena 

▪ Dataw Island 

▪ Fripp Island 

▪ North Bluffton 

▪ East Bluffton 

▪ Daufuskie Island 

▪ Hunting Island 

▪ Little Capers Island 

▪ Pritchards Island 

▪ St. Phillips Island 

▪ Harbor Island 

▪ Dawys Island 

• Berkeley County 

▪ Hanahan 

▪ Goose Creek 

▪ Moncks Corner 

▪ North Daniel Island 

▪ South Daniel Island 
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• Charleston County 

▪ Mount Pleasant 

▪ Charleston 

▪ North Charleston 

▪ Folly Beach 

▪ Kiawah Island 

▪ Seabrook Island 

▪ Sullivan’s Island 

▪ Isle of Palms 

▪ Hollywood 

▪ Meggett 

▪ McClellanville 

▪ Awendaw 

▪ Rockville 

▪ Ravenel 

▪ James Island 

▪ Church Creek 

▪ Bees Ferry and Rantowles 

▪ North Johns Island 

▪ South Johns Island 

▪ West James Island 

▪ Central James Island 

▪ Edisto Island 

▪ Dewees Island 

▪ Edingsville Beach 

▪ Morris Island 

▪ Pockoy and Botany Bay Islands 
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▪ Deveaux Bank 

▪ Summerville (multi-county) 

• Colleton County 

▪ Edisto Beach 

▪ Jacksonboro 

▪ Pine and Otter Island 

• Dorchester County 

▪ Coosaw and Wescott 

• Jasper County 

▪ Hardeeville 

▪ Ridgeland 

▪ Turtle Island 

Note that erosion greater than three feet per year is pervasive throughout coastal South Carolina, but 
is a priority concern where structures, infrastructure, or cultural or environmental resources are at 
risk. Therefore, it was not used as criteria to identify high-risk places, but is shown in Summary of 
Planning Reach SC_04 High-risk Locations table (Table 4-15) to aid understanding of the problems 
facing these high-risk areas.  

Table 4-15 displays Planning Reach SC_04 high-risk locations identified through the Tier 1 and Tier 2 
analyses. The table notes in which tier the location was identified as high-risk, any structural damages 
resulting from flooding as estimated by Hazus, high erosional areas, and results of the environmental 
risk assessments for natural and cultural resources.  
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Table 4-15: Summary of Planning Reach SC_04 High-risk Locations 

Planning Reach SC_04 
Tier 1 Tier 2 

Tier 1 Risk Assessment Tier 2 Economic Risk Assessment (ERA) SCDHEC At-Risk Cultural Resources At-Risk Environmental Resources 

County Census Place or 
Location Name 

Identified as 
Existing High-
risk Location 

Identified as 
Future High-
risk Location 

Existing 
Economic Risk 

(EAD, FY18 
Dollars) 

ERA Rating 
Future Economic 
Risk (EAD, FY18 

Dollars) 
ERA Rating Erosion Greater 

than 3 feet/year 

Identified as Area 
with Cultural 

Resource At-Risk 
Cultural Resource Name 

Identified as 
Area with PEA or 
Resource At-Risk  

Environmental Resource Name 

Beaufort Hilton Head Island X X $159,517,000 High $313,723,000 High X X Gullah Geechee Community X 
Back bay salt marshes, forested wet, 
beach, Pinckney NWR saltmarshes, 
and maritime forest 

Beaufort Port Royal X X $10,755,000 Med $21,752,000 Med-High n/a n/a n/a X Salt marshes, upland forest 
Beaufort Beaufort X X $7,198,000 Med $14,811,000 Med n/a X Daws Island Heritage Preserve X Salt marshes 
Beaufort Shell Point X X $1,361,000 Low $2,729,000 Low n/a n/a n/a X Salt marshes 
Beaufort Burton X X $1,109,000 Low $3,661,000 Low-Med n/a n/a n/a X Salt marshes 

Beaufort Bluffton X X $575,000 Low $2,093,000 Low n/a X Altamaha Towne Heritage 
Preserve X Salt marshes 

Beaufort Yemassee n/a n/a $91,000 Low $235,000 Low n/a n/a n/a X Freshwater (fw) forest and scrub 
Beaufort North Beaufort n/a n/a $3,072 Low-Med $6,253 Med n/a X n/a X Salt marshes 

Beaufort East Beaufort and St. 
Helena n/a n/a $24,206 Med-High $41,094 High n/a X Gullah Geechee Community X Salt marshes 

Beaufort Dataw Island n/a n/a $5,532 Low-Med $8,267 Med n/a n/a n/a n/a n/a 

Beaufort Fripp Island n/a n/a $8,401 Med $17,567 Med-High n/a n/a n/a X Beach, back bay salt marshes, 
maritime forest 

Beaufort North Bluffton n/a n/a $23,898 Med-High $56,558 High n/a X Beaufort Historic Site X Salt marshes 

Beaufort East Bluffton n/a n/a $9,634 Med $19,611 Med-High n/a X Victoria Bluff Heritage Preserve 
and Wildlife Management Area X Salt marshes 

Beaufort Daufuskie Island n/a n/a n/a n/a n/a n/a X X Gullah Geechee Community X Beach, back bay salt marshes, 
maritime forest 

Beaufort Hunting Island n/a n/a n/a n/a n/a n/a X n/a n/a X 
Beach, back bay salt marshes, 
maritime forest, Hunting Island State 
Park (ACE Basin NERR) 

Beaufort Little Capers Island n/a n/a n/a n/a n/a n/a X n/a n/a X Beach and back bay salt marshes 

Beaufort Pritchards Island n/a n/a n/a n/a n/a n/a X n/a n/a X Beach, back bay salt marshes, 
maritime forest 

Beaufort St. Phillips Island n/a n/a n/a n/a n/a n/a X n/a n/a X Beach, back bay salt marshes, 
maritime forest 

Beaufort Harbor Island n/a n/a n/a n/a n/a n/a n/a n/a n/a X Beach, back bay salt marshes, 
maritime forest 

Beaufort Dawys Island n/a n/a n/a n/a n/a n/a n/a n/a n/a X Daws Island Heritage Preserve salt 
marshes 

Berkeley Hanahan X X $4,180,000 Low-Med $9,925,000 Med n/a n/a n/a X Salt marshes 
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Planning Reach SC_04 
Tier 1 Tier 2 

Tier 1 Risk Assessment Tier 2 Economic Risk Assessment (ERA) SCDHEC At-Risk Cultural Resources At-Risk Environmental Resources 

County Census Place or 
Location Name 

Identified as 
Existing High-
risk Location 

Identified as 
Future High-
risk Location 

Existing 
Economic Risk 

(EAD, FY18 
Dollars) 

ERA Rating 
Future Economic 
Risk (EAD, FY18 

Dollars) 
ERA Rating Erosion Greater 

than 3 feet/year 

Identified as Area 
with Cultural 

Resource At-Risk 
Cultural Resource Name 

Identified as 
Area with PEA or 
Resource At-Risk  

Environmental Resource Name 

Berkeley Goose Creek X X $922,000 Low $2,866,000 Low n/a n/a n/a X Fw wetlands and forest 

Berkeley Moncks Corner X X $62,000 Low $127,000 Low n/a n/a n/a X Cypress Gardens, fw wetlands, 
forest, scrub 

Berkeley North Daniel Island n/a n/a $4,674 Low-Med $10,891 Med n/a X Historic District    
Berkeley South Daniel Island n/a n/a $8,508 Med $21,648 Med-High n/a X Historic District X Salt marshes, upland forest 
Charleston Mount Pleasant X X $151,108,000 High $300,038,000 High n/a    X Salt marshes 

Charleston Charleston X X $150,409,000 High $349,472,000 High n/a X Historic District, Fort Sumter, Fort 
Moultire X Salt marshes; Charlestowne Landing 

St. Park 
Charleston North Charleston X X $21,868,000 Med-High $47,461,000 High n/a X Historic District X Salt marshes 

Charleston Folly Beach X X $16,848,000 Med $30,140,000 Med-High X X Historic District X Back bay salt marshes, Lighthouse 
Inlet beach 

Charleston Kiawah Island n/a n/a $14,694,000 Med $38,998,000 High n/a X Historic District X Beach, back bay salt marshes, forest 

Charleston Seabrook Island n/a n/a $11,677,000 Med $22,793,000 Med-High n/a X Historic District X Beach, back bay salt marshes, forest 

Charleston Sullivan's Island X X $6,600,000 Low-Med $15,440,000 Med n/a n/a n/a X Beach, back bay salt marshes 
Charleston Isle of Palms X X $6,284,000 Low-Med $26,410,000 Med-High n/a n/a n/a X Beach, back bay salt marshes 

Charleston Hollywood X X $1,581,000 Low $3,534,000 Low-Med n/a n/a n/a X 

ACE Basin NWR (crosses Charleston 
and Colleton County), Dungannon 
Heritage Preserve, fw forested 
wetlands, salt marshes  

Charleston Meggett X X $1,423,000 Low $3,065,000 Low-Med n/a n/a n/a X Salt marshes 

Charleston McClellanville n/a n/a $1,340,000 Low $2,492,000 Low n/a n/a n/a X Santee Coastal Reserve beach and fw 
wetlands 

Charleston Awendaw n/a n/a $507,000 Low $1,158,000 Low n/a n/a n/a X Cape Romain NWR and Capers Island 
beaches and salt marshes 

Charleston Rockville n/a n/a $425,000 Low $849,000 Low n/a n/a n/a X Salt marshes 

Charleston Ravenel X X $309,000 Low $796,000 Low n/a n/a n/a X 
Caw Caw Interpretive Center County 
Park, salt marshes, and fw forested 
wetlands 

Charleston James Island X X $9,444,000 Med $28,913,000 Med-High n/a X Historic Resources: Civil War X Salt marshes, scrub 
Charleston Church Creek n/a n/a $2,012 Low-Med $6,087 Med n/a n/a n/a X Salt marshes 

Charleston Bees Ferry and 
Rantowles n/a n/a $3,417 Low-Med $8,734 Med n/a n/a n/a X Salt marshes, fw forest, upland 

forest 
Charleston North Johns Island n/a n/a $3,101 Low-Med $7,325 Med n/a n/a n/a    

Charleston South Johns Island n/a n/a $6,992 Med $15,319 Med n/a n/a n/a X Salt marshes, fw forest wetlands 

Charleston West James Island n/a n/a $1,581 Low-Med $6,040 Med n/a X McLeod Plantation Historic Site n/a n/a 
Charleston Central James Island n/a n/a $6,096 Med $18,662 Med-High n/a n/a Fort Johnson n/a n/a 
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Planning Reach SC_04 
Tier 1 Tier 2 

Tier 1 Risk Assessment Tier 2 Economic Risk Assessment (ERA) SCDHEC At-Risk Cultural Resources At-Risk Environmental Resources 

County Census Place or 
Location Name 

Identified as 
Existing High-
risk Location 

Identified as 
Future High-
risk Location 

Existing 
Economic Risk 

(EAD, FY18 
Dollars) 

ERA Rating 
Future Economic 
Risk (EAD, FY18 

Dollars) 
ERA Rating Erosion Greater 

than 3 feet/year 

Identified as Area 
with Cultural 

Resource At-Risk 
Cultural Resource Name 

Identified as 
Area with PEA or 
Resource At-Risk  

Environmental Resource Name 

Charleston Edisto Island n/a n/a $5,218 Low-Med $11,152 Med n/a X 
ACE Basin NERR and the ACE 
Basin NWR, Grove Plantation, 
Willtown Bluff 

X Salt marshes, scrub, forest 

Charleston Dewees Island n/a n/a n/a n/a n/a n/a X n/a n/a X Beach, salt marshes, maritime forest 

Charleston Edingsville Beach n/a n/a n/a n/a n/a n/a X n/a n/a X Beach, back bay salt marshes, ACE 
Basin NERR 

Charleston Morris Island n/a n/a n/a n/a n/a n/a X n/a n/a X Beach, salt marshes, maritime forest 

Charleston Pockoy and Botany 
Bay Islands n/a n/a n/a n/a n/a n/a X n/a n/a X 

Botany Bay Heritage Preserve, ACE 
Basin NERR, beach, back bay salt 
marshes, maritime, and upland 
forests 

Charleston Deveaux Bank n/a n/a n/a n/a n/a n/a n/a n/a n/a X Deveaux Bank Seabird Sanctuary 
beach, mudflats 

Colleton Edisto Beach n/a n/a $1,839,000 Low $9,068,000 Med n/a n/a n/a X Edisto Beach State Park back bay, 
salt marshes, and upland forest 

Colleton Jacksonboro n/a n/a $80,000 Low $251,000 Low n/a n/a n/a X Fw forest and wetlands 

Colleton Pine and Otter Island n/a n/a n/a n/a n/a n/a n/a n/a n/a X Beach, salt marshes, maritime forest 
(ACE Basin NERR) 

SC_04 Summerville X X $906,000 Low $3,934,000 Low-Med n/a n/a n/a n/a n/a 
Dorchester Coosaw and Wescott n/a n/a $2,957 Low-Med $9,510 Med n/a n/a n/a n/a n/a 

Jasper Hardeeville X X $720,000 Low $2,054,000 Low n/a n/a n/a X Savannah NWR fw wetlands and 
forest 

Jasper Ridgeland X X $263,000 Low $806,000 Low n/a n/a n/a n/a n/a 

Jasper Turtle Island n/a n/a n/a n/a n/a n/a n/a n/a n/a X Turtle Island WMA beach and salt 
marshes 
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4.4  Summary of South Carolina High-risk 
Locations 
There are over 80 high risk places throughout coastal South Carolina. The high-risk locations are tied 
to the problem statements which were focused on the damages caused by storm surge and erosion 
to communities and ecosystems. Associated with those problems is the following criteria: 

• Identified as a high-risk location in the Tier 1 Risk Assessment under existing or future 
conditions  

• Identified as a location with medium, medium-high, or high-risk in the Tier 2 Economic Risk 
Assessment 

• Tier 2 analysis identified a cultural resource at risk. 

• Tier 2 analysis identified an environmental resource at risk. 

The above criteria were used to identify the following high-risk areas: 

• Georgetown County 

▪ Murrells Inlet 

▪ Pawleys Island 

▪ Georgetown 

▪ Andrews 

▪ Litchfield, Pawleys, and Debordieu area 

▪ North Georgetown 

▪ South Garden City 

▪ North, South, and Cat Islands 

▪ Sandy Island 

• Horry County 

▪ North Myrtle Beach 

▪ Garden City 

▪ Socastee 

▪ Little River 
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▪ Surfside Beach 

▪ Myrtle Beach 

▪ Forestbrook 

▪ Briarcliffe Acres 

▪ Bucksport 

▪ Conway 

▪ Red Hill 

▪ Arcadian Shores 

▪ North Surfside Beach 

▪ Waites Island 

• Beaufort County 

▪ Port Royal 

▪ Beaufort 

▪ Shell Point 

▪ Burton 

▪ Bluffton 

▪ Yemassee 

▪ North Beaufort 

▪ East Beaufort and St. Helena 

▪ Dataw Island 

▪ Fripp Island 

▪ North Bluffton 

▪ East Bluffton 

▪ Daufuskie Island 

▪ Hunting Island 

▪ Little Capers Island 

▪ Pritchards Island 
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▪ St. Phillips Island 

▪ Harbor Island 

▪ Dawys Island 

• Berkeley County 

▪ Hanahan 

▪ Goose Creek 

▪ Moncks Corner 

▪ North Daniel Island 

▪ South Daniel Island 

• Charleston County 

▪ Mount Pleasant 

▪ Charleston 

▪ North Charleston 

▪ Folly Beach 

▪ Kiawah Island 

▪ Seabrook Island 

▪ Sullivan’s Island 

▪ Isle of Palms 

▪ Hollywood 

▪ Meggett 

▪ McClellanville 

▪ Awendaw 

▪ Rockville 

▪ Ravenel 

▪ James Island 

▪ Church Creek 

▪ Bees Ferry and Rantowles 
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▪ North Johns Island 

▪ South Johns Island 

▪ West James Island 

▪ Central James Island 

▪ Edisto Island 

▪ Dewees Island 

▪ Edingsville Beach 

▪ Morris Island 

▪ Pockoy and Botany Bay Islands 

▪ Deveaux Bank 

▪ Summerville (multi-county) 

• Colleton County 

▪ Edisto Beach 

▪ Jacksonboro 

▪ Pine and Otter Island 

• Dorchester County 

▪ Coosaw and Wescott 

• Jasper County 

▪ Hardeeville 

▪ Ridgeland 

▪ Turtle Island 

Note that erosion greater than three feet per year is pervasive throughout coastal South Carolina, but 
is a priority concern where structures, infrastructure, or cultural or environmental resources are at 
risk. While it was not used singularly as criteria to identify high-risk places, it is shown in the table to 
aid understanding of the problems facing these high-risk areas. The high-risk areas in South Carolina 
are shown in Table 4-16. 
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Table 4-16: Summary of South Carolina High-risk Locations 

South Carolina High-risk Locations 

Tier Tier 1 Tier 2 

Method 

Tier 1 Risk Assessment Hazus (Level 1) SCDHEC At-risk Cultural Resources At-risk Environmental Resources 

Hazard is composed of 
inundation. Exposure is 

composed of population, 
infrastructure, 

environmental and 
cultural resources, habitat, 

and social vulnerability. 

Hazard is composed of inundation. Exposure is 
composed of infrastructure. 

Hazard is composed of 
erosion. Exposure is 

composed of 
infrastructure, 

recreational resources, 
wildlife habitat, and 
cultural resources. 

Hazard is composed of storm surge 
inundation, wave attack, and erosion 

threatening significant cultural 
resources. 

Hazard is composed of storm surge 
inundation and erosion threatening 
significant environmental resources 

and important habitat. 

AFFGEOID 
SACS 

Planning 
Reach 

County Census Place or 
Location Name State 

Identified as 
Existing 

High-risk 
Location 

Identified as 
Future High-
risk Location 

Existing 
Infrastructure 

Damage ($) 

Damage 
Rating 

Future 
Infrastructure 

Damage ($) 

Damage 
Rating 

Erosion Greater than 3 
feet/year 

Identified as 
Area with 
Significant 
Resource 

Cultural Resource Name 

Identified as 
Area with 
Significant 
Resource 

Environmental 
Resource Name 

1600000US4534045 SC_04 Beaufort Hilton Head 
Island SC X X $159,517,000 High $313,723,000 High X X Gullah Geechee 

Community X 

Back bay salt marshes, 
forested wet, beach, 
Pinckney NWR salt 
marshes and maritime 
forest 

1600000US4558030 SC_04 Beaufort Port Royal SC X X $10,755,000 Med $21,752,000 Med-High n/a n/a  n/a X Salt marshes, upland 
forest 

1600000US4504690 SC_04 Beaufort Beaufort SC X X $7,198,000 Med $14,811,000 Med n/a X Daws Island Heritage 
Preserve X Salt marshes 

1600000US4565680 SC_04 Beaufort Shell Point SC X X $1,361,000 Low $2,729,000 Low n/a n/a  n/a X Salt marshes 
1600000US4510360 SC_04 Beaufort Burton SC X X $1,109,000 Low $3,661,000 Low-Med n/a n/a n/a X Salt marshes 

1600000US4507210 SC_04 Beaufort Bluffton SC X X $575,000 Low $2,093,000 Low n/a X Altamaha Towne 
Heritage Preserve X Salt marshes 

1600000US4579450 SC_04 Beaufort Yemassee SC n/a n/a $91,000 Low $235,000 Low n/a n/a n/a X Freshwater (Fw) forest 
and scrub 

VP-484 SC_04 Beaufort North Beaufort SC n/a n/a $3,072 Low-Med $6,253 Med n/a X   X Salt marshes 

X SC_04 Beaufort East Beaufort 
and St. Helena SC n/a n/a $24,206 Med-High $41,094 High n/a X Gullah Geechee 

Community X Salt marshes 

VP-436 SC_04 Beaufort Dataw Island SC n/a n/a $5,532 Low-Med $8,267 Med n/a n/a n/a n/a  n/a 

VP-451 SC_04 Beaufort Fripp Island SC n/a n/a $8,401 Med $17,567 Med-High n/a n/a n/a X 
Beach, back bay 
saltmarshes, maritime 
forest 

VP-468 SC_04 Beaufort North Bluffton SC n/a n/a $23,898 Med-High $56,558 High n/a X Beaufort Historic Site X Salt marshes 

VP-450 SC_04 Beaufort East Bluffton SC n/a n/a $9,634 Med $19,611 Med-High n/a X 
Victoria Bluff Heritage 
Preserve and Wildlife 
Management Area 

X Salt marshes 

VP-448 SC_04 Beaufort Daufuskie 
Island SC n/a n/a n/a n/a n/a n/a X X Gullah Geechee 

Community X 
Beach, back bay 
saltmarshes, maritime 
forest 

VP-6236 SC_04 Beaufort Hunting Island SC n/a n/a n/a n/a n/a n/a X n/a n/a X 

Beach, back bay 
saltmarshes, maritime 
forest, Hunting Island 
State Park (ACE Basin 
NERR) 
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South Carolina High-risk Locations 

Tier Tier 1 Tier 2 

Method 

Tier 1 Risk Assessment Hazus (Level 1) SCDHEC At-risk Cultural Resources At-risk Environmental Resources 

Hazard is composed of 
inundation. Exposure is 

composed of population, 
infrastructure, 

environmental and 
cultural resources, habitat, 

and social vulnerability. 

Hazard is composed of inundation. Exposure 
composed of infrastructure. 

is 

Hazard is composed of 
erosion. Exposure is 

composed of 
infrastructure, 

recreational resources, 
wildlife habitat, and 
cultural resources. 

Hazard is composed of storm surge 
inundation, wave attack, and erosion 

threatening significant cultural 
resources. 

Hazard is composed of storm surge 
inundation and erosion threatening 
significant environmental resources 

and important habitat. 

AFFGEOID 
SACS 

Planning 
Reach 

County Census Place or 
Location Name State 

Identified as 
Existing 

High-risk 
Location 

Identified as 
Future High-
risk Location 

Existing 
Infrastructure 

Damage ($) 

Damage 
Rating 

Future 
Infrastructure 

Damage ($) 

Damage 
Rating 

Erosion Greater than 3 
feet/year 

Identified as 
Area with 
Significant 
Resource 

Cultural Resource Name 

Identified as 
Area with 
Significant 
Resource 

Environmental 
Resource Name 

VP-451 SC_04 Beaufort Little Capers 
Island SC n/a n/a n/a n/a n/a n/a X n/a n/a X Beach and back bay 

saltmarshes 

VP-451 SC_04 Beaufort Pritchards 
Island SC n/a n/a n/a n/a n/a n/a X n/a  n/a X 

Beach, back bay 
saltmarshes, maritime 
forest 

n/a SC_04 Beaufort St. Phillips 
Island SC n/a n/a n/a n/a n/a n/a X n/a  n/a X 

Beach, back bay 
saltmarshes, maritime 
forest 

n/a SC_04 Beaufort Harbor Island SC n/a n/a n/a n/a n/a n/a n/a n/a  n/a X 
Beach, back bay 
saltmarshes, maritime 
forest 

n/a SC_04 Beaufort Dawys Island  SC n/a n/a n/a n/a n/a n/a n/a n/a  n/a X Daws Island Heritage 
Preserve saltmarshes 

1600000US4532065 SC_04 Berkeley Hanahan SC X X $4,180,000 Low-Med $9,925,000 Med n/a n/a  n/a X Salt marshes 
1600000US4529815 SC_04 Berkeley Goose Creek SC X X $922,000 Low $2,866,000 Low n/a n/a  n/a X Fw wetlands and forest 

1600000US4547275 SC_04 Berkeley Moncks Corner SC X X $62,000 Low $127,000 Low n/a n/a  n/a X Cypress Gardens, fw 
wetlands, forest, scrub 

VP-6250 SC_04 Berkeley North Daniel 
Island SC n/a n/a $4,674 Low-Med $10,891 Med n/a X Historic District n/a  n/a 

VP-6249 SC_04 Berkeley South Daniel 
Island SC n/a n/a $8,508 Med $21,648 Med-High n/a X Historic District X Salt marshes, upland 

forest 
1600000US4548535 SC_04 Charleston Mount Pleasant SC X X $151,108,000 High $300,038,000 High n/a n/a n/a X Salt marshes 

1600000US4513330 SC_04 Charleston Charleston SC X X $150,409,000 High $349,472,000 High n/a X Historic District, Fort 
Sumter, Fort Moultire X 

Salt marshes; 
Charlestowne Landing 
St. Park 

1600000US4550875 SC_04 Charleston North 
Charleston SC X X $21,868,000 Med-High $47,461,000 High n/a X Historic District X Salt marshes 

1600000US4526035 SC_04 Charleston Folly Beach SC X X $16,848,000 Med $30,140,000 Med-High X X Historic District X Back bay salt marshes; 
Lighthouse Inlet beach 

1600000US4538162 SC_04 Charleston Kiawah Island SC n/a n/a $14,694,000 Med $38,998,000 High n/a X Historic District X Beach, back bay salt 
marshes, forest 

1600000US4564712 SC_04 Charleston Seabrook Island SC n/a n/a $11,677,000 Med $22,793,000 Med-High n/a X Historic District X Beach, back bay salt 
marshes, forest 

1600000US4570090 SC_04 Charleston Sullivan's Island SC X X $6,600,000 Low-Med $15,440,000 Med n/a n/a n/a X Beach, back bay salt 
marshes 
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South Carolina High-risk Locations 

Tier Tier 1 Tier 2 

Method 

Tier 1 Risk Assessment Hazus (Level 1) SCDHEC At-risk Cultural Resources At-risk Environmental Resources 

Hazard is composed of 
inundation. Exposure is 

composed of population, 
infrastructure, 

environmental and 
cultural resources, habitat, 

and social vulnerability. 

Hazard is composed of inundation. Exposure 
composed of infrastructure. 

is 

Hazard is composed of 
erosion. Exposure is 

composed of 
infrastructure, 

recreational resources, 
wildlife habitat, and 
cultural resources. 

Hazard is composed of storm surge 
inundation, wave attack, and erosion 

threatening significant cultural 
resources. 

Hazard is composed of storm surge 
inundation and erosion threatening 
significant environmental resources 

and important habitat. 

AFFGEOID 
SACS 

Planning 
Reach 

County Census Place or 
Location Name State 

Identified as 
Existing 

High-risk 
Location 

Identified as 
Future High-
risk Location 

Existing 
Infrastructure 

Damage ($) 

Damage 
Rating 

Future 
Infrastructure 

Damage ($) 

Damage 
Rating 

Erosion Greater than 
feet/year 

3 
Identified as 

Area with 
Significant 
Resource 

Cultural Resource Name 

Identified as 
Area with 
Significant 
Resource 

Environmental 
Resource Name 

1600000US4536115 SC_04 Charleston Isle of Palms SC X X $6,284,000 Low-Med $26,410,000 Med-High n/a n/a n/a X Beach, back bay salt 
marshes 

1600000US4534495 SC_04 Charleston Hollywood SC X X $1,581,000 Low $3,534,000 Low-Med n/a n/a n/a X 

ACE Basin NWR 
(crosses Charleston and 
Colleton Counties), 
Dungannon Heritage 
Preserve, fw forested 
wetlands, salt marshes  

1600000US4545790 SC_04 Charleston Meggett SC X X $1,423,000 Low $3,065,000 Low-Med n/a n/a n/a X Salt marshes 

1600000US4543585 SC_04 Charleston McClellanville SC n/a n/a $1,340,000 Low $2,492,000 Low n/a n/a n/a X Santee Coastal Reserve 
beach and fw wetlands  

1600000US4503385 SC_04 Charleston Awendaw SC n/a n/a $507,000 Low $1,158,000 Low n/a n/a n/a X 

Cape Romain NWR and 
Capers Island Preserve 
beaches and salt 
marshes 

1600000US4561495 SC_04 Charleston Rockville SC n/a n/a $425,000 Low $849,000 Low n/a n/a n/a X Salt marshes 

1600000US4559020 SC_04 Charleston Ravenel SC X X $309,000 Low $796,000 Low n/a n/a n/a X 

Caw Caw Interpretive 
Center County Park salt 
marshes and fw 
forested wetlands 

1600000US4536430 SC_04 Charleston James Island SC X X $9,444,000 Med $28,913,000 Med-High n/a X Historic 
War 

Resources: Civil X Saltmarshes, scrub 

VP-755 SC_04 Charleston Church Creek SC n/a n/a $2,012 Low-Med $6,087 Med n/a n/a n/a X Salt marshes 

VP-878 SC_04 Charleston Bees Ferry and 
Rantowles SC n/a n/a $3,417 Low-Med $8,734 Med n/a n/a n/a X Salt marshes, 

upland forest 
fw forest, 

VP-590 SC_04 Charleston North Johns 
Island SC n/a n/a $3,101 Low-Med $7,325 Med n/a n/a n/a n/a n/a 

VP-553 SC_04 Charleston South Johns 
Island SC n/a n/a $6,992 Med $15,319 Med n/a n/a n/a X Salt marshes, 

wetlands 
fw forest 

VP-6280 SC_04 Charleston West James 
Island SC n/a n/a $1,581 Low-Med $6,040 Med n/a X McLeod Plantation 

Historic Site n/a n/a 

VP-6292 SC_04 Charleston Central James 
Island SC n/a n/a $6,096 Med $18,662 Med-High n/a n/a Fort Johnson n/a n/a 

VP-876 SC_04 Charleston Edisto Island SC n/a n/a $5,218 Low-Med $11,152 Med n/a X 
ACE Basin NERR and the 
ACE Basin NWR, Grove 
Plantation, Willtown Bluff 

X Salt marshes, 
forest 

scrub, 
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South Carolina High-risk Locations 

Tier Tier 1 Tier 2 

Method 

Tier 1 Risk Assessment Hazus (Level 1) SCDHEC At-risk Cultural Resources At-risk Environmental Resources 

Hazard is composed of 
inundation. Exposure is 

composed of population, 
infrastructure, 

environmental and 
cultural resources, habitat, 

and social vulnerability. 

Hazard is composed of inundation. Exposure 
composed of infrastructure. 

is 

Hazard is composed of 
erosion. Exposure is 

composed of 
infrastructure, 

recreational resources, 
wildlife habitat, and 
cultural resources. 

Hazard is composed of storm surge 
inundation, wave attack, and erosion 

threatening significant cultural 
resources. 

Hazard is composed of storm surge 
inundation and erosion threatening 
significant environmental resources 

and important habitat. 

AFFGEOID 
SACS 

Planning 
Reach 

County Census Place or 
Location Name State 

Identified as 
Existing 

High-risk 
Location 

Identified as 
Future High-
risk Location 

Existing 
Infrastructure 

Damage ($) 

Damage 
Rating 

Future 
Infrastructure 

Damage ($) 

Damage 
Rating 

Erosion Greater than 
feet/year 

3 
Identified as 

Area with 
Significant 
Resource 

Cultural Resource Name 

Identified as 
Area with 
Significant 
Resource 

Environmental 
Resource Name 

VP-881 SC_04 Charleston Dewees Island SC n/a n/a n/a n/a n/a n/a X n/a  n/a X Beach, salt marshes, 
maritime forest 

VP-314 SC_04 Charleston Edingsville 
Beach SC n/a n/a n/a n/a n/a n/a X n/a n/a X 

Beach, back bay 
saltmarshes, ACE Basin 
NERR 

1600000US4513330 SC_04 Charleston Morris Island SC n/a n/a n/a n/a n/a n/a X n/a n/a X Beach, salt marshes, 
maritime forest 

VP-872 SC_04 Charleston 
Pockoy and 
Botany Bay 
Islands 

SC n/a n/a n/a n/a n/a n/a X n/a n/a X 

Botany Bay Heritage 
Preserve, ACE Basin 
NERR, beach, back bay 
salt marshes, maritime, 
and upland forests 

n/a SC_04 Charleston Deveaux Bank SC n/a n/a n/a n/a n/a n/a n/a n/a n/a X 
Deveaux Bank Seabird 
Sanctuary beach, 
mudflats 

1600000US4523020 SC_04 Colleton Edisto Beach SC n/a n/a $1,839,000 Low $9,068,000 Med n/a n/a n/a X 
Esisto Beach State Park 
back bay, saltmarshes, 
and upland forest 

1600000US4536250 SC_04 Colleton Jacksonboro SC n/a n/a $80,000 Low $251,000 Low n/a n/a n/a X Fw forest and wetlands 

n/a SC_04 Colleton Pine and 
Island 

Otter SC n/a n/a n/a n/a n/a n/a n/a n/a n/a X 
Beach, salt marshes, 
maritime forest (ACE 
Basin NERR) 

1600000US4570270 SC_04 SC_04 Summerville SC X X $906,000 Low $3,934,000 Low-Med n/a n/a n/a n/a n/a 

VP-6367 SC_04 Dorchester Coosaw and 
Wescott SC n/a n/a $2,957 Low-Med $9,510 Med n/a n/a n/a n/a n/a 

1600000US4532245 SC_04 Jasper Hardeeville SC X X $720,000 Low $2,054,000 Low n/a n/a n/a X Savannah NWR, fw 
wetlands, and forest 

1600000US4560280 SC_04 Jasper Ridgeland SC X X $263,000 Low $806,000 Low n/a n/a n/a    

n/a SC_04 Jasper Turtle Island SC n/a n/a n/a n/a n/a n/a n/a n/a n/a X Turtle Island WMA 
beach and salt marshes 
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South Carolina High-risk Locations 

Tier Tier 1 Tier 2 

Method 

Tier 1 Risk Assessment Hazus (Level 1) SCDHEC At-risk Cultural Resources At-risk Environmental Resources 

Hazard is composed of 
inundation. Exposure is 

composed of population, 
infrastructure, 

environmental and 
cultural resources, habitat, 

and social vulnerability. 

Hazard is composed of inundation. Exposure 
composed of infrastructure. 

is 

Hazard is composed of 
erosion. Exposure is 

composed of 
infrastructure, 

recreational resources, 
wildlife habitat, and 
cultural resources. 

Hazard is composed of storm surge 
inundation, wave attack, and erosion 

threatening significant cultural 
resources. 

Hazard is composed of storm surge 
inundation and erosion threatening 
significant environmental resources 

and important habitat. 

AFFGEOID 
SACS 

Planning 
Reach 

County Census Place or 
Location Name State 

Identified as 
Existing 

High-risk 
Location 

Identified as 
Future High-
risk Location 

Existing 
Infrastructure 

Damage ($) 

Damage 
Rating 

Future 
Infrastructure 

Damage ($) 

Damage 
Rating 

Erosion Greater than 
feet/year 

3 
Identified as 

Area with 
Significant 
Resource 

Cultural Resource Name 

Identified as 
Area with 
Significant 
Resource 

Environmental 
Resource Name 

1600000US4548985 SC_03 Georgetown Murrells Inlet SC X X $6,095,000 Low-Med $12,824,000 Med X n/a n/a X 

Salt marshes, 
Brookgreen Gardens 
forested wetlands, 
Huntington Beach St. 
Park beach and back 
bay salt marshes 

1600000US4555015 SC_03 Georgetown Pawleys Island SC n/a n/a $2,873,000 Low $5,742,000 Low-Med X X Historic District X Beach and 
marshes 

back bay salt 

1600000US4528870 SC_03 Georgetown Georgetown SC X X $2,300,000 Low $9,407,000 Med n/a n/a n/a X 

Salt marshes, fw 
wetlands and forested 
wetlands, North Inlet-
Winay Bay NERR, 
Waccamaw NWR 

1600000US4501450 SC_03 Georgetown Andrews SC n/a n/a $0 Low $0 Low n/a n/a n/a X Fw forested wetlands 

VP-33 SC_03 Georgetown 
Litchfield, 
Pawleys, and 
Debordieu 

SC n/a n/a $36,237 Med-High $76,572 High X X Atalaya Castle X 

Litchfield beach and 
back bay salt marshes; 
Dobordieu beach, back 
bay salt marshes, 
maritime forest 

VP-13 SC_03 Georgetown North 
Georgetown SC n/a n/a $4,409 Low-Med $11,503 Med n/a n/a n/a n/a n/a 

VP-35 SC_03 Georgetown South Garden 
City SC n/a n/a $6,287 Med $11,549 Med n/a n/a n/a n/a n/a 

n/a SC_03 Georgetown North, South, 
and Cat Islands SC n/a n/a n/a n/a n/a n/a n/a n/a n/a X 

Tom Yawkey Wildlife 
Heritage Preserve 
beach, salt marshes, fw 
wetlands 

n/a SC_03 Georgetown Sandy Island SC n/a n/a n/a n/a n/a n/a n/a n/a n/a X Fw wetlands, forest 

1600000US4551280 SC_03 Horry North Myrtle 
Beach SC X X $30,340,000 High $55,423,000 High X n/a n/a n/a n/a 

1600000US4528455 SC_03 Horry Garden City SC X X $6,900,000 Low-Med $16,183,000 Med n/a n/a n/a X Back bay salt marshes 

1600000US4567390 SC_03 Horry Socastee SC X X $5,997,000 Low-Med $14,076,000 Med n/a n/a n/a X Fw wetlands along 
AIWW 

1600000US4542010 SC_03 Horry Little River SC X X $4,832,000 Low-Med $7,765,000 Med n/a n/a n/a X Salt marshes 
AIWW 

along 
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South Carolina High-risk Locations 

Tier Tier 1 Tier 2 

Method 

Tier 1 Risk Assessment Hazus (Level 1) SCDHEC At-risk Cultural Resources At-risk Environmental Resources 

Hazard is composed of 
inundation. Exposure is 

composed of population, 
infrastructure, 

environmental and 
cultural resources, habitat, 

and social vulnerability. 

Hazard is composed of inundation. Exposure 
composed of infrastructure. 

is 

Hazard is composed of 
erosion. Exposure is 

composed of 
infrastructure, 

recreational resources, 
wildlife habitat, and 
cultural resources. 

Hazard is composed of storm surge 
inundation, wave attack, and erosion 

threatening significant cultural 
resources. 

Hazard is composed of storm surge 
inundation and erosion threatening 
significant environmental resources 

and important habitat. 

AFFGEOID 
SACS 

Planning 
Reach 

County Census Place or 
Location Name State 

Identified as 
Existing 

High-risk 
Location 

Identified as 
Future High-
risk Location 

Existing 
Infrastructure 

Damage ($) 

Damage 
Rating 

Future 
Infrastructure 

Damage ($) 

Damage 
Rating 

Erosion Greater than 
feet/year 

3 
Identified as 

Area with 
Significant 
Resource 

Cultural Resource Name 

Identified as 
Area with 
Significant 
Resource 

Environmental 
Resource Name 

1600000US4570585 SC_03 Horry Surfside Beach SC n/a X $3,937,000 Low-Med $8,501,000 Med n/a n/a n/a    

1600000US4549075 SC_03 Horry Myrtle Beach SC X X $2,314,000 Low $6,968,000 Low-Med n/a n/a n/a X 
Myrtle Beach State 
Park beach and fw 
forested wetlands 

1600000US4526372 SC_03 Horry Forestbrook SC n/a X $607,000 Low $1,823,000 Low n/a X Historic District n/a n/a 

1600000US4508830 SC_03 Horry Briarcliffe Acres SC n/a X $21,000 Low $52,000 Low n/a n/a n/a X Long Pond 
forest 

fw wetlands, 

1600000US4510000 SC_03 Horry Bucksport SC X X $0 Low $61,000 Low n/a n/a n/a X 
Waccamaw NWR fw 
wetlands and forested 
wetlands 

1600000US4516405 SC_03 Horry Conway SC X X $0 Low $365,000 Low n/a n/a n/a X Fw wetlands along 
Wacammaw River 

1600000US4559190 SC_03 Horry Red Hill SC X X $0 Low $48,000 Low n/a n/a n/a X 
Waccamaw NWR 
wet and forested 
wetlands 

fw 

VP-134 SC_03 Horry Arcadian 
Shores SC n/a n/a $3,696 Low-Med $6,077 Med n/a n/a n/a n/a n/a 

VP-76 SC_03 Horry Forestbrook SC n/a n/a $2,779 Low-Med $9,196 Med n/a n/a n/a n/a n/a 

VP-132 SC_03 Horry North Surfside 
Beach SC n/a n/a $3,583 Low-Med $8,095 Med n/a n/a n/a n/a n/a 

n/a SC_03 Horry Waites Island SC n/a n/a n/a n/a n/a n/a n/a n/a  n/a X Beach, maritime, back 
bay, salt marshes 
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Managing Risk 
This section identifies opportunities to enhance resiliency, increase sustainability, and lower coastal 
storm risks from coastal hazards in populated areas, areas of concentrated economic development, 
and areas with vulnerable environmental and cultural resources.  

5.1  Coastal Program Guide – South 
Carolina 
The SACS Coastal Program Guide (CPG) provides information on broad federal directives, resources, 
and funding opportunities to help communities better leverage resources needed on a disaster-wide, 
state-/territory-wide, or community-wide basis (USACE 2021a). Many states/territories have 
additional resources available for local projects. While the CPG provides more details, several 
resources specific to South Carolina are described subsequently. 

MyCoast, South Carolina Department of Health and Environmental Control: The MyCoast portal is a 
web-based tool to consolidate photos of king tides, storm damage, abandoned and derelict boats, 
and beach cleanups. Information collected through this site is used to visualize the impact of coastal 
hazards and to enhance awareness among decision-makers and stakeholders. https://mycoast.org/sc 

Beach Renourishment Viewer, South Carolina Department of Health and Environmental Control: 
This tool is designed to provide an overview of South Carolina’s completed beach renourishment 
projects. https://gis.dhec.sc.gov/renourishment/ 

Special Area Management Plan, South Carolina Department of Health and Environmental Control: 
Special Area Management Plans are used to guide the protection and management of coastal 
resources when conflicts exist between coastal land users. It may be requested by state, local, or 
federal entities or may be created at the digression of the Department’s authority. 
https://scdhec.gov/environment/your-water-coast/ocean-coastal-resource-management/coastal-
zone-management/coastal-2 

Adapting to Shoreline Change, Shoreline Change Advisory Committee, South Carolina Department 
of Health and Environmental Control: The Adapting to Shoreline Change guidance document was 
developed to help improve policy development, management, and planning of shoreline health in 
South Carolina. https://www.scdhec.gov/sites/default/files/Library/CR009823.pdf 

In addition to the programs listed, many federal agencies have jurisdictions in South Carolina that 
provide funding, guidance documents, and other resources to local government agencies, 
organizations, and the public. These include the FEMA Local Office, the USACE Charleston District 
Office, the U.S. Department of Housing and Urban Development (HUD) Columbia Field Office, and the 

https://mycoast.org/sc
https://gis.dhec.sc.gov/renourishment/
https://scdhec.gov/environment/your-water-coast/ocean-coastal-resource-management/coastal-zone-management/coastal-2
https://scdhec.gov/environment/your-water-coast/ocean-coastal-resource-management/coastal-zone-management/coastal-2
https://www.scdhec.gov/sites/default/files/Library/CR009823.pdf
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U.S. Small-Business Administration South Carolina District Office. For more information, refer to the 
SACS CPG. 

5.2  Hurricane Evacuation Planning 
Hurricanes are “low-frequency/high-consequence” events. Recent hurricanes prove that locations far 
inland are not safe from intense storms and considerable damage can still occur. The goal of 
hurricane evacuation planning is to provide a 24-hour warning for residents to evacuate before the 
onset of tropical storm-force winds.  

Evacuating from a hurricane threat requires considerable decision making. Because of the many 
variables in evacuation planning, a detailed hurricane evacuation study (HES) must consist of Hazard, 
Vulnerability, Behavior, Shelter, and Transportation Analyses.  

• Hazard Analysis: The purpose is to quantify the wind speeds and stillwater surge heights that 
could be produced by a combination of hurricane intensities, approach speeds, approach 
directions, and tracks considered to have a reasonable meteorological probability of 
occurrence within the study area. NHC uses the SLOSH numerical model, but there are new 
models that currently are being developed at the NHC.  

• Vulnerability Analysis: The purpose is to identify the areas, populations, and facilities that are 
potentially vulnerable to flooding and extraordinary wind damage under a variety of hurricane 
threats. Inundation maps are used to determine which surge-vulnerable areas may need to be 
evacuated in response to a particular coastal storm threat. The vulnerable population is 
comprised of all persons residing within the area subject to storm surge and all residents of 
mobile homes because of their greater vulnerability to strong winds associated with 
hurricanes. Evacuation zones are established during the vulnerability analysis by local officials 
with coordination with NHP partners.  

• Behavior Analysis: The purpose is to forecast the public’s response to hurricane threats. 
These data include the percentage of vulnerable and nonvulnerable population likely to 
evacuate, when the evacuating population will leave in relation to an evacuation order or 
advisory, the probable destinations of the evacuees, the percentage of available vehicles, the 
evacuation response of tourists, and the percentage of evacuees who would require public 
assistance for emergency transportation. This information is used to make shelter and 
transportation decisions. This is typically done by collecting survey data through phone calls or 
interviews, but new approaches such as cell phone data are being studied.  

• Shelter Analysis: The purpose is to estimate the number of evacuees that will seek public 
shelter and the number of shelter spaces available. This information is used in determining 
evacuation clearance times in the transportation analysis. The shelter analysis should address 
shelter locations, capacities, demand, and potential vulnerability.  
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• Transportation Analysis: The purpose is to calculate the clearance times needed to conduct a 
safe and timely evacuation for a range of hurricane threats. The transportation analysis 
defines the evacuation roadway network and evaluates traffic control measures for improving 
traffic flow and avoiding bottlenecks during the evacuation. The hazard, vulnerability, 
behavioral, and shelter analyses are all used to calculate the clearance times for the 
transportation analysis.  

An HES is comprehensive in scope and multiregional in perspective. Traffic and sheltering concerns 
can affect locations far removed from the evacuation area, even crossing state boundaries. The HES 
encourages collaboration between local emergency management officials, state emergency 
management officials, local NWS officials, NHC, the media, and other agencies such as American Red 
Cross. The result should a prepared government and informed public.  

HURREVAC, short for hurricane evacuation, is a web-based tool used by emergency management 
officials to predict storm surge heights by altering storm intensity, track, wind speeds, and point of 
landfall. HURREVAC provides a real-time analysis of the potential consequence of current storms to 
help emergency management officials make the difficult decisions about when to issue evacuation 
orders based on clearance times from the onset of tropical storm-force winds. The clearance time 
developed in the transportation analysis is the time it takes for every person to evacuate safely 
before the arrival of tropical storm-force winds. HURREVAC provides “earliest likely” and “most 
reasonable” arrival time of tropical storm-force winds and gives a range of times for emergency 
managers to plan and make decisions. Wind arrival times also can be predicted through HURREVAC. 

HURREVAC also can predict the MOM of the 
hurricane and the maximum envelope of water 
(MEOW) for multiple scenarios of the approaching 
storm based on hurricane category and direction of 
approach. These factors greatly influence the 
consequences of a hurricane event and the amount 
of storm surge communities can expect. 

The USACE Charleston District (SAC) partners with SCEMD, Coastal County Emergency Managers, and 
FEMA to coordinate and execute HES studies. HES, completed since 2010, include the following: 

• South Carolina Hurricane Evacuation Study Pet Evacuation and Sheltering Annex, April 2018 – 
Draft Report 

• South Carolina Hurricane Evacuation Study Critical Transportation Needs Screening Survey, 
March 2016 – Final Report 

• Central and Southern Conglomerates Transportation Analysis: South Carolina Hurricane 
Evacuation Study – Final Report Technical Memorandum, August 2013 

• Vulnerability Analysis for South Carolina Hurricane Events: Central and Southern 
Conglomerate Counties – Final Report, April 2013  

Public hurricane information, evacuation 
routes, Know Your Zone links, and additional 
resources are available on the SCEMD 
website: https://www.scemd.org/  

https://www.scemd.org/
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• Northern Conglomerate Transportation Analysis: South Carolina Hurricane Evacuation Study – 
Final Report Technical Memorandum, February 2012 

• Vulnerability Analysis for South Carolina Hurricane Events: Northern Conglomerate Counties – 
Final Report, January 2012 

• 2011 South Carolina Hurricane Evacuation Behavioral Study – Final Report, August 15, 2011 

Hurricane forecasting is not an exact science. Decision makers and the general public should be 
aware that intensities and tracks can change at any time. Because of uncertainties, a worst-case 
approach is taken for conducting evacuation studies.  

5.3  Existing Coastal Storm Risk 
Management Projects and Programs 
Table 5-1 lists the CSRM projects within South Carolina. A full list of CSRM projects for the entire 
USACE South Atlantic Division (SAD) can be found in the Sand Availability and Needs Determination 
Summary Report (USACE 2020c).  

Table 5-1: South Carolina Coastal Storm Risk Management Projects 

Project Name County/ 
Municipality 

Federally 
Sponsored? Project Sponsors 

Estimated 50-Year 
Sand Need Volume 

(cy) 

Arcadian Shores Horry County No 
South Carolina Department of 
Parks, Recreation, and 
Tourism; Horry County 

2,100,000 

City of Myrtle Beach  Horry County Yes USACE, City of Myrtle Beach 7,700,000 
Garden City and 
Surfside Beach  Horry County Yes USACE, Horry County  6,300,000 

North Myrtle Beach 
(Reach 1) Horry County Yes USACE, North Myrtle Beach 5,000,000 

DeBordieu Beach 
(Debidue) Georgetown County No DeBordieu Colony Community 

Association 3,800,000 

Huntington Beach Georgetown County Yes USACE 1,900,000 

Litchfield Beach Georgetown County No The Peninsula Property 
Owners Association 2,000,000 

Pawleys Island Georgetown County No Town of Pawleys Island 1,700,000 
Garden City and 
Surfside Beach  Georgetown County Yes USACE, Georgetown County 1,300,000 

Bird Key Island Charleston County Yes USACE 0 
Folly Beach Charleston County Yes USACE, City of Folly Beach 17,200,000 
Cape Romain Charleston County Yes USFWS 0 

Isle of Palms Charleston County No 

City of Isle of Palms, Wild 
Dunes property owners, South 
Carolina Department of Parks, 
Recreation, and Tourism 

8,400,000 
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Project Name County/ 
Municipality 

Federally 
Sponsored? Project Sponsors 

Estimated 50-Year 
Sand Need Volume 

(cy) 

Morris Island Charleston County Yes USACE, South Carolina State 
Ports Authority 0 

Seabrook Island  Charleston County No Seabrook Island Property 
Owners Association 0 

Sullivan's Island Charleston County No Town of Sullivan's Island 0 
Edisto Beach Colleton County Yes USACE, Town of Edisto Beach 4,600,000 
Daufuskie Island Beaufort County No Daufuskie Club, Inc. 1,900,000 
Harbor Island Beaufort County No Unidentified 0 
Hilton Head Island Beaufort County No Town of Hilton Head Island 17,600,000 

Hunting Island State 
Park Beaufort County No 

South Carolina Department of 
Parks, Recreation, and 
Tourism 

5,500,000 

 

Figure 5-1 shows the federal and non-federal beach nourishment projects in South Carolina where 
communities have taken steps to offset the erosion by providing CSRM measures. Federal projects 
such as the ones in North Myrtle Beach, Myrtle Beach and the Garden City and Surfside areas, and 
Huntington Beach RSM and non-federal areas of Arcadian Shores, Pawley’s Island, and Debidue are 
within Planning Reach SC_03. The Planning Reach SC_04 study area federal CSRM projects include 
Folly Beach and an approved project for Edisto, which has not been constructed as of this report. 
Non-federal projects include Hilton Head, Seabrook, Isle of Palms, Edisto Beach, Sullivan’s Island, 
Hunting Island, and Daufuskie Island.  
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Figure 5-1: Locations of Federal and Non-federal Nourishment Projects 
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 Federal Project Performance Evaluation 
USACE district staff completed PPEs to evaluate the effectiveness of SAD’s federal CSRM projects, to 
recommend improvements and identify barriers to such improvements. The PPEs for existing Federal 
CSRM projects in South Carolina are summarized here. PPEs use a rating system to assess overall 
performance (rating of one to three shown in Table 5-2) as well as performance during significant 
storm events (rating of one to 10 shown in Table 5-3). Higher scores indicate better performance. 

Table 5-2: Overall Project Performance Rating System 

Ranking Description 
1: Failure No or minimal storm damage reduction benefits derived. 

2: Average or Above Average Design 
Performance 

Acceptable amount of expected storm damage reduction 
benefits derived; an example of acceptable or above average 
project design and performance. 

3: Well Above Average Design Performance Majority of expected storm damage reduction benefits derived; 
an example of exceptional project design and performance. 

 

Table 5-3: Project Performance Rating System During a Significant Storm Event 

Ranking Description 

1-2: Failure No or minimal storm damage reduction benefits derived; hard 
structures damaged due to design deficiency. 

3-4: Below Average Performance Minimal expected storm damage reduction benefits derived; 
considerable-to-some damage to hard structures. 

5: Average Performance Acceptable amount of expected storm damaged reduction 
benefits derived; some damage to hard structures. 

6-7: Above Average Performance 
Acceptable amount of expected storm damage reduction 
benefits derived; some to minimal damage to hard structures; 
an example of acceptable performance. 

8-9: Well Above Average Performance 
Majority of expected storm damage reduction benefits derived; 
minimal damage to hard structures; project provided incidental 
damage reduction. 

10: Exceptional 

Total expected storm damage reduction benefits derived; 
minimal or no damage to hard structures; project provided 
incidental damage reduction; an example of exceptional project 
performance. 

 

Folly Beach Shore Protection Project has an overall Project Performance Rating of 2; however, 
performance during Hurricane Irma is rated as 3. USACE is reviewing and restudying the project to 
determine ways to holistically improve its performance. As of June 2021, results of the study show 
that Folly Beach Shore Protection Project can be improved through the addition of a dune feature to 
the beach placement template. 

The Myrtle Beach Shore Protection Project has three reaches, each with a different sponsor. The 
North Myrtle Beach Reach is rated as 2, with performance during Irma rated as 10. Myrtle Beach 
Reach is rated as 2, with performance during Irma rated as 9. Surfside Reach is rated as 2, with 
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performance during Irma rated as 7. USACE has not determined specific recommendations for 
improvement(s) through the SACS process, but expansion of the project to cover nearby beaches that 
do not currently have protection is recommended. 

CSRM projects typically do not provide a specific level of protection. As a result, many projects, 
particularly those that benefit from beach nourishment, risk having design parameters exceeded 
(e.g., overtopping of a designed dune) during the lifetime of the project. The reason is because the 
greatest return on investment has typically been accomplished by greatly reducing risk of coastal 
storm damages resulting from higher frequency storm events (e.g., less than a 2.5-percent AEP 
event), and accepting moderately reduced risk of coastal storm damages from lower frequency major 
storm events.  

5.4  Regional Sediment Management 
Strategies 
Regional Sediment Management (RSM) is a systematic approach to managing sediments in a manner 
that maximizes natural and economic efficiencies to contribute to sustainable water resource 
projects, environments, and communities. Economic value is demonstrated by integrating CSRM and 
navigation (NAV) projects, such as when a NAV project uses the CSRM project as a dredged material 
placement area or when a CSRM project uses a NAV project’s channel(s) as a sediment source. 
Benefits can include reduced lifecycle costs, improved stakeholder communication and partnerships, 
and more robust project systems. 

RSM methodologies, tools, and processes are outlined in the Regional Sediment Management Tools 
and Technologies Volume I Coastal (USACE 2018). The phases of implementing RSM include: 

1. Understand the Region – Develop an understanding of sediment processes and morphology, 
ecological conditions, ongoing projects and activities, knowledge gaps, potential partnerships, 
and sediment-related challenges 

2. RSM Strategies Project Scale – Understand how projects work within the existing system and 
how they might change with RSM practices 

3. Regional RSM Strategy – Integrate the project-scale strategies into the regional strategy 

4. Take Action – After projects are developed and implemented, monitor the project and 
adaptively manage to ensure it is performing as expected. 

Table 5-4 is pulled from the 2020 RSM Optimization Update, which depicts the general data inputs 
used to define RSM opportunities and quantify RSM values (USACE 2020a). Routine NAV and CSRM 
placement strategies, lessons learned, and costs are summarized in the 2020 RSM Optimization 
Update for all projects throughout the South Atlantic Division. 
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Table 5-4: List of Data Inputs for Optimization Template to Define RSM Opportunities and Quantify 
Value of Implemented RSM Projects and Potential RSM Opportunities 

Project Cost Engineering Environmental/Permitting 
Project Name Cost Per Cubic Yard – cy (Dredge and Place) Shovel Ready 
Type of Material and Location Mobilization/Demobilization Costs Time to Shovel Ready 
Dredge/Nourish Interval Total Contract Costs Cost to Shovel Ready 
Most Recent Year of Activity Dredge Type Dredging Windows/Restrictions 
Borrow/Placement Options Cost Assumptions Year Permitted 
  Year Permit Expires 

 

There are five navigation (NAV) projects in the Charleston District Area of Responsibility and three 
flood risk management (FRM) projects, shown in Figure 5-2 and Table 5-5 (USACE 2020b).  

 

Figure 5-2: Map of Charleston District Projects (USACE 2020b). Note: AIWW is not included on the 
map. 

 

Table 5-5: Total Dredge Volume and Value of Regional Sediment Management-Implemented 
Charleston District Navigation and Flood Risk Management Projects 

Project  *Total Dredge Volume 
(cubic yards)  

% Managed Using RSM 
Strategies  Annual RSM Value ($M)  

Charleston District Total  19,400,000  61 $44.5  
Grand Strand Shore Protection Projects (SPP) 

Murrells Inlet  600,000 100 $1.1 
Town Creek  300,000 100 $1.1 
AIWW Projects  1,100,000 22 $0.0 
Charleston Harbor  16,000,000 58 $37.2 
Folly River-Folly Beach  1,400,000 100 $5.1 
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 Opportunities for Action  
Charleston District is currently pursuing several RSM opportunities. One possible opportunity is the 
use of dredge material from Charleston Harbor for the construction of eight reefs and a perimeter 
berm for the ocean dredged material disposal site (ODMDS). Sandy material from the entrance 
channel of the harbor will be placed at on Morris Island to offset erosion. Lower Harbor material is 
likely to be placed on Crab Bank, a bird sanctuary. Charleston District is also exploring an opportunity 
for sediment bypassing of material adjacent to the Charleston Harbor north jetty. This could reduce 
migration of material into the entrance channel and benefit the Folly Beach CSRM project. 
Additionally, the Charleston District is considering the placement of Folly River material in the 
nearshore of Folly Beach. More detail is included in the 2020 RSM Optimization Update.  

5.5  Coastal Storm Risk Management 
Measures and Costs 
A management measure is a feature or activity at a site that addresses one or more of the planning 
objectives (Figure 5-3). A wide variety of measures will be considered in the future phases of the 
study and a description of the measures considered is presented subsequently: 

1. No Action: USACE considers “No Action” as one of the alternatives. “No Action” assumes that 
no project would be implemented by the federal government or by local interests. “No 
Action,” which is synonymous with the “Without Project Condition,” forms the basis from 
which all other alternative plans are measured.  

2. Nonstructural: Various nonstructural alternatives, including buyouts/relocations, elevating 
structures, and floodproofing are all considered viable measures for the damage zones 
located along the coast of Florida.  

3. Structural: Measures such a beach fills, breakwaters, groins, seawalls and dikes may be 
examined. Construction of a structural feature serves to prevent waters from reaching 
residential property, businesses, and roads. Analysis of a beach fill, wall or dike system will be 
focused on those areas with a population density or commercial activity level sufficient to 
allow economic justification.  

4. Natural and Nature-based Features: Natural and nature-based features (NNBF) refer to the 
intentional use of natural and engineered features to produce engineering functions in 
combination with ecosystem services and social benefits. Natural coastal features take a 
variety of forms, including reefs (e.g., coral and oyster), barrier islands dunes, beaches, 
wetlands, and maritime forests such as mangroves. 

5. Additional Measures to Complete Alternatives: The feasibility-level analysis may identify 
measures that might be required to generate a “complete” alternative. These include 
elements of an overall project in which USACE does not have authority to become a cost-
sharing participant. Ecosystem restoration opportunities will be examined where the dual 
purposes of storm damage reduction and ecosystem restoration may be served.  
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Figure 5-3: Potential Measures to Improve Resilience and Sustainability in a Coastal Environment 
(USACE 2015) 

 

The USACE Measures and Cost Library (MCL) tool provides a suite of specific coastal storm risk 
management options, summarized in Table 5-6 through Table 5-8. It provides users with the 
associated costs of these measures, considering the risk management category, risk management 
function, shoreline applicability, regional location, cost components, and uncertainty. Measures 
range from NNBF, such as living shorelines and wetland restorations, to harder techniques, such as 
revetments or bulkheads. 

The MCL provides rough-order-of-magnitude (ROM) cost data specific to each planning reach within 
the SACS study area. The following tables display ROM cost ranges based on unit inputs specific to 
South Carolina’s SC_03. Table 5-6 provides ROM cost ranges for structural CSRM measures, Table 5-7 
displays NNBF, and Table 5-8 displays nonstructural physical measures. Nonstructural nonphysical 
measures are also included in the MCL but without cost information. Examples of nonstructural 
nonphysical measures are flood warning systems, flood insurance, floodplain mapping, flood 
emergency preparedness plans, land use regulations, zoning, evacuation plans, risk communication, 
risk analysis, and land conservation. The MCL tool allows users to enter specific project parameters to 
calculate ROM cost ranges based on the scope of the potential project.  

Table 5-6: Structural Coastal Storm Risk Management Measures from the SACS Measures and Costs 
Library and Associated Annual Cost/Unit (Based on Planning Reach SC_03) 

Measure Annual Mobilization and 
Demobilization Cost Range 

Annual Construction Cost Per 
Unit Range ($/Unit) 

Groins $5,556 - $14,816 $71 - $377 ($/linear foot [LF]) 
Seawall $18,520 - $27,781 $426 - $850 ($/LF) 
Revetment $6,667 - $15,928 $236 - $673 ($/LF) 
Bulkhead $5,927 - $6,853 $57 - $100 ($/LF) 
Breakwaters $14,816 - $44,449 $215 - 893($/LF) 
Floodwalls $18,520 - $18,520 $198 - $319 ($/LF) 
Deployable Floodwalls $510 - $630 $67 - $101 ($/LF) 
Levees/Dikes $6,704 - $8,377 $50 - $161 ($/LF) 
Surge Barriers $74,082 - $6,945,172 $6,544 - $10,278 ($/LF) 
Beach Nourishment (Initial Construction) $92,602 - $222,246 $45 - $254 ($/LF) 
Beach Nourishment (Renourishment) $92,602 - $222,246 $22 - $121 ($/LF) 
Nearshore Nourishment $16,668 - $16,668 $16 - $84 ($/LF) 
Road Elevation  $370 - $5,556 $273 - $503 ($/LF) 
Ringwalls $370 - $5,556 $76 - $90 ($/LF) 
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Table 5-7: Natural and Nature-based Coastal Storm Risk Management Measures from the SACS 
Measures and Costs Library (Based on Planning Reach SC_03) 

Measure Annual Mobilization and 
Demobilization Cost Range 

Annual Construction Cost Per Unit 
Range ($/Unit) 

Barrier Island $166,684–$385,226 $8,339–$40,857 ($/AC) 
Tidal Flats $14,816–$18,520 $4–$8 ($/AC) 
Wetland $14,816–$55,561 $7,142–$46,107 ($/AC) 
Maritime Forest $370–$3,704 $74–$404 ($/AC) 
Wet Pine Savannah $370–$3,704 $74–$414 ($/AC) 
Mangroves $370–$5,556 $68 –$111 ($/LF) 
SAV $3,704–$11,112 $6,408–$21,687 ($/AC) 
Living Shoreline Vegetation $370–$5,556 $1–$81 ($/LF) 
Living Shoreline Reefs $9,260–$44,449 $221–$696 ($/LF) 
Living Shoreline Sills $9,260–$44,449 $65–$307 ($/LF) 
Coral Reef Breakwater $14,816–$44,449 $97–$290 ($/LF) 
Oyster Reef Breakwater $3,704–$11,112 $35–$146 ($/LF) 

 

Table 5-8: Nonstructural Physical Coastal Storm Risk Management Measures from the SACS Measures 
and Costs Library (Based on Planning Reach SC_03) 

Measure Annual Mobilization and 
Demobilization Cost Range 

Annual Construction Cost Per Unit 
Range ($/Unit) 

Buyout and Acquisition N/A $12,242–$26,891 ($/Asset) 
Building Elevation N/A $4,901–$11,381 ($/Asset) 
Dry Floodproofing N/A $1,425–$3,773 ($/Asset) 
Wet Floodproofing N/A $384–$537 ($/Asset) 
Relocation N/A $7,979–$11,720 ($/Asset) 

 

CSRM projects can combine multiple measures to obtain the study objectives. The location of each 
measure type must match the shoreline type and hazard being mitigated. Placement of NNBF must 
be carefully selected to match the wave climate of the area. Examples of the application of the MCL 
can be found in the Focus Area Action Strategy Reports (FAAS). 

5.6  Focus Area Selection 
Focus areas are areas that are highly susceptible to coastal hazards, including sea level rise, that 
warrant additional analysis. The focus areas were selected using the Tier 1 Risk Assessment Viewer 
along with additional Tier 2 data. SACS focus areas are shown in Figure 5-4. 

The goal of the focus area selection was to utilize existing stakeholder groups such as The Charleston 
Resilience Network to maximize potential for follow-on stakeholder efforts. Two Focus Area Action 
Strategies (FAAS) are discussed in this section: The Grand Strand and Charleston Metro Area. The 
Beaufort/ Hilton Head area was also identified as a FAAS but is not discussed in detail in this report. 
The FAAS uses a “watershed approach” to address problems (Watershed Planning Guidance: PB 
2019-01, EC 1105-2-411). 
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Figure 5-4: South Atlantic Coastal Study Focus Areas 
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Grand Strand 

Tier 1 Risk Assessment results indicated potential storm surge inundation risk to not only residents 
local to the Grand Strand area, but also tourists. Structures and infrastructure include water 
treatment plants, wastewater plants, first responders’ facilities, a power plant, nursing homes, law 
enforcement, and property worth billions of dollars.  

Tier 1 analyses also indicated that potential risk may substantially increase as a result of sea level rise. 
This is expected in inland locations, such as Socastee, and in coastal communities, including North 
Myrtle Beach, Myrtle Beach, and Garden City. 

Environmental resources include a beach and dune system, “swashes,” and some forested freshwater 
wetlands. Historic resources date from the early to mid-1900s and document the development of the 
Myrtle Beach area into a coastal tourist destination. Historic districts are located near the beach area 
in Murrells Inlet.  

The Grand Strand area is unique to the state because the ocean front is a beach/dune environment 
with no barrier islands. It is also the only area with swashes and has substantial tourism development. 
The potential for USACE to leverage existing resources includes a strong stakeholder presence and 
interest, and great working relationships between jurisdictions in this area.  

Charleston Metro 

Tier 1 results indicated potential storm surge inundation risk to the Charleston, South Carolina, Metro 
Area The area includes a major port and related commerce infrastructure, a large military base (Joint 
Base Charleston), Coast Guard Station, medical facilities, first responders’ stations, police stations, 
water treatment facility, wastewater treatment facility, fresh water supply, nursing homes, an Amtrak 
station, and rail lines.  

Tier 1 analyses also indicated that potential risk may substantially increase as a result of sea level rise. 
North Charleston, Hanahan, and Moncks Corner are already at high exposure, and will continue to 
increase into the future. Charleston, James Island, Summerville, Sullivan’s Island, and Mount Pleasant 
all go from medium-high exposure to high exposure. Increases in exposure also occur for Isle of Palms 
and Goose Creek.  

Environmental resources include marshes and wetlands, oyster reefs, and beach dune systems that 
may provide important storm protection, water quality, and other ecosystem services. Barrier islands 
and forested freshwater wetlands are critical habitat for endangered species. Cultural resources listed 
in the NRHP database include numerous historic resources that are significant with the early 
colonization of Colonial America, Civil War, and prehistory of North America. 

There is potential to leverage existing stakeholder groups to take action and address problems. The 
Charleston Resilience Network, which encompasses voluntary participants in the tri-county area, the 
recent Dutch Dialogues, and the National Fish and Wildlife Foundation (NFWF) Coastal Resilience 
Assessment of the Charleston Harbor Watershed, which identifies conservation opportunities for 
reduce coastal storm impacts to vulnerable communities, are all interested parties. There also has 
been work started by local jurisdictions, such as Charleston’s Sea Level Rise plan.  
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5.7  Focus Area Action Strategies 
The focus area action strategies were developed to identify action strategies to reduce risk from 
coastal storms and increase resilience in South Carolina. SACS key products and analyses were 
leveraged to understand existing and future conditions and quantify existing and potential risks. 
Stakeholders were engaged throughout the process to provide feedback on problems and 
opportunities, specific institutional and other barriers, and identify and prioritize potential action 
strategies to improve resilience. The actions gathered were summarized in a table. For each action, 
the status, potential stakeholders, and possible funding sources were identified. While these focus 
area action strategies were developed specifically for the Grand Strand and Charleston Metro areas, 
they can serve as examples of how to develop action strategies for other high-risk locations within 
the state. Section 5.7.1 and Section 5.7.2 summarize the findings of the FAAS reports.  

 Grand Strand Focus Area Action Strategy  
Table 5-9 displays stakeholder-identified actions for the Grand Strand Focus Area.  

Table 5-9: Action Strategy for Grand Strand Focus Area 

Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Horry and Georgetown Counties Flood 
Warning Systems Update:  
Create and enhance flood warning systems, 
including filling information gaps for the 
Intracoastal Waterway (ICW), and providing 
roadside warning signage for shallow 
coastal flooding dates.  

Needed Coast Guard, Weather 
Service, or USGS 

USACE/Planning 
Assistance to States 
(PAS)/Floodplain 
Management Services 
(FPMS) 

Cherry Grove FRM Study:  
Address repetitive nuisance tidal flooding. Needed City of North Myrtle Beach USACE/PAS/FPMS 

Collins Creek, Horry County, Clear/Snag 
Project Implementation: 
Clear/snag Collins Creek drainage channel 
along Collins Creek wetland.  

Needed Horry County Horry County 

Georgetown County “Living With Water” 
Development Management Study:  
Inventory and assess land management 
policies, regulations, and building standards 
to achieve resilience.  

Needed Georgetown County and 
municipalities  

USACE/PAS/FPMS/Waters
hed Planning 

Upper Raccoon Run FRM/CSRM Study:  
Implement floodplain improvements to 
increase storage. 

Needed Horry County USACE/FPMS/PAS/CAP 
205 

Socastee Creek Drainage Study:  
Implement FRM/CSRM to achieve 
resilience; improvements could include 
benching. 

Needed Horry County USACE/CAP 
205/PAS/FPMS 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Socastee and Middle Wacammaw 
Watershed Study:  
Conduct a watershed study for water 
quality and water quantity. 

Needed Horry County USACE/Watershed 
Planning/PAS/FPMS 

Socastee Policies and Regulations for the 
Conservation of Forested Wetlands:  
Create and strengthen policies and 
regulations for habitat protection and 
restoration that lead to 
preservation/conservation of swamp 
forests. 

Needed Horry County USACE/PAS/FPMS/Waters
hed Planning 

Horry County Risk Informed Development 
Management Regulations:  
Local governments to create and strengthen 
policies and regulations to manage 
development exposed to storm surge.  

Needed Horry County and 
municipalities 

USACE/PAS/FPMS/Waters
hed Planning 

Town of Pawleys Island FRM/CSRM Study: 
Address wave attenuation, storm surge, and 
nuisance tidal flooding as well as manage 
marshes to achieve resilience. 

Needed Pawleys Island USACE/CAP 
205/PAS/FPMS 

Waccamaw River, Horry County, South 
Carolina – Flood Risk Management: 
Horry County wants to explore structural 
and nonstructural measures for flood risk 
management similar to USACE’s federal 
watershed studies (Tar Pamlico and Neuse) 
conducted in two watersheds to the north 
in North Carolina. 

Needed Horry County USACE (if appropriated) 

Arcadian Shores Beach Nourishment:  
Horry County is implementing an RSM 
project. Continue regular beach 
nourishment. 

Ongoing Horry County Horry County 

Murrells Inlet Project: 
Sand is generally placed along the non-
federal beach in Georgetown County, 
Huntington Beach State Park, or the south 
jetty at Murrells Inlet. Continue regular 
placement. 

Ongoing Georgetown County Georgetown County 

Horry County Beachfront Management Plan 
Update:  
The Horry County Beachfront Management 
Plan Update is underway.  

Ongoing Horry County Horry County 
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 Charleston Metro Focus Area Action Strategy  
Table 5-10 displays stakeholder-identified actions for the Charleston Metro Focus Area.  

Table 5-10: Action Strategy for Charleston Metro Focus Area 

Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Charleston Metro Special Flood Hazard 
Areas Standards Update: 
Inventory and assess current ordinances 
and standards to reduce flood risk. 

needed Jurisdictions in the 
Charleston metro area 

PAS, FPMS, Section 729 
Watershed Planning 

Charleston County Back Bay FRM Studies: 
Reduce risk of back bay flooding—both 
nuisance flooding (long-term) and flooding 
from extreme storms (short-term). 

needed Charleston County and 
municipalities PAS, FPMS, CAP 205 

Bluehouse Swamp and Goose Creek 
Reservoir FRM/CSRM Study: 
Address repetitive flooding, including 
identifying if/how Bluehouse Swamp and 
Goose Creek Reservoir impact flooding. 

needed Berkeley/Dorchester/ 
Charleston CoG 

PAS, FPMS, Section 729 
Watershed Planning, CAP 
205 

James Island, Westchester Neighborhood 
Channel Wetland Restoration Project: 
Implement salt marsh wetland restoration 
project at the channel from Westchester 
neighborhood (James Island) leading to a 
tidal slough at Clark Sound. 

needed Charleston Audubon 
PAS, FPMS, Section 729 
Watershed Planning, CAP 
206 

Charleston County Flood Map Delineation 
Study: 
Conduct a flood map delineation study to 
establish base floods for unnumbered A 
zones to help plan development and 
evacuation routes. 

needed Charleston County PAS, FPMS 

Charleston Metro Risk Communication 
Program: 
Create and enhance public education and 
risk communication to achieve resilience. 

needed 
Charleston County and 
municipalities, Clemson 
Extension 

PAS, FPMS 

Charleston Port Flooding Study: 
Identify adaptation modifications to achieve 
resilience to coastal storm sea level 
rise/tidal and inland flooding. 

needed South Carolina Ports 
Authority PAS, FPMS, CAP 205 

Church Creek Project Design/Build. 
Implement projects based on outcomes of 
ongoing FRM/CSRM studies to achieve 
resilience. 

needed City of Charleston 
PAS, FPMS, Section 729 
Watershed Planning, CAP 
205 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Eagle Creek and Chandler Creek FRM/CSRM 
Study: 
Reevaluate the 1985 Eagle Creek Flood 
Control Project and expand the project 
limits along Eagle Creek to reduce flood 
damages from storm events such as 
Hurricane Irma. 

needed Dorchester County USACE/CAP 205 

Highway 17/Main Road Infrastructure 
FRM/CSRM Study: 
Achieve infrastructure resilience considering 
marsh migration at Highway 17/Main Road 
and nearby areas. 

needed SCDOT PAS, FPMS, CAP 205 

Sea Level Rise Best Management Practices 
(BMP) Study: 
Protect Little Goat Island, Cusabo Island, 
Long Island, Hammock Island with BMPs 
that help adapt to sea level rise and 
development. 

Needed SCDNR PAS, FPMS, Section 729 
Watershed Planning 

City of North Charleston FRM/CSRM 
Vulnerability Assessment; 
Assess vulnerability to determine how to 
address flooding, sea level rise, and climate 
change to improve public safety. 

Needed City of North Charleston PAS, FPMS, Section 729 
Watershed Planning 

Plum Island Wastewater Treatment Plant 
FRM/CSRM Study:  
Assess the resiliency of the Plum Island 
wastewater treatment plant and the impact 
if lost to storm surge. 

Needed Charleston Water System USACE/PAS/FPMS/CAP 
205 

Gullah-Geechee Communities FRM/CSRM 
Studies: 
Assess/achieve resilience for the Gullah-
Geechee neighborhoods/communities at 
risk. 

Needed Charleston metro 
jurisdictions 

USACE/FPMS/PAS/Waters
hed Planning/CAP 205 

Harbor Island RSM: 
SAND identified a potential future RSM 
project at Harbor Island if this is a public 
beach. 

Needed Charleston County undetermined 

Charleston Inland and Tidal Study: 
Reduce flood risk to properties, critical 
infrastructure, and transportation routes 
within the city of Charleston. This is a 
different, larger study area than that 
covered by the Charleston Peninsula Study 
currently underway. Rainfall-induced and 
tidal flooding represent a significant issue in 
Charleston. 

Needed City of Charleston USACE/GI 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Charleston Peninsula, South Carolina 
Coastal Flood Risk Management Study; 
General Investigation (GI): 
CSRM to protect against storm surge with a 
seawall, NNBF, and nonstructural 
floodproofing. As of August 2021, this has 
an estimated benefit-cost ratio of 10.2 to 1. 

Ongoing City of Charleston USACE/GI 

Folly Beach Shore Protection Project, South 
Carolina; GI: 
A 50-year extension to the existing 
authorization is proposed, and as of June 
2021, findings show that the Folly Beach 
Shore Protection Project can be improved 
by adding a dune feature to the beach 
placement template. 

Ongoing City of Folly Beach USACE/GI 

Hollywood, South Carolina Floodplain Study: 
Conducted by local government. Ongoing Hollywood, Charleston 

County n/a 

Bird Habitat at Crab Bank: 
Post 45 BUD project implementation. Planned Charleston County n/a 

Stabilize jetty: 
Post 45 BUD project implementation. Planned Morris Island, Charleston 

County n/a 

Breach Inlet:  
RSM material project implementation. Planned Sullivan's Island, Charleston 

County n/a 

 

5.8  Strategies for Addressing Remaining 
High-Risk Areas 
SACS could not examine all high-risk locations during the focus area analysis. This section documents 
strategies to address the residual risks not addressed in the FAAS documents.  

 Identification of Further Study Efforts  
Potential strategies warranting further consideration/analysis are presented in Table 5-11.  
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Table 5-11: Action Strategies for Remaining High-Risk Areas 

Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Botany Bay Heritage Preserve State Wildlife 
Management Area Erosion Study: 
Assess beachfront and back bay erosion 
issues.  

Needed SCDNR PAS, FPMS, CAP 205 

Broad River Watershed Study: 
Larger populations in conjunction with large-
scale and high-magnitude rainfall events, 
and climate change, increase flood risk in 
the midlands and upstate of South 
Carolina. This watershed is upstream of the 
coastal watersheds studied by SACS but 
contributes to compound flooding within 
the coastal watersheds. 

Needed Jurisdictions in the Broad 
River Watershed area 

Section 729 Watershed 
Planning 

Cape Romain Back Bay Marsh Conservation 
Study: 
Study back bay marsh islands to retain their 
service of protecting the AIWW. 

Needed USFW undetermined 

Cape Romaine National Wildlife Refuge 
Ocean Facing Erosion Study: 
Study oceanside for erosion/SAND to 
achieve habitat resilience and conserve 
turtle nesting and other resources at risk. 

Needed USFW undetermined 

Conway Area Compound Flooding Study: 
Study riverine and compound flooding in 
coastal zone to achieve resilience. 

Needed City of Conway 
PAS, FPMS, Section 729 
Watershed Planning, CAP 
205 

Georgetown Harbor, South Carolina – 
Navigation:  
Determine the severity and the rate of 
shoaling in the inner harbor and investigate 
alternatives that provide a sustainable 
decreased channel depth. 

Needed City of Georgetown USACE/GI (if 
appropriated) 

Saluda River Watershed Study: 
Larger populations in conjunction with large-
scale and high-magnitude rainfall events, 
and climate change, increase flood risk in 
the midlands and upstate of South 
Carolina. This watershed is upstream of the 
coastal watersheds studied by SACS but 
contributes to compound flooding within 
the coastal watersheds. 

Needed Jurisdictions in the Saluda 
River Watershed area 

Section 729 Watershed 
Planning 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Santee River Watershed Study: 
Larger populations in conjunction with large-
scale and high-magnitude rainfall events, 
and climate change, increase flood risk in 
the midlands and upstate of South 
Carolina. This watershed is upstream of the 
coastal watersheds studied by SACS but 
contributes to compound flooding within 
the coastal watersheds. 

Needed Jurisdictions in the Santee 
River Watershed area 

Section 729 Watershed 
Planning 

Beaufort Peninsula Coastal Storm/Flood Risk 
Management Study (3x3x3):  
Conduct a study to address coastal flooding 
events. 

Needed City of Beaufort USACE/GI (if 
appropriated) 

Waterfowl Impoundment Sediment Sources 
Study: 
Identify sediment sources to increase dike 
height for waterfowl impoundments. 

Needed SCDNR RSM, CAP 204, PAS 

Thin-Layer Placement Pilot Project: 
Conduct a study for a pilot project with 
SCDNR for thin-layer placement. 

Needed SCDNR RSM, CAP 204 

South Carolina Compound Flooding Study: 
Conduct a study evaluating the effects of 
compound flooding increased by sea level 
rise. 

Needed 

A variety of state and federal 
offices may be able to 
provide technical or funding 
support. 

PAS, FPMS, Section 729 
Watershed Planning 

Development Management Throughout 
Coastal South Carolina: 
Increase higher standards within and 
outside of special flood hazard areas to 
remove buildings from flood risk, city 
ordinances to enforce higher standards in 
and out of flood zone, and coordinating 
these across jurisdictions for the greatest 
effectiveness. 

Needed 

A variety of state and federal 
offices may be able to 
provide technical or funding 
support. 

PAS, FPMS, Section 729 
Watershed Planning 

Statewide CRS Open Space Tool Completion: 
The CRS Open Space tool is not currently 
statewide and doesn't include all coastal 
counties. This was mainly because of limited 
data availability for certain 
municipalities/counties.  

Needed undetermined undetermined 

Existing Marsh Shorelines BUD Study:  
Conduct erosion management/living 
shoreline studies along existing marsh 
shorelines and look for BUD material 
opportunities. 

Needed South Carolina Regional 
Sediment Working Group 

PAS, FPMS, Section 729 
Watershed Planning 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Regional Inland Shelters Feasibility Study: 
Evaluate developing a series of regional 
inland shelters to promote evacuation 
outside the coastal zone but close enough to 
encourage their use. When not serving their 
primary purpose, shelters could be used to 
serve surrounding communities (e.g., 
gymnasiums). 

Needed SCEMD USACE/PAS/FPMS 

Georgetown Nuisance Tidal Flooding Study: 
Conduct an FRM study to address repetitive 
flooding. 

Needed City of Georgetown USACE/PAS/FPMS 

The South Carolina Floodwater Commission 
Report, November 8, 2019: 
Contains many recommendations pertinent 
to CSRM. 

Planned/Ong
oing Many/varied. Many/varied. 

 

 Remaining High-Risk Areas 
To ensure that all high-risk areas are considered for follow-on efforts, Table 5-12 identifies the med-
high and high-risk places (i.e., high-risk locations) from each planning reach that were not chosen as a 
focus area, and for which there were no stakeholder suggestions provided that USACE could consider. 
The places were identified through the Tier 1 and 2 Summary of High-Risk Locations tables. The high-
risk summary tables were based off the Tier 1 Risk Assessment, the Tier 2 Economic Risk Assessment, 
erosion hazards, and valuable environmental or cultural resources at risk from coastal storms as sea 
levels rise. An X in a column indicates the identified risk for each place listed in the table. The 
threshold values to identify as risk for each column are detailed in Section 4.4. The places that 
identified as high risk met the criteria for risk in at least one of the columns in the table.  

Table 5-12: Remaining High-Risk Areas 

Location County Tier 1 Risk 
Assessment 

Tier 2 
Economic 

Risk 
Assessment 

Erosion Risk Environ-
mental Risk 

Cultural 
Resources 

Risk 

Andrews Georgetown    X  
North, South, and Cat 
Islands Georgetown    X  

Bucksport Horry X   X  
Red Hill Horry X   X  
North Surfside Beach Horry  X    
Port Royal Beaufort X X  X  
Shell Point Beaufort X   X  
Burton Beaufort X   X  
Bluffton Beaufort X   X X 
Yemassee Beaufort    X  
Fripp Island Beaufort  X  X  
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Location County Tier 1 Risk 
Assessment 

Tier 2 
Economic 

Risk 
Assessment 

Erosion Risk Environ-
mental Risk 

Cultural 
Resources 

Risk 

North Bluffton Beaufort  X  X  
East Bluffton Beaufort  X  X X 
Daufuskie Island Beaufort   X X X 
Hunting Island Beaufort   X X  
Little Capers Island Beaufort   X X  
Pritchard’s Island Beaufort   X X  
St. Phillips Island Beaufort   X X  
Dawys Island Beaufort    X  
Kiawah Island Charleston  X  X X 
Seabrook Island Charleston  X  X  
McClellanville Charleston    X  
Awendaw Charleston    X  
Rockville Charleston    X  
Bees Ferry and 
Rantowles Charleston    X  

Edisto Island Charleston    X X 
Dewees Island Charleston   X X  
Edingsville Beach Charleston   X X  
Pockoy and Botany Bay 
Islands Charleston   X X  

Deveaux Bank Charleston    X  
Edisto Beach Colleton    X  
Jacksonboro Colleton    X  
Pine and Otter Island Colleton    X  
Hardeeville Jasper X   X  
Ridgeland Jasper X     
Turtle Island Jasper    X  

 

For the above places, continued outreach, risk communication, and collaboration are recommended. 

The products of this study are intended to help people and organizations in these areas better 
understand risks, and to begin to devise actions to manage those risks. Additionally, USACE has a 
number of programs that could partner with communities to further investigate for risk management 
solutions.  
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Institutional and Other 
Barriers 
Federal, state, regional, and local policies and programs, as well as private sector and NGO efforts 
form the institutional landscape that can either create barriers or promote resilience of South 
Carolina’s communities. The policies and programs that influence the state’s ability to build resilience 
are ever evolving as politics change, science and technology evolve, funding fluctuates, and lessons 
are learned following coastal storms. This section summarizes the institutional barriers within the 
SACS South Carolina study area, as influenced by the policies and programs that form the institutional 
landscape. 

Institutional barriers are defined as barriers posed by agency silos and overlapping or competing 
missions that inhibit necessary coordination among agencies/levels of government, and/or that 
otherwise impede the attainment of SACS goals.  

Other barriers include laws, regulations, agency guidance and programs at federal, state, or local 
levels that:  

• Contribute to vulnerability of coastal populations, ecosystems, and/or infrastructure  

• Work at cross purposes with policies and measures that reduce risk and/or increase resilience  

• Increase flood risk in the coastal zone (tidally influenced) 

• Conflict with the goals of improving coastal resilience or reducing risk  

• Expose federal investments or increase financial exposure of federal taxpayers  

• Impede the ability of decision makers, at all levels of community and political governance, to 
support or make hard decisions, pursue innovative solutions or lead change supportive of 
SACS goals. 

These barriers are discussed in detail the SACS Institutional and Other Barriers Report (USACE 2021c). 
In a local context, stakeholders within the South Carolina study area were asked to identify 
institutional and other barriers that they perceived on several occasions. These included: 

• A Field Workshop in Conway to cover Planning Reach SC_03 

• A Field Workshop in Charleston to cover Planning Reach SC_04 

• A series of Focus Area Visioning workshops including three workshops for the Grand Strand 
area, and three workshops for the Charleston Metro area.  
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Modeled after the NACCS Institutional and Other Barriers Report, the SACS Institutional and Other 
Barriers Report (USACE 2021c) summarized stakeholder input into six themes:  

• Theme 1: Risk and Resilience Standards 

• Theme 2: Risk Communication 

• Theme 3: Risk Management 

• Theme 4: Science, Engineering, and Technology 

• Theme 5: Leadership and Institutional Coordination 

• Theme 6: Local Planning and Financing  

The following sections provide examples of specific stakeholder-identified barriers and opportunities 
for action.  

6.1  Risk and Resilience Standards Barriers 
in South Carolina  
Risk and resilience standards provide a unified language and standardized framework that can be 
used across jurisdictions and across agencies. Standards ensure that different groups are working 
towards the same goal and with the same set of tools. Table 6-1 displays specific stakeholder-
identified barriers and opportunities for action that apply across South Carolina.  

Table 6-1: Risk and Resilience Standards Barriers in South Carolina  

Barriers Opportunities for Action 

• While current building codes and permitting 
processes may limit the speed of development in 
some locations, they do not necessarily limit 
development in vulnerable areas. 

• Developers lack accountability for the risk 
associated with their projects and building 
practices, leaving homeowners and 
municipalities to address these residual risks and 
manage the consequences  

• Change building and zoning codes to incorporate future 
conditions/future risk. 

• Change zoning and building codes and standards to limit 
development in high-hazard areas. 

• Create incentives to not build in areas of high coastal 
flood risk. 

• Change building codes and standards to ensure 
development built to higher standards.  

• Create incentives for resilient development. 
• Utilize existing and create new federal flood risk 

management standards for design criteria. 
 

During the workshops, stakeholders reported high demand for development and the need for policies 
and regulations to be revised to handle development in risk-informed ways. The different policies and 
regulations of various jurisdictions within the same watersheds make the already complex topic of 
coastal storm resilience even more complex. The need for risk and resilience standards overlaps with 
the need for leadership and institutional coordination. For resilience to be achieved, jurisdictions 
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must work together towards compatible policies and regulations. Otherwise, as one area adopts a 
more risk-informed approach with stricter standards for development, future development may shift 
to a community with fewer or more lenient policies and regulations.  

The study team also noted that The Coastal Barrier Resource Act (CBRA) of 1982 had been 
interpreted by USFWS in a way that caused an institutional barrier for Federal projects seeking to 
nourish beaches. This was a concern because beach nourishment can be a good alternative to 
seawalls, including providing comparable risk management while also providing habitat for coastal 
species. However, as discussed in the SACS Institutional and Other Barriers Report, recent re-
interpretation by USFWS may remove this institutional barrier.  

Table 6-2: Specific Opportunities for Action for Risk and Resilience Standards Barriers in South Carolina  

What Who Why 
Assessing and strengthening existing 
policies and regulations or creating new 
policies and regulations to manage 
development in areas exposed to storm 
surge, and coordinating these across 
jurisdictions for the greatest 
effectiveness 

All jurisdictions within study area Reduce risk effectively across the 
region 

Creating and strengthening policies and 
regulations for habitat protection and 
restoration that lead to preservation and 
conservation of forested wetlands, back 
bay islands and marshes, medium-high 
and high environmental risk areas, 
coordinating across jurisdictions for 
greatest effectiveness 

All jurisdictions within study area Reduce risk and provide co-benefits 

Increase higher standards within and 
outside special flood hazard areas to 
remove buildings out of flood risk, 
create city ordinances to enforce higher 
standards in and out of flood zone, and 
coordinate these across jurisdictions for 
the greatest effectiveness 

All jurisdictions within study area Reduce risk effectively across the 
region 

Focus new construction on high ground, 
adopt Dutch Dialogues “living with 
water” concept, and coordinate these 
across jurisdictions for the greatest 
effectiveness 

All jurisdictions within study area Reduce risk effectively across the 
region 
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6.2  Risk Communication Barriers in South 
Carolina  
Clear risk communication helps decision makers, community leaders, and individuals understand 
their risk and builds engagement and support for risk management efforts. Barriers and opportunities 
for action from stakeholders that apply across South Carolina are shown in Table 6-3. 

Table 6-3: Risk Communication Barriers in South Carolina  

Barriers Opportunities for Action 
• Lack of understanding or belief in sea level rise 

and distrust of scientific institutions  
• Lack of effective communication of the 

importance and criticality of coastal flood risks.  
• Public acceptability of risk management 

measures. 

• Improve risk communication resources.  
• Improve public education on coastal risk, sea level 

rise, climate change, and risk management 
solutions. 

• Identify new and better ways to communicate 
risk. 

 

Stakeholders reported that community members and public officials often do not understand the 
complexities of flooding, including how individual and community decisions affect flooding. For 
example, development on a wetland increases impervious surfaces, reduces natural services, such as 
water storage, and increases risk. Stakeholders also reported a lack of, and need for, outreach to 
educate community members and public officials. Table 6-4 provides opportunities to address risk 
communication barriers in South Carolina.  

Table 6-4: Specific Opportunities for Action for Risk Communication Barriers in South Carolina  

WHAT WHO WHY 
Create and enhance flood warning 
systems for Horry and Georgetown 
Counties, especially as related to gaps 
in ICW flooding information, including 
the consideration of flood warning 
signs in low lying areas of ICW 

County governments or Weather 
Service or SCDOT 

To proactively communicate risk for 
risk avoidance 

Creating and enhance public 
education and risk communication 
programs associated with storm 
surge and coastal storm erosion, 
especially as exacerbated by sea level 
rise, within the next few years 

All jurisdictions within study area To raise awareness of coastal storm 
risks and sea level rise 

Charleston Metro: Create and 
enhance public education and risk 
communication programs to address 
storm surge and coastal storm 
erosion, especially as exacerbated by 
sea level rise. 

Clemson Extension: The Ashley 
Cooper Stormwater Education 
Consortium (ACSEC) includes the 
three county governments and 11 
municipalities, as well as a host of 
education partners, and can be an 
outlet or partner for resiliency 
messaging and education 
opportunities. 

To increase public education and risk 
communication programs to help 
achieve resilience  
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WHAT WHO WHY 
A communications program for BMPs 
– including but not limited to a 
handbook 

Multi-agency/multi-jurisdiction/multi-
organization  

To raise awareness of BMPs to reduce 
coastal storm risks 

Community-based education for Little 
Goat Island, Cusabo Island, Long 
Island; Hammock Island BMPs 

SCDNR 
 

To raise awareness of how to protect 
habitat and help it adapt to sea level 
rise and development 

 

6.3  Risk Management Barriers in South 
Carolina  
Effective risk management requires clear, comprehensive plans and policies that can be easily and 
continuously enforced by available local staff. Barriers and opportunities for action from stakeholders 
that apply across South Carolina are shown in Table 6-5. 

Table 6-5: Risk Management Barriers in South Carolina  

Barriers Opportunities for Action 

• Inconsistent implementation of planning laws, 
policies, procedures and permitting requirements. 

• Administer and enforce beachfront management and 
other risk management policies consistently. 

• Establish or improve state and local buyout programs for 
properties in flood-prone areas. 

 

Stakeholders reported during the workshops the need for consistent implementation and stronger 
enforcement of beach and waterfront risk management policies and permits. Table 6-6 lists details on 
opportunities to address risk management barriers in South Carolina.  

Table 6-6: Specific Opportunities for Action for Risk Management Barriers in South Carolina 

What Who Why 

Flood map delineation study Charleston County; SCDNR 
To establish base floods for unnumbered A zones 
to help with future planning of growth and 
development and evacuation routes. 

Plum Island: Conduct a 
FRM/CSRM study to assess the 
resiliency of the wastewater 
treatment plant 

Charleston Water System 
To assess resiliency of the city's primary 
wastewater treatment plant and impact if lost to 
storm surge.  

Hwy 17/Main Rd and nearby 
areas; Conduct a FRM/CSRM 
study for infrastructure and 
marsh migration to achieve 
resilience 

SCDOT To address development pressure in this area 
and existing flooding issues 
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6.4  Science, Engineering, and Technology 
Barriers in South Carolina  
The use of current, credible, and accurate science, engineering, and technology is critical to 
developing appropriate risk management plans, strategies, and solutions. Themes and suggestions 
from stakeholders that apply across South Carolina are shown in Table 6-7. 

Table 6-7: Science, Engineering, and Technology Barriers in South Carolina  

Barriers Opportunities for Action 
• Lack of coordination across research programs, as 

well as a mismatch in data, data resolutions, and 
datums used.  

• Coordinate across research programs. 

 

In addition to the need to coordinate research programs and data, stakeholders noted the need for 
better incorporation of NNBF to reduce coastal risk and provide co-benefits. There is a strong desire 
to advance development and application of NNBF design guidelines, to better scale NNBF for 
measurable benefits, and to better quantify risk management benefits and co-benefits. Table 6-8 
provides details on ways to address science, engineering, and technology barriers in South Carolina.  

Table 6-8: Specific Opportunities for Action for Science, Engineering and Technology Barriers in South 
Carolina  

What Who Why 

Training sessions Counties and Local Governments To train stakeholders on application 
of CHS data 

Numerical Model Development NOAA, FEMA, SCEM, USACE, ERDC, 
Private Sector 

To incorporate compound flooding 
into risk modeling 

Additional data collection and tool 
development to expand the CRS 
Open Space tool to 
coastwide/statewide coverage. 

SCDHEC, The Nature Conservancy 

To help communities identify areas 
that currently qualify for Open Space 
Preservation credit, and identify 
future open space in the floodplain. 
The tool can serve as a flood risk 
communication tool for residents and 
decision makers.  

Conduct erosion management/living 
shorelines studies along existing 
marsh shorelines 

SCDHEC Reduce risk and provide co-benefits 
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6.5  Leadership and Institutional 
Coordination Barriers in South Carolina 
Strong leadership and coordination across different agencies and levels of government are 
fundamental to the success of risk management efforts. Clear and coordinated messages from the 
federal government reduce confusion for local leaders and individuals and provide clarity on how 
coastal risk should and could be addressed. The most frequently voiced major concern for South 
Carolina is the lack of political commitment to make hard decisions about long-term CSRM solutions. 
The second most frequently voiced major concern is the need for coordination and leadership at all 
levels. Barriers and opportunities for action from stakeholders that apply across South Carolina are 
shown in Table 6-9. Table 6-10 provides details on actions to address leadership and institutional 
coordination barriers in South Carolina.  

Table 6-9: Leadership and Institutional Coordination Barriers in South Carolina 

Barriers Opportunities for Action 

• Lack of long-term thinking. 
• The priorities of local institutions and political 

organizations are currently geared towards economic 
development, not coastal resiliency. 

• An unwillingness to pay for costly infrastructure 
resilience projects now; therefore, forcing 
communities to pay later.  

• Lack of coordination across multiple jurisdictions, 
including a lack of regional collaboration and 
continuity across agencies and sectors.  

• Complete a comprehensive look at flood resilience in 
the region. 

• Plan infrastructure for resilience on a state or regional 
level. 

• Develop a state committee on sea level rise and 
coastal resilience to improve regional, cross-agency, 
and cross-sector collaboration. 

 

Table 6-10: Specific Opportunities for Action for Leadership and Institutional Coordination Barriers in 
South Carolina  

What Who Why 

Establish regional inland shelters. 
Allowing the regional shelters to be 
used by the surrounding 
communities could provide a 
secondary benefit (community 
centers, gymnasiums, etc.), when 
not needed for evacuation could 
provide 2nd and 3rd order benefits. 

SCEM; local jurisdictions 

Promote evacuation outside high-risk 
areas. Shelter locations should be 
proposed outside of the coastal zone 
but close enough to encourage their 
use.  

Cross-agency partnering sessions to 
create a marsh restoration plan 

SCDNR, SCDHEC, local jurisdictions, 
NOAA, USFWS, BOEM, USACE, NFWF 

Develop state-wide priorities  
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What Who Why 
Conduct a multi-jurisdictional study 
on riverine and compound flooding 
in the coastal zone to achieve 
resilience  

Conway, Marion, Georgetown cities 
and Horry and Georgetown counties 
in a multi-jurisdictional effort 

To reduce persistent flooding issues 
from 100-year-old canal systems 
which are often laden with debris and 
are undersized for the level of 
development. This issue is 
exacerbated by tidal backwater. 

Conduct FRM/CSRM studies to 
assess/achieve resilience of the 
Gullah-Geechee communities within 
various jurisdictions 

Local jurisdictions To reduce coastal flooding risk to 
Gullah Geechee/traditional African 
American communities in low lying 
areas 

Study back bay marsh islands of 
Cape Romain to retain their service 
of protecting the AIWW 

USFW Marsh islands protect the AIWW. This 
has been identified as a Priority 
Environmental Area. 

Study oceanside of Cape Romaine 
National Wildlife Refuge for 
erosion/SAND  

USFW To achieve habitat resilience, conserve 
turtle nesting, and other resources at 
risk Marsh islands protect the AIWW 
and the area has been identified as a 
Priority Environmental Area 

 

6.6  Local Planning and Financing Barriers 
in South Carolina 
Easily accessible, flexible, and continuous funding sources are critical to the long-term success of risk 
management measures. The third most frequently voiced major concern is lack of funding. Themes 
and suggestions from stakeholders that apply across SC are provided in Table 6-11. 

Table 6-11: Local Planning and Financing Barriers in South Carolina 

Barriers Opportunities for Action 

• Lack of coordination across local, state, 
and federal agencies regarding 
leveraging funding. 

• Inadequate funding.  

• Coordinate across local, state, and federal agencies regarding 
leveraging funding. 

• Align funding and spending timetables to better meet 
requirements for the recovery process (i.e., annual appropriations 
result in the need to spend recovery funds quickly) 

• Increase funding for buyouts. 
 

Local jurisdictions often have limited staff and funding, resulting in a need for additional funding and 
expertise to consider and address coastal storm risk.  

State and local jurisdictions need to improve funding streams for maintenance of existing risk 
management projects. Further, they need additional information on how to get grants, and how to 
match funds for cost shared studies and projects. Programs and tools exist to support community 
resilience, many of which are described in the SACS CPG (USACE 2021a). Table 6-12 provides details 
on opportunities to address planning and financial barriers in South Carolina. 
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Table 6-12: Specific Opportunities for Action for Planning and Financing Barriers in South Carolina  

What Who Why 
Update USACE policy regarding 
definition of Federal standard as least 
cost alternative to support beach 
placement 

USACE vertical team, CSRM PCX 

Requirement for least cost disposal 
precludes many opportunities to use 
material for risk management 
without requiring non-federal funding 

Update policies to decrease reliance 
on traditional NED/economic outputs USACE 

Updated policies will help ensure a 
wider range of benefits are 
considered and increase eligibility for 
Federal interest 

 

6.7  Barriers to Implementing Regional 
Sediment Management 
Section 1204 of the Water Resources Development Act of 2016 specifically directs that the SACS will, 
“conduct a comprehensive analysis of current hurricane and storm damage reduction measures with 
an emphasis on regional sediment management practices to sustainably maintain or enhance current 
levels of storm protection.” Districts and regional stakeholders have noted that financial, institutional, 
and other barriers often prevent implementation of RSM strategies.  

Barriers to implementing more RSM projects (as discussed in Section 5.4) include the location of 
federal channels and the classification and proximity of dredged material compared to sediment 
needs. The majority of O&M dredge material from federal projects is not beach-quality sand, so it 
cannot be used for beach nourishment. In the past, state and federal environmental agencies were 
not interested to pursue placement of non-beach-quality material, but projects like Crab Bank and 
the development of a South Carolina RSM Working Group demonstrate a change. The South Carolina 
RSM Working Group is planning to look for RSM opportunities for O&M material, such as marsh 
enhancement and thin layer placement to increase efficiencies and protect cultural and 
environmental resources, as well as infrastructure. 

However, where there may be sediment needs, there may not be adjacent or nearby federal 
channels. Funding is another component of implementation of RSM efforts. If the implementation is 
not the least expensive option, it requires a cost share sponsor. 
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Recommendations to Address 
Risks and Vulnerabilities 
The following recommendations (Table 7-1) result from the analyses detailed within this appendix 
and from coordination with stakeholders throughout South Carolina. As part of the Tier 2 analysis, 
efforts were made to develop specific and detailed recommendations to address coastal storm risk 
within the selected focus areas as described in each FAAS. Importantly, several recommendations 
initially developed for focus areas are also applicable throughout all coastal areas of South Carolina. 
Other high-risk areas not located within a focus area may also have had recommendations 
developed.  

All recommendations for South Carolina are shown in Table 7-1 and represent important components 
of an overall regional strategy for the full SACS study area. As described in the Main Report, the SACS 
regional strategy focuses on maintaining and adapting projects and programs that are successfully 
addressing coastal risk while advancing emerging 
methods. The regional strategy also emphasizes the 
importance of advancing coordination and 
collaboration on complex issues, such as land use 
and development practices, to manage increased 
coastal storm risk as a result of sea level rise 
throughout the SACS study area. Recommendations 
are made for either multiagency action, USACE 
action, or consideration by the United States 
Congress (Congress) to advance specific actions 
resulting from analyses presented in this report and 
from coordination with stakeholders.  

Recommendations are organized into six categories, 
as shown in Figure 7-1, and three implementation 
time frames (near-, mid-, and long-term). 
Implementation timing is influenced by the degree of 
stakeholder collaboration needed, technical 
complexity of the recommendation, current 
momentum toward implementation, and other 
factors needed to implement the recommendation. 
Implementation time frames include:  

Figure 7-1: Recommendation Categories 
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• Near-Term Implementation (<5 years): These recommendations are generally less complex 
and have significant stakeholder momentum toward implementation. The recommendations 
generally maintain and adapt actions that are recognized to successfully manage coastal 
storm risk. 

• Mid-Term Implementation (5–10 years): These recommendations may be more technically 
complex and/or require additional stakeholder coordination and collaboration for 
implementation. They advance ongoing and emerging efforts to address coastal storm risk. 

• Long-Term Implementation (>10 years): These recommendations typically require significant 
stakeholder coordination and—from technical, political, or social perspectives—may be the 
most challenging to implement on a regional scale. Importantly, coordination and 
collaboration on these recommendations should not be delayed. The long-term time frame is 
reflective of the time to implementation based on lead time needed to advance these 
recommendations, which include complex issues such as land use, zoning, and building codes.  

Based on its shoreline length relative to other states and territories in the SACS study area, 5 priority 
recommendations were made for South Carolina. Priority recommendations can manage a significant 
amount of risk and have a high implementation potential based on stakeholder interest and other 
factors.  
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Table 7-1: Recommendations for South Carolina (State Priority Recommendations in Yellow) 

Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Horry and Georgetown 
Counties Flood Warning 
Systems Update 

Create and enhance flood warning systems, including filling 
information gaps for the Intracoastal Waterway, and providing 
roadside warning signage for shallow coastal flooding dates.  

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Charleston Metro Special 
Flood Hazard Areas 
Standards Update 

Inventory and assess current ordinances and standards to reduce 
flood risk 

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Georgetown County Living 
With Water Development 
Management Study 

Inventory and assess land management policies, regulations and 
building standards to achieve resilience 

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Statewide CRS Open Space 
Tool Completion  

Data collection and tool development to expand the CRS Open Space 
tool to coastwide/statewide coverage. The CRS Open Space tool isn't 
currently statewide and doesn't include all coastal counties. This was 
mainly due to limited data availability for certain 
municipalities/counties.  

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Charleston Metro Risk 
Communication Program 

Create and enhance public education and risk communication 
programs to achieve resilience, addressing topics such as coastal 
storm surge and coastal storm erosion, especially as exacerbated by 
sea level rise. 

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Horry County Risk Informed 
Development Management 
Regulations 

Local governments to create and strengthen policies and regulations 
to manage development exposed to coastal storm surge  

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Socastee Policies and 
Regulations for the 
Conservation of Forested 
Wetlands 

Create and strengthen policies and regulations for habitat protection 
and restoration that lead to preservation/conservation of swamp 
forests 

Activities and 
Areas Warranting 
Further Analysis 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Development management 
throughout coastal South 
Carolina  

Increase standards within and outside special flood hazard areas to 
remove buildings out of flood risk, city ordinances to enforce higher 
standards in and out of flood zones. Assessing and strengthening 
existing or creating new policies and regulations to manage 
development in areas exposed to coastal storm surge. And 
coordinating these across jurisdictions for the greatest effectiveness.  
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Design and 
Construction 
Efforts 

Near-Term  
(<5 years) Congress 

Charleston Peninsula, 
South Carolina Coastal 
Flood Risk Management 
Feasibility Study 
Recommended Plan 
(pending) 

The SACS support recommendations (pending) of the USACE 
Charleston Peninsula, South Carolina Coastal Flood Risk Management 
Feasibility Study. The study is addressing the risk of damages from 
storms on the Charleston Peninsula. As of August 2021, the proposed 
alternative includes a seawall, natural and nature-based features, and 
nonstructural floodproofing, with an estimated benefit to cost ratio of 
10.2 to 1. 

Design and 
Construction 
Efforts 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Church Creek Project 
Design/Build 

Implement projects based on outcomes of ongoing FRM/CSRM studies 
conducted by local governments.  

Recommendations 
on Previously 
Authorized USACE 
Construction 
Projects 

Near-Term  
(<5 years) Congress 

Folly Beach Shore 
Protection Project, South 
Carolina; GI 

CSRM for Folly Beach - A 50-year extension to the authorization is 
proposed, and the current project is being restudied to determine 
ways to improve it from a holistic view of its performance. Findings as 
of June 2021 are that the Folly Beach Shore Protection Project can be 
improved by adding a dune feature to the beach placement template.  

Regional Sediment 
Management 
Practices 

Near-Term  
(<5 years) 

Multi-Agency 
Action 

Existing Marsh Shorelines 
Beneficial Use of Dredged 
Material (BUD) Study 

USACE and the South Carolina Regional Sediment Working Group are 
interested in working together to look for beneficial uses of dredged 
materials to support erosion management and/or living shorelines.  

Regional Sediment 
Management 
Practices 

Near-Term  
(<5 years) USACE Thin Layer Placement Pilot 

Project.  

A pilot project with SCDNR for thin layer placement of sediment. The 
location of the pilot project is yet to be determined. Recommendation 
informed by stakeholder coordination with SCDNR.  

Regional Sediment 
Management 
Practices 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Waterfowl Impoundment 
Sediment Sources Study  

Identify material for improvement of waterfowl impoundments that 
SCDNR has dikes around. The environmental resources providing 
waterfowl habitat, and the dikes that enclose them, are subject to 
erosion from coastal storms, and that erosion has been worsening 
with SLR. The dike height needs to increase periodically, but SCDNR 
currently has no more internal material from which to take.  
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Study Efforts 
(follow-on USACE 
feasibility study) 

Near-Term  
(<5 years) Congress 

Beaufort Peninsula Coastal 
Storm/Flood Risk 
Management Study  

Study to address coastal flooding events. The ever-increasing 
occurrence, nature and severity of coastal flooding events has become 
severely problematic. The Beaufort peninsula is confined by three 
linked, but distinct, coastal waterways; the Beaufort River, Battery 
Creek, and Albergottie Creek. All the areas share low lying and bluffed 
topography. Study leading to an actionable plan to provide long-term 
solutions to public health, safety and quality of life is necessary. 
Authority: 1955 PL84-71. A Letter of Intent is on file. 

Study Efforts 
(follow-on USACE 
feasibility study) 

Near-Term  
(<5 years) Congress Charleston Inland and Tidal 

Study 

The purpose of this effort is to reduce significant flood damages to 
properties, critical infrastructure, and transportation routes within the 
City of Charleston due to rainfall induced and tidal flooding, which 
represent a significant issue in the City of Charleston. Approximately 
60 percent of the City of Charleston is within the FEMA 100-year 
floodplain. This is a different study area and flooding type than that 
covered by the Charleston Peninsula Study that is currently underway.  

Study Efforts 
(follow-on USACE 
feasibility study) 

Near-Term  
(<5 years) Congress 

Waccamaw River, Horry 
County, South Carolina (SC) 
– Flood Risk Management  

Explore measures for flood risk management similar to the USACE 
federal watershed studies (Tar Pamlico and Neuse) being conducted in 
two watersheds to the north in North Carolina. 

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Botany Bay Heritage 
Preserve State Wildlife 
Management Area Erosion 
Study  

The beachfront and back bay erosion issues are significant in this area. 
Natural Estuarine Research Reserve is a High State/Territory Priority 
Environmental Area for natural and cultural resources. For example, 
there are 2 shell rings at risk. SCDNR is a possible key stakeholder. 

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Cape Romaine National 
Wildlife Refuge Ocean 
Facing Erosion Study  

Study oceanside for erosion to achieve habitat resilience, conserve 
turtle nesting, and other at-risk resources. This has been identified as 
a High State/Territory Priority Environmental Area. This action could 
be led by USFW. 

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Charleston County Flood 
Map Delineation Study 

Conduct a flood map delineation study to establish base floods for 
unnumbered A zones to help with planning of development and 
evacuation routes.  
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

City of Georgetown 
Compound Flooding Study 

The City of Georgetown experiences regular nuisance tidal and 
compound flooding. Georgetown is in the coastal zone, and flooding 
was significant during Hurricanes Floyd, Matthew and Florence. These 
flooding issues will increase with SLR and warrant further analysis, 
possibly as an FRM study. The purpose of study would be to prevent 
damage to existing and future populations and infrastructure as a 
result of coastal storms and SLR.  

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Conway Area Compound 
Flooding Study 

The City of Conway has experienced significant compound flooding 
from Hurricanes Floyd, Matthew and Florence. Conway is in the 
coastal zone, and while flooding may be primarily riverine, it is 
exacerbated by tidal backwater. These compound flooding issues will 
increase with SLR and warrant further analysis. The purpose of study 
would be to prevent damage to existing and future populations and 
infrastructure as a result of coastal storms and SLR.  

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Eagle Creek and Chandler 
Creek FRM/CSRM Study 

Dorchester County would like to partner with USACE to reevaluate the 
1985 Eagle Creek Flood Control Project and expand the project limits 
along Eagle Creek in order to reduce flood damages from storm events 
such as Hurricane Irma in 2017.  

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Cape Romain Back Bay 
Marsh Conservation Study 

Study back bay - marsh islands to retain their natural services, 
including protecting the AIWW. This has been identified as a High 
Priority Environmental Area. USFW may be a key stakeholder. 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) Congress Island of Pawleys Island 

FRM/CSRM study  
The study would address wave attenuation, storm surge and nuisance 
tidal flooding as well as manage marshes to achieve resilience.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) Congress Broad River Watershed 

study 

Larger populations in conjunction with large-scale and high magnitude 
rainfall events, and climate change, increase flood risk in the midlands 
and upstate of South Carolina. This watershed is 'upstream' of the 
coastal watersheds studied by SACS but is a contributor to compound 
flooding within the coastal watersheds. Large magnitude rain events 
(regularly driven by tropical storms and hurricanes) impact the 
midlands and upstate, and then flow into the lowlands contributing to 
compound flooding there.  
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) Congress Saluda River Watershed 

study 

Larger populations in conjunction with large-scale and high magnitude 
rainfall events, and climate change, increase flood risk in the midlands 
and upstate of South Carolina. This watershed is 'upstream' of the 
coastal watersheds studied by SACS but is a contributor to compound 
flooding within the coastal watersheds. Large magnitude rain events 
(regularly driven by tropical storms and hurricanes) impact the 
midlands and upstate, and then flow into the lowlands contributing to 
compound flooding there.  

Study Efforts 
(follow-on studies) 

Long-Term (>10 
years) Congress Santee River Watershed 

study 

Larger populations in conjunction with large-scale and high magnitude 
rainfall events, and climate change, increase flood risk in the midlands 
and upstate of South Carolina. This watershed is ‘upstream’ of the 
coastal watersheds studied by SACS but is a contributor to compound 
flooding within the coastal wetlands. Large magnitude rain events 
(regularly drive by tropical storms and hurricanes) impact the 
midlands and upstate, and then flow into the lowlands contributing to 
compound flooding there.  

Study Efforts 
(follow-on studies) 

Long-Term 
(>10 years) Congress Charleston County Back bay 

FRM Studies 

Reduce risk of back bay flooding - both nuisance flooding (long-term 
forcing) and flooding from extreme storms (short-term), expanding 
focus from beachfront to entire community shoreline (ocean and 
estuarine). Flooding has overtaken chronic beach erosion as the 
barrier island communities' biggest management challenge.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Charleston Port Flooding 
Study 

Identify adaptation modifications to achieve resilience to sea level 
rise, tidal, and inland flooding. 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

City of North Charleston 
FRM/CSRM Vulnerability 
Assessment 

Assess what can be done to address flooding, sea level rise, and 
climate change for improved public safety. 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Highway 17/Main Road 
Infrastructure FRM/CSRM 
Study 

Achieve infrastructure resilience with consideration for marsh 
migration at Highway 17/Main Road and nearby areas. 
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

James Island, Westchester 
Neighborhood Channel 
Wetland Restoration 
Project 

Implement the Sea Island salt marsh wetland restoration project at 
the channel from Westchester neighborhood (James Island) leading to 
a tidal slough at Clark Sound. 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Regional Inland Shelters 
Study 

Evaluate developing a series of regional inland shelters to promote 
evacuation outside the coastal zone but close enough to encourage 
their use. When not serving their primary purpose, shelters could be 
used as gymnasiums, etc. serving surrounding communities.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Sea Level Rise Best 
Management Practices 
Study 

Protect Little Goat Island, Cusabo Island, Long Island, and Hammock 
Island with best management practices that help adapt to coastal 
storms as worsened by sea level rise.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

South Carolina Compound 
Flooding Study 

Study evaluating the effects of compound flooding increased by sea 
level rise for the state of South Carolina. A variety of state and federal 
offices may be able to provide technical or funding support. The Corps 
has the ability to partner with state and local governments to assess 
open water flooding, and such efforts can lead to cost shared 
construction.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) USACE 

Gullah-Geechee 
Communities FRM/CSRM 
Studies 

A study is needed to assess resilience measures for the Gullah-
Geechee neighborhoods/communities at risk.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) USACE 

Plum Island Wastewater 
Treatment Plant 
FRM/CSRM Study 

Assess the resiliency of the Plum Island wastewater treatment plant 
and the impact if lost to storm surge. Note that the impact would be 
large because this wastewater treatment plant service most of the 
Charleston Metro area, which is thousands of homes and businesses. 
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 Introduction  
This Focus Area Action Strategy (FAAS) identifies an action strategy to reduce risk from coastal storms 
and increase resilience in the Grand Strand area in South Carolina. The South Atlantic Coastal Study 
(SACS) key products and analyses were leveraged to assess existing and future conditions and 
quantify existing and potential future risks. Agency stakeholders were engaged throughout the 
development of the Grand Strand FAAS to elicit feedback on problems, barriers, and opportunities, 
identify and prioritize specific institutional and other barriers, and to identify potential action 
strategies to improve resilience. Many key stakeholders participated in the development of the Grand 
Strand FAAS. Participation at workshops included state agencies, county and city government 
representatives, federal agencies such as Department of Interior (DOI), Commerce, Agriculture, 
Environmental Protection Agency (EPA), Federal Emergency Management Agency (FEMA), U.S. 
Geological Survey (USGS), National Oceanic and Atmospheric Administration (NOAA), Fish and 
Wildlife Service (USFWS), non-profit organizations, and U.S. Army Corps of Engineers (USACE) 
Charleston District representatives from programs such as Flood Plain Management Services (FPMS), 
Planning Assistance to States, and Continuing Authorities Program.  

The FAAS was developed according to the Coastal Storm Risk Management (CSRM) Framework, an 
iterative process with three tiers of analysis that gains resolution each time it is implemented. Under 
the Tier 1 analysis, national datasets were utilized to assess potential risk across the entire SACS study 
area, as documented in the SACS Main Report. For the Tier 2 analysis, more refined data and analyses 
unique to each individual state or territory were incorporated. The Tier 2 analysis for South Carolina 
is documented within the South Carolina Appendix. For the FAAS, the framework was utilized a third 
time, incorporating data and knowledge unique to the local area to identify risks to coastal storm 
events as well as potential strategies to address the risk. This FAAS identifies examples of action 
strategies to lower risks in populated areas, areas of concentrated economic development, and areas 
with vulnerable environmental resources. A Tier 3 analysis (not completed by the SACS) would be a 
local-scale analysis incorporating in-depth assessments and benefit-cost evaluations of CSRM plans. 

This FAAS is conducted as part of the SACS, which was authorized by Section 1204 of the Water 
Resources Development Act of 2016 (WRDA 2016) as described in the Main Report. 

1.1  Study Area  
The Grand Strand Focus Area geography comprises similar types of coastal storm risk problems that 
can be addressed collaboratively. Both watershed and political boundaries were considered, along 
with stakeholder input elicited during the Field Workshop. The focus area includes the Grand Strand 
and areas further inland and south, as shown in Figure 1. The focus area includes portions of Horry 
and Georgetown counties, as well as all or portions of several communities in the Grand Strand area, 
including Atlantic Beach, Briarcliffe Acres, Murrells Inlet, Myrtle Beach, North Myrtle Beach, Pawleys 
Island, and Surfside Beach.  
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Figure 1: Completed USACE Projects in the Grand Strand Focus Area 

 

1.2  Prior Reports and Efforts by Stakeholders 
Within the Focus Area  
Prior and ongoing stakeholder efforts within the Grand Strand Focus Area that address coastal storm 
risks and impacts from sea level rise are shown in Table 1. Completed USACE projects within the 
Focus Area are shown in Figure 1. 
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Table 1: Existing Efforts within the Grand Strand Focus Area 

Stakeholder/Author Report / Tool / Project / Group Year Completed 

South Carolina Department of 
Natural Resources (SCDNR) South Carolina State Wildlife Action Plan 2015 

South Atlantic Landscape 
Conservation Cooperative (SALCC) South Atlantic Conservation Blueprint 2020 

The Nature Conservancy North Coast Resilience Project Ongoing 

USACE  Mariculture Planning Study/Planning Assistance to 
States/SCDNR 2016 

USACE Waccamaw Watershed Model Assessment/ Planning 
Assistance to States/Horry County 2013 

USACE Feasibility Report for Hurricane and Storm Damage 
Reduction at Pawleys Island, South Carolina 

2004*  
(Ongoing study) 

 

1.3  Shared Vision  
The watershed planning guidance provided in USACE Planning Bulletin (PB) 2019-01 (USACE 2019) 
and Engineer Circular (EC) 1105-2-411 (USACE 2017) was followed to execute this study, and PB-
2019-01 states that a strategic overview will be provided that illustrates how the individual 
recommendations cohesively tie together to advance the shared vision and further achieve the 
desired end-state.  This section identifies the shared vision statement and the desired end-state.   

The shared vision statement is based on the SACS authority and was further developed through close 
coordination with partners and stakeholders. It is broad enough to encompass various goals and 
objectives of individual partners and stakeholders and has a sufficiently detailed description to allow 
for subsequent development of specific planning objectives and associated metrics.  

"The Grand Strand Focus Area vision is to engage the issues of coastal storm risk and 
sea level change to support resilient communities and habitats.” 
 

This shared vision statement describes the stakeholders’ desired end state in the Grand Strand Focus 
Area, while remaining within the work Congress authorized USACE to do within the SACS. The shared 
vision statement also shows that the stakeholders’ key interests are the following: 

• Key interest #1: resilient communities 

• Key interest #2: resilient habitats 

Subsequent work with stakeholders to identify problems and opportunities, as well as strategy and 
supporting recommendations, will support these interests. 
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 Problems and Opportunities  
Identifying problems and opportunities is a key initial step in the planning process. The problems and 
opportunities statements encompass both current and future conditions and are not meant to 
preclude the consideration of any alternatives to solve the problems and achieve the opportunities.  

2.1  Problems 
Based on collective interests as expressed through stakeholder engagement, a working problem 
statement was developed for the Grand Strand Focus Area. 

Problem Statement: Risk of coastal storms and resultant storm surge and erosion threaten 
communities and habitats within the Grand Strand Focus Area. Additionally, sea level rise increases 
the risk of coastal storm damages that threaten safety, health, thriving, and resilience. 

This overarching problem statement can be broken down into several sub-problem statements.  

• Coastal storm surge creates a hardship for communities and puts people at risk throughout 
the Grand Strand Focus Area via damages to structures and critical infrastructure such as 
water and wastewater treatment plants, hospitals, schools, and roads. This includes the 
mainland and barrier islands being harmed by ocean facing surge flooding as well as surge 
flooding in back bay areas, rivers, and intracoastal waterways. 

• Coastal storm surge creates a hardship for communities and puts people at risk throughout 
the Grand Strand Focus Area via damages to nationally significant cultural and historic 
resources. This includes the mainland and barrier islands being harmed by ocean facing surge 
flooding as well as surge flooding in back bay areas, rivers, and intracoastal waterways. 

• Habitats throughout the Grand Strand Focus Area are harmed by coastal storm surge that 
damages fish and wildlife resources and wetland habitats and puts natural resources at risk. 
This includes the mainland and barrier islands being harmed by ocean facing surge flooding as 
well as surge flooding in back bay areas, rivers, and intracoastal waterways.  

• Throughout the Grand Strand Focus Area coastal storms are causing erosion to ocean facing 
beaches and dunes, as well as back bays, marshes, intracoastal waterways and rivers, both on 
the mainland and on barrier islands. Erosion puts structures and infrastructure, 
archaeological, cultural and historic resources, and natural resources at risk.   

2.1.1  Institutional and Other Barriers 
As described in the SACS Institutional and Other Barriers Report, “institutional and other barriers” 
impede the attainment of SACS goals and limit the ability to provide comprehensive coastal storm 
risk management (USACE 2021b). Several barriers were identified within the Grand Strand Focus Area 
by agency stakeholders:  

• Limited coordination and leadership at all levels  
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• Lack of political commitment to make difficult decisions about long-term CSRM solutions  

• Inconsistent implementation of planning laws, policies, procedures, and permitting 
requirements  

• Public acceptability of risk management measures  

• Limited education in environmental science, ecology, and climate change  

• Lack of funding  

2.2  Opportunities 
A working statement regarding opportunities was developed for the Grand Strand Focus Area based 
on collective interests as expressed through stakeholder engagement. 

Opportunity Statement: Coastal storm risk to communities and habitats within the Grand Strand 
Focus Area can be addressed with a variety of actions across multiple approaches, including policies, 
programs, and projects that improve resilience, especially when considering how sea level rise 
increases the risk of coastal storm damages. 

This overarching opportunity statement can be broken down into several sub-opportunity 
statements.  

• Communities throughout the Grand Strand Focus Area have the opportunity to guide and 
manage future development to achieve coastal storm resilience. 

• Communities throughout the Grand Strand Focus Area have the opportunity to improve 
environmental resources to achieve coastal storm resilience.   

Stakeholders also identified increased stakeholder collaboration as a major priority, which is 
consistent with the identified barrier regarding the need for coordination and leadership at all levels. 
The actions and recommendations identified in this report were gathered from agencies and 
organizations working together during the SACS and set the stage for continued coordination to 
leverage efforts for community and habitat resilience to coastal storms. 

 Objectives and Constraints  
3.1  Objectives  
The purpose of the Grand Strand FAAS is to address an increase in coastal storm risks as a result of 
sea level rise. Overall objectives were developed for the focus area, based on guidance provided in 
the USACE Institute for Water Resources Planning Manual. The Grand Strand is a large focus area and 
as a result, the analysis conducted is broad and the detail achieved is typically of a general nature, yet 
still provides a solid foundation for stakeholders in the Grand Strand area to continue work in the 
future. Stakeholder input was used to create objective statements for the Grand Strand Focus Area 
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that support both resilient communities and resilient habitats. Objectives and goals of the FAAS are 
included in this section. 

Objectives: 

1) Reduce coastal storm surge inundation risk to communities. 

2) Reduce risks from coastal storm erosion to communities.  

3) Guide and manage land conservation, redevelopment, and future development for coastal 
storm resilience.  

4) Improve environmental resources for coastal storm resilience, including resilience to coastal 
storm surge inundation and coastal storm erosion.  

Goals: 

• Gather key stakeholders likely to implement this strategy to develop a shared vision 
statement together. 

• Gain a reconnaissance level understanding of increasing coastal storm risks due to sea level 
rise.  

• Document actions that contribute to the shared vision statement and identify potential lead 
stakeholders, such as the USACE, other federal agencies, and non-federal interests.  

3.2  Constraints 
Constraints are restrictions that limit the planning process. To the maximum extent practicable, the 
SACS analysis will minimize information, observations, and recommendations that may be 
inconsistent with coastal risk reduction plans developed by other federal and applicable state and 
local agencies and tribes within the study area. 

 Existing and Future Conditions 
4.1  Hazards 
The CSRM hazards that are present within the Grand Strand Focus Area are divided into two 
categories: primary and secondary.  

In addition to these two categories of hazards, sea level rise is also considered because it has the 
ability to exacerbate other hazards in a unique way that governs the future of all coastal 
communities.  
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4.1.1  Primary Hazards 
Primary hazards are CSRM hazards that the SACS specifically addresses including storm surge, 
inundation, wave attack, and erosion/shoreline change. 

4.1.1.1 Inundation 
Hurricanes and tropical storms cause storm surge hazards to low-lying areas, beaches, infrastructure, 
and habitat along the Grand Strand Focus Area. Large portions of the coastline are low-lying and 
susceptible to Category 1 and Category 2 flooding. The Hurricane Evacuation Study (HES) NWS SLOSH 
modeling of hurricanes shows the extent of the storm surge hazard to coastal and inland areas. 
Category 5 inundation covers the majority of the Grand Strand Focus Area. The coastline, tidal creeks, 
Atlantic Intracoastal Waterway (AIWW), and the low-lying barrier islands of the southern portion of 
the Grand Strand Focus Area are most susceptible to inundation.  

FEMA Flood Insurance Rate Maps (FIRMs) and Flood Insurance Studies (FIS) found on the FEMA Map 
Service Center website indicate flood-prone areas are also along the coastline, rivers, tidal creeks, 
AIWW and the low-lying barrier islands of the southern portion of the focus area. The Grand Strand 
Focus Area is more than 50 miles long; therefore, identifying the annual exceedance probability (AEP) 
is variable through the area, especially on the less frequenct events.  

Table 2 displays the ranges of stillwater elevations from the Georgetown Flood Insurance Study (FIS) 
(revised preliminary September 2019) for the area covering Garden City, Murrells Inlet, Huntington 
State Park, Pawely’s Island, Litchfield Beach, and DeBordieu. The ranges of stillwater elevations from 
the Horry County preliminary FIS (revised August 2019) stillwater elevations are based on 87 
transects from Garden City through Little River Inlet, as summarized in Table 2.  

Table 2: Horry and Georgetown Stillwater Elevation Ranges from Preliminary Flood Insurance Study 
(feet NAVD88) 

Flood Source 10% AEP 4% AEP 2% AEP 1% AEP 0.2% AEP 

Horry County Coastline  5.30 to 5.33 5.76 to 5.79 7.96 to 9.30 6.69 to 11.36 13.45 to 16.21 
Georgetown County Coastline 
(Horry County to Winyah Bay) 5.3 Not 

available 9.0 to 9.5 11.1 to 11.5 15.5 to 16.3 

 

The low-lying barrier islands on the southern coast of the focus area (predominately the Georgetown 
portion of focus area and the most northern end of Horry County at Little River Inlet and Waties 
Island) are subject to the highest stillwater elevations from storm surge or coastal storm flooding 
identified by FEMA. Storm surge extending up the Waccamaw River, AIWW, their tidal creeks, as well 
as the outfalls and swashes directly open to the ocean result in significant inundation hazard in the 
inland areas as well. The back bay areas of the barrier islands (e.g., Pawleys Island, Litchfield, and 
DeBordieu) that are comprised of marsh are also subject to inundation and their access via roads and 
causeways can be impeded. The tidal creeks, outfalls, and swashes that drain upland rainfall may 
overflow their banks during elevated water levels, thus impacting adjacent infrastructure and 
accessibility.  
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The SACS Coastal Hazards System (CHS) developed stillwater levels across the study area. Table 3 
displays stillwater elevations for multiple AEP flood events at selected locations throughout the focus 
area  

Table 3: Coastal Hazards System Stillwater Levels (in feet) at Select Locations 

Grand Strand Annual Exceedance Probability (%) [SWL in ft, NAVD88] 

ID 
Latitude 

(deg) 
Longitude 

(deg) 50% 20% 10% 5% 2% 1% 0.5% 0.2% 0.1% 0.05% 0.02% 0.01% 

8572 33.810 -78.690 5.91 7.94 8.76 9.25 10.43 11.81 13.19 14.6 15.68 16.54 17.81 18.73 

8829 33.700 -78.868 5.81 7.84 8.63 9.15 11.42 13.09 14.5 15.94 16.99 17.91 18.93 19.55 

8930 33.663 -79.073 3.97 4.82 5.31 5.77 6.33 6.76 7.22 7.74 8.07 8.43 8.76 8.99 

9476 33.389 -79.142 5.64 7.48 8.17 8.63 9.94 11.25 12.3 13.52 14.4 15.32 16.47 17.36 

 

4.1.1.2 Wave Attack 
Wave attack is the impact of waves on shoreline and is considered one of the main coastal damage 
mechanisms. The repetitious pounding of waves against shorelines or structures can create erosion 
and damage over time under normal wave conditions and is exacerbated during storm conditions 
when waves become larger and more frequent. In addition to frontal erosion, wave attack can lead to 
wave run-up and overtopping on dunes and coastal structures, which can scour the backside of dunes 
or structures and cause them to fail. Wave attack can also damage or destroy dune and marsh 
grasses, which anchor their respective systems in place, thus leaving the remaining system more 
susceptible to additional erosion. 

Recently published FEMA FIRMs include the Limit of Moderate Wave Action (LiMWA), which is the 
inland limit of the area expected to receive 1.5 feet or greater breaking waves during the 1-percent 
AEP flood event. Additionally, the V zone represents areas that are subject to high velocity wave 
attack – including most of the barrier islands. Areas of LiMWA have a slightly lower hazard of wave 
attack but are still at risk to damage.  

The CHS computed wave heights for selected locations across the study area, shown in Table 4.  

Table 4: Wave Heights Hm0 (in feet) at Select Locations 

ID Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability (%) [Hm0 in ft] 
50% 20% 10% 5% 2% 1% 0.5% 0.2% 0.1% 0.05% 0.02% 0.01% 

8572 33.810096 -78.690104 8.99 10.17 11.02 11.75 12.5 13.16 14.5 15.42 15.81 16.21 16.63 16.93 
8829 33.700823 -78.868491 0.89 2.2 2.85 3.41 4.04 4.49 4.92 5.38 5.74 6.1 6.46 6.76 
8930 33.663083 -79.073135 0.66 0.85 1.02 1.18 1.38 1.51 1.61 1.77 1.84 1.94 2.03 2.13 
9476 33.389414 -79.142462 11.29 16.47 19.39 21.52 23.52 24.97 26.48 28.18 29.17 30.05 31.04 31.82 

 

4.1.1.3 Erosion/Shoreline Change  
Wind and wave attack, as well as man-made structures, contribute to shoreline changes along the 
coastal beach face and sheltered areas, resulting in erosion and sometimes accretion. The Tier 2 Risk 
Assessment included erosion as a hazard to assess vulnerability. Coastal erosion threatens coastal 
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environments, cultural and environmental resources, and infrastructure. Following the 1988 
Beachfront Management Act, South Carolina established a beach-monitoring program at 
approximately 400 survey benchmarks, where data is collected twice a year. Sheltered coastlines 
were evaluated under a joint study with SCDHEC and USACE Mapping Coastal Erosion Hazards Along 
Sheltered Coastlines in South Carolina 1849 to 2015. These data, used to develop erosion rates along 
the coastal shoreline, can be found on the SCDHEC website (SCDGEC n.d.). 

The assessment indicates the Grand Strand Focus Area study is fairly stable. This is likely due to the 
federal CSRM projects that renourish the beaches. Some areas have no human population but include 
important habitat. Hot spots of high erosion, such as DeBordieu Beach, Huntington State Park, and 
southern Garden City, including the various inlets, are identified as Coastal Barrier Resource Act zones 
according to U.S. Fish and Wildlife John H. Chafee Coastal Barrier Resources System South Carolina.  

A response to erosion is beach nourishment and the installation of dunes. There are federal projects 
in North Myrtle Beach, Myrtle Beach and the Garden City/Surfside areas, Huntington Beach RSM; the 
non-federal areas of Arcadian Shores, Pawleys Island, and DeBordieu are within the Grand Strand 
Focus Area where communities have taken steps to offset the erosion and provide this CSRM 
measure.  

4.1.2  Secondary Hazards 
Secondary hazards are CSRM hazards that the SACS does not specifically address, including wind 
damage, compound flooding, and saltwater inundation and intrusion. While the SACS does not 
specifically address these hazards, they are still important to discuss and can impact the focus areas. 

4.1.2.1 Wind Damage 
While there is potential for damage caused by high winds due to tropical systems in the focus area, it 
is beyond the scope of this study to evaluate. In South Carolina, high winds during tropical systems 
can cause severe damage to the environment and infrastructure. High winds can cause damage to 
roofs, mobile homes, and—if strong enough—can destroy entire buildings. Flying debris can also 
cause additional damage to resources. NOAA Office for Coastal Management (OCM) Ocean Reports 
provide the historical data on the exposure of an area to past tropical cyclones. While not predictive 
of the future, they may provide a good indicator of future likelihood. These winds are also 
contributors to increased wave attack during storm conditions.  

4.1.2.2 Compound Flooding  
It is outside the scope of this study to address the risk of compound flooding, but it is documented as 
a coastal storm hazard that warrants further analysis in future studies. Compound flooding occurs 
when a combination of flooding hazards, such as inundation, precipitation, nuisance flooding, and 
high groundwater table elevations, occur simultaneously, thus resulting in potentially greater 
impacts. Recent coastal storms and hurricanes have resulted in widespread heavy rains in both South 
Carolina and North Carolina. The Pee Dee and Waccamaw watersheds in South Carolina extend from 
head waters in North Carolina causing massive flooding combined with high tides. Additionally, back 
water from the Pee Dee flooding affects the Waccamaw and AIWW when there is rainfall in the Pee 
Dee and Waccamaw watersheds and Grand Strand area. The low topography of South Carolina ends 
with long-term flooding. 
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In the creeks, the AIWW and rivers that empty into the Winyah Bay, storm surge can create the effect 
of a dam on the river mouth, which traps water in the rivers and causes increased water elevations 
upstream. If these rivers and creeks are unable to drain or water is not able to be absorbed into the 
soil at a fast enough rate, then upstream and inland flooding can occur.  

4.1.2.3 Saltwater Inundation and Intrusion 
The proximity of coastal aquifers to saltwater creates unique issues with respect to groundwater 
sustainability in coastal regions. These issues are primarily those of saltwater intrusion into 
freshwater aquifers and changes in the amount and quality of fresh groundwater discharge to coastal 
saltwater ecosystems. Additionally, marsh changes from freshwater to brackish or saltwater, or 
brackish to saltwater affect habitat and fisheries. Saltwater inundation in tidal marshes and estuaries 
causes root zone salinization, which can decimate these ecosystems and result in the conversion of 
vegetated areas into open-water areas. Wetlands have specific water elevation tolerances past which 
the vegetation will not survive. Some areas may lose most of their existing coastal wetlands, while 
others are able to migrate landward. The ability of existing wetlands to adapt to sea level rise will 
depend mostly on the topography of the coastal zone and the amount of space landward that has not 
been developed and is available for wetland migration. The loss of wetlands can exacerbate other 
hazards such as surge and wind damage because the frictional effects of the wetlands will be 
reduced. 

Saltwater intrusion into the soil is another hazard that affects environmental resources. As saltwater 
infiltrates the soil, plant growth of some species is halted, and trees and plants produce fewer seeds. 
The seeds that are produced have a more difficult time germinating and can result in a change in 
vegetation in an area as some species migrate or die off. Additionally, saltwater intrusion into 
freshwater aquifers can lead to reduced supplies of freshwater for both the environment and for the 
populations that depend on aquifers for their water supplies. In coastal zones, the freshwater table is 
generally located above mean sea level and groundwater flows from high elevations inland to lower 
elevations on the coast. This movement from high to low prevents saltwater from intruding into 
aquifers and maintains freshwater sources. Saltwater has moved inland as a result of excessive water 
withdrawals from coastal aquifers, upcoming of saltwater from deeper zones within freshwater wells, 
and sea level rise.  

Saltwater inundation occurs when saltwater is pushed onto land from storm surges or high tides that 
inundate areas low in elevation, usually for short durations of time. If saltwater inundation is 
sustained, or natural resources are especially sensitive to salinity, then the effects of saltwater 
intrusion described above may result. 
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4.1.3  Sea Level Rise Effect on Hazards  
Relative sea level refers to local elevation of the sea with respect to land, including the lowering or 
rising of land through geologic processes such as subsidence and glacial rebound. It is anticipated 
that sea level rise will accelerate within the next 100 years. Relative Sea Level Change (RSLC) was 
calculated using the USACE Sea Level Change Curve Calculator (USACE 2021a). This Calculator uses 
the methodology described in Engineer Regulation (ER) 1100-2-8162, Incorporating Sea Level 
Changes in Civil Works Programs (USACE 2013). 

ER 1100-2-8162 provides both a methodology and a procedure for determining a range of future sea 
level change estimates, equations employed, and variables included to account for the eustatic 
change as well as site specific uplift or subsidence to develop corrected rates. These estimates are 
referenced to the midpoint of the latest National Tidal Datum epoch, 1992. 

The Springmaid Pier gauge in Horry County (8661070), location shown in Figure 2a, has a data record 
of 62 years (1957–2019). According to NOAA Tides and Currents and Predictions website, the relative 
sea level trend is 0.0127 feet per year (3.87 millimeters per year) with a 95-percent confidence 
interval of ±0.001739 feet per year (0.53 millimeter per year) based on monthly mean sea level data 
over a 61-year record from 1957–2018 (Figure 2b), which is the equivalent to a change of 1.27 feet 
over 100 years. 

The USACE Sea Level Change Calculator uses the NOAA 2006 sea level rise rate of 0.01325 foot per 
year. Based on USACE scenario, this results in an intermediate and high change in sea level rise 
between 2020 and 2120 of 2.70 feet and 7.32 feet, respectively. RSLC from 1992, the midpoint of the 
tidal epoch, is shown graphically in Figure 2c and Figure 2d. Associating change in sea level with a 
particular datum is not possible unless an assumed rate/curve is used to transfer the datums 
developed for the current National Tidal Datum Epoch (NTDE) to a given start year. Therefore, Figure 
2c shows reference to local mean sea leave (LMSL) and Figure 2d shows reference to NAVD88. 

Tides or water levels are commonly referred to using the tidal datum mean lower low water or 
MLLW. At the Springmaid Pier tidal gauge, the difference between MLLW and NAVD88 is 3.16 feet. 
Refer to Figure 2e for a conversion of all datums at the Springmaid Pier tide gauge. It is important to 
recognize that the conversion from different datums at different locations on the Earth’s surface are 
not consistent, as the surface of the Earth is not flat. For example, the area surrounding Springmaid 
Pier/Myrtle Beach and Garden City has a difference of 3.11 ft between NAVD88 and MLLW whereas 
the location surrounding Socastee has a difference of 0.6 feet. To properly convert datums in 
locations where tide gauges are not present one should use NOAA’s vertical datum transformation 
tools to develop a grid to convert between the datums. A static number found at a specific tidal 
gauge should not be used to convert datums across the entire study area. The Springmaid Pier tidal 
gauge is being used in this report as a point of reference for sea level rise as sea level rise refers to a 
change in sea level and thus does not need to reference a datum. Refer to Figure 2f for a visual 
representation of the scale of differences in datum transformation in the study area. 

 

http://www.corpsclimate.us/ccaceslcurves.cfm%20(USACE%202021a).
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e. Conversion of Tidal Datums at Tidal Gauge 8661070 
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f. Overview of differences between NAVD88 and MLLW on the South Carolina coast. 

Figure 2: Springmaid Pier Tidal Gauge (8661070), Springmaid Pier, SC: Location, Trend, and Sea Level Rise Predictions, datum conversions 
and vertical datum transformation (VDatum) model.  
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When sea level rises, storm surge extends farther inland at greater depths in existing flood-prone 
areas. The forecast flood hazard will increase, and a greater amount of land will be flooded more 
often with high tides and extreme high tides.  

The following figures show a sea level rise of three feet (approximately the USACE Intermediate 
Scenario projection of sea level rise in 2120), which causes significant inundation in northern Horry 
County (Figure 3) and Georgetown County (Figure 4) (NOAA n.d.-b). The Little River Inlet and Hog 
Inlet areas, which include Waties Island; and the northern end of Cherry Grove/ North Myrtle Beach 
and Whitepoint swash areas are also impacted severely at this rate of sea level rise. In Georgetown it 
is the Murrells inlet, Midway Inlet, Pawleys Inlet, and North Inlet that increase the risk to the back 
bay areas of Garden City, Huntington State Park, Litchfield Beach, Pawleys Island, and Debordieu. The 
areas along the Waccamaw River and AIWW near Socastee are also subject to inundation at this rate 
of sea level rise (Figure 5).  

As shown in Figure 6, seven feet of sea level rise (which corresponds closely to the high rate of sea 
level rise considered in the CHS for 2120) shows a greater inundation extent. All back bay areas 
connected to inlets, areas adjacent to tributaries and swashes and the AIWW, are subject to flooding 
at the high rate of sea level rise.  

According to NOAA’s Ocean Service, nuisance flooding—which causes such public inconveniences as 
frequent road closures, overwhelmed storm drains, and compromised infrastructure—has increased 
in the United States on average by about 50 percent in the last 20 years and 100 percent in the last 
30 years. As relative sea level increases, it no longer takes a strong storm or a hurricane to cause 
coastal flooding. Flooding now occurs with nuisance flooding in many locations because of climate-
related sea level rise, land subsidence, and the loss of natural barriers. 
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Figure 3: Inundation Resulting from Three Feet of Sea Level Rise in Northern Horry County  



 

 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | THE GRAND STRAND FOCUS AREAS 17 

 
Figure 4: Inundation Resulting from Three Feet of Sea Level Rise in Southern Georgetown County 



 

 

 
 

18 SOUTH ATLANTIC COASTAL STUDY (SACS) | THE GRAND STRAND FOCUS AREAS 

 
Figure 5: Inundation Resulting from Three Feet of Sea Level Rise near Socastee and the Waccamaw River 
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Figure 6: Seven feet of Sea Level Rise from North Island to Litchfield (a), Litchfield to Springmaid Pier (Myrtle Beach) (b), in Myrtle Beach (at 
Springmaid Pier) (c), and in North Myrtle Beach (d). 
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The effects of rising sea levels along most of the continental United States coastline are expected to 
increase in noticeability and severity in the coming decades, likely more so than any other climate-
change related factor. Any acceleration in sea level rise that is predicted to occur this century will 
further intensify nuisance flooding impacts over time and will further reduce the time between flood 
events. Nuisance flooding affects drainage systems by filling the stormwater collection systems, such 
that rainfall will pool, and the runoff water will drain slower than if the systems were open. As sea 
level rises in South Carolina, the occurrence of nuisance flooding associated with extreme high tides 
will also increase.  

As sea level rises, storm surge will increase in elevation. The CHS considered two sea level change 
values for South Carolina (SLC1 is 2.73 feet or 0.83 meters and SCL2 is 7.35 feet or 2.24 meters) and 
generated stillwater elevations for several AEP flood events. The CHS results for the two SLC values 
are listed in Table 5 and Table 6, respectively. Additionally, as sea level rise increases, wave height of 
storms will also increase.  

Table 7 and Table 8 show the wave heights in feet associated with SLC1 and SLC2, respectively. With 
an increase in sea level rise, the saltwater marshes are at risk. Owing to the development and 
infrastructure along the marsh edge, many areas lack areas for marshes to migrate.  

Table 5: Coastal Hazards System Stillwater Level (in feet) at Select Locations for SLC1 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [SWL in ft, NAVD88] 

50% 20% 10% 5% 2% 1% 0.5% 0.2% 0.1% 0.05% 0.02% 0.01% 

8572 33.810 -78.690 8.63 10.7 11.4 11.9 13 14.3 15.6 17 17.9 18.9 20.0 20.9 

8829 33.700 -78.868 8.5 10.6 11.4 11.8 14.1 15.7 17 18.4 19.5 20.4 21.3 21.9 

8930 33.663 -79.073 6.82 7.71 8.2 8.63 9.22 9.61 10.1 10.6 11 11.4 11.8 11.9 

9476 33.389 -79.142 8.37 10.2 10.8 11.2 12.4 13.8 14.8 16.0 16.9 17.8 18.9 19.8 
 

Table 6: Coastal Hazards System Stillwater Level (in feet) at Select Locations for SLC2 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [SWL in ft, NAVD88] 

50% 20% 10% 5% 2% 1% 0.5% 0.2% 0.1% 0.05% 0.02% 0.01% 

8572 33.810 -78.690 13.2 15.2 15.9 16.4 17 18.1 19.3 20.5 21.4 22.3 23.3 24.2 

8829 33.701 -78.868 13 15.1 15.9 16.4 18.1 19.6 20.9 22.2 23.2 24 25 25.6 

8930 33.663 -79.073 11.5 12.4 12.9 13.4 14 14.5 15 15.5 15.8 16.1 16.5 16.8 

9476 33.389 -79.142 12.8 14.7 15.4 15.7 16.5 17.7 18.7 19.9 20.7 21.7 22.7 23.5 
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Table 7: Coastal Hazards System Wave Height (in feet) at Select Locations for SLC1 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude  
(deg) 

Annual Exceedance Probability [Hm0 in ft] 

50% 20% 10% 5% 2% 1% 0.5% 0.2% 0.1% 0.05% 0.02% 0.01% 

8572 33.810 -78.690 10.2 11.7 12.6 13.3 14.0 14.7 15.8 16.7 17.1 17.5 17.8 18.1 

8829 33.701 -78.868 0.92 2.26 2.95 3.54 4.27 4.82 5.31 6.07 6.63 7.15 7.97 8.46 

8930 33.663 -79.073 0.56 0.79 0.98 1.18 1.38 1.51 1.64 1.80 1.90 2.00 2.10 2.17 

9476 33.389 -79.142 13.9 18.5 20.9 22.4 24.0 25.1 26.1 27.5 28.3 29.1 29.9 30.6 
 

Table 8: Coastal Hazards System Wave Height (in feet) at Select Locations for SLC2 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [Hm0 in ft] 

50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

8572 33.810 -78.690 12.1 14.2 15.2 15.9 16.6 17.2 17.9 18.7 19.1 19.5 19.9 20.1 

8829 33.700 -78.868 1.08 2.59 3.48 4.33 5.58 6.50 7.45 8.53 9.35 10.0 10.6 11 

8930 33.663 -79.073 0.62 0.92 1.15 1.38 1.64 1.77 1.90 2.07 2.20 2.30 2.43 2.49 

9476 33.389 -79.142 14.3 20.0 22.9 24.8 26.6 27.9 29.1 30.7 31.6 32.4 33.4 34.0 
 

4.2  System Performance  
USACE Engineering Regulation ER 1105-2-101 describes performance as a system’s reaction to a 
hazard. System performance refers to the system’s features and the capability to contain/manage the 
flood hazard for the full range of possible events.  

Several projects within the focus area impact the region’s system performance. Federal CSRM 
projects within the FAAS include North Myrtle Beach, Myrtle Beach, and the Garden City/Surfside 
areas. Huntington Beach and the southern end of Garden City are the recipient of beneficial use of 
dredged material from Murrells Inlet Navigation project as part of the Regional Sediment 
Management Initiative of the USACE. Nonfederal beach nourishment projects such as the Arcadian 
Shores, Pawleys Island, and Debordieu are within the focus area. These soft structure sand placement 
projects provide increased risk management to address storm surge and erosion due to daily waves 
and extreme storm-induced wave attacks.  

There are groins to trap sand in the littoral system along Pawleys Island that add to the risk 
management measure and reduce the nourishment cycle needed to maintain the risk management 
design levels.  

The AIWW, which is predominantly a man-made canal in this focus area, has a structural measure 
protected shoreline on the majority of its length that is composed of combinations of rock revetment, 
bulkheads, and retaining walls. Those areas that are not developed and do not have structural 
shoreline protection measures are generally vegetated. These measures are in place to manage 
erosion and boat wake due to the recreational boat traffic as well as any commercial barge traffic on 
the AIWW.  
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Another feature of the Grand Strand Focus Area is the saltwater marsh along the major rivers, tidal 
creeks, and AIWW that provides valuable habitat as well as wave attention and erosion reduction. 
The northern portion of the focus area, near Little River Inlet is marsh, as is the southern portion of 
the AIWW near the confluence of the Waccamaw River. Back bay areas of Pawleys Island and 
Litchfield Beach, in connection to Midway Inlet and Pawleys Inlet (for Pawleys Island’s south end), 
Garden City and Huntington State Park (in connection to Murrells Inlet) and DeBordieu Beach (in 
connection with North Inlet) have valuable marsh habitat areas that provide some protection against 
erosion of the mainland but also provide access for storm surge inundation to push inland.  

The Little River Inlet and the Waccamaw River, via Winyah Bay, as well as numerous tidal creeks and 
swashes (open-water tidal creeks that discharge onto the beach), comprise the primary paths for 
coastal storm surge and extreme tides to cause inundation to the low-lying areas. Socastee Creek is a 
federal Flood Risk Management (FRM) project that was not based on storm surge but rather on 
rainfall runoff. Its efficiency is limited in storm surge situations owing to its proximity to the coast and 
the storm surge that comes inland via Winyah Bay. Singleton Swash has a USACE Section 14 
Streambank protection project to protect Shore Drive.  

It is a combination of these private, municipal, and federal projects that comprise the existing and 
future components of a risk management system for the Grand Strand FAAS. Each project performs 
independently for the management of specific hazards in specific locations but together demonstrate 
a loose system. The primary hazards addressed with the majority of these measures is the 
management of risk due to erosion and/or wave attack. The nature-based sand nourishment projects, 
combined with sand trapping groins, provide beach and dune templates that minimize the damages 
to community homes, public property, and infrastructure. The structural measures of sea walls, rock 
revetments, bulkheads, and retaining walls are generally more specific to an individual property. The 
nature-based features of living shorelines, while specific in location, provide some large areas of 
enhancement and protection wave and erosion, that may also make these areas more resilient to sea 
level rise and reduce the loss of wetlands in the future.  

The system has areas that require further study and action implementation. The natural areas along 
the AIWW that are not protected by structural or other measures are at risk for erosion and potential 
loss. The back bay areas of the barrier islands are often overlooked when addressing storm surge 
flooding yet provide valuable habitat and wave attenuation. These marshes are also at risk for sea 
level rise. Additionally, many of the natural tidal creeks and man-made conveyances of water (e.g., 
ditches) that allow for rainfall-induced stormwater to run off and drain into rivers, the ocean, and the 
AIWW also allow storm surge inundation to migrate inland. These natural and man-made features 
need to be considered when addressing storm surge and inundation risks to communities within the 
focus area, as well as those elsewhere in the study area. 

4.3  Exposure 
Exposure describes who and what may be harmed by a hazard. Exposure to populations, 
infrastructure, and environmental and cultural resources was assessed in Planning Reach SC_03 in the 
South Carolina Appendix. Layers in the SACS Geoportal were used to determine exposure to 
resources that contributed to the overall risk assessment. Application of these exposure layers is 
described below.  
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4.3.1  Exposed Population and Infrastructure 
The Tier 1 Population Exposure Index was used to identify population concentrations in the focus 
area. Population concentrations were identified in parts of the Myrtle Beach, Socastee, and Garden 
City areas. The Tier 1 Infrastructure Exposure Index was used to identify areas of concentrated 
infrastructure in the focus area. Higher density infrastructure was identified in parts of the North 
Myrtle Beach, Myrtle Beach, and Garden City areas. Figure 7 shows the combined population and 
exposure index for the focus area. 

 
Figure 7: Population and Infrastructure Exposure Index 
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Critical infrastructure that supports the population and communities is essential to public safety, 
health and security. Figure 8 shows the types of critical infrastructure within the focus area exposed 
to the maximum of the maximum (MOM) water inundation levels expected for a Category 5 
hurricane, including schools, churches, transportation, utilities, emergency services, medical facilities 
and others. 

 

 
Figure 8: Critical Infrastructure within Category 5 Maximum of Maximum 

 

4.3.2  Exposed Environmental and Cultural Resources 
4.3.2.1 Environmental Resources 
Identification of exposed environmental resources for the Tiers 1 and 2 analyses are described in the 
South Carolina Appendix and the Environmental Technical Report. In the Grand Strand Focus Area, 
exposed environmental resources include coastal beach and dune systems along the entire Grand 
Strand coast down to DeBordieu Beach. Maritime forests found at Huntington Beach and Myrtle 
Beach State Parks, and forested wetlands at Cypress Gardens are also exposed. Storm surge exposure 
is evident for wetlands along the AIWW and for salt marshes throughout Little River Inlet, Hog Island 
Inlet, Murrells Inlet, and the back bays of Pawleys Island, Litchfield, and DeBordieu. 
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4.3.2.2 Cultural Resources  
As shown in Figure 9, historic resources account for the most abundant resource type in this focus 
area. The highest concentration of historic resources is located in Horry County in the North Myrtle 
Beach and Myrtle Beach areas, with approximately 900 historic resources. The majority of these 
resources are residential structures that date from the early 1900s to 1950s and are located near the 
shoreline in heavily developed and populated areas. Many of these resources are eligible for listing 
on the National Register of Historic Places (NRHP).  

 
Figure 9: Cultural Resources Exposure. (Restricted locations for historic and cultural resources are not 
shown on this map.) 
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Archaeological sites are the second most abundant resource type in the focus area with these sites 
scattered throughout the planning reach, but concentrations can be found in close proximity to 
rivers, creeks, streams, and marshes. The highest concentration of archaeological sites is found 
adjacent to this focus area with high concentrations of sites located near the Waccamaw River that 
date to both the prehistoric and historic periods. 

There are 28 resources classified as historic areas in the planning reach and are frequent within the 
focus area. These resources (1) are historic districts, boundary expansions, or multiple resource areas 
that are eligible for, but not listed on, the NRHP, (2) contribute to an existing historic district, or (3) 
have been determined not eligible for listing. The area surrounding nearby Georgetown contains 
numerous historic areas that are related to the rice culture in South Carolina. 

The area contains at least 1,000 cultural resources (e.g., archaeological sites, historic structures, 
landscapes, and districts that are 50 years or older), some of which are NRHP-listed or NRHP-eligible 
and indicated in Table 9. One thousand is the default maximum return for ArchSite search results. 
Nine hundred and four (904) are not eligible for the NRHP, 34 are individually eligible, and 62 
contribute to an eligible historic district. Over half (602) are located in Myrtle Beach proper. The 
following vulnerable resources are examples of the types of historic properties within this reach. 
These resources are highlighted as they illustrate the range of properties present and the potential 
impacts from flooding, erosion, storm surge, etc.  

Table 9: Cultural Resources Areas Exposed to Storms and Sea Level Rise in the Grand Strand Focus 
Area 

Cultural Areas Exposed Cultural Resources 
Georgetown Brookgreen Gardens, Georgetown Historic District, Pee Dee River Rice Planter’s Historic District 

Murrells Inlet Atalaya Castle, Prehistoric Shell Mounds 

Myrtle Beach Myrtle Beach Downtown Historic District 

Pawleys Island Pawleys Island Historic District, Hobcaw Barony, Prehistoric Shell Middens 

Socastee Socastee Historic District 

Waties Island Fort Randall 

 

It is important to note that this table is not all-inclusive and is meant to communicate the types of 
cultural resources that may be found in these areas. A selection of historic properties and districts are 
highlighted due to their National Register status, a review of published literature referencing exposed 
cultural resources, and in collaboration with stakeholder input regarding their historical significance 
and concern for continued preservation due to their higher exposure rating. General information is 
also included regarding the presence of archaeological sites in areas of higher exposure. 

The protection of many cultural resources in the Grand Strand focus area are directly tied to the 
protection of natural resources in the area. Rapid growth in the suburbs in the small Carolina bays has 
the potential to both damage and protect cultural resources. Significance of the resources is tied to 
development of the area as a coastal resort/tourist destination beginning in the early 1900s through 
mid-1950s. The low-lying districts could be prone to flooding, storm surges, and erosion. The aging 
infrastructure will struggle with light rainstorms, with nuisance flooding regularly closing streets in 
the historic districts. Several high and medium-high risk cultural resource areas identified in the Tier 2 
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analysis are also at-risk natural resources. The risk assessment methods are described in the South 
Carolina Appendix. 

Georgetown 

During the Colonial period, South Carolina was the largest producer of rice in the colonies, with 
Georgetown County as the leading producer (South Carolina Encyclopedia n.d., Hilliard 1978). The 
economy in the region was dominated by this product for nearly 200 years until the Civil War 
disrupted cultivation. Portions of the focus area within Georgetown County contain a resource group 
representing the long history of rice culture from 1750 to 1910. There are still many standing 
structures associated with rice cultivation in the focus area, as well as associated archaeological 
evidence. Known as the third oldest city in South Carolina, Georgetown has a rich history and is home 
to several at-risk cultural resources (City of Georgetown 2021).  The Georgetown Historic District was 
NRHP-listed in 1971 and includes 41 contributing properties (South Carolina Department of Archives 
and History n.d.-b). Spanish settlement in the area began in the 1520s, but it was not until 1729 that 
the city plan was laid out. This area flourished due to the indigo and rice trades, and existing 
structures include homes, churches, cemeteries, and public buildings. Built on the site of four former 
rice plantations is Brookgreen Gardens, an expansive archaeological site.  This property, which 
opened in 1932, features historic sculpture gardens and a wildlife preserve (U.S. Department of the 
Interior 1978).  Due to its location between the Waccamaw River and Huntington Beach State Park on 
the Atlantic Ocean, this resource’s low elevation makes it susceptible to flooding and erosion from 
coastal storm surges that will worsen with sea level rise.  Similar to Brookgreen Gardens, the low 
elevation of the Pee Dee River Rice Planter’s Historic District makes it susceptible to flooding and 
erosion from coastal storm surges (South Carolina Department of Archives and History n.d.-e). Listed 
in October 1988, the historic district is located between the Pee Dee and Waccamaw Rivers, which 
made it a prime location for rice cultivation. Seventeen rice plantations were located along the two 
rivers in this area, and these locations produced most of the rice grown in South Carolina between 
1750 and 1910. This area is important to Gullah Geechee heritage. 

Murrells Inlet 

The history of Murrells Inlet goes back to prehistoric Native American periods of occupation, who 
were drawn to this area due to the abundant resources of the saltmarshes near the Atlantic Ocean 
and Waccamaw River. Archaeological sites include shell burial mounds and evidence of prehistoric 
camps and settlements in the area.  This area is also known for various historic resources, such as 
Atalaya Castle, which is now part of the Huntington Beach State Park (South Carolina Department of 
Archives and History n.d.-a). During the 1700s, rice cultivation began moving into the area and many 
plantations prospered during the 1700 and 1800s. Known for its distinct architectural style, Atalaya 
Castle was home to Anna Hyatt Huntington, a famous sculptor, and her husband Archer Milton 
Huntington. It was built between 1931 and 1933 and was NRHP-listed in October 1992. Huntington 
Beach State Park has experienced numerous flood episodes, which will likely worsen with sea level 
rise. Erosion in this area poses the greatest threat to cultural and archaeological resources. 
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Myrtle Beach 

Historic resources at Myrtle Beach in Horry County are regularly exposed to coastal storms, which will 
increase with sea level rise and further threaten resources such as the Myrtle Beach Downtown 
Historic District. The historic district was listed in October 2019 and is made up of 18 contributing and 
eight non-contributing buildings (South Carolina Historic Properties Record 2015). Located on a 
peninsula known as Waccamaw Neck, this area features both prehistoric and historic sites. The 
buildings associated with the historic district were established in the late 1800s to the early 1900s 
and eventually transformed into a prosperous coastal resort community. The historical significance 
focuses on the development of this area from the Great Depression to significant growth during the 
post-World War II period. These resources in such a low-lying area are prone to flooding, storm 
surges, and erosion. Aging infrastructure also impacts these resources, as even light rainstorms can 
cause flooding that closes streets in the historic district.  

Pawleys Island 

This medium- to high-risk area has a limited number of cultural resources at risk, including one 
archaeological site, the R.F.W. Allston Causeway, the North Causeway to Pawleys Island, and an 
historic district. Pawleys Island historic district encompasses 12 contributing buildings that range from 
the 1780s to post World War I and includes the Pawleys Island Chapel, the P.C.J. Weston House, and 
the Joseph Blyth Allston House (South Carolina Department of Archives and History n.d.-d). With 
climate change, this historic district will see an increase in sea level rise, dramatically extending the 
storm surge driven by hurricanes into the historic neighborhood, increasing their chances of 
inundation due to precipitation in storms and stronger winds. This area is also home to expansive 
prehistoric shell middens and evidence of colonial and land use. A historic resource in the area is 
Hobcaw Barony, a 16,000-acre research reserve and one of a few tracts on the Waccamaw Neck that 
remains undeveloped (South Carolina Department of Archives and History n.d.-c; The Belle W. Baruch 
Foundation n.d.). The Hobcaw Barony site is associated with rice cultivation and illustrates changes in 
land use post-Civil War from a rice plantation to a winter hunting resort.  The land became a colonial 
land grant (i.e., barony) in 1718 and was subdivided into plantations.   Rice production continued in 
this area until the beginning of the twentieth century. The site includes 42 contributing buildings, 53 
contributing sites, and 25 contributing structures. Due to the configuration of the Waccamaw Neck 
and its proximity to Winyah Bay, as well as the Atlantic Ocean, all resources on the reserve may 
occasionally experience overwash and are more vulnerable to erosion. 

Socastee 

Socastee, a medium-risk area that is an unincorporated community located along the Atlantic 
Intracoastal Waterway, is home to historic resources such as the Socastee Historic District (Historic 
Preservation Commission n.d., South Carolina Department of Archives and History n.d.-f). This 
district, which was NRHP-listed in May 2002, is comprised of the Sarvis-Ammons House, T.B. Cooper 
Store (circa 1905), Thomas Cooper House (circa 1908), Socastee Intracoastal Waterway Swing Bridge 
(circa 1935), the Old Socastee Methodist Church and Cemetery, and a historic pecan grove. This area 
also has a rich prehistoric Native American history and associated sites that require protection. 
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Waties Island 

This medium- to high-risk area was named for William Waties Jr. or Sr. who established large tracts of 
land in the Waccamaw, Pee Dee, and Horry and Georgetown areas. Cultural resources demonstrate 
an established land use by the Waccamaw Indians prior to the arrival of Europeans and is unique 
among the barrier islands because it is relatively undeveloped, thus protecting the numerous cultural 
resources within the island’s footprint (U.S. Department of the Interior 2008). These resources 
comprise a few historic structures, the Fort Randall at Tilghman’s Point-Breastworks historic district, 
and five archaeological sites, including a prehistoric site utilized by the Coastal Carolina University 
Prehistoric Field School. The island is suffering from intensive erosion along the beaches and the inlet 
due to more intensive storm events and higher tides. Changes in the island’s beaches and the Little 
River Inlet (where the majority of the archaeological sites rest) may include increased erosion, 
migration landward of the barrier island, and loss of some barrier island, which ultimately may alter 
or eliminate the landform where the cultural resources have existed for hundreds if not thousands of 
years. 

4.3.2.3 Environmental and Cultural Resource Uncertainty  
Some uncertainties exist in the SACS assessment of exposure, vulnerability, and risk assessment of 
environmental and cultural resources to coastal storms and sea level rise. First, there could be 
inaccuracies or uncertainty associated with the underlying data, models, and climate change 
predictions used in the analyses. The approximate locations of archaeological sites and historic 
resources from online databases are not always accurately based on the true location of that 
resource. Additionally, assumptions have been made based on existing information and professional 
judgement about vulnerabilities, which might not be accurate of actual vulnerabilities. There is also 
inherent uncertainty in how natural systems will respond or adapt to the coastal hazards that were 
analyzed. For example, plants and animals that are exposed to an increase in sea level rise but have 
limited tolerance to salinity may migrate, or be displaced by other species, or not survive, or could 
develop a new tolerance to increased salinity. There is also uncertainty because the analyses only 
account for vulnerabilities and risks to environmental resources from coastal hazards, while natural 
systems are exposed to multiple threats and stressors that could influence how a system responds. 
The SACS attempts to recognize where some of these other stressors may be present but does not 
assess them.  

4.4  Vulnerability  
Vulnerability is the susceptibility to harm of human beings, property, and the environment when 
exposed to the hazard (ER 1105-2-101). Consequences are measured in terms of metrics such as 
economic damage, acreage of habitat lost, and potential loss of life. The Tier 1 and Tier 2 analyses 
incorporated both vulnerability and consequence in the overall risk assessment.  

4.4.1  Population and Infrastructure Vulnerability  
For population and infrastructure, the Hazus model uses a damage function to represent the 
vulnerability of different types of infrastructure to flood hazards. Social vulnerability was assessed 
during the Tier 1 Risk Assessment with consequences potentially including life loss and relocation of 
vulnerable populations. 
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4.4.2  Environmental Resources 
The Grand Strand’s tourist economy is inextricably linked to its natural resources, particularly the 
approximate 60 miles of beaches and the salt marshes of Murrells Inlet that also support the local 
seafood industry. However, as a first line of defense to storms, these natural resources are the most 
vulnerable to storm surge and other coastal hazards such as erosion from wind and wave attack. 
Figure 10 shows the high, medium, and low vulnerable natural resources in the Grand Strand Focus 
Area. Methods for the analyses are described in the South Carolina Appendix and the Environmental 
Technical Report. 

The most vulnerable resources include coastal beach/dune systems, maritime forests, salt marshes, 
freshwater forested wetlands, and Carolina bays, yet they are also threatened by expanding 
development. While the beach and dune systems of the Grand Strand play an important role in storm 
protection for the developed coastline, the areas that are less disturbed along the strand (e.g., Myrtle 
Beach State Park, Huntington Island State Park, and Waties Island) are especially important for 
shorebirds and nesting sea turtles. Portions of Waties Island, Litchfield Beach, and Garden City Beach 
have been designated as critical habitat for the endangered piping plover.  

The privately owned Brookgreen Gardens offers over 9,000 acres of protected land amidst the 
developed Grand Strand, with upland and wet pine forest and tidal freshwater wetlands that provide 
habitat for many wildlife species, along with erosion and flood control. Botanical and sculpture 
gardens and important cultural resources can also be found here. Remaining wetlands along the 
AIWW and back bays of Pawleys, Litchfield, and DeBordieu are also important for providing erosion 
and flood control, as well as fish and bird habitats.  

Swashes along the Grand Strand are also highly vulnerable to storm surge. Swashes are unique tidal 
creeks that drain directly from inland communities to the ocean, across beaches rather than into 
estuaries. There are seven swashes in the Grand Strand FA including Deephead Swash, Canepatch 
Swash, Bear Branch Swash, White Point Swash, Withers Swash, Midway Swash, and Singleton Swash. 
Many of these have been altered by human development over time. These swashes are known for 
harboring stormwater runoff, creating water quality issues, and are prone to flooding. These swashes 
will require special attention when considering flooding impacts along the Grand Strand. 
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Figure 10: Results of the Environmental Resources Vulnerability Assessment for the Grand Strand 
Focus Area  

 

4.4.3  Cultural Resources 
Based on a qualitative assessment of vulnerability, historic structures located on barrier island, along 
the coast, and in low lying areas face vulnerability due to storm surge inundation, erosion, and wave 
attack (Table 10). This table is not all-inclusive and is meant to communicate the types of cultural 
resources that may be found in these areas and the types of vulnerability that they may face. A 
selection of historic properties and districts are highlighted due to their National Register status and 
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stakeholder input regarding their historical significance and concern for continued preservation due 
to their higher exposure rating. General information is also included regarding the presence of 
archaeological sites in areas of higher exposure.  Storm surge inundation along the coast and reaching 
up rivers to low lying areas will flood historic properties and damage buildings. Damage may include, 
but is not limited to, structural damage and destruction of historic materials (e.g., furniture, textiles, 
archives). The aftermath of a storm can pose long-term issues, such as the development of mold, 
mildew, and other potentially toxic residues. Erosion and wave attack pose threats to historic 
properties and both terrestrial and submerged archaeological sites. Significant structural damage can 
be caused to historic properties by wave attack. Erosion can eliminate surface evidence of 
archaeological sites, wear away site layers, and displace materials from various cultural layers making 
recovery and interpretation challenging if not impossible. Erosion will impact features more severely 
due to the disturbed nature of the soil, while leaving intact topographic layers less damaged. Strong 
currents cause hydrographic change that can displace submerged cultural resources, including 
historic wrecks, as well as obscure or damage these resources due to storm debris. Currents and even 
wind can uproot trees and other vegetation, which can serve as a major source of disturbance and 
destruction for cultural resources, such as historic properties and archaeological sites. 

Table 10: Vulnerability of Exposed Cultural Resources in the Grand Strand Focus Area to Tier 2 Hazards 

Exposed Cultural Resource Area  
Tier 2 Hazards 

Storm Surge 
Inundation Erosion Wave Attack 

Murrells Inlet 
Atalaya Castle Y Y Y 
Prehistoric shell mounds/middens Y Y Y 

Pawleys Island 
Pawleys Island Historic District Y Y Y 
Hobcaw Barony Y N N 
Prehistoric shell mounds/middens Y Y Y 

Georgetown Brookgreen Gardens Y Y N 
Georgetown Historic District Y Y N 

Socastee Socastee Historic District Y N N 

Myrtle Beach Myrtle Beach Downtown Historic District Y Y Y 

Waties Island Fort Randall Y Y Y 
 

Within this planning reach, there are several plantation sites, historic districts, historic forts, and 
archaeological sites, including shell mounds and middens, along the coast and on barrier islands that 
are susceptible to damages from coastal storm hazards, including storm surge inundation, erosion, 
and wave attack. A few of the most susceptible resources are Atalaya Castle, Fort Randall, and the 
prehistoric shell mounds and middens. While some historic districts have protections, such as sea 
walls, in place to minimize vulnerability, many of the historic structures are vulnerable to storm surge 
inundation and the associated damage that it brings. Pawleys Island, Georgetown, Socastee, and 
Myrtle Beach are a few examples of historic districts that could be severely impacted by storm surge 
inundation, especially if protection measures fail or are not sufficient to protect against more 
extreme storm episodes. Historic and archaeological sites on barrier islands, such as Pawleys and 
Waties Islands, are susceptible to damages primarily from erosion and wave attack.  
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4.5  Risk Assessment  
Risk is broadly defined as a situation or event where something of value is at stake and its gain or loss 
is uncertain. Risk is typically expressed as a combination of the likelihood and consequence of an 
event. Consequences are measured in terms of harm to people, cost, time, environmental harm, 
property damage and other metrics (ER 1105-2-101). The hazard, exposure, and vulnerability data 
from the South Carolina Appendix and within the SACS Geoportal were referenced when analyzing 
risk.  

4.5.1  Population and Infrastructure at Risk 
Table 11 overviews the medium/high- to high-risk census places for population and infrastructure 
within the Grand Strand Focus Area that were identified in the Tier 1 and Tier 2 analyses. While the 
Tier 1 Assessment considers environmental and other factors, it is weighted toward population and 
infrastructure. The Tier 1 Risk Assessment and the Tier 2 Economic Risk Assessment assessed risk in 
both the existing conditions and the future conditions with three feet of sea level rise, as detailed in 
the South Carolina Appendix. 

Table 11: High-Risk Census Places in the Grand Strand Focus Area based on population and 
infrastructure. 

Census Place County Tier 1 Risk 
Assessment 

Tier 2 Economic  
Risk Assessment  

(med/high- to high-risk) 
Murrells Inlet Georgetown X  
Litchfield/Pawleys/DeBordieu Georgetown  X 
North Myrtle Beach Horry X X 
Garden City Horry X  
Socastee Horry X  
Little River Horry X  
Surfside Beach Horry X  
Myrtle Beach Horry X  
Briarcliffe Acres Horry X  

 

The consequences of infrastructure impacts are represented in dollar damages through the Tier 2 
Economic Risk Assessment. Murrells Inlet, Litchfield/Pawleys/DeBordieu, North Myrtle Beach, Garden 
City, Socastee, Little River, Surfside Beach, Myrtle Beach, and Briarcliffe Acres are all identified as 
medium/high or high risk in the Tier 1 Risk Assessment and/or the Tier 2 Economic Risk Assessment. 
While beach nourishment projects in some locations have better equipped the communities to 
reduce coastal storm damages, back bay and estuarine areas are typically still susceptible because of 
limited or inadequate CSRM measures. 

Figure 11 depicts the future expected annual damages (EAD) based on future conditions (with some 
of the higher risk areas circled in green), thus validating the following problems stakeholders 
identified:  

• Coastal storm damages to populated and economically developed areas, including structures 
and infrastructure 
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 Risks are concentrated in the southern part of the focus area 

 There are clusters of risk in areas such as Socastee, Myrtle Beach, and North Myrtle Beach 

 Increased development would further increase risk of economic damage 

 There is risk to infrastructure from storm surge and sea level rise, including roadways at 
risk of being blocked for ingress/egress 

A review of some possible measures for the higher risk areas is provided later in this report.  

 
Figure 11: Future Expected Annual Damages Based on the Tier 2 Economic Risk Assessment 
1) Litchfield by the Sea, Pawleys Island, DeBordieu Beach, Georgetown; 2) Murrells Inlet, Garden City, Surfside Beach; 3) Myrtle Beach, 
Socastee; 4) North Myrtle Beach, Briarcliffe Acres, Little River; 5) Garden City, North Litchfield 
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4.5.2  Environmental Resources at Risk  
Environmental resources in the Grand Strand Focus Area are directly tied to the resilience of many 
cultural resources and of communities in the focus area. Unprotected wetlands in the focus area, 
especially small Carolina bays in the rapidly growing suburbs, are already under threat of 
development, yet provide important protective services to Grand Strand neighborhoods, cultural 
resources, and the economy. As such, many of the medium/high- and high-risk natural resource areas 
identified in the Tier 2 analysis are also exposed cultural resource sites or support populations and 
infrastructure at high risk, including Little River, North Myrtle Beach, Socastee, Forestbrook, Murrells 
Inlet, Garden City, and Pawleys Island. The risk assessment methods for natural resources are 
described in the South Carolina Appendix and Environmental Technical Report. 

The Tier 2 environmental resources risk analysis shows that shorelines, maritime forests, and salt 
marshes of Waties Island, Huntington Beach State Park, and Myrtle Beach State Park are 
medium/high and high risk. Beaches of the Grand Strand that are regularly renourished are still 
vulnerable but are at lower risk of impacts.  

Salt marshes found in Little River Inlet, Hog Island Inlet, Murrells Inlet, and along portions of the 
AIWW in the focus area are also shown to be at medium/high risk. This is important for decision-
makers because they provide valuable estuarine habitat and protective services (e.g., water quality 
and retention) for surrounding communities. Tidal freshwater wetlands and forested wetlands 
dominate the area of medium/high risk on the Waccamaw River along the AIWW that intersects with 
Brookgreen Gardens, putting important protected habitat and cultural resources at risk. The Tier 2 
Risk Assessment also showed that two areas in the focus area, North Myrtle and Myrtle Beach, are at 
higher risk for cultural resources. 

Because much of the focus area is developed and it does not contain extensive federal protected 
lands, some of the most important environmental areas that remain intact are concentrated at 
private or state management lands. Based on Tier 1 and Tier 2 analyses and stakeholder input, three 
environmental areas in the Grand Strand Focus Area have been identified as priorities. They include 
Brookgreen Gardens, Huntington Beach State Park, and Waties Island. Descriptions can be found in 
Table 12. More information on how Priority Environmental Areas (PEAs) were identified can be found 
in the Environmental Technical Report. 
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Table 12: Priority Environmental Areas in the Grand Strand Focus Area 

Priority Environmental Area Vulnerability/Risk/Consequence 

Brookgreen Gardens 
Over 9,000 acres of privately protected land comprised of 
botanical and sculpture gardens, upland and wet pine 
forest, and tidal freshwater wetlands; designated 
National Historic Landmark. 

Tidal freshwater forested and emergent wetlands along the 
Waccamaw River/AIWW/Brookgreen Creek at medium/high 
risk from sea level rise and storm surge (upland habitats at 
low risk); potential loss of habitat for amphibian, bird, and 
threatened and endangered (T&E) species; loss of flood 
protection for historic/cultural resources and local 
recreation/tourism; area identified as highest priority for 
shared conservation action by South Atlantic Conservation 
Blueprint (SALCC 2020). 

Huntington Beach State Park 
Three miles of undeveloped beachfront and over 2,500 
acres of mostly salt marsh and forest cover managed by 
the state; designated critical habitat for piping plovers 
and supports other T&E species (e.g., wood storks, bald 
eagle, loggerhead sea turtles); also includes a historical 
landmark and supports low-impact recreation. 

Medium/high risk from storm surge and sea level rise 
inundation; potential loss of beach/dune, saltmarsh, and 
forest habitat for many birds, sea turtles, and T&E species; 
marsh areas designated by SC Heritage Trust Program (SCDNR 
2016) for their unusually pristine nature within the developed 
Grand Strand; 60 percent of surrounding watershed identified 
as high or highest priority for shared conservation action by 
the South Atlantic Conservation Blueprint (SALCC 2020). 

Waties Island 
Mostly undeveloped barrier island includes beach/dune 
system, maritime forest, forested wetlands, upland 
longleaf pine forest, and salt marshes; 1,100 acres 
managed by  Coastal Carolina University for research and 
education; supports nesting sea turtles, endangered 
seabeach amaranth, and wading birds, with portions 
designated as federal critical habitat for piping plovers 
and is included in the Coastal Barrier Resources Act zone; 
a few historic structures and Native American shell 
middens are present. 

Existing dunes currently accreting on backside, while 
undergoing considerable frontal erosion (scarping) from 
recent storms; beach/dune systems, maritime forests, and 
wetlands east of Little River Neck Road, and salt marshes 
along the AIWW, are at medium/high to high risk of storm 
surge and sea level rise inundation (upland interior at low 
risk); potential loss of habitat for shore and wading birds and 
several T&E species; unprotected portions of site at risk for 
future development. 

 

Regarding stakeholder interest in resilient habitats, the following problems were validated by the Tier 
2 environmental resources risk analysis, as described above: 

• There is potential for coastal storm damages to fish and wildlife resources. 

• There is potential for impacts on sensitive environmental habitat.  

A review of some possible measures to address risk in natural areas is provided later in this report.  

4.5.3  Cultural Resources at Risk  
Based on a qualitative assessment of risk, historic structures and archaeological sites on barrier 
islands and in low lying areas are highly susceptible to damage from storm surge inundation, erosion, 
and wave attack, especially as the risk for sea level rise increases. These areas are considered as at-
risk cultural resources areas due to the fact that all structures would be vulnerable to the hazards and 
are therefore considered to be most at risk.  

The protection of many cultural resources in the Grand Strand Focus Area is directly tied to the 
protection of natural resources in the area.  Rapid grow in the suburbs and barrier islands has the 
potential to both damage and protect cultural resources. Storm protection measures that are put in 



 

 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | THE GRAND STRAND FOCUS AREA 37 

place to protect those developed areas can aid in the protection of archaeological sites. Storm events 
pose a greater risk on lesser developed barrier islands, such as Pawleys and Waties Islands, that have 
limited or no protective measures present. Undeveloped marsh regions between and behind islands 
where many resources are located are typically inundated by flood events that exceed the 10-percent 
AEP flood level.  

Damage to historic properties can sometimes be repaired, but this can be costly and may lack support 
if more essential recovery efforts are needed in the area to restore infrastructure. Archaeological 
sites are non-renewable resources that cannot be replaced once lost. Loss of historic properties and 
archaeological sites not only means a loss to the historical record that helps us to understand and 
explain past lifeways, but it can also mean a loss to local tourism. Visitors are drawn to this planning 
reach due to the many historic districts and historic forts. Damage caused by storms has in some 
instances meant the complete loss of all or portions of historic properties. Years of costly repairs can 
close these sites indefinitely until the site can be restored and are deemed safe for visitors. The loss 
of archaeological sites could pose a significant hit to the academic community and thereby limiting 
research into and interpretation of prehistoric and historic sites in this reach. 

 Action Strategy Development  
This section identifies potential actions to address the identified risks caused by increased hurricane 
and storm damage as a result of sea level rise. Actions can include joint strategies by stakeholders 
and strategies led by individual agencies in coordination with stakeholders in the context of a 
comprehensive plan. The previous analyses, culminating in a risk assessment, verify that there are 
risks threatening the key interests of stakeholders in the resilience of communities and habitats in the 
Grand Strand Focus Area. The understanding gained through the course of this study is applied in this 
section to develop action strategies, as well as examples for how to launch into Tier 3 studies.   

5.1  Identify Possible Solutions  
5.1.1  High-Risk Areas and Possible Measures 
In this section, a broad and conceptual review of possible measures to address coastal storm risk is 
provided for the following areas at medium/high or high risk. High Risk areas are identified in Figure 
12 showing the Composite Risk Index (CRI) for the Grand Strand Focus Area. 

• Little River 

• North Myrtle Beach (including Waties Island) 

• Socastee and Forestbrook 

• Murrells Inlet (including Brookgreen Gardens and Huntington Beach State Park) 

• Garden City  

• Pawleys Island 
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The high-risk areas could benefit from considering the following measures in a Tier 3 study as shown 
in Figure 13:  

• Floodwalls  

• Beach fill  

• Living shoreline vegetation 

• Living shoreline reefs  

• Wetlands 

• Breakwaters 

• Breakwater and beach nourishment  

 
Figure 12: Composite Risk Index for the Grand Strand Focus Area. 
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Figure 13: Possible Measures for Areas Estimated to have High Future Damages 
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To maintain momentum for CSRM and resilience, one of the many tools developed in SACS is the 
Measures and Cost Library (MCL), which can be used as a starting point to launch a Tier 3 project 
analysis. Additional information about the MCL tool is provided in the Measures and Cost Library 
Report (USACE 2021). This focus area report provides examples of how the MCL tool and other SACS 
tools (e.g., SACS Environmental Resources Inundation Risk Analysis Web Application) can be used to 
launch a Tier 3 study. This includes the identification and screening of measures that, in a Tier 3 
effort, can be further formulated into alternative plans. 

5.1.2  Tier 3 Launch Examples with Planning Level Cost Estimates 
This section demonstrates how SACS tools can be used to launch a Tier 3 study, using Pawleys Island 
and Waties Island as examples. As practicable, relevant actions identified in other SACS efforts are 
incorporated with the measures identified in these examples. These two locations and the previously 
identified areas are not the only areas at medium/high to high risk. However, because of the scope, 
schedule, and budget limitations of this study, selections had to be made and were made based on 
what was identified through the Tier 2 Risk Assessment as concentrations of risk of either economic 
damages, environmental resources risk or both, as well as informed by what was heard from 
stakeholders during workshops.  

5.1.2.1 Pawleys Island 
Pawleys Island is a barrier island that was identified during the Tier 2 analysis as an area of concern. 
This barrier island is mostly undeveloped but has enough development that an economic damages 
analysis can be helpful for considering measures. 

 
Figure 14: Location of Pawleys Island 
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During stakeholder engagement, problems were described as coastal flooding and erosion (Figure 15 
and Figure 16), and a variety of opportunities were mentioned, including beach and marsh 
management. The three feet of sea level rise flooding shown is also the same level of inundation that 
would be experienced with three feet of coastal storm surge, which would be experienced during an 
approximately 10-percent AEP storm. Pawleys Island barrier island is inundated on both the front 
beach and the back bay, and both the north causeway (a) and the south causeway (b) are also 
flooded.  

Portions of the island are experiencing erosion. The South Carolina Coastal Hazard Vulnerability 
Assessment indicates erosion of shorelines along the beach front.  

  
Figure 15: Coastal Flooding with Three Feet of Sea Level Rise for Pawleys Island (NOAA 2021) 

 

 
Figure 16: Pawleys Island Shoreline Change Based on the South Carolina Department of Health and 
Environmental Control Coastal Hazard Vulnerability Assessment Tool 
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Tier 2 analysis identified that Pawleys Island as a whole (along with Litchfield and DeBordieu) has risk 
of medium/high to high economic damages. The Tier 2 Economic Risk Assessment tool was used to 
evaluate potential economic benefits from preventing future damages to the Pawleys Island barrier 
island (Figure 17), and the area selected is shown in pink. Even though the barrier island’s risk of 
economic damage in the future is low/medium, the future economic damage risk is still rather large 
at $5.7 million (Figure 17). 

 

 

Figure 17: Pawleys Island Tier 2 Economic Risk Assessment Showing Expected Annual Damages for 
Future Conditions  

Pawleys Island also has significant cultural resources, and the beach and back bay salt marshes are 
considered significant environmental resources. 

After identifying the problems and assessing potential risks via SACS tools and stakeholder input, an 
initial array of measures was identified that included structural, non-structural, and natural and 
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nature-based features (NNBFs) (Table 13). Figure 18 identifies the Pawleys Island location and 
potential measures discussed below. 

Table 13: Initial Array of Measures for the Pawleys Island Example 

Structural NNBFs Nonstructural 
• road elevation (causeways) 
• road elevation (Marsh Road) 
• floodwall  
• beach & dune nourishment 

• living shoreline reefs 
• oyster reef breakwater 
• living shoreline sills 
• living shoreline vegetation  
• wetland enhancement / 

restoration 

• building elevation 

 

  
Figure 18: Pawleys Island Potential Measures 
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Descriptions for each potential measure include: 

• Road Elevation, Causeways: Road elevation involves raising roads in place to reduce the 
frequency and/or depth of flooding during high-water events. Selection of the proper 
elevation method depends upon flood characteristics such as depth or velocity.  

• Road Elevation, Marsh Road: Definition of a road elevation measure is the same for the 
marsh road as it is for the causeways.  

• Floodwall, along back bay side of Marsh Road: Coastal floodwalls are structures built to 
reduce the risk of damage associated with surge tide and waves in relatively small areas with 
limited space for flood risk management. Typical types of flood walls include cantilever T-type, 
I-type and braced sheet pile structures.  

• Beach and Dune Nourishment: Commonly referred to as beach restoration or beachfill, beach 
and dune nourishment involves the placement of large quantities of beach-quality sand to 
either replace eroded beaches or increase the size (width and/or height) of an existing beach 
and dune system. Material similar to the natural sand is mechanically placed (i.e., hydraulic 
cutterhead, hopper, and/or truck haul with land-based construction equipment) on the 
eroded part of the beach. Beach and dune nourishment can reduce risk not only to the beach 
where it is placed and infrastructure landward of the beach, but also downdrift stretches by 
providing an updrift point source of sand (USACE 2002). The South Atlantic Division Sand 
Availability and Needs Determination Summary Report (SAND Report) could be used to help 
identify potential borrow sources of material for the nourishment. 

• Living Shoreline Reefs: Structures that provide potential habitat and functions like a low 
crested breakwater to reduce wave energy on the shoreline. Living shoreline reefs, also 
referred to as bioengineered breakwaters, may be obtained from discarded construction 
debris such as clean, rebar-free concrete, but are now more commonly being accomplished 
with use of man-made structures specifically designed for reef creation. Using Google Earth, 
the study team estimated that living shorelines could be implemented in this area.  

• Oyster Reef Breakwater: Oysters can be found living in salty or brackish waters clustering on 
older shells, rock, piers, or any hard, submerged surface along all coasts of the United States. 
They fuse together as they grow, forming rock-like reefs that provide habitat for other marine 
animals and plants (NOAA 2020). There are several methods of reef construction, including 3D 
reefs, intertidal (fringing reefs), and broad-scale, low-profile reefs. These reefs are developed 
with multiple natural material types, such as oyster shells, clam shells, or rock.  

• Living Shoreline Sills: Coast-parallel, low-profile structure built with the objective of reducing 
the wave attack on the shoreline. Sills can be designed using a number of different materials, 
including rock, armor stone, grout-filled bags, geo-tubes, rock gabion baskets, and natural 
materials such as oysters.  

• Living Shoreline Vegetation: Consists of planting existing, or graded but not filled, slopes with 
hardy native vegetation to stabilize the shoreline. This measure may include vegetation types 
associated with dune enhancement and tidal and forest wetland restoration but can also 
incorporate additional shrub and herbaceous species.  
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• Wetland Enhancement/Restoration: Wetlands, also referred to as tidal fringe, tidal-flat, or 
estuarine wetlands, as well as brackish and saltwater marsh, occur along the intertidal zone of 
marine, estuarine, or riverine systems. Although this definition includes a broad group of 
wetlands, it is more narrowly defined here as intertidal and salt marsh. A typical wetland 
restoration project for this study would be fairly wide to incorporate a nearshore tidal flat 
and/or perched beach and provide an effective region for wave breaking and wave energy 
reduction, even if significant erosion of portions of the wetland would occur during a storm 
event. It is estimated that several acres of back bay salt marshes can be enhanced. 

• Building Elevation: Structure elevation involves raising the assets in place so that the 
structure sees a reduction in frequency and/or depth of flooding during high-water events. 
Elevation can be done on fill, foundation walls, piers, piles, posts, or columns. Selection of 
proper elevation method depends on flood characteristics such as flood depth or velocity. For 
purposes of entry into the MCL, eight historic structures were considered for building 
elevation, though it’s likely that others in the area could benefit as well, and that building 
elevation is possibly not the only or best nonstructural solution. Yet, this is enough to initiate a 
Tier 3 study.  

SACS tools were used to perform a reconnaissance-level analysis to evaluate the feasibility of these 
measures addressing the problems and opportunities identified by stakeholders. The MCL tool 
provides a rough-order-of-magnitude (ROM) cost estimate range for the selected measures, including 
high and low measure investment cost (aka first construction cost), and Equivalent Annual Costs 
(EAC), as shown in Table 14. EAC is the annual cost range based over a 50-year period of analysis. The 
MCL tool in conjunction with the Economic Risk Assessment tool can determine which measures may 
merit further analysis in Tier 3 work and can help scope future efforts.  

Table 14: SACS Measures and Cost Library-Derived Costs for Pawleys Island Example 

SAC Focus Area Action Strategy Measures 

Measure Investment 
Cost (Rough-Order-of-
Magnitude Total First 

Construction Cost) 

Equivalent Annual 
Cost (Rough-Order-

of-Magnitude) 

Measure Group 
Name Measurement 

Number of 
Nourish-

ments 

Unit of 
Measure Low High Low High 

Road Elevation 
(causeway) 4,200   $/LF $31M $57.2M $1.1M $2.1M 

Road Elevation 
(marsh road) 12,100   $/LF $89.3M $164.4M $3.3M $6.1M 

Floodwalls 12,100   $/LF $65.1M $104.8M $2.4M $3.9M 
Beach & Dune 
Nourishment 19,200 5.25 $/LF $99.8M $498.8M $3.7M $18.5M 

Living Shoreline 
Reefs 22,800   $/LF $136.2M $429.3M $5M $15.9M 

Oyster Reef 
Breakwater 22,800   $/LF $21.6M $90.3M $801K $3.3M 

Living Shoreline Sills 22,800   $/LF $40.3M $190.3M $1.5M $7.1M 
Living Shoreline 
Vegetation 22,800   $/LF $500K $49.8M $19K $1.8M 
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SAC Focus Area Action Strategy Measures 

Measure Investment 
Cost (Rough-Order-of-
Magnitude Total First 

Construction Cost) 

Equivalent Annual 
Cost (Rough-Order-

of-Magnitude) 

Measure Group 
Name Measurement 

Number of 
Nourish-

ments 

Unit of 
Measure Low High Low High 

Wetland 
Enhancement 360   $/AC $69.8M $449.6M $2.6M $16.7M 

Building Elevation 8   $/Asset $1.1M $2.5M $39K $91K 
 

Comparing the ROM EAD of approximately $5.7 million to the ROM measure equivalent annual costs1 
indicates that most of the measures may be cost effective at the low end of the cost estimates. 
Though living shoreline reefs may be one of the more expensive measures, a candidate to possibly be 
screened out, it is also possible that this measure could be made more cost beneficial by adjusting 
the linear feet or other data entry points in the MCL tool. It also appears that building elevation and 
living shoreline vegetation may be some of the most cost beneficial measures to investigate further.  

This preliminary analysis shows that multiple measures may be economically justifiable and that more 
detailed analysis could be warranted in this area. Alternatives could be developed for CSRM using 
stand-alone measures or a combination of measures such as building elevation and living shoreline 
vegetation in tandem with one or more of the other measures. 

This analysis is only a preliminary assessment of what may be possible for the Pawleys Island 
example. The purpose of this example is not to finally resolve the problems of the Pawleys Island 
barrier island, but rather to show how the SACS tools can be used to initiate Tier 3 work.  

5.1.2.2 Waties Island 
Waties Island is located at the northernmost extent of the Grand Strand. This mostly undeveloped 
barrier island is bounded by the Atlantic Ocean to the east, the AIWW portion of Little River to the 
west, Litter River Inlet to the north, and Hog Inlet to the south. Dunn Sound runs through the interior 
(Figure 19). The island includes a variety of habitats from beach/dune systems, maritime forest, 
forested wetlands, upland longleaf pine forest, and salt marshes. A few historic structures and Native 
American shell middens can also be found on the island.  

 

1 Note that all the costs reported in the FAAS document were annualized using the current (FY21) water 
resources discount rate of 2.50%. 
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Figure 19: Location of Waties Island 

 

The Tier 2 environmental resources analysis (described in the Environmental Technical Report) 
suggests that natural resources on Waties Island are at medium/high or high risk of experiencing 
environmental impacts from storm surge and sea level rise. These resources include salt marshes, 
maritime forest, and beaches and dunes. The upland and interior island habitats are at low risk, as 
shown in Figure 20. The higher risk areas are where historic and cultural resources can be found, 
suggesting they are also at risk because they are supported by the natural resources that surround 
the area. 
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Figure 20: Potential Environmental Resources Risk for Waties Island 

Figure 21

Portions of the island are also experiencing erosion. The South Carolina Coastal Hazard Vulnerability 
Assessment indicates erosion of estuarine shorelines along Little River Inlet and the confluence of 
Dunn Sound as seen in  (SCDHEC n.d.). While the tool does not show significant beach 
erosion, event-driven erosion of the dune system is occurring.  
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Figure 21: Shoreline Change Vulnerability Rankings for Waties Island (SCDHEC n.d.) 

Figure 22

According to experts from Coastal Carolina University, the existing dunes are currently accreting on 
the backside and frontal erosion is occurring. Over the past 5–10 years, the dunes are scarping from 
various hurricanes ( ), and a relatively extreme northerly excursion of Hog Inlet is currently 
occurring at the southern end of Waties Island. A section of dunes at the northern end of the island 
has been breached to a low wetland area, staying open longer than expected. 
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Figure 22: Significant Dune Scarping on Waties Island from a Recent Hurricane (Photo provided by: 
Coastal Carolina University) 

Based on the Environmental Technical Report and stakeholder input, Waties Island has been 
identified as a PEA. The island’s habitats support nesting sea turtles, seabeach amaranth (an 
endangered plant), and many species of wading and shore birds. Portions of Waties Island are 
designated as critical habitat for piping plovers and are included in the CBRA zone, demonstrating the 
ecological importance of this island. As previously mentioned, there are historic and cultural 
resources present. These important resources are at risk for degradation or loss from storm surge 
and sea level rise.  

For the purposes of this focus area action strategy example, the portion of Waties Island from Dunn 
Sound to the Atlantic Ocean is examined for potential measures and costs. 
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As a PEA, actions that could be considered for Waties Island include nonstructural policy actions, 
structural shoreline management, and RSM/beneficial use of dredged material/nourishment actions 
that take advantage of natural and nature-based features (NNBFs). Six measures were identified for 
these strategies: land conservation, beach and dune nourishment, living shorelines in the form of 
sills, living shorelines in the form of vegetation, oyster reefs, and wetland enhancement. The costs 
provided in the MCL can be used with site dimensions to estimate the investment cost for those 
measures. For the Waties Island example, the results of using this tool are presented in Table 15 and 
described below. 

Land Conservation: Costs for land conservation are locally driven, so the MCL tool is less helpful in 
understanding the implementation of this strategy. However, portions of Waties Island are 
owned/managed by Coastal Carolina University, who uses the land for research and education. The 
remainder of the island is held by private interests. The Environmental Technical Report outputs can 
be evaluated with other datasets to understand uses of the island that would be compatible with the 
natural resources of this PEA. For example, if the Tier 2 environmental resources risk ratings are 
overlaid with future growth trends of the area it may illuminate natural resources on Waties Island 
which are at risk to storm surge and sea level rise impacts and are also subject to future 
development. 

According to local stakeholders, there is an effort underway to consider consolidation of the parcels 
on Waties Island into a larger conservation unit, reserve, or other conservation mechanism. SACS 
tools and data can be used to help visualize vulnerabilities and risks to resources on the island and 
explore future compatible uses that may inform a conservation strategy. 

Land conservation could offer Waties an island-wide strategy. However, it does not directly reduce 
the impacts of storms and sea level rise. It can decrease the vulnerability of the resources to 
degradation from other threats. Conservation status could also allow the natural resources to be 
managed for their intrinsic habitat value so that structural and NNBF measures such as those 
proposed in this example can be designed in a manner that benefits the species and uses that depend 
on them. 

Beach and Dune Nourishment: This measure involves the placement of quality sand to replace 
eroded beaches or increase the size of an existing beach or dune system. It reduces the impacts of 
storm surge, wave attack, and erosion of ocean-facing habitats. The MCL Tool can be used to explore 
the costs of this measure. For example, if it is assumed that approximately 13,000 linear feet of beach 
shoreline from Little River Inlet to Hog Inlet are to be nourished on Waties Island (Figure 23), then the 
investment cost would range from approximately $70.6 million to $338.8 million, with an equivalent 
annual cost of approximately $2.6 million to $12.5 million. Additionally, the SAND Report could be 
used to help identify potential borrow sources of material for the nourishment. 
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Table 15: Approximate Cost Calculations from the SACS Measures and Cost Library for the Waties Island Example 

SACS Focus Area Action Strategy Measures Measure Investment Cost Equivalent Annual  
Cost 

Reach Location Measure Measure Group Name Measurement Number of 
Nourishments Unit Low High Low  High 

SC_03 Waties 
Island 

NS-16 Land Conservation 980 
 Not 

Costed $0 $0 $0 $0 
S-10 Beach & Dune Nourishment 12,540 5.25 $/LF $70,620,000 $338,760,000 $2,616,000 $12,548,000 
NNBF-12 Living Shoreline Sills 18,800  $/LF $33,260,000 $157,170,000 $1,232,000 $5,822,000 
NNBF-7 Living Shoreline Vegetation 18,800  $/LF $410,000 $41,060,000 $15,000 $1,521,000 
NNBF-10 Oyster Reef Breakwater 18,800  $/LF $17,840,000 $74,520,000 $661,000 $2,760,000 
NNBF-3 Wetland  465  $/AC $90,060,000 $580,310,000 $3,336,000 $21,495,000 
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Figure 23: Waties Island Potential Measures 

Figure 23

Living Shorelines: Two living shorelines measures could be considered for implementation in the back 
bay areas of the island, along Dunn Sound – a sill (made with suitable material that could range from 
rock to NNBF material) or planting of natural shoreline vegetation if wave energy is low. Both serve to 
reduce risk to surrounding estuarine habitat by attenuating wave energy and reducing erosion. For 
the Waties Island example, it was assumed that approximately 19,000 linear feet of living shorelines 
could be implemented from Little River Inlet to Hog Inlet along Dunn Sound ( ). The MCL tool 
computes that the investment cost for living shoreline sills would range from $33.2 million to $157.2 
million (which includes a vegetation component), with an equivalent annual cost of $1.2 million to 
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$5.8 million. The investment cost for vegetating only living shorelines ranges from $410 thousand to 
$41.1 million, with an equivalent annual cost of $15 thousand to $1.5 million. 

Oyster Reefs: Another measure to consider for buffering wave energy and trapping sediments in back 
bay areas is the addition of oyster reefs. For the Waties Island example, the same length for living 
shorelines was used to calculate costs for oyster reefs (Figure 23). Therefore, if it is assumed that 
approximately 19,000 linear feet of oyster reefs are to be constructed in Dunn Sound, then the 
investment cost would range from $17.8 million to $74.5 million, with an equivalent annual cost of 
$661 thousand to $2.7 million.  

Wetland Enhancement: Enhancing back bay marshes can also be considered for reducing risks to 
estuarine habitat since marshes attenuate wave energy and reduce erosion, and potentially slow and 
reduce the landward impacts of storm surge. Using the MCL tool and assuming the back bay salt 
marshes of Dunn Sound are approximately 5 acres, the wetland investment cost would range from 
$90 million to $580 million, with an equivalent annual cost of $3.3 million to $21.5 million. 

Waties Assessment: Beach nourishment provides immediate coastal storm risk reduction benefits 
upon construction and is applicable to mixed and high wave energy environments. However, it is not 
suitable everywhere, and is relatively expensive. If beach and dune nourishment were appropriate 
and feasible at Waties Island, it would likely contribute to sustaining habitat for nesting sea turtles, 
piping plovers, and other shore birds and marine life. Since this measure would primarily support 
ocean-facing shorelines, other measures would be needed on Waties Island to address risks to 
natural resources in the back bay areas. 

Shoreline Sills: Effective in minimizing gradual erosion, which will improve the resilience of estuarine 
habitat. However, they are susceptible to extreme events. With large storm surges, sills are more 
likely to be overtopped and less effective in reducing wave transmission. While vegetated living 
shorelines are the least cost measure considered in this example, it may also be the least effective 
because of the high exposure for storm surge in Dunn Sound. Oyster reefs have not traditionally been 
designed for CSRM, but their role in reducing shoreline loss and provision of habitat can make natural 
resources more resilient to impacts. This could be very compatible with current and future uses of 
Waties Island. Oyster reefs are also relatively cost effective when considering information from the 
MCL tool.  

While wetlands on Waties Island may not be degraded enough to need functional restoration, they 
may benefit from enhancement techniques that allow the salt marshes to be more resilient and 
adaptable to storm impacts and other threats, such as sea level rise and invasive species. The wetland 
costs were the highest of the measures explored in this example with the MCL tool, but if 
enhancement (not full restoration) is needed, then the costs could potentially be lower.  
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5.2  Evaluation and Comparison of Solutions 
5.2.1  Evaluation Criteria 
Evaluation criteria are standards on which a decision can be based, and there are various ways to 
evaluate and compare solutions.  For this study, the Tier 3 examples are evaluated based on how well 
they achieve the objectives identified in Section 3 of the FAAS.   

Four objectives were identified for the Charleston Metro Focus Area. The first three are associated 
with resilient communities, and the last is associated with resilient ecosystems.  Each of these 
objectives has evaluation criteria that are categorized based on the hazard the objective addresses. 
For example, an objective may be to reduce coastal storm surge and inundation risk to communities. 
This objective addresses the hazard “Coastal Storm Surge and Economic Damages,” and in order to 
meet that objective, multiple standards (identified as evaluation criteria a, b, c, etc.) must be 
satisfied.  

The objectives and evaluation criteria focused on resilient communities are organized in Table 16 
while the single objective and the evaluation criteria for resilient ecosystems are organized in Table 
17. The objectives are numbered 1 through 4 to parallel the organization of the objectives in Section 
3.  

Table 16: Evaluation Criteria for Resilient Communities Objectives 

Objective Hazard Addressed Evaluation Criteria 

1) Reduce 
coastal storm 
surge inundation 
risk to 
communities 

Coastal Storm Surge 
and Economic 
Damages 

a) Interorganizational stakeholders are recommended to continue existing 
efforts to reduce risk of economic damages from surge inundation to 
communities in the Grand Strand Focus Area. 

b) Complete Tier 3 studies in the Grand Strand’s areas at higher risk of 
economic damages within the next few years. 

c) Continue to collaborate to reduce coastal storm surge inundation risk to 
all communities in the Grand Strand Focus Area, including those with 
lower risk of economic damages. 

Coastal Storm Surge 
and Critical 
Infrastructure 

a) Owners and managers of critical infrastructure in the Grand Strand Focus 
Area are recommended to continue existing efforts to reduce risk of loss 
of use due to storm surge and sea level rise. 

b) Interorganizational stakeholders are recommended to be prepared to 
provide support for these existing and future efforts towards critical 
infrastructure resilience. 

c) Owners and managers of critical infrastructure in the Grand Strand Focus 
Area and interorganizational stakeholders are recommended to 
complete Tier 3 risk management studies of all critical infrastructure 
within the next several years. 

Coastal Storm Surge 
and Cultural 
Resources 

a) Owners and managers of cultural resources in the Grand Strand Focus 
Area are recommended to continue existing efforts to reduce risk of 
coastal storm damages. 

b) Interorganizational stakeholders are recommended to be prepared to 
provide support for these existing and future efforts towards cultural 
resources resilience. 
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Objective Hazard Addressed Evaluation Criteria 

c) Owners and managers of cultural resources in the Grand Strand Focus 
Area and interorganizational stakeholders are recommended to 
complete Tier 3 risk management studies of cultural resources over time. 

2) Reduce risks 
from coastal 
storm erosion to 
communities 

Coastal Storm 
Erosion and 
Economic Damages 

a) Interorganizational stakeholders are recommended to continue existing 
efforts to reduce risk of economic damages from coastal storm erosion 
to communities in the Grand Strand Focus Area. 

b) Complete Tier 3 studies in the Grand Strand’s areas at higher risk of 
economic damages within the next few years. 

c) Continue to collaborate to reduce coastal storm erosion risk to all 
communities in the Grand Strand Focus Area, including those with lower 
risk of economic damages. 

Coastal Storm 
Erosion and Critical 
Infrastructure 

a) Owners and managers of critical infrastructure in the Grand Strand Focus 
Area are recommended to continue existing efforts to reduce risk of loss 
of use due to coastal storm erosion. 

b) Interorganizational stakeholders are recommended to be prepared to 
provide support for these existing and future efforts towards critical 
infrastructure resilience. 

c) Owners and managers of critical infrastructure in the Grand Strand Focus 
Area and interorganizational stakeholders are recommended to 
complete Tier 3 risk management studies of all critical infrastructure 
within the next several years. 

Coastal Storm 
Erosion and Cultural 
Resources 

a) Owners and managers of cultural resources in the Grand Strand Focus 
Area are recommended to continue existing efforts to reduce risk of 
coastal storm erosion. 

b) Interorganizational stakeholders are recommended to be prepared to 
provide support for these existing and future efforts towards cultural 
resources resilience. 

c) Owners and managers of cultural resources in the Grand Strand Focus 
Area and interorganizational stakeholders are recommended to 
complete Tier 3 risk management and resilience enhancement studies of 
cultural resources over time. 

3) Guide and 
manage land 
conservation, 
redevelopment, 
and future 
development for 
coastal storm 
resilience 

Interorganizational 
Collaboration for 
Coastal Storm 
Resilience 

a) Interorganizational stakeholders are recommended to now continue 
existing efforts and initiate new efforts to collaboratively reduce and 
manage the potential for increased development in the Grand Strand’s 
areas with higher exposures to the hazards of coastal storms. 

b) Continue existing and initiate new efforts to collaboratively conserve 
land in the Grand Strand’s areas with higher exposures. 

c) Continue existing and initiate new efforts to collaboratively guide and 
manage redevelopment to increase coastal storm resilience for all 
communities in the Grand Strand Focus Area. 
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Table 17: Evaluation Criteria for Resilient Habitat Objective 

Objective Hazard 
Addressed Evaluation Criteria 

4) Improve 
environmental 
resources for 
coastal storm 
resilience, 
including resilience 
to coastal storm 
surge inundation 
and coastal storm 
erosion 

Coastal Storm 
Resilience and 
Environmental 
Ecosystem 

a) Owners and managers of environmental ecosystem, and managers of fish 
and wildlife resources in the Grand Strand Focus Area are recommended 
to continue existing efforts to reduce risk of coastal storm surge 
inundation and erosion to ecosystem. 

b) Interorganizational stakeholders are recommended to be prepared to 
provide support for these existing and future efforts towards 
environmental ecosystem resilience. 

c) Owners and managers of environmental ecosystem in the Grand Strand 
Focus Area and interorganizational stakeholders are recommended to 
complete Tier 3 risk management and resilience enhancement studies of 
environmental ecosystem over time. 

 

5.2.2  Evaluate Tier 3 Launch Examples 
The objectives presented earlier and further articulated above in Section 5.2.1 provide a way to 
identify which action(s) stakeholders might take could best help achieve the focus area shared vision 
and desired end state(s).  A qualitative evaluation is provided below.  

Pawleys Island: 

• Objective 1 – Reduce coastal storm surge inundation risk to communities: All of the 
evaluation criteria under Objective 1 are supported by this solution. The Pawleys Island 
example contributes to reducing coastal storm surge and economic damages by providing 
information that can help launch a Tier 3 study in a lower economic damage risk area of the 
Grand Strand. Similarly, it contributes to protecting critical infrastructure by providing 
information that could help launch a Tier 3 study of the causeways and marsh road, which is 
critical infrastructure for ingress/egress. It also supports protection of cultural resources by 
providing information that could help launch a Tier 3 study to manage the risks of coastal 
storm surge to cultural resources.  
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• Objective 2 – Reduce risks from coastal storm erosion to communities: All of the evaluation 
criteria under Objective 2 are supported by this solution. The Pawleys Island example 
contributes to reducing economic losses due to coastal storm surge by providing information 
that can help launch a Tier 3 study in a higher coastal storm erosion risk area of the Grand 
Strand. Similarly, it contributes to reducing coastal storm erosion impacting critical 
infrastructure by providing information that could help launch a Tier 3 study of the causeways 
and marsh road, which are critical infrastructure for ingress/egress. It also supports protection 
of cultural resources by providing information that could help launch a Tier 3 study to manage 
the risks of coastal storm erosion to cultural resources.  

• Objective 3 – Guide and manage land conservation, redevelopment, and future 
development for coastal storm resilience: The evaluation criteria under Objective 3 is 
supported by this solution. The Pawleys Island example contributes to interorganizational 
collaboration for coastal storm resilience by providing information that can help launch a Tier 
3 study that could result in redevelopment such as building and road elevations. 

• Objective 4 – Improve environmental resources for coastal storm resilience, including 
resilience to coastal storm surge inundation and coastal storm erosion: The evaluation 
criteria under Objective 4 is supported by this solution. The Pawleys Island example 
contributes to coastal storm resilience for environmental and ecosystem resources by 
providing information that could help launch a Tier 3 study of coastal storm surge inundation 
and erosion addressing beaches/dunes, living shorelines, and wetlands, which can be 
beneficial habitats to fish and wildlife resources.  

Waties Island: 

• Objective 1 – Reduce coastal storm surge inundation risk to communities: One of three 
evaluation criteria under Objective 1 are supported by this solution. The Waties Island 
example contributes to protection of cultural resources by providing information that could 
help launch a Tier 3 study to manage the risks of coastal storm surge to cultural resources. 

• Objective 2 – Reduce risks from coastal storm erosion to communities: One of three 
evaluation criteria under Objective 2 are supported by this solution. The Waties Island 
example contributes to protection of cultural resources by providing information that could 
help launch a Tier 3 study to manage the risks of coastal storm erosion to cultural resources. 

• Objective 3 – Guide and manage land conservation, redevelopment, and future 
development for coastal storm resilience: The evaluation criteria under Objective 3 is 
supported by this solution. The Waties Island example contributes to interorganizational 
collaboration for coastal storm resilience by providing information that can help launch a Tier 
3 study that could result in land conservation which indirectly also reduces new development. 

• Objective 4 – Improve environmental resources for coastal storm resilience, including 
resilience to coastal storm surge inundation and coastal storm erosion: The evaluation 
criteria under Objective 4 is supported by this solution. The Pawleys Island example 
contributes to coastal storm resilience for environmental and ecosystem resources by 
providing information that could help launch a Tier 3 study of coastal storm surge inundation 
and erosion addressing beneficial habitats to fish and wildlife resources. 
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5.2.3  Compare Tier 3 Launch Examples 
The results of the above evaluation (Section 5.2.2) are compared in the following paragraph.  

Though it appears that the Pawleys Island Tier 3 launch example meets more evaluation criteria 
(eight) than the Waties Island Tier 3 launch example (four), a method like this could be used to 
prioritize between efforts when resources are constrained. Note that the evaluation criteria were 
useful when the level of analysis associated with a Tier 3 launch had already been completed. They 
may be more difficult to apply where less information is available. Further, it is most desirable that 
both of these solutions, as well as a variety of others, are further considered and pursued to achieve 
the desired end state of resilient communities and resilient habitats in the Grand Strand Focus Area. 
A comparative analysis for prioritization of all possible projects, programs, and policies across the 
Grand Strand Focus Area is beyond the schedule and budget of this action strategy report, but 
provides an example for continued efforts by organizations, both individually and collaboratively. 

5.2.4  Impacts of Sea Level Rise and Climate Change on Strategies 
As discussed in Section 4.1.3, sea level rise and climate change will increase exposure to hazards for 
low-lying coastal areas, including this focus area. SACS has consistently used a 3-foot sea level rise 
scenario that is consistent with the USACE Intermediate scenario for a 100-year projection and the 
USACE High scenario for a 50-year projection. Sea level rise and climate change are fundamentally 
incorporated into the FAAS and were carefully considered when identifying specific problems, 
strategies, and example solutions.  

Site-specific considerations for each project area beyond those already addressed in SACS would 
likely be addressed during Tier 3 follow-on activities with stakeholders. All of the measures would 
have to be designed for sea level rise and designed for resilience for future adaptation. When 
determining the elevation to raise roads or build levees and floodwalls, analysis would not only 
consider storm surge but also the range of sea level projections in the future. Structural measures 
would likely need to address a longer time frame and accommodate a wider range of stressors. 
NNBFs such as living shorelines and wetland marsh enhancements could be installed periodically to 
adapt to changes in sea level over time. 

5.2.5  Potential Benefits and Impacts of Strategies 
The FAAS includes a vision statement, problems and opportunities, objectives, and an array of 
example measures in the focus area that could be applied in Tier 3 projects. These elements are 
essential to making actionable recommendations and were coordinated closely with stakeholders. 
Potential benefits of the FAAS can be evaluated either individually as actions to address identified 
problems, or collectively as a strategy that addresses the shared vision. As the Tier 3 launch examples 
show, there are SACS tools that can be used to help facilitate understanding of potential benefits and 
impacts of individual actions. At the strategic level, a more qualitative approach has been taken to 
ensure that the objectives are well tied to the collaboratively developed vision statement and the 
problems and opportunities as described by stakeholders and validated by SACS analysis. The FAAS 
provides a shared platform for the stakeholder-identified interests in the focus area of resilient 
communities and resilient habitats. It also supports continued collaboration to develop, refine, and 
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implement the strategies and component actions to achieve greater coastal storm resilience even as 
risk is increased by sea level rise.  

5.3  Focus Area Action Strategy 
The FAAS is based on the strategic objectives and comprised of the actions identified as needed by 
stakeholders throughout the study, including during the Focus Area Visioning Meetings held in 2020. 
The actions gathered were summarized in a table and for each action, the status, potential 
stakeholders, and possible funding sources were identified (Table 18).  

This report does not seek to create a strategy separate from significant and ongoing efforts, but to 
support those of the region and develop initial considerations for future federal and non-federal 
efforts carried out in a systems context with joint responsibility. As such, actions identified in the 
table below represent a strategy to advance multiple key topics within the focus area. While the 
strategy cannot reasonably represent the numerous ongoing, planned, and needed actions in the 
focus area, it represents priority actions identified by stakeholders. Further, the actions proposed by 
stakeholders can help achieve the desired outcomes expressed in the vision statement. 

Table 18: Grand Strand Action Strategy 

Key Actions Status Potential 
Stakeholder(s) 

Possible Funding 
Sources 

Horry and Georgetown Counties Flood Warning Systems 
Update 

Create and enhance flood warning systems, including filling 
information gaps for the Intracoastal Waterway, and 
providing roadside warning signage for shallow coastal 
flooding dates.  

Needed Coast Guard, Weather 
Service, or USGS USACE/PAS/FPMS 

Cherry Grove FRM Study 

Address repetitive nuisance tidal flooding. 
Needed City of North Myrtle 

Beach USACE/PAS/FPMS 

Collins Creek, Horry County, Clear/Snag Project 
Implementation 

Clear/snag Collins Creek drainage channel along Collins 
Creek Wetland.  

Needed Horry County Horry County 

Georgetown County “Living with Water” Development 
Management Study 

Inventory and assess land management policies and 
regulations and building standards to achieve resilience.  

Needed Georgetown County, 
and municipalities  

USACE/PAS/FPMS/ 
Watershed Planning 

Upper Raccoon Run FRM/CSRM Study 

Floodplain improvements to increase storage. 
Needed Horry County USACE/FPMS/PAS/C

AP 205 

Socastee Creek Drainage Study 

FRM/CSRM to achieve resilience, improvements could 
include benching. 

Needed Horry County USACE/CAP 
205/PAS/FPMS 
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Key Actions Status Potential 
Stakeholder(s) 

Possible Funding 
Sources 

Socastee and Middle Wacammaw Watershed Study 

Conduct a watershed study for water quality and water 
quantity. 

Needed Horry County USACE/Watershed 
Planning/PAS/FPMS 

Socastee Policies and Regulations for the Conservation of 
Forested Wetlands 

Create and strengthen policies and regulations for habitat 
protection and restoration that lead to 
preservation/conservation of swamp forests. 

Needed Horry County USACE/PAS/FPMS/ 
Watershed Planning 

Horry County Risk Informed Development Management 
Regulations 

Local governments to create and strengthen policies and 
regulations to manage development exposed to coastal 
storm surge.  

Needed Horry County and 
municipalities 

USACE/PAS/FPMS/ 
Watershed Planning 

Island of Pawleys Island FRM/CSRM study 

Address wave attenuation, storm surge and nuisance tidal 
flooding as well as manage marshes to achieve resilience. 

Needed Pawleys Island USACE/CAP 
205/PAS/FPMS 

Waccamaw River, Horry County, South Carolina (SC) – 
Flood Risk Management 

Horry County would like to explore structural and non-
structural measures for flood risk management similar to 
the Corps federal watershed studies (Tar Pamlico and 
Neuse) being conducted in two watersheds to the north in 
North Carolina. 

Needed Horry County USACE/if 
appropriated 

Arcadian Shores Beach Nourishment 

Horry County is implementing an RSM project. Continue 
regular beach nourishment. 

Ongoing Horry County Horry County 

Murrells Inlet Project 

Sand is generally placed along the non-Federal beach in 
Georgetown County, Huntington Beach State Park, or the 
south jetty at Murrells Inlet. Continue regular placement. 

Ongoing Georgetown County Georgetown County 

Horry County Beachfront Management Plan Update 

The Horry County Beachfront Management Plan Update is 
underway.  

Ongoing Horry County Horry County 

 

This action strategy is a starting point, and the strategic objectives and implementation actions are 
expected to continue to evolve, including revisions, refinements, additions, and subtractions over 
time. After completion of this study, USACE encourages state/local organizations to assume 
ownership of this action strategy, and to keep it a living, evolving, and actionable strategy. Further, 
USACE will help to further develop the strategy and/or implement actions if requests are made and 
congressional authorization and appropriation are provided.  
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 Recommendations  
The Focus Area Action Strategy was developed to advance the shared vision and manage increased 
coastal storm risk as a result of sea level rise in the Grand Strand Focus Area as shown in Figure 24. 
The shared vision is the overarching goal of the FAAS, broadly representing problems and 
opportunities stakeholders wish to address in the focus area. Resultingly, FAAS goals and objectives 
support the shared vision. SACS key products and other stakeholders’ shared tools and data were 
used to support FAAS goals and objectives by assessing risk and identifying ongoing, planned, and 
needed actions to communicate and address the risk. 

 
Figure 24: Focus Area Action Strategy Supports the Focus Area’s Shared Vision 
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Recommendations are made for either multi-
agency action, USACE action, or consideration by 
the United States Congress (Congress) to advance 
specific actions resulting from analyses presented 
in this report and coordination with stakeholders 
throughout the focus area.  Recommendations 
are organized into six categories, as shown Figure 
25, and three implementation timeframes (near-, 
mid-, and long-term). Implementation timing is 
influenced by the degree of stakeholder 
collaboration needed, technical complexity of the 
recommendation, current momentum toward 
implementation, and other factors needed to 
implement the recommendation. Implementation 
timeframes include: 

Near-Term Implementation (<5 years): These 
recommendations are generally less complex and 
have significant stakeholder momentum toward 
implementation. The recommendations generally 
maintain and adapt actions that are recognized to 
successfully manage coastal storm risk. 

Figure 25: Recommendation Categories 

• Mid-Term Implementation (5-10 years): These recommendations may be more technically 
complex and/or require additional stakeholder coordination and collaboration for 
implementation. They advance emerging efforts to address coastal storm risk. 

• Long-Term Implementation (>10 years): These recommendations typically require significant 
stakeholder coordination before implementation and may be the most challenging to 
implement on regional scales from technical, political, or social perspectives. Importantly, 
coordination and collaboration on these recommendations should not be delayed. The long-
term timeframe is reflective of the time to implementation based on immediate action to 
advance these recommendations which include complex issues such as land-use, zoning, and 
building codes. 

Table 19 provides the recommendations for the Grand Strand focus area. 
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Table 19: Recommendations for the Grand Strand Focus Area 

Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Activities and 
Areas 
Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Horry and Georgetown 
Counties Flood Warning 
Systems Update 

Create and enhance flood warning systems, including filling 
information gaps for the Intracoastal Waterway, and providing 
roadside warning signage for shallow coastal flooding dates.  

Activities and 
Areas 
Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Georgetown County Living 
with Water Development 
Management Study 

Inventory and assess land management policies, regulations and 
building standards to achieve resilience. 

Activities and 
Areas 
Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Horry County Risk Informed 
Development Management 
Regulations 

Local governments to create and strengthen policies and regulations to 
manage development exposed to coastal storm surge.   

Activities and 
Areas 
Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Socastee Policies and 
Regulations for the 
Conservation of Forested 
Wetlands 

Create and strengthen policies and regulations for habitat protection 
and restoration that lead to preservation/conservation of swamp 
forests. 

Study Efforts 
(follow-on 
USACE feasibility 
study) 

Near-Term  
(<5 years) Congress 

Waccamaw River, Horry 
County, South Carolina (SC) 
– Flood Risk Management  

Explore measures for flood risk management similar to the USACE 
federal watershed studies (Tar Pamlico and Neuse) being conducted in 
two watersheds to the north in North Carolina. 

Study Efforts 
(follow-on 
studies) 

Long-Term  
(>10 years) Congress Island of Pawleys Island 

FRM/CSRM study  
The study would address wave attenuation, storm surge and nuisance 
tidal flooding as well as manage marshes to achieve resilience.  
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1. Introduction
This Focus Area Action Strategy (FAAS) identifies an action strategy to reduce risk from coastal storms 
and increase resilience in the Charleston Metro area in South Carolina. The South Atlantic Coastal 
Study (SACS) key products and analyses were leveraged to assess existing and future conditions and 
quantify existing and potential future risks. Agency stakeholders were engaged throughout the 
development of the FAAS to elicit feedback on problems, barriers, and opportunities, and to identify 
potential action strategies to improve resilience. Many key stakeholders participated in the 
development of the Charleston Metro FAAS. Participation at workshops included state agencies, 
county and city government representatives, federal agencies such as Department of Interior (DOI), 
Commerce, Agriculture, Environmental Protection Agency (EPA), Federal Emergency Management 
Agency (FEMA), U.S. Geological Survey (USGS), National Oceanic and Atmospheric Administration 
(NOAA), Fish and Wildlife Service (FWS), non-profit organizations, and USACE Charleston District 
representatives from programs such as Floodplain Management Services (FPMS), Planning Assistance 
to States (PAS), and Continuing Authorities Program (CAP).  

The FAAS was developed according to the Coastal Storm Risk Management (CSRM) Framework, an 
iterative process with three tiers of analysis that gains resolution each time it is implemented. Under 
the Tier 1 analysis, national datasets were utilized to assess potential risk across the entire SACS study 
area, as documented in the SACS Main Report. For the Tier 2 analysis, more refined data and analyses 
unique to each individual state or territory were incorporated. The Tier 2 analysis for South Carolina 
is documented within the South Carolina Appendix. For the FAAS, the framework was utilized a third 
time, incorporating data and knowledge unique to the local area to identify risks to coastal storm 
events as well as potential strategies to address the risk. This FAAS identifies examples of action 
strategies to lower risks in populated areas, areas of concentrated economic development, and areas 
with vulnerable environmental resources. A Tier 3 analysis (not completed by the SACS) would be a 
local-scale analysis incorporating in-depth assessments and benefit-cost evaluations of CSRM plans. 

This FAAS is conducted as part of the SACS, which was authorized by Section 1204 of the Water 
Resources Development Act of 2016 (WRDA 2016) and is described in the Main Report.  

1.1  Study Area 
The Charleston Metro Focus Area geography comprises similar types of coastal storm risk problems 
that can be addressed collaboratively. Both watershed and political boundaries were considered, 
along with stakeholder input elicited during regional meetings. The focus area includes portions of 
the tri-county area depicted in Figure 1.  

The focus area includes portions of Berkeley, Charleston, and Dorchester counties, as well as portions 
of several communities in the Charleston Metro area, including Charleston, North Charleston, Folly 
Beach, Goose Creek, Hanahan, Hollywood, Isle of Palms, James Island, Kiawah Island, Meggett, 
Moncks Corner, Mount Pleasant, Sullivan’s Island, and Summerville.  
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1.2  Prior Reports and Efforts by Stakeholders 
Within the Focus Area  
Prior and ongoing stakeholder efforts within the Charleston Metro Focus Area that address coastal 
storm risks and impacts from sea level rise are shown in Table 1. Completed USACE projects within 
the focus area are shown in Figure 1.  

Table 1: Existing Efforts within the Charleston Metro Focus Area. 

Stakeholder/Author Report / Tool / Project / Group Year Completed 
South Carolina Department of 

Natural Resources (SCDNR) 
South Carolina State Wildlife Action Plan 2015 

South Atlantic Landscape 
Conservation Cooperative 

(SALCC) 
South Atlantic Conservation Blueprint 2020 

National Fish and Wildlife 
Foundation (NFWF) 

Coastal Resilience Assessment of the  
Charleston Harbor Watershed 

2019 

USACE 
Concept Study of Cofferdam Protection of  
USS Yorktown/Planning Assistance to States 

2011 

USACE Beneficial Use of Dredged Material, Charleston, SC 2018 

USACE 
Morris Island Lighthouse Section 103 Hurricane and  
Storm Damage Reduction Projects Detailed Project 
Report 

2006 
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Figure 1: Completed USACE Projects in the Charleston Metro Focus Area 

 

1.3  Shared Vision  
The watershed planning guidance provided in USACE Planning Bulletin (PB) 2019-01 (USACE 2019) 
and Engineer Circular (EC) 1105-2-411 (USACE 2017) was followed to execute this study. USACE PB 
2019-01 states that a strategic overview will be provided that illustrates how the individual 
recommendations cohesively tie together to advance the shared vision and further achieve the 
desired end-state. This section identifies the shared vision statement and the desired end-state.  



 

 

 
 

4 SOUTH ATLANTIC COASTAL STUDY (SACS) | CHARLESTON METRO FOCUS AREA 

The shared vision statement is based on the SACS authority and was further developed through close 
coordination with partners and stakeholders. It is broad enough to encompass various goals and 
objectives of individual partners and stakeholders and has a sufficiently detailed description to allow 
for subsequent development of specific planning objectives and associated metrics.  

"The Charleston Metro Focus Area stakeholders share a vision to work collaboratively 
to reduce increased coastal storm risks and impacts as a result of sea level rise to 
provide for safe, healthy, thriving, and resilient communities and ecosystems.” 

This shared vision statement describes the stakeholders’ desired end state in the Charleston Metro 
Focus Area, while remaining within the work Congress authorized USACE to do in the SACS. The 
shared vision statement also shows that the stakeholders’ key interests are the following: 

 Key interest #1: safe, healthy, thriving, and resilient communities  

 Key interest #2: safe, healthy, thriving, and resilient ecosystems  

Subsequent work with stakeholders to identify problems and opportunities, as well as strategy and 
supporting recommendations, will support these interests. 

 

2.  Problems and Opportunities  
Identifying problems and opportunities is a key initial step in the planning process. The problems and 
opportunities statements encompass both current and future conditions and are not meant to 
preclude the consideration of any alternatives to solve the problems and achieve the opportunities.  

2.1  Problems 
Based on collective interests as expressed through stakeholder engagement, a working problem 
statement was developed for the Charleston Metro Focus Area. 

Problem Statement: Risk of coastal storms and resultant storm surge and erosion threaten 
communities and ecosystems within the Charleston Metro Focus Area. Additionally, sea level rise 
increases the risk of coastal storm damages that threaten safety, health, thriving, and resilience. 

This overarching problem statement can be broken down into several sub-problem statements.  

 

 

Coastal storm surge creates a hardship for communities and puts people at risk throughout 
the Charleston Metro Focus Area via damages to structures and critical infrastructure such as 
water and wastewater treatment plants, hospitals, schools, and roads. This includes the 
mainland and barrier islands being harmed by ocean facing surge flooding as well as surge 
flooding in back bay areas, rivers, and intracoastal waterways. 

Coastal storm surge creates a hardship for communities throughout the Charleston Metro 
Focus Area via damages to nationally significant cultural and historic resources. This includes 
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the mainland and barrier islands being harmed by ocean facing surge flooding as well as surge 
flooding in back bay areas, rivers, and intracoastal waterways. 

 

 

Coastal storm surge creates a hardship to ecosystems throughout the Charleston Metro Focus 
Area via damages fish and wildlife resources and wetland habitats and puts natural resources 
at risk. This includes the mainland and barrier islands being harmed by ocean facing surge 
flooding as well as surge flooding in back bay areas, rivers, and intracoastal waterways. 

Throughout the Charleston Metro Focus Area coastal storms are causing erosion to ocean 
facing beaches and dunes, as well as back bays, marshes, intracoastal waterways and rivers, 
both on the mainland and on barrier islands. Erosion puts structures and infrastructure, 
archaeological, cultural and historic resources, and natural resources at risk.   

2.1.1  Institutional & Other Barriers 
As described in the SACS Institutional and Other Barriers Report, “institutional and other barriers” 
impede the attainment of SACS goals and limit the ability to provide comprehensive coastal storm 
risk management (USACE 2021b). Several barriers were identified within the Charleston Metro Focus 
Area by agency stakeholders:  

 

 

 

 

 

Lack of funding  

Lack of long-term thinking  

Limited coordination and leadership at all levels  

Lack of political commitment to make hard decisions about long-term CSRM solutions  

Public acceptability of risk management measures  

2.2  Opportunities 
A working statement regarding opportunities was developed for the Charleston Metro Focus Area 
based on collective interests as expressed through stakeholder engagement. 

Opportunity Statement: Coastal storm risk to communities and ecosystems within the Charleston 
Metro Focus Area can be addressed through a variety of actions across multiple approaches including 
policies, programs, and projects that improve resilience, especially when considering how sea level 
rise increases the risk of coastal storm damages that threaten safety, health, thriving, and resilience. 

This overarching opportunity statement can be broken down into several sub-opportunity 
statements.  

 

 

Communities throughout the Grand Strand Focus Area have the opportunity to guide and 
manage future development to achieve coastal storm resilience. 

Communities throughout the Grand Strand Focus Area have the opportunity to improve 
environmental resources to achieve coastal storm resilience.   
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Stakeholders also identified the opportunity for increased stakeholder collaboration, which is 
consistent with the identified barrier regarding the need for coordination and leadership at all levels. 
The actions and recommendations identified in this report were gathered from agencies and 
organizations working together during the SACS and set the stage for continued coordination to 
leverage efforts for community and ecosystem resilience to coastal storms. 

3.  Objectives and Constraints  
3.1  Objectives  
The purpose of the Charleston Metro FAAS is to address an increase in coastal storm risks as a result of 
sea level rise. Overall objectives were developed for the focus area, based on guidance provided in the 
USACE Institute for Water Resources Planning Manual. The Charleston Metro is a large focus area, and 
thus the analysis conducted is broad and the detail achieved is typically of a general nature; yet it 
provides a solid foundation for stakeholders in the Charleston Metro area to continue work in the 
future. Stakeholder input was used to create objective statements for the Charleston Metro Focus Area 
that support both resilient communities and resilient ecosystems. Objectives and goals of the FAAS are 
included in this section: 

Objectives: 

1) Reduce coastal storm surge inundation risk to communities. 

2) Reduce risks from coastal storm erosion to communities. 

3) Guide and manage land conservation, redevelopment, and future development for coastal 
storm resilience. 

4) Improve environmental resources for coastal storm resilience, including resilience to coastal 
storm surge inundation and coastal storm erosion. 

Goals: 

 

 

 

Develop a shared vision statement among key stakeholders likely to implement this strategy.  

Gain a reconnaissance-level understanding of coastal storm risks and their subsequential 
increase as a result of sea level rise.  

Document actions that contribute to the shared vision statement and identify potential lead 
stakeholders such as the U.S. Army Corps of Engineers (USACE), other federal agencies, and 
non-federal interests.  
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3.2  Constraints  
Constraints are restrictions that limit the planning process. To the maximum extent practicable, the 
SACS analysis will minimize information, observations, and recommendations that may be 
inconsistent with coastal risk reduction plans developed by other federal and applicable state and 
local agencies and tribes within the study area. 

4.  Existing and Future Conditions 
4.1   Hazards 
The CSRM hazards that are present within the Charleston Metro Focus Area are divided into two 
categories: primary and secondary hazards. In addition to these two categories of hazards, sea level 
rise is also considered because it has the ability to exacerbate other hazards in a unique way that 
governs the future of all coastal communities.  

4.1.1  Primary Hazards 
Primary hazards are CSRM hazards that the SACS specifically addresses including storm surge, 
inundation, wave attack, and erosion/shoreline change. 

4.1.1.1 Inundation 
Hurricanes and tropical storms cause storm surge hazards to low-lying areas, beaches, infrastructure, 
and habitat along the Charleston Metro Focus Area. Large portions of the coastline are low-lying and 
susceptible to Category 1 and Category 2 flooding. The Hurricane Evacuation Study (HES) NWS SLOSH 
modeling of hurricanes shows the extent of the storm surge hazard to coastal and inland areas. 
Category 5 inundation covers the majority of the Charleston Metro Focus Area. The low-lying barrier 
islands such as Folly, Sullivan’s, and Isle of Palms that are the most susceptible to inundation. James 
Island, Johns Island, West Ashley, and peninsula Charleston are also large areas of Category 1 and 
Category 2 storm surge inundation. Extended areas up the Cooper, Ashley, Wando, and Stono Rivers 
along the Atlantic Intracoastal Waterway (AIWW), as well as tidal creeks, result in high susceptibility 
to flooding in the inland areas as well.  

FEMA Flood Insurance Rate Maps (FIRMs) indicate areas along the coastline, rivers, tidal creeks, 
AIWW and the low-lying barrier islands of the focus area are subject to flooding from coastal hazards. 
FEMA has conducted a Flood Insurance Studies (FIS)for Charleston, Dorchester, and Berkely counties. 
The Charleston Metro Focus Area comprises hundreds of miles of shoreline, including coastline and 
rivers; therefore, the annual exceedance probability (AEP) is variable throughout the area, especially 
for less frequenct events.  

Table 2 provides a range of the stillwater elevations for Charleston County based on the transect s 
selected for various AEP storms. The storm surge elevations presented include the effects of 
astronomical high tide and wave setup. 
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Table 2: Range of Stillwater Elevations for Coastal Charleston County (feet NAVD88) 

Location 10% AEP 2% AEP 1% AEP 0.2% AEP 

Isle of Palms to Sullivan’s Island 
AVG 5.40 7.78 9.64 13.95 
MIN 5.40 7.40 9.20 13.30 
MAX 5.40 8.10 10.10 14.60 

Wando River 
AVG 5.40 7.78 9.64 13.95 
MIN 5.40 7.40 9.20 13.30 
MAX 5.40 8.10 10.10 14.60 

Cooper River 
AVG 5.40 8.09 10.08 14.25 
MIN 5.40 7.80 9.70 13.60 
MAX 5.40 8.30 10.30 14.70 

Charleston Harbor 
AVG 5.40 8.24 10.23 14.68 
MIN 5.40 7.90 9.80 14.00 
MAX 5.40 8.50 10.50 15.00 

Ashley River 
AVG 5.40 8.33 10.41 14.60 
MIN 5.40 8.10 10.20 14.30 
MAX 5.40 8.60 10.70 15.10 

Morris and Folly Island 
AVG 5.54 7.54 9.37 13.44 
MIN 5.40 7.90 9.80 14.30 
MAX 5.60 8.20 9.90 14.30 

Stono River 
AVG 5.60 7.08 9.09 13.47 
MIN 5.60 6.60 8.60 12.70 
MAX 5.60 7.90 10.00 14.70 

 

The South Carolina Department of Health and Environmental Control (SCDHEC) Hazard Vulnerability 
Assessment (HVA) Tool provides additional coastal flooding and storm surge hazard information 
(SCDHEC n.d.).  The potential for flooding is extensive in the Charleston Metro Focus Area because of 
the barrier islands, and inland islands (e.g., James and John’s Island) in close proximity to the ocean 
and rivers, the numerous rivers and tidal creeks that segregate the various communities. The 10-
percent AEP results in significant flooding along rivers and barrier islands. As expected, the low-lying 
barrier islands (e.g., Isle of Palms, Sullivan’s Island, Morris Island, and Folly Island) have the highest 
susceptibility to flooding due to inundation from storm surge or coastal storm flooding identified by 
FEMA and NWS SLOSH models. Inland islands (John and James Islands) are also highly susceptible to 
coastal storm induced flooding. The back bay areas of the barrier islands that are composed of marsh 
are also subject to inundation and access via roads and causeways can be impeded. Surge extending 
up the Cooper, Wando, Ashley, and Stono Rivers, as well as tidal creeks, result in inundation of the 
inland areas as well. The tidal creeks that drain upland rainfall runoff may overflow their banks during 
elevated tidal water levels, impacting adjacent infrastructure and accessibility.  

The SACS Coastal Hazards System (CHS) developed stillwater levels (in feet) across the study area. 
Table 3 lists stillwater elevations for multiple AEP flood events at selected locations within the focus 
area. 



SOUTH ATLANTIC COASTAL STUDY (SACS) | CHARLESTON METRO FOCUS AREA 9 

Table 3: Coastal Hazards System Stillwater Levels (in feet) at Selected Locations 

Charleston Metro Annual Exceedance Probability [SWL in ft, NAVD88] 

ID Latitude 
(deg) 

Longitude 
(deg) 50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

10864 32.843 -79.894 5.71 6.56 7.02 7.91 9.45 10.66 11.68 12.57 13.09 13.58 14.14 14.60 
11986 32.763 -79.819 5.91 6.89 7.48 8.50 10.07 11.19 12.11 12.99 13.62 14.11 14.70 15.06 
12296 32.705 -79.989 5.25 6.10 6.56 7.68 9.22 10.27 11.52 12.80 13.52 14.11 14.80 15.19 

12532 32.640 -79.965 6.00 7.05 7.58 8.10 9.68 10.89 11.94 13.12 13.78 14.40 15.19 15.68 

4.1.1.2  Wave Attack 
Wave attack is the impact of waves on shoreline and is considered one of the main coastal damage 
mechanisms. The repetitious pounding of waves against shorelines or structures can create erosion 
and damage over time under normal wave conditions and is exacerbated during storm conditions 
when waves become larger and more frequent. In addition to frontal erosion, wave attack can lead to 
wave run-up and overtopping on dunes and coastal structures, which can scour the backside of dunes 
or structures and cause them to fail. Wave attack can also damage or destroy dune and marsh 
grasses, which anchor their respective systems in place, thus leaving the remaining system more 
susceptible to additional erosion. 

Recently published FIRMs display a line for the Limit of Moderate Wave Action (LiMWA), which is the 
inland limit of the area expected to receive 1.5 feet or greater breaking waves during the 1-percent 
AEP event. Additionally, the V zone indicates those are areas subject to high velocity wave attack –
including most of the barrier islands. In areas of LiMWA the wave attack hazard is reduced but can 
still be damaging.  

Table 4 lists the Coastal Hazards System (CHS) generated wave heights (in feet) at selected locations. 

Table 4: Coastal Hazards System Wave Height Hm0 (in feet) at Selected Locations 

ID Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [Hm0 in ft] 
50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

10864 32.843279 -79.894870 0.82 1.25 1.61 2.03 2.43 2.66 2.92 3.25 3.48 3.71 3.94 4.07 
11986 32.763826 -79.819612 6.56 7.31 7.90 8.50 9.61 10.14 10.59 11.15 11.64 12.07 12.66 13.02 
12296 32.705098 -79.989025 1.44 1.84 2.10 2.46 2.92 3.18 3.41 3.71 3.87 4.03 4.20 4.30 
12532 32.640221 -79.965034 8.04 10.79 11.61 11.97 12.17 12.23 12.56 12.92 13.15 13.35 13.61 13.78 

4.1.1.3 Erosion/Shoreline Change 
Wind and wave attack, as well as man-made structures, contribute to shoreline changes along the 
coastal beach face and sheltered areas, resulting in erosion and sometimes accretion. The Tier 2 Risk 
Assessment includes erosion as a hazard. Coastal erosion threatens coastal environments, cultural 
and environmental resources, and infrastructure. Following the 1988 Beachfront Management Act, 
South Carolina established a beach-monitoring program at approximately 400 survey benchmarks, 
where data is collected twice a year. Sheltered Coastlines were evaluated under a joint study with 
SCDHEC and USACE Mapping Coastal Erosion Hazards Along Sheltered Coastlines in South Carolina 
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1849 to 2015 (SCDHEC n.d.). These data, used to develop erosion rates along the coastal shoreline, 
can be found on the SCDHEC website (SCDHEC n.d.).  

Shoreline change surveys for the Charleston Metro Focus Area indicate some areas of accretion or 
stability and other areas of erosion, predominantly along the barrier islands such as Folly Island, 
Morris Island, and the Dewees Inlet side of the Isle of Palms and the Beach Inlet side of Sullivan’s 
Island. The variation along the numerous rivers and tidal estuaries also indicates variability of 
stability, accretion, and erosion along the shoreline. Many of these are Coastal Barrier Resources Act 
(CBRA) zones. These islands provide risk reduction for interior areas by reducing waves and storm 
surge. These eroded areas are expected to worsen with sea level rise and coastal storms. Loss of 
barrier islands will increase the hazard potential to interior areas.  

A response to erosion is beach nourishment and the installation of dunes. There are a few federal and 
nonfederal beach nourishment projects in Charleston Metro Focus Area where communities have 
taken steps to offset the erosion and provide this CSRM measure. Folly Beach is a federal CSRM 
project and there is a proposed placement at Morris Island to protect the jetty terminus. Non-federal 
projects include Isle of Palms and Sullivan’s Island.  

4.1.2  Secondary Hazards 
Secondary hazards are CSRM hazards that the SACS does not specifically address, including wind 
damage, compound flooding, and saltwater inundation and intrusion. While the SACS does not 
specifically address these hazards, they are still important to discuss and can impact the focus areas. 

4.1.2.1 Wind Damage 
There is potential for damage caused by high winds due to tropical systems within the focus area; 
however, it is beyond the scope of this study to evaluate. In South Carolina, high winds during tropical 
systems can cause severe damage to the environment and infrastructure. High winds can cause 
damage to roofs, mobile homes, and—if strong enough—can destroy entire buildings. Flying debris 
can also cause additional damage to resources. NOAA Office for Coastal Management (OCM) Ocean 
Reports provide the historical data on the exposure of an area to past tropical cyclones. While not predictive 
of the future, they may provide a good indicator of future likelihood. These winds are also 
contributors to increased wave attack during storm conditions.  

4.1.2.2  Compound Flooding 
It is outside the scope of this study to address the risk of compound flooding, but it is documented as 
a coastal storm hazard that warrants further analysis in future studies. Compound flooding occurs 
when a combination of flood hazards, such as storm surge inundation, precipitation, nuisance 
flooding, and high groundwater table elevations, occur simultaneously, thus resulting in potentially 
greater impacts. Recent coastal storms and hurricanes have resulted in widespread heavy rains in 
both South Carolina and North Carolina. The Cooper River is the only river in the CMFA whose 
headwaters are in North Carolina. This is due to the diversion project through Lake Marion and 
Moultrie, but there are controlled releases through Lake Moultrie into the Cooper River. Therefore, 
the likelihood of river flooding due to rainfall runoff from the watershed is less than other areas of 
the state. However, the localized rainfall in conjunction with coastal storm surge flooding is a 
significant issue in the area and the rainfall runoff cannot flow into rivers and streams that are 
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already inundated by coastal storm surge.  The stormwater systems are complex in that they are 
combinations of underground pipe networks and ditch and culverts that outfall to the tidal creeks 
and rivers. Additionally, the age of some of the underground systems is challenging to repair. 

4.1.2.3  Saltwater Inundation and Intrusion 
The proximity of coastal aquifers to saltwater creates unique issues with respect to groundwater 
sustainability in coastal regions. These issues are primarily those of saltwater intrusion into 
freshwater aquifers and changes in the amount and quality of fresh groundwater discharge to coastal 
saltwater ecosystems. Additionally, marsh changes from freshwater to brackish, or brackish to 
saltwater affect habitat and fisheries. Saltwater inundation in tidal marshes and estuaries causes root 
zone salinization, which can decimate these ecosystems and result in the conversion of vegetated 
areas into open-water areas. Wetlands have specific water elevation tolerances past which the 
vegetation will not survive. Some areas may lose most of their existing coastal wetlands, while others 
are able to migrate landward. The ability of existing wetlands to adapt to sea level rise will depend 
mostly on the topography of the coastal zone and the amount of space landward that has not been 
developed and is available for wetland migration. The loss of wetlands can exacerbate other hazards 
such as surge and wind damage because the frictional effects of the wetlands will be reduced. 

Saltwater intrusion into the soil is another hazard that affects environmental resources. As saltwater 
infiltrates the soil, plant growth of some species is halted, and trees and plants produce fewer seeds. 
The seeds that are produced have a more difficult time germinating and can result in a change in 
vegetation in an area as some species migrate or die off. Additionally, saltwater intrusion into 
freshwater aquifers can lead to reduced supplies of freshwater for both the environment and for the 
populations that depend on aquifers for their water supplies. In coastal zones, the freshwater table is 
generally located above mean sea level and groundwater flows from high elevations inland to lower 
elevations on the coast. This movement from high to low prevents saltwater from intruding into 
aquifers and maintains freshwater sources. Saltwater has moved inland as a result of excessive water 
withdrawals from coastal aquifers, upcoming of saltwater from deeper zones within freshwater wells, 
and sea level rise.  

Saltwater inundation occurs when saltwater is pushed onto land from storm surges or high tides that 
inundate areas low in elevation, usually for short durations of time. If saltwater inundation is 
sustained, or natural resources are especially sensitive to salinity, then the effects of saltwater 
intrusion described above may result. 

4.1.3  Sea Level Rise Effect on Hazards 
Relative sea level refers to local elevation of the sea with respect to land, including the lowering or 
rising of land through geologic processes such as subsidence and glacial rebound. It is anticipated that 
sea level rise will accelerate within the next 100 years. Relative Sea Level Change (RSLC) was 
calculated using the USACE Sea Level Change Curve Calculator (USACE 2021a). This calculator uses 
the methodology described in Engineer Regulation (ER) 1100-2-8162, Incorporating Sea Level 
Changes in Civil Works Programs (USACE 2013). 

ER 1100-2-8162 provides both a methodology and a procedure for determining a range of future sea 
level change estimates, equations employed, and variables included to account for the eustatic 

http://www.corpsclimate.us/ccaceslcurves.cfm%20(USACE%202021a).
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change as well as site specific uplift or subsidence to develop corrected rates. These estimates are 
referenced to the midpoint of the latest National Tidal Datum epoch, 1992. 

The Charleston Harbor tidal gauge (8665530) is the most extensive and continuous record of tides for 
the City of Charleston (Figure 2a). The Charleston Harbor tidal gauge has been measuring sea level 
continuously since 1921. According to NOAA Tides and Currents and Predictions website, the mean 
sea level trend at the gauge is 0.011 feet per year (3.36 millimeters per year) with a 95 percent 
confidence interval of ±0.0006 feet per year (0.19 millimeter per year) based on monthly mean sea 
level data from 1901 to 2020, which is equivalent to a change of 1.10 feet over 100 years (Figure 2b) 
(NOAA n.d.-b). 

The USACE Sea Level Calculator uses the NOAA 2006 sea level rise rate of 0.01033 foot per year, 
which is slightly less that the current NOAA Tides, Currents, and Predictions website sea level rise 
rate.  The Intermediate and High scenarios between 2020 and 2120 are 2.56 feet and 7.18 feet, 
respectively. RSLC between 2020 and 2120 is shown graphically in Figure 2c and Figure 2d. Figure 2c 
shows the estimated sea level change projections for the Charleston Harbor Tide Gauge referenced 
local mean sea leave (LMSL) and Figure 2d shows projections in NAVD88 

Tides or water levels are commonly referred to using the tidal datum mean lower low water or 
MLLW. One way to track local impacts from sea level rise is documenting nuisance flooding, which is 
a threshold from the National Weather Service that indicates when the tide has reached a certain 
height (7.0 feet MLLW in the Charleston Harbor). At this height, low-lying areas on land begin to 
flood. For example, Lockwood Boulevard begins to flood at 7.2 feet MLLW (or 4.06 feet NAVD88). At 
the Charleston Harbor tidal gauge, the difference between MLLW and NAVD88 is 3.14 feet. Refer to 
Figure 2e for a conversion of all datums at the Charleston Harbor Tide Gauge. It is important to 
recognize that the conversion from different datums at different locations on the Earth’s surface are 
not consistent, as the surface of the Earth is not flat. For example, the difference between MLLW and 
NAVD88 in the Ashley River on the Eastern Side of the Charleston Peninsula is 3.4 feet which is 0.26 
feet different than at the Charleston Harbor Tide Gauge. To properly convert datums in locations 
where tide gauges are not present one should use NOAA’s vertical datum transformation tools to 
develop a grid to convert between the datums. A static number found at a specific tidal gauge should 
not be used to convert datums across the entire study area. The Charleston Harbor gauge is being 
used in this report as a point of reference for sea level rise as sea level rise refers to a change in sea 
level and thus does not need to reference a datum. Refer to Figure 2f for a visual representation of 
the scale of differences in datum transformation along the study area.  
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e. Conversion of Tidal Datums at Tidal Gauge 8665530.  
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f. Differences in MLLW and NAVD88 (NOAA’s VDatum file).  

Figure 2: Cooper River Entrance Tidal Gauge (8665530), Charleston, South Carolina: Location, Trend, and Sea Level Rise Predictions, datum 
conversions and vertical datum transformation (VDatum) model.
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Using layers exported from the NOAA Sea level Rise Viewer, the sea level rise for three feet 
(approximately the USACE Intermediate scenario in 2120) is shown in Figure 3. Inundation, including 
significant depths of inundation are shown for Morris, Folly, and James Islands, and Peninsula 
Charleston, Daniel Island, Mt Pleasant, Sullivan’s, and Isle of Palms (NOAA n.d.-c).  

 

 

Figure 3: Visualizing Three Feet of Sea Level Rise in the Charleston Metro Area (NOAA n.d.-c)  
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At 7 feet of sea level rise (approximately the USACE High Scenario in 2120), larger areas fall within the 
inundation extent, as shown in Figure 4. All back bay areas connected to inlets, areas adjacent to 
tributaries, and rivers are subject to flooding at the high rate of sea level rise.  

 

 

Figure 4: Visualizing Seven Feet of Sea Level Rise in the Charleston Metro Area (NOAA n.d.-c) 
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As sea levels rise, storm surge will extend farther inland and deepen the inundation of existing hazard 
areas. The predicted flood hazard will increase, and a greater number of areas will be flooded more 
often with high/extreme-high tides. High tides affect drainage systems by filling stormwater 
collection systems and causing rainfall to pool and the runoff water to drain slower than if the 
systems were open. As sea level rises in South Carolina, the occurrence of flooding associated with 
extreme-high tides will also increase. Potential impacts of rising sea level on total water levels 
experienced at the South Carolina coastline include overtopping of waterside structures, increasing 
shoreline erosion, and flooding of infrastructure in low-lying areas.  

According to NOAA’s Ocean Service, nuisance flooding (i.e., flooding that leads to public 
inconveniences such as road closures, overwhelmed storm drains, and compromised infrastructure) 
becomes increasingly common as coastal sea levels rise. As relative sea level increases, it no longer 
takes a strong storm or a hurricane to cause coastal flooding. Nuisance flooding has increased in the 
United States on average by about 50 percent in the past 20 years and 100 percent in the past 30 
years. Flooding now occurs with high tides in many locations due to climate-related sea level rise, 
land subsidence, and the loss of natural barriers (Gade et al 2020).  

The effects of rising sea levels along most of the continental U.S. coastline are expected to become 
more noticeable and much more severe in the coming decades, likely more so than any other 
climate-change-related factor. Any acceleration in sea level rise that is predicted to occur this century 
will further intensify nuisance flooding impacts over time and will further reduce the time between 
flood events. 

The CHS generated two sea level rise scenarios (SLC1 is 2.73 feet or 0.83 meters and SCL2 is 7.35 feet 
or 2.24 meters). With sea level rise, the storm surge increases. The CHS stillwater level results for 
these two scenarios are shown in Table 5 and Table 6 respectively. 

Table 5: Coastal Hazards Systems Stillwater Levels (in feet) at Selected Locations for SLC1 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [SWL in ft, NAVD88] 

50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

10864 32.843279 -79.894870 2.60 2.85 2.98 3.23 3.66 4.01 4.30 4.57 4.72 4.87 5.03 5.17 
11986 32.763826 -79.819612 2.63 2.94 3.08 3.37 3.84 4.17 4.46 4.74 4.91 5.07 5.27 5.40 
12296 32.705098 -79.989025 2.46 2.72 2.88 3.21 3.68 4.00 4.37 4.75 4.99 5.17 5.37 5.48 
12532 32.640221 -79.965034 2.70 3.00 3.15 3.33 3.76 4.12 4.42 4.77 4.97 5.14 5.37 5.53 

 

Table 6: Coastal Hazards System Stillwater Levels (in feet) at Selected Locations for SLC2 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [SWL in ft, NAVD88] 

50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

10864 32.843279 -79.894870 3.98 4.24 4.35 4.52 4.91 5.23 5.51 5.78 5.94 6.09 6.24 6.40 
11986 32.763826 -79.819612 3.98 4.29 4.43 4.61 5.07 5.40 5.71 5.99 6.19 6.36 6.56 6.71 
12296 32.705098 -79.989025 3.86 4.11 4.25 4.57 5.02 5.34 5.70 6.10 6.34 6.52 6.72 6.86 
12532 32.640221 -79.965034 4.08 4.38 4.53 4.65 5.03 5.37 5.68 6.02 6.23 6.42 6.64 6.82 
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Additionally, with sea level rise, the wave heights will increase. Table 7 and Table 8 show the wave 
heights at selected locations for SCL1 and SCL2, respectively. 

 

Table 7: Coastal Hazards System Wave Height (in ft) at Selected Locations for SLC1 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [Hm0 in ft] 

50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

10864 32.843279 -79.894870 0.28 0.42 0.54 0.68 0.81 0.89 0.96 1.07 1.14 1.21 1.29 1.33 
11986 32.763826 -79.819612 2.47 2.71 2.89 3.07 3.38 3.53 3.67 3.83 3.97 4.10 4.26 4.37 
12296 32.705098 -79.989025 0.55 0.67 0.75 0.86 1.01 1.11 1.20 1.31 1.39 1.44 1.51 1.55 
12532 32.640221 -79.965034 2.81 3.62 3.89 4.02 4.10 4.13 4.15 4.28 4.35 4.41 4.48 4.52 

 

Table 8: Coastal Hazards System Wave Height (in feet) at Selected Locations for SLC2 

Virtual 
Gauge 

ID 

Latitude 
(deg) 

Longitude 
(deg) 

Annual Exceedance Probability [Hm0 in ft] 

50% 20% 10% 5% 2% 1% 0.50% 0.20% 0.1% 0.05% 0.02% 0.01% 

10864 32.843279 -79.894870 0.32 0.48 0.63 0.79 0.95 1.04 1.12 1.23 1.31 1.37 1.44 1.49 
11986 32.763826 -79.819612 3.19 3.54 3.72 3.89 4.13 4.27 4.38 4.53 4.63 4.75 4.89 4.99 
12296 32.705098 -79.989025 0.59 0.76 0.90 1.07 1.30 1.46 1.59 1.74 1.85 1.93 2.03 2.08 
12532 32.640221 -79.965034 3.16 4.01 4.34 4.53 4.66 4.72 4.84 5.00 5.10 5.19 5.31 5.38 

 

4.2  System Performance  
USACE Engineering Regulation ER 1105-2-101 describes performance as a system’s reaction to a 
hazard. System performance refers to the system’s features and the capability to contain/manage the 
flood hazard for the full range of possible events. 

Several projects within the Charleston Metro Focus Area impact the region’s system performance. 
There is one federal CSRM project, two non-federal CSRM projects, and one proposed sand 
placement project around the jetty terminus on Morris Island. The jetty terminus on Sullivan’s Island 
is within an accretional area. These nature-based sand placement projects provide increased risk 
management to address storm surge and erosion due to daily waves and extreme storm induced 
wave attacks. There are also groins to trap sand in the littoral system along Folly Beach and the 
northern end of Sullivan’s Island that add to the risk management measure and reduce the 
nourishment cycle needed to maintain the risk management design levels. Some areas along the 
coast have hardened shorelines with rock revetment (e.g., Folly Island “Washout” along a narrow 
portion of the island that protects East Ashely Avenue, or sea walls such as the ones at Ocean Villas, 
The Tides Hotel, as well as private locations on Sullivan’s Island). Additionally, there is a groin field-
breakwater system is in place on the river side of Sullivan’s Island beginning at Fort Moultrie and 
extending inland to the end of the island where a private property has a rock revetment shoreline 
feature.  

The Cooper River, Ashley River, Wando River, Stono River, AIWW, as well as numerous tidal creeks 
comprise the primary paths for coastal storm surge and extreme tides to cause inundation to the low-
lying areas. The City of Charleston is installing check valves on the storm drainage outfall pipes that 
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lead to rivers in the peninsula area to combat the intrusion of tides into the pipe network system that 
exacerbate the rainfall flooding that occurs at high tide. Studies are ongoing about other areas in the 
focus area to address flooding that is exacerbated with high tide and extreme tide events, such as 
Church Creek in West Ashley. Sawmill Branch is a federal flood risk management (FRM) project that 
was not based on storm surge but, rather, on rainfall runoff. Its efficiency is limited in storm surge 
situations, owing to its proximity to the coast and the storm surge that comes inland via Ashely River. 
The rivers and creeks are also recreational boating areas and are subject to boat wave action as well 
as wind-generated waves. The federal navigation channel is located within the Cooper and Wando 
Rivers and is subject to commercial ship traffic wakes. There are numerous private property features 
(e.g., retaining walls, bulkheads, and rock revetments) along the tidal creeks that property owners 
have installed to address tidal changes, and wave and erosion hazards.  

Another feature of the Charleston FAAS is the saltwater marsh along the major rivers, tidal creeks, 
and AIWW that not only provides valuable habitat, but also provides wave attenuation and erosion 
reduction. There are projects in various areas to create living shorelines to enhance or protect these 
wetlands. They include Calhoun Park, Plymouth Park, Macalloy Oyster Restoration, Daniel Island Trail, 
and SC Oyster Reefs projects (NOAA 2020)   

These private, municipal, and federal projects comprise the existing and future components of a risk 
management system for the Charleston Metro FAAS. They perform independently for the 
management of specific hazards in specific locations but do operate as a loose system. The primary 
hazards addressed with the majority of these measures is the management of risk due to erosion 
and/or wave attack. The nature-based sand nourishment projects, combined with sand trapping 
groins, provide beach and dune templates that minimize the damages to community homes, public 
property, and infrastructure. The structural measures of seawalls, rock revetments, bulkheads, and 
retaining walls are generally more specific to individual property. The nature-based features of living 
shorelines, while specific in location, provide some large areas of enhancement and protection 
against wave erosion, that may also make these areas more resilient to sea level rise and reduce the 
loss of wetlands in the future.  

The system does have areas that require further study and action implementation. The natural areas 
along the AIWW that are not protected by structural or other measures are subject to erosion and 
potential loss. The back bay areas of the barrier islands are often overlooked when addressing storm 
surge flooding yet provide valuable habitat and wave attenuation. These marshes are also susceptible 
to sea level rise. Additionally, many of the natural tidal creeks and man-made conveyances of water, 
such as ditches, that allow for stormwater runoff from rainfall to drain to rivers, the ocean, and 
AIWW also allow storm surge inundation to migrate inland. These natural and man-made features 
need to be considered when addressing storm surge and inundation hazards to communities within 
the focus area (as well as those elsewhere in the study area).  

4.3  Exposure 
Exposure describes who and what may be harmed by a hazard. Exposure to populations, 
infrastructure, and environmental and cultural resources was assessed in Planning Reach SC_04 in the 
South Carolina Appendix. Layers in the SACS Geoportal were used to determine exposure to 
resources that contributed to the overall risk assessment. Application of these exposure layers is 
described below.  
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4.3.1  Exposed Population and Infrastructure 
The Tier 1 Population Exposure Index was used to identify population concentrations in the focus 
area. Population concentrations were identified in parts of the Summerville, Ladson, Goose Creek, 
North Charleston, Charleston, Mount Pleasant, and James Island areas. The Tier 1 Infrastructure 
Exposure Index was used to identify areas of concentrated infrastructure in the focus area.  Higher 
density infrastructure was identified in parts of the Goose Creek, Hanahan, North Charleston, 
Charleston, and Mount Pleasant areas. Figure 5 shows the combined population and exposure index 
for the focus area. 

 

Figure 5: Population and Infrastructure Exposure Index 
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Critical infrastructure that supports the population and communities is essential to public safety, 
health and security. Figure 6 shows the types of critical infrastructure within the focus area exposed 
to the maximum of the maximum (MOM) water inundation levels expected for a Category 5 
hurricane, including schools, churches, transportation, utilities, emergency services, medical facilities 
and others. 

 

Figure 6: Critical Infrastructure Within the Category 5 Maximum of Maximum Hazard Area 

 

4.3.2  Exposed Environmental and Cultural Resources 
4.3.2.1 Environmental Resources 
Identification of exposed natural resources for Tier 1 and Tier 2 analyses are described in the South 
Carolina Appendix and the Environmental Technical Report. In the Charleston Metro Focus Area, 
exposed environmental resources include coastal beach/dune systems found on the barrier islands of 
Isle of Palms, Sullivan’s Island, Morris Island, and Folly Island. Maritime forests, such as that found on 
Sullivan’s and Morris Islands, are also exposed. Salt marshes, intertidal oyster reefs, and mudflats that 
align the Ashley, Cooper, Wando, and Stono Rivers and their tributaries, as well as the AIWW and 
back bays of the barrier islands, are also exposed to storm surge and sea level rise inundation. Other 
exposed environmental resources include small marsh hammocks found throughout the focus area, 
and freshwater forested wetlands, such as bald cypress swamps, found upriver from the Charleston 
Harbor. 
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4.3.2.2 Cultural Resources 
Archaeological resources account for the most abundant cultural resource type in the focus area. 
Resources are found throughout the area, but have the highest concentrations near rivers, the coast, 
and on barrier islands in and around Charleston County (Figure 7). Archaeological sites date from 
both the prehistoric and historic periods and several sites contain the archaeological remains of  
19th-century plantations.  

Historic resources account for the second most abundant resource type, with particularly high 
concentrations within the focus area (Figure 7). Historic resources date primarily from the 19th to the 
mid-20th century. Many of these resources are eligible for listing on the National Register of Historic 
Places (NRHP).  

 

Figure 7: Cultural Resources Exposure. (Restricted locations for historic and cultural resources are not 
shown on this map.)  
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There are 166 resources classified as historic areas in the focus area. These resources are historic 
districts, boundary expansions, or multiple resource areas that are eligible for but not listed on the 
National Register, contribute to an existing historic district, have been determined not eligible for the 
NRHP, or require additional evaluation. Concentrations of these resources are found throughout the 
focus area. Resources in the focus area are primarily located in Charleston on the peninsula and the 
barrier islands. Civil War earthworks (n = 209) are a unique resource type found throughout the larger 
focus area. These resources consist of batteries, forts, revetments, and earthen fortifications 
constructed during the Civil War. The majority of these resources are located in the vicinity of James 
Island, south of the City of Charleston. These resources were placed near sounds, rivers, and creeks to 
protect against enemy invasion, and are prone to erosion from storm events, as well as inundation 
from storm surges. 

The area contains at least 1,000 cultural resources (e.g., archaeological sites, historic structures, 
landscapes, and districts that are 50 years or older), some of which are NRHP-listed or NRHP-eligible 
and indicated in Table 9. One thousand is the default maximum return for ArchSite search results. 
There are 44 National Historic Landmarks located in this area. With climate change, these cultural 
resources will see an increase in sea level rise, dramatically extending the storm surge driven by 
hurricanes into their neighborhoods, increasing their chances of inundation. Daily tides only influence 
the immediate areas near the shoreline and will increase sunny-day flooding in town and may 
inundate the historic districts.  A rise of sea levels as low as a few feet, which is well within current 
projections, could permanently inundate portions of the city’s historic districts. Meanwhile, storm 
surges and flooding could undermine the foundations of many historic buildings.  

Table 9: Cultural Resources Areas Exposed to Storms and Sea Level Rise in the Charleston Metro Focus 
Area. 

CULTURAL AREAS EXPOSED CULTURAL RESOURCES 
Beaufort Daws Island Heritage Preserve, Robert Smalls House, Beaufort Historic District 
Bluffton Bluffton Historic District, Altamaha Towne Heritage Preserve 
Central James Island Fort Johnson 

Charleston 
Charleston Historic District, Charles Towne Landing State Park, Charleston Cemeteries 
Historic District, Fort Sumter, Ashley River Historic District 

Daufuskie Island Daufuskie Island Historic District, Gullah Geechee Community 

East Beaufort / St Helena 
Gullah Geechee Community (Penn Center Historic District), Seaside Plantation, Eddings 
Point Community Praise House, Fort Fremont, Mary Jenkins Community Praise House 

East Bluffton Victoria Bluff Heritage Preserve/Wildlife Management Area 
Folly Beach Secessionville Historic District 
Hilton Head Island Gullah Geechee Community (Cherry Hill School), Stoney-Baynard Plantation, Fort Howell 

James Island 
Civil War Historic Resources (Battery Cheves, Battery LeRoy), Gullah Geechee Historic 
Sites, Fort Johnson, McLeod Plantation Historic Site 

Moncks Corner Cooper River Historic District, Mulberry Plantation 
Morris Island Morris Island Lighthouse 
North Charleston Ashley River Historic District 

Sol Legare Island 
Sol Legare Historic District, Gullah Geechee Historic Sites, Mosquito Beach Historic 
District 

Sullivan's Island Fort Moultrie 
West James Island McLeod Plantation Historic Site 



 

 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | CHARLESTON METRO FOCUS AREAS 25 

These resources are discussed in greater detail below. Exposed cultural resource areas identified 
within the FAAS report are not meant to be all-inclusive. Publicly available data for historic resources 
are discussed below.  Specific archaeological site information is not publicly reportable but was 
analyzed to determine if archaeological sites were in areas of high risk. The risk assessment methods 
are described in the South Carolina Appendix. 

Charleston 

Charleston was settled in 1670 and became one of the wealthiest cities in Colonial America as a result 
of rice, cotton, and other exports. The City of Charleston contains a large National Historic Landmark 
District of at least 1,000 structures that are 50+ years old, Charleston Historic District, as well as 44 
National Historic Landmarks (South Carolina Department of Archives and History n.d.-b, South 
Carolina Department of Archives and History n.d.-i). NRHP-listed in October 1966, the historic 
district’s history encompasses the colonial period, Revolutionary War, antebellum period, and the 
Civil War. Resources range from historic buildings and structures from the early 1700s, fortifications 
such as Fort Sumter and Fort Moultrie that played key roles in the Civil War, and 19th- and 20th-
century single-family dwellings. Charleston served as a major colonial seaport, and the district is 
made up of residential houses, commercial businesses, and public buildings. The site of Old Charles 
Towne, located in what is now Charles Towne Landing State Park, was a settlement dating to the 
1600s and is listed as the first permanent English settlement in the Carolinas (South Carolina 
Department of Archives and History n.d.-i). It was situated along the Ashley River and bordered on 
one side by marsh. Charleston Cemeteries Historic District was NRHP-listed in July 2017. The Ashley 
River Historic District, located in the northern portion of the Charleston area, was NRHP-listed in 
September 1994 and spans portions of the Charleston and Summerville areas (South Carolina 
Department of Archives and History n.d.-a). This area includes both historic and archaeological 
resources that are tied to rice cultivation spanning from the eighteenth to nineteenth centuries and 
Native American trade routes. It is considered a nationally significant cultural landscape, covering 
nearly 24,000 acres of land along the Ashley River and Ashley-Stono Canal. The nearby Fort Sumter 
was built to protect Charleston from naval invasion and consisted of a five-sided masonry structure 
that supported 135 guns and 650 men (South Carolina Department of Archives and History n.d.-f). 
Situated on an artificial island at the mouth of the Charleston Harbor, this sea fort was integral to the 
start of the American Civil War. Now designated as a National Monument, the site also includes Fort 
Moultrie, which played significant roles in both the American Revolution and American Civil War. 
Efforts are being made to rehabilitate the Fort Sumter area to repair and further protect it from 
storm damage and erosion caused by high wave energy that impacts the fort’s brick walls (National 
Park Service n.d.-e).  

Because of climate change, these historic districts and resources will see an increase in sea level rise, 
dramatically extending the storm surge driven by hurricanes into their neighborhoods, thus 
increasing their chances of inundation. Daily tides only influence the immediate areas near the 
shoreline and will increase nuisance flooding in town and may inundate the historic districts; a rise in 
sea levels as low as a few feet is well within current projections. Meanwhile, storm surges and 
flooding could undermine the foundations of many historic buildings. Many of the cultural resources 
in the Charleston area are typically at medium-high risk due to storm surge and sea level rise 
inundation. Flood protection measures are in place for historic resources, especially for those 
resources located in the downtown Charleston area where the Charleston Historic District is located.  
Many of those measures are in place to protect tourism.  
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James Island 

James Island is a medium-high-risk area and features various historic resources from the Civil War, 
such Battery Cheves and Battery LeRoy, both of which served as historic artillery batteries and were 
NRHP-listed in August 1982 (U.S. Department of the Interior 1978a, U.S. Department of the Interior 
1978b). While both were built in 1863, Battery Cheves was built to protect the area between Fort 
Johnson and Battery Haskell from attacks originating from Morris Island, and Battery LeRoy was built 
to protect the lower portion of James Island.  Fort Johnson, located in the central portion of the 
island along with the remains of the associated powder magazine, is an archaeological and historical 
resource that was NRHP-listed in September 1972 (South Carolina Department of Archives and 
History n.d.-d, Trinkley et al. 1994). Only heavily eroded earthenworks remain of the fort, which is 
noted as the location of the first rising of the South Carolina flag in 1775. It is also known as the 
location where the first shots were fired on Fort Sumter during the Civil War. McLeod Plantation 
Historic Site, located in the western portion of the island, encompasses Gullah Geechee heritage, Civil 
War history, and even a prehistoric Native American settlement and village site in the area (South 
Carolina Department of Archives and History n.d.-g). The plantation was constructed in 1858 and was 
NRHP-listed in August 1974. Several episodes of storm damage and flood events have threated the 
historic and archaeological resources on the island, and exposure will only increase with sea level rise. 

Moncks Corner 

Moncks Corner is a medium-high-risk area from storm surge and sea level rise inundation, with a 
history of storm damage from Hurricane Hugo and a historic flood in 2015. This area is the location of 
the Cooper River Historic District, which was NRHP-listed in February 2003 (South Carolina 
Department of Archives and History n.d.-c). The historic district is comprised of numerous 
plantations, rice fields, barns, churches, cemeteries, railroad trestles, and archaeological sites. It is 
known for its intact historic cultural landscape, which communicates the history of rice cultivation 
and how it helped that area flourish. Mulberry Plantation, which was NRHP-listed in October 1966, 
was constructed by Thomas Broughton, who became the Royal Governor of South Carolina in the 
early 1700s. It is the third oldest plantation house in South Carolina. It is also designated as a National 
Historic Landmark.  

Morris Island 

While Morris Island is largely protected from development as an uninhabited island and only 
accessible by boat, erosion is a regular concern to cultural resources on the island due to impacts 
from the Charleston Harbor jetties. Sea level rise poses a significant threat to the Morris Island 
Lighthouse, which is a historic lighthouse surrounded by water. The lighthouse is noted for its role in 
the Charleston Channel, a local landmark that was built in 1876 and NRHP-listed in June 1982 (South 
Carolina Department of Archives and History n.d.-h).  All of the associated outbuildings, including the 
lighthouse keeper’s house, were destroyed by storms, and erosion has eliminated any evidence of 
these structures. The lighthouse itself had two previous iterations that were destroyed as well. While 
several efforts have been made to protect the lighthouse, including the placement of a concrete ring 
around the structure and shoring up of the foundation, risks are still posed related to storm surge and 
sea level rise inundation. 



 

 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | CHARLESTON METRO FOCUS AREAS 27 

Sol Legare 

This medium- to high-risk area is a small barrier island and is located between James and Folly 
Islands. The community has a deep antebellum history and carries an important Civil Rights legacy 
(Butler 2019b). The modern community is a mix of historic Gullah Geechee, descendants of slaves 
who lived, and still live, on the coastal islands and low country along the coast of the Southeastern 
United States, particularly in neighborhoods and some new subdivisions around the marshes of Folly 
Creek and its tributaries. Mosquito Beach Historic District is a significant historical area tied to this 
area (South Carolina Historic Properties Record 2019). A coastal black community thrived in this area 
from the 1950s to 1970s and has maintained its integrity, including surviving remnants of the 
boardwalk and many of the original buildings. Gullah Geechee communities were specifically brought 
up as cultural/historic resources as threatened from coastal storm damages (Figure 8). Several 
cultural resource areas important to the Gullah Geechee heritage have been identified as priorities 
based on the SACS Tier 2 analyses and stakeholder input. These include the Phillips Community 
(1876–1960), Scanlonville/Remley Point Community and Cemetery (1857, 1866–196), Smithville (circa 
1870), Snowden Community (1866–1966), and Sol Legare Community (1866–1966). All communities 
except for Smithville(unevaluated) are NRHP-eligible.  
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Figure 8: Flood Hazard for Gullah Geechee Communities 

Similar to a majority of the low-lying country in South Carolina, rice and cotton plantations were 
established in the vicinity of James Island, in areas such as Sol Legare. A majority of the population, 
therefore, was made up of enslaved persons in the early nineteenth century. Early maps from the 
1800s demonstrate that several plantation buildings, likely slave dwellings, dotted the island. The 
island is also home to two Civil War earthworks and a historic district, which encompasses more than 
80 historic structures, many of which are associated with historic Gullah Geechee communities. The 
structures noted on South Carolina’s digital ArchSite as well as the NRHP do not necessarily capture 
all structures associated with modern Gullah Geechee communities but aid in the identification of 
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historic and modern community associations when tied to consultation and coordination with current 
stakeholders. 

The proximity of King Flats Creek and Sol Legare Creek increase the risk of this community from 
coastal storms and climate change. These historic structures and the Gullah Geechee community as a 
whole will see an increase in sea level rise, dramatically extending the storm surge driven by 
hurricanes into their neighborhoods, increasing their chances of inundation. Daily tides only influence 
the immediate areas near the shorelines and will increase nuisance flooding in Sol Legare and may 
inundate the historic district. A rise in sea levels as minimal as a few feet, which is well within current 
projections, could permanently inundate portions of the district. Meanwhile, storm surges and 
flooding will undermine the foundations of many historic buildings. 

Sullivan’s Island 

Sullivan’s Island is a barrier island at medium-high risk for storm surge and sea level rise inundation. 
There is a history of storm damage in this area, as Hurricane Hugo made landfall near the island in 
1989. Fort Moultrie, built in the late 1800s and early 1900s and NRHP-listed in September 2007, is 
comprised of a series of buildings on the western end of Sullivan’s Island (South Carolina Department 
of Archives and History n.d.-e). The Fort Moultrie Quartermaster and Support Facilities Historic 
District includes 10 contributing structures, including an officer’s club, theater, commissary, barracks, 
and warehouses. The fort was built to protect Charleston and was named for General William 
Moultrie, who served as a commander during the Battle of Sullivan’s Island. It was occupied by British 
forces over a two-year period in the late 1700s. It served as a Union garrison during the Civil War. 
Risks are still posed related to storm surge and sea level rise inundation, but the site is offered some 
protection through its designation as a National Historic Park. 

4.3.2.3 Environmental and Cultural Resource Uncertainty  
Some uncertainties exist in the SACS assessment of exposure, vulnerability, and risk assessment of 
environmental and cultural resources to coastal storms and sea level rise. First, there could be 
inaccuracies or uncertainty associated with the underlying data, models, and climate change 
predictions used in the analyses. The approximate locations of archaeological sites and historic 
resources from online databases are not always accurate, based on the true location of that resource. 
Additionally, assumptions have been made based on existing information and professional judgement 
about vulnerabilities that could not be accurate of actual vulnerabilities. There is also inherent 
uncertainty in how natural systems will respond or adapt to the coastal hazards that were analyzed. 
For example, plants and animals that are exposed to an increase in sea level rise but have limited 
tolerance to salinity may migrate, or be displaced by other species, or not survive, or could develop a 
new tolerance to increased salinity. There is also uncertainty because the analyses only account for 
vulnerabilities and risks to environmental resources from coastal hazards, while natural systems are 
exposed to multiple threats and stressors that could influence how a system responds. The SACS 
attempts to recognize where some of these other stressors may be present but does not assess them.  

4.4  Vulnerability and Consequences 
Vulnerability is the susceptibility of human beings, property, and the environment to harm when 
exposed to a hazard (ER 1105-2-101). Consequences are measured in terms of metrics such as 
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economic damage, acreage of habitat lost, and potential loss of life. The Tier 1 and Tier 2 analyses 
incorporated both vulnerability and consequences in the overall risk assessment.  

4.4.1  Population and Infrastructure Vulnerability and 
Consequences 
For population and infrastructure, the Hazus model uses a damage function to represent the 
vulnerability of different types of infrastructure to flood hazards. The consequences of infrastructure 
impacts are represented in dollar damages through the Tier 2 Economic Risk Assessment. Social 
vulnerability was assessed during the Tier 1 Risk Assessment with potential consequences including 
life loss and relocation of vulnerable populations. 

4.4.2  Environmental Resources 
While the Charleston Metro Focus Area is largely developed, those natural resources that are still 
intact provide important ecosystem services, from habitat for fish and wildlife, to filtering runoff, to 
wave attenuation. Yet many of the exposed environmental resources in the Charleston Metro Focus 
Area are shown in the Tiers 1 and 2 analyses to be vulnerable to storm and sea level rise inundation 
and other hazards, such as erosion and wind. Figure 9 shows the high, medium, and low vulnerable 
natural resources in the focus area. Methods for the analyses are described in the Environmental 
Technical Report. 

The most vulnerable resources include coastal beach/dune systems, maritime forests, marsh 
hammocks, and freshwater forested wetlands. With an increase in sea level rise, tidal marshes are 
subject to inundation and saltwater intrusion. In many areas, due to the development and 
infrastructure along the marsh edge, there is nowhere for marshes to migrate. NOAA Sea Level Rise 
Viewer and Marsh Migration Tool can be used to assess the vulnerability of marshes to different sea 
level rise scenarios (NOAA n.d.-c).  

This is important for decision-makers to understand because Charleston area beaches provide nesting 
habitat for sea turtles and many species of shorebirds, storm protection for island homes and 
businesses, and recreational opportunities that support local tourism. Forested wetlands provide 
habitat for many wading birds, reptiles, and amphibians, along with flood and erosion control and 
many other benefits. All of the salt marshes around Charleston are considered essential fish habitat, 
meaning they support important commercial and recreational fisheries. They also provide protective 
services to Charleston neighborhoods. With limited federal protected lands in the focus area, most of 
the vulnerable natural resource areas for wildlife are concentrated at local parks, including 
Charleston County’s Caw Caw Interpretive Center in Ravenel; Charlestowne Landing State Park in 
Charleston; Cypress Gardens, a Berkeley County park in Moncks Corner; and Folly Beach County Park, 
which is an important nesting habitat for endangered sea turtles that is designated as Critical Habitat 
by the Federal Government. 
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Figure 9: Results of the Tier 2 environmental resources vulnerability analysis within the Charleston 
Metro Focus Area (purple boundary). 

 

4.4.3  Cultural Resources 
Based on a qualitative assessment of vulnerability, historic structures located on barrier island, along 
the coast, and in low lying areas face vulnerability due to storm surge inundation, erosion, and wave 
attack (See Table 10). This table is not all-inclusive and is meant to communicate the types of cultural 
resources that may be found in these areas and the types of vulnerability that they may face. A 
selection of historic properties and districts are highlighted due to their National Register status and 
stakeholder input regarding their historical significance and concern for continued preservation due 
to their higher exposure rating. General information is also included regarding the presence of 
archaeological sites in areas of higher exposure. Storm surge inundation along the coast and reaching 
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up rivers to low lying areas will flood historic properties and damage buildings. Damage may include, 
but is not limited to, structural damage and destruction of historic materials (e.g., furniture, textiles, 
archives). The aftermath of a storm can pose long-term issues, such as the development of mold, 
mildew, and other potentially toxic residues. Erosion and wave attack pose threats to historic 
properties and both terrestrial and submerged archaeological sites. Significant structural damage can 
be caused to historic properties by wave attack. Erosion can eliminate surface evidence of 
archaeological sites, wear away site layers, and displace materials from various cultural layers making 
recovery and interpretation challenging if not impossible. Erosion will impact features more severely 
due to the disturbed nature of the soil, while leaving intact topographic layers less damaged. Strong 
currents cause hydrographic change that can displace submerged cultural resources, including 
historic wrecks, as well as obscure or damage these resources due to storm debris. Currents and even 
wind can uproot trees and other vegetation, which can serve as a major source of disturbance and 
destruction for cultural resources, such as historic properties and archaeological sites. 
 

Table 10: Vulnerability of Exposed Cultural Resources in the Charleston Metro Focus Area to Tier 2 
Hazards 

Exposed Cultural Resource Area  
Tier 2 Hazards 

Storm Surge 
Inundation Erosion Wave Attack 

Hilton Head Island 

Gullah Geechee Community (Cherry Hill 
School) 

Y Y N 

Stoney-Baynard Plantation Y Y N 
Fort Howell Y N N 

Beaufort 
Daws Island Heritage Preserve Y Y Y 
Robert Smalls House Y N N 
Beaufort Historic District Y N Y 

Bluffton 
Bluffton Historic District Y N N 
Altamaha Towne Heritage Preserve Y Y N 

East Beaufort / St 
Helena Island 

Gullah Geechee Community (Penn Center 
Historic District) 

Y N N 

Seaside Plantation Y N N 
Eddings Point Community Praise House Y N N 
Fort Fremont Y Y Y 
Mary Jenkins Community Praise House Y N N 

East Bluffton Victoria Bluff Heritage Preserve/Wildlife 
Management Area 

Y N N 

Daufuskie Island 
Daufuskie Island Historic District Y Y Y 
Gullah Geechee Community Y Y Y 

Moncks Corner 
Cooper River Historic District Y Y N 
Mulberry Plantation Y N N 

Charleston 

Charleston Historic District Y Y Y 
Charlestowne Landing State Park Y N N 
Charleston Cemeteries Historic District Y N N 
Fort Sumter Y Y Y 
Ashley River Historic District Y N N 
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Exposed Cultural Resource Area  
Tier 2 Hazards 

Storm Surge 
Inundation Erosion Wave Attack 

Kiawah Island Arnoldus Vander Horst House Y Y N 
Sullivan's Island Fort Moultrie Y Y Y 

James Island 

Civil War Historic Resources (Battery Cheves, 
Battery LeRoy) Y Y N 

Gullah Geechee Historic Sites Y Y Y 
Fort Johnson Y Y Y 
McLeod Plantation Historic Site Y N N 

Sol Legare Island 
Sol Legare Historic District Y Y N 
Gullah Geechee Historic Sites Y Y N 

 

Within this planning reach, there are several plantation sites, historic districts, historic forts, Civil War 
earthworks, and archaeological sites, including shell mounds and middens, along the coast and on 
barrier islands that are susceptible to damages from coastal storm hazards, including storm surge 
inundation, erosion, and wave attack. A few of the most susceptible resources are Ft. Sumter 
National Monument, Fort Morris, and the Morris Island Lighthouse. While some historic districts have 
protections, such as sea walls, in place to minimize vulnerability, many of the historic structures are 
vulnerable to storm surge inundation and the associated damage that it brings. Beaufort, Bluffton, 
and even Charleston are a few examples of historic districts that could be severely impacted by storm 
surge inundation, especially if protection measures fail or are not sufficient to protect against more 
extreme storm episodes. Historic and archaeological sites on barrier islands, such as Hilton Head, St. 
Helena, Daufuskie, Kiawah, Sullivan’s, James, and Sol Legare Islands, are susceptible to damages 
primarily from erosion and wave attack.  

4.5  Risk Assessment  
Risk is broadly defined as a situation or event where something of value is at stake and its gain or loss 
is uncertain. Risk is typically expressed as a combination of the likelihood and consequence of an 
event. Consequences are measured in terms of harm to people, cost, time, environmental harm, 
property damage, and other metrics (ER 1105-2-101). The hazard, exposure, and vulnerability data 
from the South Carolina Appendix and within the SACS Geoportal were referenced when analyzing 
risk.  

4.5.1  Population and Infrastructure at Risk 
Table 11 overviews the medium/high- to high-risk census places for population and infrastructure 
within the Charleston Metro Focus Area that were identified in the Tier 1 and Tier 2 analyses. The Tier 
1 Risk Assessment and the Tier 2 Economic Risk Assessment looked at risk in both the existing 
condition, and the future condition with three feet of sea level rise, as detailed in the South Carolina 
Appendix. While the Tier 1 assessment considers environmental and other factors, it is weighted 
toward population and infrastructure. 
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Table 11: High-risk Census Places in the Charleston Metro Focus Area Based on Population and 
Infrastructure 

Census Place County Tier 1 Risk 
Assessment 

Tier 2 Economic Risk Assessment 
(medium/high- to high-risk) 

Hanahan Berkeley X  
Goose Creek Berkeley X  
Moncks Corner Berkeley X  
South Daniel Island Berkeley  X 
Mount Pleasant Charleston X X 
Charleston Charleston X X 
North Charleston Charleston X X 
Folly Beach Charleston X X 
Sullivan’s Island Charleston X  
Isle of Palms Charleston X X 
Hollywood Charleston X  
Meggett Charleston X  
Ravenel Charleston X  
James Island Charleston X X 

Summerville 
Dorchester, 
Berkeley and 
Charleston 

X  

 

Hanahan, Goose Creek, Moncks Corner, South Daniel Island, Mount Pleasant, Charleston, North 
Charleston, Folly Beach, Sullivan’s Island, Isle of Palms, Hollywood, Meggett, Ravenel, James Island, 
and Summerville are all identified as high risk in the Tier 1 Risk Assessment or the Tier 2 Economic 
Risk Assessment. Note that Kiawah Island and Seabrook Island, which are near Charleston but not in 
the Focus Area, are also high-risk areas and are addressed in the South Carolina Appendix. While 
beach nourishment projects in some locations have better equipped the communities to reduce 
coastal storm damages, back bay and estuarine areas are typically still susceptible because of limited 
or inadequate CSRM measures. 

Figure 10 depicts the future expected annual damages (EAD) based on future conditions (with some 
of the higher risk areas outlined in green), thus validating the following problems stakeholders 
identified:  

 Coastal storm damages to populated and economically developed areas, including but not 
limited to structures and infrastructure 

 Risks are spread throughout the focus area 

 There are some clusters of risk in such places as James Island/Folly Beach, 
Hollywood/Charleston, Charleston/North Charleston/Summerville, Monck’s 
Corner/Hanahan/North Charleston, and Mount Pleasant/Charleston 

 Increased development would further increase risk of economic damage 
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 There is risk to infrastructure from storm surge and sea level rise, including roadways at 
risk of being blocked for ingress/egress 

A review of some possible measures to address risk in the outlined areas is provided later in this 
report.  

 

 

Figure 10:Future Expected Annual Damages Based on the Tier 2 Economic Risk Assessment 
1) Hollywood and Charleston Area; 2) North Charleston, Charleston, and Summerville; 3) Monck’s Corner, Hanahan and North 
Charleston; 4) Mount Pleasant and Charleston; 5) Charleston, Folly Beach, and James Island 
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4.5.2  Environmental Resources at Risk 
Environmental resources in the Charleston Metro Focus Area are directly tied to the resilience of 
many cultural resources and of communities in the focus area.  Unprotected wetlands in the 
Charleston area, are already under threat of development, yet provide important protective services 
to Charleston’s neighborhoods, cultural resources, and the economy. As such, many of the high- and 
medium/high-risk natural resource areas identified in the Tier 2 analysis are also exposed cultural 
resources sites or support populations and infrastructure at high risk, including Mount Pleasant, 
Charleston, North Charleston, James Island, Folly Beach, Hollywood, Summerville, Moncks Corner, 
and Hannahan. The assessment methods for natural and cultural resources are described in the South 
Carolina Appendix and Environmental Technical Report. 

 The Tier 2 environmental resources risk analysis shows intact salt marshes and tidal freshwater 
wetlands in the Wando, Cooper, and Ashley Rivers are at medium/high risk, potentially compromising 
valuable historic sites and wildlife habitat at Charlestowne Landing State Park, the rich bald 
cypress/tupelo forests and swamps of Cypress Gardens, and at Dungannon Plantation Heritage 
Preserve/Wildlife Management Area, which has one of the most significant nesting colonies of 
endangered wood storks in the state.  

The barrier islands in the focus area are also at high or medium/high risk, including their cultural 
resources, natural beach/dune systems, maritime forests, and back bay salt marshes. Morris Island is 
an example of an already eroding barrier island that is home to an historic lighthouse and 
approximately 2000 acres of habitat that are at high risk for storm surge and sea level rise inundation.  

Bird Key-Stono Seabird Sanctuary is an important sand island in Stono Inlet that is at high risk. It 
provides valuable colonial nesting bird habitat, as well as resting habitat for migratory birds along the 
South Carolina coast and is designated critical habitat for piping plovers. Yet it has shifted in size and 
configuration over time due to coastal processes, with a history of dramatic loss from past hurricanes. 
Crab Bank Seabird Sanctuary is another important but smaller bird area that is located in the 
Charleston Harbor and is highly vulnerable to inundation. At this time, its risk is lower because it will 
be undergoing a major site enhancement in late 2021 by the USACE and the South Carolina 
Department of Natural Resources. 

While most of the high- and medium/high-risk environmental resources in the Charleston Metro 
Focus Area are important, four environmental areas have been identified as Priority Environmental 
Areas (PEAs) based on the Tier 2 analysis and stakeholder input. They include Bird Key Stono, 
Charlestowne Landing, Cypress Gardens, and Morris Island/Lighthouse Inlet. More information on 
these areas can be found in Table 12. Information on how the PEAs were identified can be found in 
the Environmental Technical Report. 
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Table 12: Priority Environmental Areas in the Charleston Metro Focus Area 

PRIORITY ENVIRONMENTAL AREA VULNERABILITY/RISK/CONSEQUENCE 
Bird Key Seabird Sanctuary 
Uninhabited island of beach/dunes and intertidal 
mudflats managed by the state; supports habitat 
for nesting and migratory seabirds and shorebirds, 
including several threatened and endangered 
(T&E) and at-risk species (e.g., American 
oystercatcher, piping plover, least tern). 

Already experiencing high erosion from overwash, with shifts in size 
and shape over time, and demonstrated loss of nesting habitat for 
many colonial seabirds through egg loss and abandoned nests; at 
high risk from storm surge and to sea level rise inundation; 
designated South Carolina Heritage Trust Program site and 
Important Bird Area for providing vital at-risk bird habitat. 

Charlestowne Landing State Park 
Includes 80 acres of gardens, exhibits, and natural 
habitat zoo; surrounded by pine and mixed forest 
that support numerous birds and reptiles, and 
extensive salt marshes along the Ashley River and 
Old Towne Creek that are considered Essential Fish 
Habitat; also listed on National Register of Historic 
Places. 

Medium/high risk from storm surge and sea level rise inundation; 
potential loss of saltmarsh habitat for commercially and 
recreationally important fisheries, forest habitat, and flood 
protection for historic resources and local rec/tourism; 
approximately half of surrounding watershed is identified as a 
high/highest priority for shared conservation protection in the SA 
Conservation Blueprint. 

Cypress Gardens 
This Berkeley County park is a 170-acre preserve of 
gardens, old rice impoundments, and 80 acres of 
blackwater bald cypress/tupelo swamps that 
provide habitat for many amphibians, reptiles, 
waterfowl and birds, including bald eagles. 

Medium/high risk from storm surge and sea level rise inundation, 
with history of storm damage from Hurricane Hugo and 2015 
historic flood; potential loss of bottomland hardwoods and habitat, 
water quality protection, and local rec/tourism; area of highest 
priority for shared conservation action in the South Atlantic 
Conservation Blueprint. 

Morris Island and Lighthouse Inlet Heritage 
Preserve 
Morris Island is barrier island with 118 acres 
managed by City of Charleston, known locally as 
Cummings Point at the mouth of Charleston 
Harbor; includes beach/dunes, maritime forest and 
scrub/shrub, and salt marshes that support sea 
turtles and many shorebirds; home to historic 
lighthouse (listed on the National Register). 
Lighthouse Inlet Heritage Preserve is managed by 
Charleston County at northern end of Folly Island, 
adjacent to Morris Island; supports same habitats 
as Morris Island and is designated Critical Habitat 
for nesting loggerhead sea turtles and piping 
plovers. 

Morris Island already experiencing high erosion due to the 
Charleston Harbor jetties that also threatens the stability of the 
Morris Island Lighthouse, which is now surrounded by water; high 
risk to beach/dunes and medium/high risk to back bay marshes for 
storm surge and sea level rise inundation; potential for loss of 
habitat and historic resources. 

 

Regarding stakeholder interest in resilient ecosystems, the following problems were validated by the 
Tier 2 environmental resources risk analysis as described above: 

 

 

There is potential for coastal storm damages to fish and wildlife resources 

There is potential for impacts on sensitive environmental habitat and ecosystems  

A review of some possible measures to address risk in natural areas is provided later in this report.  
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4.5.3  Cultural Resources at Risk  
Based on a qualitative assessment of risk, historic structures and archaeological sites on barrier 
islands and in low lying areas are highly susceptible to damage from storm surge inundation, erosion, 
and wave attack, especially as the risk for sea levels rise increases. These areas are considered as at-
risk cultural resources areas due to the fact that all structures would be vulnerable to the hazards and 
are therefore considered to be most at risk.  

The protection of many cultural resources in the Charleston Metro Focus Area is directly tied to the 
protection of natural resources in the area.  Rapid growth in the suburbs and barrier islands has the 
potential to both damage and protect cultural resources. Storm protection measures that are put in 
place to protect those developed areas can aid in the protection of archaeological sites. Strom events 
pose a greater risk on lesser developed barrier islands, such as Sol Legare, Daufuskie, and Morris 
Island, that have limited or no protective measures present. Undeveloped marsh regions between 
and behind islands where many resources are located are typically inundated by flood events that 
exceed the 10-percent AEP flood level.  

Damage to historic properties can sometimes be repaired, but this can be costly and may lack support 
if more essential recovery efforts are needed in the area to restore infrastructure. Archaeological 
sites are non-renewable resources that cannot be replaced once lost. Loss of historic properties and 
archaeological sites not only means a loss to the historical record that helps us to understand and 
explain past lifeways, but it can also mean a loss to local tourism. Visitors are drawn to this planning 
reach due to the many historic districts and historic forts. Damage caused by storms has in some 
instances meant the complete loss of all or portions of historic properties. Years of costly repairs can 
close these sites indefinitely until the site can be restored and deemed safe for visitors. The loss of 
archaeological sites could pose a significant hit to the academic community and thereby limiting 
research into and interpretation of prehistoric and historic sites in this reach. 

5.  Action Strategy Development  
This section identifies potential actions to address the risks identified as a result of increased 
hurricane and storm damage as a result of sea level rise. Actions can include joint strategies by 
stakeholders and strategies led by individual agencies in coordination with stakeholders in the 
context of a comprehensive plan. The previous analyses, culminating in a risk assessment, verified 
that there are risks threatening the key interests of stakeholders in the resilience of communities and 
ecosystems in the Charleston Metro Focus Area. The understanding gained through the course of this 
study is applied in this section to develop action strategies, as well as examples for how to launch into 
Tier 3 studies.  
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5.1  Identify Possible Solutions 
5.1.1  High-Risk Areas and Possible Measures 
In this section, a broad and conceptual review of possible measures to address coastal storm risk is 
provided for the following areas at medium/high or high risk. High Risk areas are identified in Figure 
11 showing the Composite Risk Index (CRI) for the Charleston Metro Focus Area.  

 

 

 

 

 

James Island/Folly Beach (including Sol Legare, Bird Key Stono, and Morris Island and 
Lighthouse Inlet) 

Hollywood/Charleston 

Charleston/North Charleston/Summerville (including Charlestowne Landing State Park) 

Monck’s Corner/Hanahan/North Charleston (including Cypress Gardens) 

Mount Pleasant/Charleston 

The high-risk areas could benefit from considering the following measures in a Tier 3 study as shown 
in Figure 12:  

 

 

 

 

 

 

 

Floodwalls 

Beach fill 

Living shoreline vegetation 

Living shoreline reefs 

Wetlands 

Breakwaters 

Breakwater and beach nourishment 

To maintain momentum for CSRM and resilience, one of the many tools developed within the SACS is 
the Measures and Cost Library (MCL), which can be used as a starting point to launch a Tier 3 project 
analysis. Additional information about the MCL tool is provided in the Measures and Cost Library 
Report (USACE 2021). This focus area report provides examples of how the MCL tool and other SACS 
tools (e.g., SACS Environmental Resources Inundation Risk Analysis Web Application) can be used to 
launch a Tier 3 study. This includes the identification and screening of measures that, in a Tier 3 
effort, can be further formulated into alternative plans. 
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Figure 11. Composite Risk Index for the Charleston Metro Focus Area. 
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Figure 12: Possible Measures for Areas Estimated to have High Future Damages
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5.1.2  Tier 3 Launch Examples with Planning Level Cost Estimates 
This section demonstrates how SACS tools can be used to launch a Tier 3 study, using Sol Legare and 
Plum Island as examples. As practicable, relevant actions identified in other SACS efforts are 
incorporated with the measures identified in these examples. These two locations and the previously 
identified areas are not the only areas at medium/high to high risk. However, because of the scope, 
schedule, and budget limitations of this study, selections had to be made and were made based on 
what was identified through the Tier 2 Risk Assessment as concentrations of either economic 
damages, environmental risk or both, as well as informed by what was heard from stakeholders 
during workshops. 

5.1.2.1 Sol Legare 
Sol Legare (Figure 13) is a small barrier island that was identified during Tier 2 analysis as an area of 
concern. It is located approximately 7.5 miles south of Charleston in the southeastern portion of the 
Charleston Metro Focus Area, between James and Folly Islands. The island is separated from James 
Island by approximately 2,000 feet of tidal march. This undeveloped barrier island encompasses salt 
marshes and maritime forest. The proximity of King Flats Creek and Sol Legare Creek increase the risk 
of this community for coastal storms and climate change.  

The island is home to two Civil War earthworks, Mosquito Beach Historic District, which served as a 
thriving coastal black community, and the Sol Legare Historic District, which encompasses more than 
80 historic structures, many of which are associated with historic Gullah Geechee communities. The 
structures noted on South Carolina’s digital ArchSite as well as the NRHP, do not necessarily capture 
all structures associated with modern Gullah Geechee communities but aid in the identification of 
historic and modern community associations when tied to consultation and coordination with current 
stakeholders. A series of prehistoric Native American shell middens can also be found on the island. 
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Figure 13: Sol Legare Location 

 

During stakeholder engagement, problems were described as coastal flooding and erosion (Figure 14) 
and a variety of opportunities were mentioned, including beach and marsh management.  
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Figure 14: Coastal Flooding with Three Feet of Sea Level Rise for Sol Legare (NOAA 2021). 

The three feet of sea level rise flooding shown is also the same level of inundation that would be 
experienced with three feet of coastal storm surge, which would be experienced during an 
approximate 2-percent annual exceedance probability (AEP) storm. The northern side of Sol Legare 
barrier island is subject to significant flooding from sea level rise. The southern side of the island, 
which includes Mosquito Beach, is also subject to inundation. Portions of the island are also 
experiencing erosion. The South Carolina Coastal Hazard Vulnerability Assessment indicates erosion 
of shorelines along the beach front.  

The Tier 2 Economic Risk Assessment identified that Sol Legare is at risk for medium/high to high 
economic damages. The Tier 2 Economic Risk Assessment tool was used to evaluate potential 
economic benefits from preventing future damages to the Sol Legare barrier island (Figure 15), and 
the pink lines show the specific area selected. Even though the barrier island’s risk of economic 
damage in the future is low/medium, the future economic damage risk is still substantial at $4.2 
million. 
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Figure 15: Sol Legare Tier 2 Economic Risk Assessment Showing Estimated Future Conditions of 
Approximately $4.2 million in Expected Annual Damages 

Sol Legare also has significant cultural resources, and the beach and back bay salt marshes are 
considered significant environmental resources. The Sol Legare area contains risk to significant 
cultural resources within the Historic Gullah Geechee community. These resources are at risk for the 
hazards of storm surge inundation and erosion. The area provides an opportunity to assess potential 
measures to reduce risk to the cultural resources in this historic Gullah Geechee Community. Figure 
16, shows the inundation risk and hazard ranking for these identified cultural resources. The analysis 
shown demonstrates that even areas not at risk from the more severe Category 5 MOM flooding 
have high risk probability, as these resources are still at risk to frequent flooding events.  
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Figure 16: Gullah Geechee Historic Areas, Including High-risk Communities in the Sol Legare Area 

 

After identifying the problems and assessing potential risks via SACS tools and stakeholder input, an 
initial array of measures was identified that include structural, nonstructural, and NNBFs (Table 13).  

Table 13: Initial Array of Measures for the Sol Legare Example 

Structural NNBFs Nonstructural 
• Road elevation  
• Floodwall  
• Levees/dikes 

• Oyster reef breakwater 
• Living shoreline sills 
• Living shoreline vegetation  
• Wetland enhancement / 

restoration 

• Building elevation 

 



 

 

 
 

SOUTH ATLANTIC COASTAL STUDY (SACS) | CHARLESTON METRO FOCUS AREAS 47 

 

 

Figure 17: Sol Legare Island Potential Measures 

Road Elevation: Road elevation involves raising State Road S-10-432 (the southernmost road in 
Figure 15) so that the road sees a reduction in frequency and/or depth of flooding during high-water 
events. Selection of the proper elevation method depends on flood characteristics such as flood 
depth or velocity. Figure 15 shows the roads to the barrier island included in the measure which 
consists of 10,250 linear feet. For the Sol Legare Island example, road elevation would also include 
raising the elevation of street access points and driveways. The MCL tool computes that the 
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investment cost for road elevation would range from $75.7 million to $139.3 million, with an 
equivalent annual cost1 of $2.8 million to $5.2 million. 

Floodwall: Coastal floodwalls are structures built to reduce the risk of damage associated with surge 
tide and waves in relatively small areas with limited space for flood risk management. Types of flood 
walls include cantilever T-type, I-type, and braced sheet pile structures. Figure 15 shows the general 
vicinity and approximate linear feet of this conceptual measure. For the Sol Legare Island example, 
floodwalls would protect against erosion, but they may block access to the marsh. In such cases, 
gates would be required to allow access to the marsh. The MCL tool computes that the investment 
cost for approximately 25,000 linear feet of coastal floodwalls would range from $132.3 million to 
$213.1 million, with an equivalent annual cost of $4.9 million to $7.9 million. 

Levees and Dikes: Levees and dikes are embankments constructed along a waterfront to prevent 
flooding in relatively large areas. They are typically constructed by compacting soil into a large berm 
that is wide at the base and tapers toward the top. Grass or some other type of non-woody 
vegetation is usually planted on the levee/dike to add stability to the structure. If a levee or dike is 
located in an erosive shoreline environment, revetments may be needed on the waterfront side to 
reduce impacts from erosion, or in cases of extreme conditions, the dike face may be constructed 
entirely of rock. Levees may be constructed in urban areas or coastal areas; however, large tracts of 
real estate are usually required due to the levee width and required setbacks. Depending on the 
density of development of a flood-prone area, levees and floodwalls are often constructed as a 
system whereby floodwalls are interspersed between levee segments as available property space 
dictates.  

Several areas were identified that may benefit from the implementation of levees and/or dikes. For 
the Sol Legare Island example, it was assumed that a total of approximately 22,000 linear feet of 
levees or dikes could be implemented to the benefit of the island. This includes approximately 9,000 
linear feet of levees or dikes on a road along the northern portion of the island, approximately 10,000 
linear feet along Sol Legare Road, approximately 1,000 linear feet along the east side on the Folly 
Island side of the island, which would need a levee or wall and gates implemented, and 
approximately 2,000 linear feet along the west end of the island by the marsh (Figure 15). The MCL 
tool computes that the investment cost for levees and dikes would range from $30.5 million to $97.5 
million, with an equivalent annual cost of $1.1 million to $3.6 million.  

Oyster Reef Breakwater: Oysters can be found living in salty or brackish waters along all coasts of the 
United States, clustering on older shells, rock, piers, or any hard, submerged surface. They fuse 
together as they grow, forming rock-like reefs that provide habitat for other marine animals and 
plants (NOAA 2020). There are several methods of reef construction, including 3D reefs, intertidal 
(fringing reefs), and broad-scale, low-profile reefs. These reefs have been developed with multiple 
natural material types such as oyster shells, clam shells, or rock. Figure 5-6, first presented under 
Living Shoreline Reefs, captures the general vicinity and approximate linear feet of this conceptual 
measure. The MCL tool computes that the investment cost for approximately 22,000 linear feet of 

 

1 Note that all the costs reported in the FAAS document were annualized using the current (FY21) water 
resources discount rate of 2.50%. 
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oyster reef breakwater would range from $20.4 million to $85.2 million, with an equivalent annual 
cost of $755 thousand to $3.2 million. 

Living Shoreline Sills: Coast-parallel, low-profile structures built with the objective of reducing the 
wave action on the shoreline. Sills can be designed using a number of different materials, including 
rock, armor stone, grout-filled bags, geo-tubes, rock gabion baskets, and natural materials such as 
oysters. Figure 15 captures the general vicinity and approximate linear feet. The MCL tool computes 
that the investment cost for approximately 22,000 linear feet of living shoreline sills would range 
from $38 million to $179.6 million, with an equivalent annual cost of $1.4 million to $6.7 million. 

Living Shoreline Vegetation: Consists of planting existing or graded but not filled slopes with hardy 
native vegetation to stabilize the shoreline. This measure may include vegetation types associated 
with dune enhancement and tidal and forest wetland restoration but can also incorporate additional 
shrub and herbaceous species. Figure 15 captures the general vicinity and approximate linear feet. 
The MCL tool computes that the investment cost for approximately 22,000 linear feet of living 
shoreline vegetation restoration would range from $470 thousand to $46.9 million, with an 
equivalent annual cost of $17 thousand to $1.7 million.  

Wetland Enhancement/Restoration: Wetlands also referred to as tidal fringe, tidal flat, or estuarine 
wetlands as well as brackish and saltwater marsh, and occur along the intertidal zone of marine, 
estuarine, or riverine systems. Although this definition includes a broad group of wetlands, we are 
more narrowly defining it here as intertidal and salt marsh. A typical wetland restoration project for 
this study would be fairly wide to incorporate a nearshore tidal flat and/or perched beach and 
provide an effective region for wave breaking and wave energy reduction even if significant erosion 
of portions of the wetland would occur during a storm event. It is estimated approximately 500 acres 
of back bay saltmarshes can be enhanced and restored. The MCL tool computes that the investment 
cost for wetland enhancement and/or restoration would range from $102.8 million to $662.5 million, 
with an equivalent annual cost of $3.8 million to $24.5 million.  

Building Elevation: Structure elevation involves raising the assets in place so that the structure sees a 
reduction in frequency and/or depth of flooding during high-water events. Elevation can be done on 
fill, foundation walls, piers, piles, posts, or columns. Selection of the proper elevation method 
depends on flood characteristics such as flood depth or velocity. While elevation is an option to 
maintain the historic value of an asset while reducing damages from coastal hazards, this option 
could have an adverse effect by impacting the integrity of the property. There are approximately 300 
historic properties located in Sol Legare, some of which have been elevated. Google Earth street level 
shows many of these homes at or just above grade level, some of the newer structures are elevated. 
Many homes in this area, however, are concrete block and thus are unable to be raised. There are 
resources available to be able to cross-reference the foundation types for these 300 homes to 
determine if elevation would be possible. The MCL tool computes that the investment cost for 
building elevation along approximately 200 linear feet of property would range from $29.9 million to 
$69 million, with an equivalent annual cost of $1.1 million to $2.6 million.  

The U.S. Department of the Interior’s Nation Park Service Technical Preservation Service offers 
guidance specifically on flood mitigation for rehabilitating historic buildings. “The goal of the 
Guidelines on Flood Adaptation for Rehabilitating Historic Buildings is to provide information about 
how to adapt historic buildings to be more resilient to flooding risk in a manner that will preserve 
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their historic character and that will meet The Secretary of the Interior’s Standards for Rehabilitation. 
These guidelines should be used in conjunction with the Guidelines for Rehabilitating Historic 
Buildings that are part of The Secretary of the Interior’s Standards for Rehabilitation and Guidelines on 
Flood Adaptation for Rehabilitating Historic Buildings” (Eggleston et al. 2021). The Secretary of the 
Interior’s guidelines are organized by adaptive treatment and include: 

 

 

 

 

 

 

 

 

 

 

Planning and Assessment for Flood Risk Reduction: Actions that include asset maintenance, 
identification, monitoring, and documentation. These types of actions should be enacted 
proactively. 

Temporary Protective Measures: Actions that include temporary or nonpermanent 
installations of materials or systems that can be deployed when flooding is predicted and 
removed or stored after the floodwaters have receded. 

Site and Landscape Adaptations: Actions that include changes to the site or the surrounding 
site to promote flood protection and will generally allow the historic asset to remain 
unaltered. 

Protect Utilities: Actions that protect the utilities and mechanical systems of a historic 
building and can include elevating or relocating the system above the flood risk level. 

Dry Floodproofing: Actions that are designed to prevent floodwaters from entering a building. 
To dry floodproof a property, all openings that extend or are completely below the 
established flood risk level must be designed to be temporarily or permanently sealed. 

Wet Floodproofing: Actions that allow water to enter the historic asset during a flood event 
and drain out as the waters recede. Since water is moving in/through/out of the structure it 
must be able to withstand the hydrostatic force of the floodwaters and all mechanical systems 
must be elevated above the flood level. 

Fill the Basement: Action that includes filling the below ground level basement on all sides of 
the masonry construction of a historic building with compacted gravel, soil, or sand. 

Elevate the Building on a New Foundation: Actions that include raising the height of a 
building by lifting it from its existing foundation, constructing a new and higher foundation, 
and resetting the building on the new foundation. Care should be taken to arrive at a 
foundation height that not only mitigates against flood but is also congruent with the historic 
character and appearance of the building. 

Elevate the Interior Structure: Actions that involve removing the historic building’s first or 
ground floor level and replacing it with a new floor plate at a level above the flood risk. This 
treatment allows the exterior of the structure to remain generally unchanged but requires an 
adequate ceiling height to accommodate the change. 

Abandon the First Story: Actions that modify a multi-story building to relocate all living spaces 
to upper floors above the flood risk level. The abandoned floor will require wet or dry 
floodproofing. Coordination with the local floodplain ordinance is necessary to determine if 
the course is allowable.  
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 Move the Historic Building: Actions that include separating a building or structure from its 
foundation and relocating it to a new site and foundation out of the flood risk area. Generally, 
relocating a building is not a recommended preservation practice but may be necessary with 
increased exposure to hazards. 

SACS tools were used to perform a reconnaissance-level analysis to evaluate the feasibility of these 
measures addressing the problems and opportunities identified by stakeholders. The MCL tool 
provides a rough-order-of-magnitude (ROM) cost estimate range for the selected measures including 
high- and low-measure investment cost (aka first construction cost), and Equivalent Annual Costs 
(EAC), as shown in Table 14. EAC is the annual cost range based over a 50-year period of analysis. 
Using the MCL tool in conjunction with the Economic Risk Assessment tool can determine which 
measures may merit further analysis in Tier 3 work and can help scope future efforts.  

Table 14: SACS Measures and Cost Library-Derived Costs for Sol Legare Example 

SACS Focus Area Action Strategy Measures 

Measure Investment Cost 
(Rough-Order-of-Magnitude 

Total First Construction 
Cost) 

Equivalent Annual Cost 
(Rough-Order-of-

Magnitude) 

Measure Group Name Measurement Unit Low High Low High 
Road Elevation  10,250 $/LF $75.7M $139.3M $2.8M $5.2M 
Floodwalls 24,675 $/LF $132.3M $213.1M $4.9M $7.9M 
Oyster Reef 
Breakwater 

21,500 $/LF $20.4M $85.2M $755K $3.2M 

Living Shoreline Sills 21,500 $/LF $38M $179.6M $1.4M $6.7M 
Living Shoreline 
Vegetation 

21,500 $/LF $470K $46.9M $17K $1.7M 

Wetland Enhancement 531 $/AC $102.8M $662.5M $3.8M $24.5M 
Levees / Dikes 22,350 $/LF $30.5M $97.5M $1.1M $3.6M 

Building Elevation 226 $/Asset $29.9M $69M $1.1M $2.6M 

 

When looking at the ROM EAD of approximately $4.2 million in comparison to the ROM measure 
equivalent annual costs, it is possible to identify that most of the measures may be cost beneficial at 
the low end of the cost estimates. Though floodwalls may be one of the more expensive measures, a 
candidate to possibly be screened out, it is also possible that this measure could be made more cost-
beneficial by adjusting the linear feet or other data entry points in the MCL tool. It also appears that 
building elevation and living shoreline vegetation may be some of the most cost beneficial measures 
to investigate further.  

This preliminary analysis shows that multiple measures may be economically justifiable and that more 
detailed analysis could be warranted in this area. Alternatives could be developed for CSRM using 
stand-alone measures or a combination of measures such as building elevation and living shoreline 
vegetation in tandem with one or more of the other measures. 
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5.1.2.2  Plum Island 
Plum Island (Figure 19) is a barrier island that was identified during the Tier 2 analysis as an area of 
concern. Plum Island is a critical infrastructure wastewater treatment plant. Wastewater from homes 
and businesses travels through more than 800 miles of sewer lines to get to the Plum Island 
Wastewater Treatment Plant. Figure 18 shows the service area supported by the wastewater 
treatment plant.  

 

 

Figure 18: Service Area of Plum Island Wastewater Treatment Plant (Charleston Water 2020)  

Plum Island is critical to the Charleston Metro Area as the primary wastewater treatment for the 
area, as shown in Table 15.  
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Table 15. Plumb Island Wastewater System Metrics (Charleston Water 2020) 

Metric Value 
Purchased Treatment/Municipal Customers 4 
Billion Gallons a Year (Treated at Plum Island) 8.4 
Million Gallons a Day (Treated at Plum Island) 23 
Miles of Sewer Force Mains 126 
Pump Stations 211 
Miles of Gravity Sewer Pipe 605 
Sewer Manholes 17,900 
Retail Sewer Customer Accounts 60,000 

 

A benefit value has not been quantified to determine a rough order net benefits computation when 
compared to costs, but as the only wastewater treatment plant, its importance is evident. 

Plum Island, shown in Figure 19 is surrounded by marsh and accessed by one road connecting to 
Harborview Road. The Flood Insurance Rate Map (FIRM) shows the island is partially in Zone AE 1-
percent AEP with much of it in 0.2-percent AEP (Figure 20). The Tier 1 hazard indicates a flood risk for 
present the 1-percent AEP and Category 5 MOM hurricane (Figure 21). The SCDHEC coastal 
vulnerability tool (Figure 22) indicates low likelihood for shoreline change. The SCR ranking is 
designated from very low likelihood to high likelihood for shoreline change. 

 

 

Figure 19. Plum Island Location 
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Figure 20: FEMA Preliminary 2019 Flood Zone Designations for Plum Island. 
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Figure 21: SACS Tier 1 Risk Assessment Viewer Displaying the SACS Hazard Index 
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Figure 22: Shoreline Change risk assessment as taken from the SCDHEC Risk Assessment database 
(SCDHEC n.d.).  

 

According to NOAA Sea Level Rise Viewer, two and three feet of sea level rise may cause future 
access issues and inundation around the perimeter of the island (Figure 23).  
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Figure 23: Impact for Two Feet (a) and Three Feet (b) of Sea Level Rise 
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Measures considered for this site include shown in Figure 24.  

1. Non-structural solutions 

 Assessment of the elevation of structures to determine if there is a need for elevation or 
floodproofing.  

2. Structural solutions  

 Raise access road to the plant to JI connector via Harborview Circle and Harborview: 
Road elevation (Circle Point Road) involves raising roads in place so that the road sees a 
reduction in frequency and/or depth of flooding during high-water events. Selection of 
proper elevation method depends on flood characteristics such as flood depth or velocity.  

 Levees – Interior Perimeter Road raise: Levees and dikes are embankments constructed 
along a waterfront to prevent flooding in relatively large areas. They are typically 
constructed by compacting soil into a large berm that is wide at the base and tapers 
toward the top. Grass or some other type of non-woody vegetation is usually planted on 
the levee/dike to add stability to the structure. If a levee or dike is located in an erosive 
shoreline environment, revetments may be needed on the waterfront side to reduce 
impacts from erosion, or in cases of extreme conditions, the dike face may be constructed 
entirely of rock. Levees may be constructed in urban areas or coastal areas; however, large 
tracts of real estate are usually required due to the levee width and required setbacks. 
Depending on the density of development of a flood-prone area, levees and floodwalls are 
often constructed as a system whereby floodwalls are interspersed between levee 
segments as available property space dictates.  

 Floodwall along edge in the marsh: Coastal floodwalls are structures used to reduce the 
risk associated with surge tide and waves in relatively small areas with limited space for 
flood risk management. Typical types of flood walls include cantilever T-type, I-type, and 
braced sheet pile structures. These structures are generally located landward of the 
normal high-water line so that they are inundated only by hurricane or other surge tide 
events. Unlike wider, more stable levees, narrow floodwalls require significant 
reinforcement and anchoring construction to prevent collapse from hydrostatic pressure.  

3. Natural and Nature-based Solutions 

 Living shoreline reef (VE zone): – Structure that provides potential habitat within it and 
functions like a low crested breakwater to reduce wave energy on the shoreline. Living 
shoreline reefs also referred to as bioengineered breakwaters may be obtained from 
discarded construction debris such as clean, rebar-free concrete but are now more 
commonly being accomplished with use of man-made structures specifically designed for 
reef creation. These include use of Wave Attenuation Devices (WADs™) and Reef Balls™ 
which are made of concrete, or other similar designs.  

 Wetland enhancement for wave action reduction: Wetlands also referred to as tidal 
fringe, tidal-flat or estuarine wetlands as well as brackish and saltwater marsh occur along 
the intertidal zone of marine, estuarine, or riverine systems. Specifically, these wetlands 
occur along the fringe of drowned river valleys, barrier islands, lagoons, and other coastal 
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waterways, receive their water primarily from marine or estuarine sources, and are 
affected by astronomical tidal action (Shafer et al. 2002). A typical wetland restoration 
project for this study would be fairly wide to incorporate a nearshore tidal flat and/or 
perched beach and provide an effective region for wave breaking and wave energy 
reduction even if significant erosion of portions of the wetland would occur during a storm 
event.  

 

 
Figure 24. Plum Island Potential Measures 
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In Tier 3 analyses these measures could be considered alone or in conjunction with each other as 
alternative plans in order to identify a recommended project.  But it is typical to screen individual 
measures before looking at them in combination with each other.  The following represents the kind 
of information that could be used for screening.  

Conceptual design and parametric cost estimates (typically per linear foot of shoreline) were 
developed for the various CSRM measures based on a combination of available cost information for 
existing projects and representative unit costs for all construction items (e.g., excavation, fill, rock, 
plantings) based on historical observations, shown in Table 16. These reflect rough order for the cost 
of the measures; however, it should be noted that there are other costs associated with impacts 
when considering these measures.  These might be interior flooding and the need for storage, gates 
or pumps; connecting access to roads being raised, such as driveways and other intersecting streets; 
or marsh impacts if construction is in or fills wetlands.   

Table 16: Initial Array of Measures for the Plum Island Example 

SAC FAAS Measures Measure Investment Cost Equivalent Annual Cost 

Reach Location Measure Measure 
Group Name Measurement Unit Low High Low High 

  S-12 
Road 
Elevation 

2750 $/LF $20,310,000 $37,480,00 $752,000 $1,388,000 

  S-8 Levees/Dikes 3530 $/LF $4,970,000 $15,580,000 $184,000 $577,000 

SC_04 
Plum 
Island 

S-6 Floodwalls 4000 $/LF $21,860,000 $34,960,000 $810,000 $1,295,000 

  NNBF-11 
Living 
Shoreline 
Reefs 

4230 $/LF $25,470,000 $80,630,000 $944,000 $2,986,000 

  NNBF-3 Wetland 100 $/AC $19,680,000 $125,980,000 $729,000 $4,666,000 

 

All measures listed above address three main stressors: storm surge, wave attenuation and sea level 
rise.  They also all consider the access concern as sea level rise occurs.  Additionally, each has an 
option for storm surge protection and wave attenuation of preserving or enhancing the surrounding 
marsh.  Upon further study, the selection of an alternative plan would consider constructability and 
other costs associated with each measure, such as:  

 

 

Access: Raising the access road from the plant to the James Island connector is the measure 
costed, it has associated issues with connecting driveways and roads that would have to be 
further considered.  Additionally, a levee around the perimeter, if taking the place of the 
existing perimeter road would have associated issues with connecting interior roads that 
would have to be further considered.  Whereas a floodwall might be constructed such that the 
interior connecting roads are not impacted.   

Interior flooding: A levee on existing land along the marsh would require gates at the 
entrance road and possibly pumps for the interior rainfall flooding (as there appears to be 
limited space for onsite storage of rainfall).  A floodwall constructed on high ground would 
have the same interior flooding requirements but a floodwall in the marsh could provide some 
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stormwater storage at the cost of more marsh impacts and mitigation as well as gates to 
release the storm water when tides recede.  

 Real Estate: Another significant consideration would be the real estate required for an action, 
for example the floodwall is more expensive than the levee, but the footprint of the levee and 
its easement requirements would likely be much larger than a floodwall, especially when 
consideration of future sea level rise and future adaptation.  Therefore, adaptation of a levee 
would be more limited than a floodwall in this location, unless a floodwall is added on top of 
the levee at a later date. 

5.2  Evaluation and Comparison of Solutions 
5.2.1  Evaluation Criteria 
Evaluation criteria are standards on which a decision can be based, and there are various ways to 
evaluate and compare solutions.  For this study, the Tier 3 examples are evaluated based on how well 
they achieve the objectives identified in Section 3. of the FAAS. 

Four objectives were identified for the Charleston Metro Focus Area. The first three are associated 
with resilient communities, and the last is associated with resilient ecosystems.  Each of these 
objectives has evaluation criteria that are categorized based on the hazard the objective addresses. 
For example, an objective may be to reduce coastal storm surge and inundation risk to communities. 
This objective addresses the hazard “Coastal Storm Surge and Economic Damages,” and in order to 
meet that objective, multiple standards (identified as Evaluation Criteria a, b, c, etc.) must be 
satisfied.  

The objectives and evaluation criteria focused on resilient communities are organized in Table 17, 
while the single objective and the evaluation criteria for resilient ecosystems are organized in Table 
18. The objectives are numbered 1 through 4 to parallel the organization of the objectives in Section 
3.  

Table 17: Evaluation Criteria for Resilient Communities Objectives 

Objective Hazard Addressed Evaluation Criteria 
1) Reduce 
coastal storm 
surge 
inundation risk 
to communities 

Coastal Storm 
Surge and 
Economic 
Damages 

a) Interorganizational stakeholders are recommended to continue 
existing efforts to reduce risk of economic damages from surge 
inundation to communities in the Charleston Metro Focus Area. 

b) Complete Tier 3 studies in the Charleston Metro’s areas at higher 
risk of economic damages within the next few years. 

c) Continue to collaborate to reduce coastal storm surge inundation 
risk to all communities in the Charleston Metro Focus Area, 
including those with lower risk of economic damages. 

Coastal Storm 
Surge and Critical 
Infrastructure 

a) Owners and managers of critical infrastructure in the Charleston 
Metro Focus Area are recommended to continue existing efforts to 
reduce risk of loss of use due to storm surge and sea level rise. 

b) Interorganizational stakeholders are recommended to be prepared 
to provide support for these existing and future efforts towards 
critical infrastructure resilience. 
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Objective Hazard Addressed Evaluation Criteria 
c) Owners and managers of critical infrastructure in the Charleston 

Metro Focus Area and interorganizational stakeholders are 
recommended to complete Tier 3 risk management studies of all 
critical infrastructure within the next several years. 

Coastal Storm 
Surge and Cultural 
Resources 

a) Owners and managers of cultural resources in the Charleston Metro 
Focus Area are recommended to continue existing efforts to reduce 
risk of coastal storm damages. 

b) Interorganizational stakeholders are recommended to be prepared 
to provide support for these existing and future efforts towards 
cultural resources resilience. 

c) Owners and managers of cultural resources in the Charleston Metro 
Focus Area and interorganizational stakeholders are recommended 
to complete Tier 3 risk management studies of cultural resources 
over time. 

2) Reduce risks 
from coastal 
storm erosion 

Coastal Storm 
Erosion and 
Economic 

a) Interorganizational stakeholders are recommended to continue 
existing efforts to reduce risk of economic damages from coastal 
storm erosion to communities in the Charleston Metro Focus Area. 

to communities Damages b) Complete Tier 3 studies in the Charleston Metro’s areas at higher 
risk of economic damages within the next few years. 

c) Continue to collaborate to reduce coastal storm erosion risk to all 
communities in the Charleston Metro Focus Area, including those 
with lower risk of economic damages. 

Coastal Storm 
Erosion and 
Critical 

a) Owners and managers of critical infrastructure in the Charleston 
Metro Focus Area are recommended to continue existing efforts to 
reduce risk of loss of use due to coastal storm erosion. 

Infrastructure b) Interorganizational stakeholders are recommended to be prepared 
to provide support for these existing and future efforts towards 
critical infrastructure resilience. 

c) Owners and managers of critical infrastructure in the Charleston 
Metro Focus Area and interorganizational stakeholders are 
recommended to complete Tier 3 risk management studies of all 
critical infrastructure within the next several years. 

Coastal Storm 
Erosion and 
Cultural Resources 

a) Owners and managers of cultural resources in the Charleston Metro 
Focus Area are recommended to continue existing efforts to reduce 
risk of coastal storm erosion. 

b) Interorganizational stakeholders are recommended to be prepared 
to provide support for these existing and future efforts towards 
cultural resources resilience. 

c) Owners and managers of cultural resources in the Charleston Metro 
Focus Area and interorganizational stakeholders are recommended 
to complete Tier 3 risk management and resilience enhancement 
studies of cultural resources over time. 



 

 

 
 

     

Objective   Hazard Addressed Evaluation Criteria  
  3) Guide and  Interorganizational  a)  Interorganizational stakeholders are recommended to now

 manage land  Collaboration for  continue existing efforts and initiate new efforts to collaboratively
 conservation,  Coastal Storm  reduce and manage the potential for increased development in the

 redevelopment, Resilience   Charleston Metro’s areas with higher exposures to the hazards of
 and future  coastal storms.

 development  b)  Continue existing and initiate new efforts to collaboratively
 for coastal  conserve land in the Charleston Metro’s areas with higher

 storm resilience  exposures.
c)  Continue existing and initiate new efforts to collaboratively guide

 and manage redevelopment to increase coastal storm resilience for
 all communities in the Charleston Metro Focus Area.

 

Table  18:  Evaluation Criteria for Resilient  Ecosystems  Objective  

   
  

 
  

 
 

 
 

 
 

 
 
 

 

  
 

 
 

 

 
  

 

 
 

 

   5.2.2 Evaluate Tier 3 Launch Examples 

Objective Hazard Addressed 
4) Improve Coastal Storm 
environmental Resilience and 
resources for coastal Environmental 
storm resilience, Ecosystem 
including resilience
to coastal storm
surge inundation and
coastal storm
erosion

a) 
Evaluation Criteria 

Owners and managers of environmental ecosystem, and 
managers of fish and wildlife resources in the Charleston 
Metro Focus Area are recommended to continue 
existing efforts to reduce risk of coastal storm surge 
inundation and erosion to ecosystem. 

b) Interorganizational stakeholders are recommended to
be prepared to provide support for these existing and
future efforts towards environmental ecosystem
resilience.

c) Owners and managers of environmental ecosystem in
the Charleston Metro Focus Area and
interorganizational stakeholders are recommended to
complete Tier 3 risk management and resilience
enhancement studies of environmental ecosystem over
time.

   
     

   

 

 

The objectives presented earlier and further articulated above in Section 5.2.1 provide a way to 
identify which action(s) stakeholders might take could best help achieve the focus area shared vision 
and desired end state(s). A qualitative evaluation is provided below 

Sol Legare: 

Objective  1 –  Reduce coastal storm surge inundation risk to communities:  All  Evaluation  
Criteria  under  Objective  1 are supported by  this solution. The Sol Legare  example contributes  
to reducing coastal storm  surge and  economic damages  by providing  information that can  
help launch a Tier 3 study in a lower economic  damage risk area of the Charleston  Metro.  
Similarly, it  contributes to  protecting critical infrastructure  by providing information that could 
help launch a Tier 3 study of State Road S-10-432, which is critical infrastructure  for  
ingress/egress. It also supports  protection of cultural resources  by providing  information that 
could help launch a Tier  3 study  to manage the risks of coastal storm surge to cultural  
resources.  
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 Objective 2 – Reduce risks from coastal storm erosion to communities: All Evaluation Criteria 
under Objective 2 are supported by this solution. The Sol Legare example contributes to 
reducing economic losses due to coastal storm surge by providing information that can help 
launch a Tier 3 study in a higher coastal storm erosion risk area of the Charleston Metro. 
Similarly, it contributes to reducing coastal storm erosion impacting critical infrastructure by 
providing information that could help launch a Tier 3 study of State Road S-10-432, which is 
critical infrastructure for ingress/egress. It also supports protection of cultural resources by 
providing information that could help launch a Tier 3 study to manage the risks of coastal 
storm erosion to cultural resources.  

 Objective 3 – Guide and manage land conservation, redevelopment, and future 
development for coastal storm resilience: The Evaluation Criteria under Objective 3 is 
supported by this solution. The Sol Legare example contributes to interorganizational 
collaboration for coastal storm resilience by providing information that can help launch a Tier 
3 study that could result in redevelopment such as building and road elevations. 

 Objective 4 – Improve environmental resources for coastal storm resilience, including 
resilience to coastal storm surge inundation and coastal storm erosion: One of one 
Evaluation Criteria under Objective 4 is supported by this solution. The Sol Legare example 
contributes to coastal storm resilience for environmental and ecosystem resources by 
providing information that could help launch a Tier 3 study of coastal storm surge inundation 
and erosion addressing living shorelines which can be beneficial habitats to fish and wildlife 
resources.  

Plum Island: 

 Objective 1 – Reduce coastal storm surge inundation risk to communities: One of three 
Evaluation Criteria under Objective 1 are supported by this solution. The Plum Island example 
contributes to protecting critical infrastructure by providing information that could help 
launch a Tier 3 study of the plant which is critical infrastructure for several communities and 
Circle Point Road, which is critical ingress/egress to the plant.  

 Objective 2 – reduce risks from coastal storm erosion to communities: Two of three 
Evaluation Criteria under Objective 2 are supported by this solution. The Plum Island example 
contributes to coastal storm erosion and reduction of economic damages by providing 
information that can help launch a Tier 3 study in a higher coastal storm erosion risk area of 
the Charleston Metro. Similarly, it contributes to reducing impacts of coastal erosion to critical 
infrastructure by providing information that could help launch a Tier 3 study of the plant and 
plant access road, which are critical infrastructure.  

 Objective 3 – Guide and manage land conservation, redevelopment, and future 
development for coastal storm resilience: The Evaluation Criteria under Objective 3 are 
supported by this solution. The Plum Island example contributes to interorganizational 
collaboration for coastal storm resilience by providing information that can help launch a Tier 
3 study that could result in redevelopment of the plant. 
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 Objective 4 – improve environmental resources for coastal storm resilience, including 
resilience to coastal storm surge inundation and coastal storm erosion: The Evaluation 
Criteria under Objective 4 may be supported by this solution. The Plum Island example 
contributes to coastal storm resilience for environmental and ecosystem resources by 
providing information that could help launch a Tier 3 study that could have the incidental 
benefit of providing habitats to fish and wildlife resources if living shorelines and wetlands 
enhancements are implemented. 

5.2.3  Compare Tier 3 Launch Examples 
The results of the above evaluation (Section 5.2.2 ) are compared in the following paragraph. 

Though it appears that the Sol Legare Tier 3 launch example meets more evaluation criteria (eight) 
than the Plum Island Tier 3 launch example (five), a method like this could be used to prioritize 
between efforts when resources are constrained. Note that the evaluation criteria were useful when 
the level of analysis associated with a Tier 3 launch had already been completed. They may be more 
difficult to apply where less information is available. Further, it is most desirable that both solutions 
as well as a variety of others are further considered and pursued to achieve the desired end state of 
resilient communities and resilient ecosystems in the Charleston Metro Focus Area. A comparative 
analysis for prioritization of all possible projects, programs, and policies across the Charleston Metro 
Focus Area is beyond the schedule and budget of this action strategy report, but this report provides 
an example for continued efforts both by organizations individually and collaboratively. 

5.2.4  Impacts of Sea Level Rise and Climate Change on Strategies 
As discussed in Section 4.1.3 , sea level rise and climate change will increase exposure to hazards for 
low-lying coastal areas including this focus area. SACS has consistently used a 3-foot sea level rise 
scenario which is consistent with the USACE Intermediate scenario for a 100-year projection and the 
USACE High scenario for a 50-year projection. Sea level rise and climate change are fundamentally 
incorporated into the FAAS and were considered carefully when identifying specific problems, 
strategies, and example solutions.  

Site-specific considerations for each project area beyond those already addressed in SACS would 
likely be addressed during Tier 3 follow-on activities with stakeholders. All of the measures would 
have to be designed for sea level rise and designed for resilience for future adaptation. When 
determining what elevation to raise roads or build levees and floodwalls, analysis would not only 
consider storm surge but also the range of sea level projections in the future. Structural measures 
would likely need to address a longer time frame and accommodate a wider range of stressors. 
Nature based features such as living shorelines and wetland marsh enhancements could be done 
periodically to adapt to changes in sea level through time. 

5.2.5  Potential Benefits and Impacts of Strategies 
The FAAS includes a vision statement, an array of problems and opportunities, objectives, an array of 
measures that can be used throughout the focus area with examples of how those measures could be 
applied in Tier 3 projects, a means of evaluating projects, and a call to action to continue the work. 
These elements are essential to making actionable recommendations and were coordinated closely 
with stakeholders. Potential benefits of the FAAS can be evaluated either individually as actions to 
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address identified problems, or collectively as a strategy that addresses the shared vision. As the Tier 
3 launch examples show, there are SACS tools that can be used to help facilitate understanding of 
potential benefits and impacts of individual actions. At the strategic level, a more qualitative 
approach has been taken to ensure that the objectives are well tied to the collaboratively developed 
vision statement and the problems and opportunities as described by stakeholders and validated by 
SACS analysis. The FAAS provides a shared platform for the stakeholder-identified interests in the 
focus area of resilient communities and resilient ecosystems. It also supports continued collaboration 
to develop, refine, and implement the strategies and component actions to achieve greater coastal 
storm resilience even as risk is increased by sea level rise.  

5.3  Focus Area Action Strategy 
The FAAS is based on the strategic objectives and comprised of the actions identified as needed by 
stakeholders throughout the study, including during the Focus Area Visioning Meetings held in 2020. 
The actions gathered were summarized in a table and for each action, the status, potential 
stakeholders, and possible funding sources were identified (Table 19). 

This report does not seek to create a strategy separate from significant and ongoing efforts, but to 
support those of the region and develop initial considerations for future federal and non-federal 
efforts carried out in a systems context with reliance on joint responsibility. As such, actions 
identified in the table below represent a strategy to advance multiple key topics within the focus 
area. While the strategy cannot reasonably represent the numerous ongoing, planned, and needed 
actions in the focus area, it represents priority actions identified by stakeholders. Further, the actions 
proposed by stakeholders are ways to achieve the desired ends expressed in the vision statement. 

Table 19:Charleston Metro Action Strategy 

Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Charleston Metro Special Flood Hazard Areas 
Standards Update 

Inventory and assess current ordinances and 
standards to reduce flood risk. 

needed Jurisdictions in the 
Charleston Metro area 

PAS, FPMS, Section 729 
Watershed Planning 

Charleston County Backbay FRM Studies 

Reduce risk of backbay flooding - both nuisance 
flooding (long-term forcing) and flooding from 
extreme storms (short-term). 

needed Charleston County and 
municipalities PAS, FPMS, CAP 205 

Bluehouse Swamp and Goose Creek Reservoir 
FRM/CSRM Study 

Address repetitive flooding, including identifying 
if/how Bluehouse Swamp and Goose Creek 
Reservoir impact flooding. 

needed Berkeley/ Dorchester/ 
Charleston CoG 

PAS, FPMS, Section 729 
Watershed Planning, CAP 
205 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

James Island, Westchester Neighborhood 
Channel Wetland Restoration Project 

Implement Sea Island salt marsh wetland 
restoration project at the channel from 
Westchester neighborhood (James Island) 
leading to a tidal slough at Clark Sound. 

needed Charleston Audubon 
PAS, FPMS, Section 729 
Watershed Planning, CAP 
206 

Charleston County Flood Map Delineation 
Study 

Conduct a flood map delineation study to 
establish base floods for unnumbered A zones 
to help with planning of development and 
evacuation routes. 

needed Charleston County PAS, FPMS 

Charleston Metro Risk Communication 
Program 

Create and enhance public education and risk 
communication to achieve resilience. 

needed 
Charleston County and 
municipalities, Clemson 
Extension 

PAS, FPMS 

Charleston Port Flooding Study 

Identify adaptation modifications to achieve 
resilience to CSRM/SLR/tidal and inland 
flooding. 

needed South Carolina Ports 
Authority PAS, FPMS, CAP 205 

Church Creek Project Design/Build 

Implement projects based on outcomes of 
ongoing FRM/CSRM studies to achieve 
resilience. 

needed City of Charleston 
PAS, FPMS, Section 729 
Watershed Planning, CAP 
205 

Eagle Creek and Chandler Creek FRM/CSRM 
Study 

Reevaluate the 1985 Eagle Creek Flood Control 
Project and expand the project limits along 
Eagle Creek in order to reduce flood damages 
from storm events such as Hurricane Irma. 

needed Dorchester County USACE/CAP 205 

Highway 17/Main Road Infrastructure 
FRM/CSRM Study 

Achieve infrastructure resilience with 
consideration for marsh migration at Hwy 
17/Main Rd and nearby areas. 

needed SCDOT PAS, FPMS, CAP 205 

Sea Level Rise Best Management Practices 
Study 

Protect Little Goat Island, Cusabo Island, Long 
Island, Hammock Island with BMPs that help 
adapt to SLR and development. 

Needed SCDNR PAS, FPMS, Section 729 
Watershed Planning 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

City of North Charleston FRM/CSRM 
Vulnerability Assessment 

Assess to determine what can be done to 
address flooding, SLR, and climate change for 
improved public safety. 

Needed City of North Charleston PAS, FPMS, Section 729 
Watershed Planning 

Plum Island Wastewater Treatment Plant 
FRM/CSRM Study 

Assess the resiliency of the Plum Island 
wastewater treatment plant and the impact if 
lost to storm surge. 

Needed Charleston Water System USACE/PAS/FPMS/CAP 
205 

Gullah-Geechee Communities FRM/CSRM 
Studies 

Assess/achieve resilience for the Gullah-
Geechee neighborhoods/communities at risk. 

Needed Charleston Metro 
jurisdictions 

USACE/FPMS/PAS/Waters
hed Planning/CAP 205 

Harbor Island RSM 

SAND identified a potential future RSM project 
at Harbor Island. 

Needed Charleston County undetermined 

Charleston Inland and Tidal Study 

Reduce flood risk to properties, critical 
infrastructure, and transportation routes within 
the City of Charleston. This is a different, larger, 
study area than that covered by the Charleston 
Peninsula Study that is currently underway.  
Rainfall induced and tidal flooding represent a 
significant issue in the City of Charleston. 

Needed City of Charleston USACE/GI 

Charleston Peninsula, South Carolina Coastal 
Flood Risk Management Study 

CSRM to protect against storm surge with a 
seawall, natural and nature-based features, and 
nonstructural floodproofing. As of August 2021, 
an estimated benefit to cost ratio of 10.2 to 1. 

Ongoing City of Charleston USACE/GI 

Folly Beach Shore Protection Project, South 
Carolina 

A 50-year extension to the existing 
authorization is proposed, and as of June 2021 
findings are that the Folly Beach Shore 
Protection Project can be improved by adding a 
dune feature to the beach placement template. 

Ongoing City of Folly Beach USACE/GI 

Hollywood, SC floodplain study 

Conducted by local government. 
Ongoing Hollywood, Charleston 

County n/a 

Bird Habitat at Crab Bank 

Post 45 BUD project implementation. 
Planned Charleston County n/a 
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Key Actions Status Potential Stakeholder(s) Possible Funding Sources 

Stabilize jetty 

Post 45 BUD project implementation. 
Planned Morris Island, Charleston 

County n/a 

Breach Inlet 

RSM Material project implementation. 
Planned Sullivan's Island, Charleston 

County n/a 

 

This action strategy is a starting point, and the strategic objectives, and implementing actions are 
expected to continue to evolve, including revisions, refinements, additions, and subtractions over 
time. After completion of this study, USACE encourages state/local organizations to assume 
ownership of this action strategy, and to keep it a living, evolving strategy that is actionable. Further, 
USACE would be happy to assist with further development of the strategy and/or implementing 
actions if requests are made and congressional authorization and appropriation is provided.  

 

6.  Recommendations 
The Focus Area Action Strategy was developed to advance the shared vision and manage increased 
coastal storm risk as a result of sea level rise in the Charleston Metro Focus Area as shown in Figure 
25. The shared vision is the overarching goal of the FAAS, broadly representing problems and 
opportunities stakeholders wish to address in the focus area. Resultingly, FAAS goals and objectives 
support the shared vision. SACS key products and other stakeholders’ shared tools and data were 
used to support FAAS goals and objectives by assessing risk and identifying ongoing, planned, and 
needed actions to communicate and address the risk. 
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Figure 25: Focus Area Action Strategy Supports the Focus Area’s Shared Vision 
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Recommendations are made for either multi‐

agency action, USACE action, or consideration by 

the United States Congress (Congress) to advance 

specific actions resulting from analyses presented 

in this report and coordination with stakeholders 

throughout the focus area. Recommendations are 

organized into six categories, as shown Figure 26, 

and three implementation timeframes (near‐, mid‐, 

and long‐term). Implementation timing is 

influenced by the degree of stakeholder 

collaboration needed, technical complexity of the 

recommendation, current momentum toward 

implementation, and other factors needed to 

implement the recommendation. Implementation 

timeframes include: 

 Near‐Term Implementation (<5 years): 

These recommendations are generally less 

complex and have significant stakeholder 

momentum toward implementation. The recommendations generally maintain and adapt 

actions that are recognized to successfully manage coastal storm risk. 

 Mid‐Term Implementation (5‐10 years): These recommendations may be more technically 

complex and/or require additional stakeholder coordination and collaboration for 

implementation. They advance emerging efforts to address coastal storm risk. 

 Long‐Term Implementation (>10 years): These recommendations typically require significant 

stakeholder coordination before implementation and may be the most challenging to 

implement on regional scales from technical, political, or social perspectives. Importantly, 

coordination and collaboration on these recommendations should not be delayed. The long‐

term timeframe is reflective of the time to implementation based on immediate action to 

advance these recommendations which include complex issues such as land‐use, zoning, and 

building codes. 

Table 20 provides the recommendations for the Charleston Metro focus area.

Figure 26: Recommendation Categories 
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Table 20: Recommendations for the Charleston Metro Focus Area 

Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Charleston Metro Special 
Flood Hazard Areas 
Standards Update 

Inventory and assess current ordinances and standards to reduce 
flood risk 

Activities and 
Areas Warranting 
Further Analysis 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Charleston Metro Risk 
Communication Program 

Create and enhance public education and risk communication 
programs to achieve resilience, addressing topics such as coastal 
storm surge and coastal storm erosion, especially as exacerbated by 
sea level rise. 

Design and 
Construction 
Efforts 

Near-Term  
(<5 years) Congress 

Charleston Peninsula, 
South Carolina Coastal 
Flood Risk Management 
Feasibility Study 
Recommended Plan 
(pending) 

The SACS support recommendations (pending) of the USACE 
Charleston Peninsula, South Carolina Coastal Flood Risk Management 
Feasibility Study.  The study is addressing the risk of damages from 
storms on the Charleston Peninsula. As of August 2021, the proposed 
alternative includes a seawall, natural and nature-based features, and 
nonstructural floodproofing, with an estimated benefit to cost ratio of 
10.2 to 1. 

Design and 
Construction 
Efforts 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Church Creek Project 
Design/Build 

Implement projects based on outcomes of ongoing FRM/CSRM studies 
conducted by local governments.  

Recommendations 
on Previously 
Authorized USACE 
Construction 
Projects 

Near-Term  
(<5 years) Congress 

Folly Beach Shore 
Protection Project, South 
Carolina 

CSRM for Folly Beach - A 50-year extension to the authorization is 
proposed, and the current project is being restudied to determine 
ways to improve it from a holistic view of its performance. Findings as 
of June 2021 are that the Folly Beach Shore Protection Project can be 
improved by adding a dune feature to the beach placement template.  

Study Efforts 
(follow-on USACE 
feasibility study) 

Near-Term  
(<5 years) Congress Charleston Inland and Tidal 

Study 

The purpose of this effort is to reduce significant flood damages to 
properties, critical infrastructure, and transportation routes within the 
City of Charleston due to rainfall induced and tidal flooding, which 
represent a significant issue in the City of Charleston.  Approximately 
60 percent of the City of Charleston is within the FEMA 100-year 
floodplain. This is a different study area and flooding type than that 
covered by the Charleston Peninsula Study that is currently underway.   

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Charleston County Flood 
Map Delineation Study 

Conduct a flood map delineation study to establish base floods for 
unnumbered A zones to help with planning of development and 
evacuation routes.  
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Study Efforts 
(follow-on studies) 

Mid-Term  
(5-10 years) 

Multi-Agency 
Action 

Eagle Creek and Chandler 
Creek FRM/CSRM Study 

Dorchester County would like to partner with USACE to reevaluate the 
1985 Eagle Creek Flood Control Project and expand the project limits 
along Eagle Creek in order to reduce flood damages from storm events 
such as Hurricane Irma in 2017.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) Congress Charleston County Backbay 

FRM Studies 

Reduce risk of backbay flooding - both nuisance flooding (long-term 
forcing) and flooding from extreme storms (short-term), expanding 
focus from beachfront to entire community shoreline (ocean and 
estuarine).  Flooding has overtaken chronic beach erosion as the 
barrier island communities' biggest management challenge.   

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Charleston Port Flooding 
Study 

Identify adaptation modifications to achieve resilience to sea level 
rise, tidal, and inland flooding.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

City of North Charleston 
FRM/CSRM Vulnerability 
Assessment 

Assess what can be done to address flooding, sea level rise, and 
climate change for improved public safety.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Highway 17/Main Road 
Infrastructure FRM/CSRM 
Study 

Achieve infrastructure resilience with consideration for marsh 
migration at Highway 17/Main Road and nearby areas.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

James Island, Westchester 
Neighborhood Channel 
Wetland Restoration 
Project 

Implement the Sea Island salt marsh wetland restoration project at 
the channel from Westchester neighborhood (James Island) leading to 
a tidal slough at Clark Sound. 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) 

Multi-Agency 
Action 

Sea Level Rise Best 
Management Practices 
Study 

Protect Little Goat Island, Cusabo Island, Long Island, and Hammock 
Island with best management practices that help adapt to coastal 
storms as worsened by sea level rise.  

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) USACE 

Gullah-Geechee 
Communities FRM/CSRM 
Studies 

A study is needed to assess resilience measures for the Gullah-
Geechee neighborhoods/communities at risk  
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Authority 
Category 

Implementation 
Timing 

Recommendation 
For Recommendation Description 

Study Efforts 
(follow-on studies) 

Long-Term  
(>10 years) USACE 

Plum Island Wastewater 
Treatment Plant 
FRM/CSRM Study 

Assess the resiliency of the Plum Island wastewater treatment plant 
and the impact if lost to storm surge. Note that the impact would be 
large because this wastewater treatment plant service most of the 
Charleston Metro area, which is thousands of homes and businesses. 
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