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APPENDIX A    INTRODUCTION

The Appendices have been developed to complement the Clean and Resilient Marina Guidebook.  
The Appendices are provided as Volume II of the Clean and Resilient Marina Guidebook and 
structured in the same order as the chapters in the Clean and Resilient Marina Guidebook.  The 
references and resources provided in Volume II include the following:

Appendix A:   Introducti on
Appendix B: Marina Design and Siti ng
Appendix C:   Emergency Preparedness
Appendix D:   Evacuati on Procedures
Appendix E:   Stormwater Management and Erosion Controls
Appendix F:   Climate Adaptati on and Sea Level Rise
Appendix G:   Outreach and Educati on for Marina Operators and Boaters

APPENDIX A-1  DEVELOPING CLEAN & RESILIENT MARINAS - SURVEY RESPONSE SUMMARY
Relevant informati on pertaining to existi ng and future clean and resilient marinas was collected 
through surveys completed by marina owners and operators.  The survey responses are provided 
as Appendix A-1.

APPENDIX A-2  LOCATIONS OF MARINAS PER STATE
Maps of existi ng marinas have been created for each of the fi ve Gulf of Mexico States and 
provided as Appendix A-2.  

APPENDIX A-3  EXISTING CLEAN MARINA PROGRAMS IN THE GULF OF MEXICO STATES
As menti oned in the Clean and Resilient Marina Guidebook, each of the fi ve Gulf of Mexico States 
has their own Clean Marina Program upon which the Clean and Resilient Program is built.  For 
more informati on regarding each individual State’s Clean Marina Program, the link is provided 
in the table below.  The fi ve Gulf of Mexico States have a wealth of informati on pertaining 
to their existi ng Clean Marina Programs and have available resource guides, checklists, acti on 
plans, pledge forms, recogniti on programs, etc.  Selected specifi c program components from 
each state are provided as Appendix A-3.  

State Existi ng Clean Marina Program Websites
Alabma htt p://www.masgc.org/cleanmarinas
Florida htt p://www.dep.state.fl .us/cleanmarina
Louisiana htt p://dnr.louisiana.gov
Mississippi htt p://www.masgc.org/cleanmarinas
Texas htt p://cleanmarinas.org/program.htm

APPENDIX A-4  SUMMARY OF LAWS IMPACTING COASTAL LAND USE IN THE GULF OF 
MEXICO

This research was conducted to implement the Gulf of Mexico Alliance Acti on Plan II and 
corresponds to the Resilience Team Acti on 2: Toolbox, Sub Acti on 4: Research existi ng policies 
guiding coastal development and make recommendati ons to enhance resilience.  The Summary 
of Laws Impacti ng Coastal Land Use in the Gulf of Mexico is a summary of coastal land use laws 
in the Gulf of Mexico and highlights state-specifi c policy and planning framework guiding coastal 
development across the Gulf State.  This document is provided as Appendix A-4.
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APPENDIX A-1    DEVELOPING CLEAN & RESILIENT MARINAS - SURVEY 
RESPONSE SUMMARY

As part of the Task Force’s efforts to collect information about marinas in the Gulf of Mexico area, 
a survey was distributed to marinas throughout fi ve coastal states: Texas, Louisiana, Mississippi, 
Alabama, and Florida.  Coastal marinas were targeted, with the Clean Marina program participates 
included.  Delivery methods included an emailed survey link (using Survey Monkey, an online 
survey database), mailed letters including the survey link, email invitations sent directly from the 
Survey Monkey website, and hand delivery by state agency staff.

A.1a  OVERVIEW

A total of 51 surveys were collected from the fi ve states involved.  All of the respondents identifi ed 
themselves as “marinas” instead of “boatyard.”  Of these marinas, 98% provide wet slips and 
76.5% provide dry slips.  Of the 98% of responding marinas with wetslips, 37 marinas have 
less than 100 wet slips available, and 12 have more than 100 wet slips.  Of all of the marinas 
responding, 17 do not have dry slips available, 10 marinas have less than 100 dry slips available 
and 12 marinas have 100 slips or more.   

STAFFING

All of the participants provided an answer to the question regarding year-round staff.  Of the 
51 responses, nearly half (49%) have 1-5 year-round employees, 25% (13 marinas) have 6-10 
employees and 9 marinas reported 10 or more year-round employees.  [Four responses included 
“no employees full time,” “N/A” or “volunteers only”].

COMMERCIAL FISHING VESSELS

23.5 Percent of respondents provide docks for 
commercial fi shing vessels with a range of 1 to 41 
vessels present at the 12 marinas reporting.
  

UTILITIES/AMENITIES

Of the 51 respondents, 2 skipped the question pertaining to utilities present at their marina.  The 
majority (93.9 %) of marinas provide electricity and at least half provide fueling operations and 
sewer as well.
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A.1b  CLEAN MARINAS

  CLEAN MARINA DESIGNATION

Most of the marinas completing the survey have already been designated as Clean Marinas in 
their state: 87.8% of the 49 marinas that responded to this question. 

PERECEPTIONS OF MARINAS COMMITMENT TO SUSTAINABLE DEVELOPMENT CONCEPTS

The majority of respondents felt their marinas have a strong commitment or support for the 
following sustainable development concepts.  This question was skipped by 7 responding 
marinas.
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PLEASE CHARACTERIZE YOUR MARINA’S STORMWATER PROGRAM

Most respondents feel they have a strong capacity to manage fl ooding and maintenance problems 
and ability to responds to complaints.  Budget and long-term plans scored in the limited range for 
those marinas which institute those items.  This question was skipped by 4 respondents.
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CLEAN MARINA STRATEGIES
The most common Clean Marina strategies include Pollution Prevention Plans, Spill Prevention, 
Control, and Countermeasure Plans, Emergency Training and Drills, and Water Conservation 
Measures.  The least common was a designated area for vessel maintenance and repair.  (3 
people skipped this question).
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A.1c  RESILIENT MARINAS

CITY/COUNTY/PARISH/STATE DISASTER PREPARATION

This question was skipped by 19.6% of respondents.  Of the 41 responses, 58.5% indicated 
that yes, their government requires them to take measures to prepare for natural or man-made 
disasters.

CITY/COUNTY/PARISH/STATE HAZARD MITIGATION PLAN FOR MARINAS

STORM ANCHORAGE AVAILABILITY

This question refers to safe harbors or other locations 
designated for storm anchorage of boats.  Of the 41 
responses, 70.7 % indicated that there are no designated 
storm anchorage areas near their marina.
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This question was skipped by 13 respondents.  Of the 38 
responses, 36.8% indicated that yes, their government has 
an active hazard mitigation plan that addresses marinas.



RESILIENCE STRATEGIES EMPLOYED

Of the resilience strategies listed, the Hurricane Preparedness Plan is currently employed by 92.7% 
of respondents.  The least common strategy employed was non-hardened shoreline stabilization 
measures with only 9 marinas listing this strategy.
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STRATEGIES TO IMPROVE RESILIENCY

Respondents were asked to rank the following strategies from 1-8 with 1 being the most effective 
and 8 being the least.  Based on average ratings, Hurricane Preparedness Plans were considered 
the most effective, with governmental policies as the least effective.  [15 people skipped this 
question.]
The following chart provides all responses graphically.
  



MARINA SITING AND DESIGN CONSIDERATIONS

Marinas were asked to indicate any and all of the considerations used in the site development 
decisions made for their marina.  10 people chose to skip this question.
 

INTEREST IN RESILIENT MARINA CERTIFICATION PROGRAM PARTICIPATION

When queried about their potential for participation in a Resilient Marina Program, 66% of the 
respondents indicated they may be interested.
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ADVANTAGES TO RESILIENT MARINA CERTIFICATION PROGRAM

Participants were asked to rank several options for their attractiveness to encourage participation 
in a Resilient Marina Certifi cation Program.  (Ranking 1 as the highest, most incentive, and 8 
being the lowest.) [10 people chose to skip this question].  From these responses, eligibility for 
grants and the possibility of insurance incentives/discounts were the most popular responses.
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OBSTACLES TO CLEAN/RESILIENT MARINA CERTIFICATION PROGRAM PARTICIPATION

Participants were asked to rank 4 obstacles that might prevent them from being included in a 
Resilient Marina Certifi cation Program with 1 being the least and 4 being the greatest obstacle.  
10 people chose to skip this question.  As indicated by the red in the chart below, Cost is the 
greatest obstacle for the marinas responding to this question and staffi ng constraints would be the 
least.
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APPENDIX A-2    

LOCATIONS OF MARINAS PER STATE
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APPENDIX A-3a  

ALABMAMA-MISSISSIPPI CLEAN MARINA CHECKLIST



CLEAN MARINA
C H E C K L I S T

Marina Name:

Owner/Manager:

Address:

City State Zip

Phone: Email:

Marina, no boatyard Marina w/boatyard Boatyard, No slips

This form is intended to be used by marina operators to conduct self-assessments of their
facilities. Ultimately, it will also be used by representatives of the Alabama-Mississippi Clean
Marina Program to verify self-assessments. The page numbers refer the reader to the Program’s
Clean Marina Guidebook, available from the Clean Marina Program by calling the Clean Marina
Coordinator in your state. In Alabama, call Shonda Borden at 251-438-5690. In Mississippi, call
Cherie Arceneaux at 228-806-8811.

Clean Marina designations will be presented to those marinas that score a minimum score
per subject area (see back page). Scoring is based on applicable items only. Please note: It is not
necessary to implement all of the recommended practices to be recognized as a designated
Clean Marina. It is necessary, however, to be in compliance with all applicable laws and regula-
tions.

The "not applicable" (N/A) option is offered so that items, which are beyond your control or
which simply do not apply to your operations, will not be counted against you in the scoring
process. For example, if you do not have a septic system, check "N/A" for Area 5 number 6.
There is space at the end of this form to clarify any of your answers or to tell us about other
items you would like the reviewers to take into consideration.

MARINA TYPE 



Section 1: MARINA SITING, DESIGN AND MAINTENANCE 
Note: Items 1 and 2 below apply to new construction only.
DOES YOUR FACILITY OR STAFF:

1. use environmentally neutral materials?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. practice water conservation? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. maintain your property using best management practices . . . . . . . . . . . . . . . . . . . .
4. use upland and inland areas for storage and maintenance?  . . . . . . . . . . . . . . . . . .
5. avoid toxic lawn and garden chemicals to the greatest extent possible? . . . . . . . . . .
6. practice waterwise landscaping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7. maintain and/or develop vegetated areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

Section 2: SEWAGE HANDLING
DOES YOUR FACILITY OR STAFF:

1. have a well-maintained pumpout system?...................................................................
2. promote the use of your pumpout station to boaters?...............................................
3. keep a record or log of use and maintenance of your pumpout system? ..................
4. have a dump station or a wand attachment to empty portable toilets? ....................
5. address MSD laws in your contracts for slips, transients and liveaboards?...............
6. have clean, functional restrooms available 24 hours a day?.......................................

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

NOTES: Section 1

NOTES: Section 2

YES NO N/A

YES NO N/A



Section 3: FUEL CONTROL
DOES YOUR FACILITY OR STAFF:

1. comply with petroleum (fuel and oil) storage requirements?.....................................
2. regularly inspect/repair fuel transfer equipment? ......................................................
3. have signs posted explaining proper fueling procedures? ..........................................
4. have environmental controls at the pumps? ..............................................................
5. maintain for available use oil absorbent materials at your fuel dock?.......................
6. train staff to promote environmental precautions while fueling? .............................

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

Section 4: SOLID WASTE MANAGEMENT
DOES YOUR ACILITY OR STAFF:

1. store, use, and dispose hazardous waste, including solvents, in accordance with 
federal and state regulations?.......................................................................................

2. reduce waste in your daily operations?........................................................................
3. control the disposal of fish cleaning scraps in a way that will not impair water

quality? .........................................................................................................................
4. provide trash cans, bins, dumpsters, etc. that are covered, well-marked and

convenient? ..................................................................................................................
5. conduct daily trash pick-up within your marina and along shoreline? ......................
6. provide or promote solid waste (oil, solvents, etc.) recycling? ....................................
7. provide or promote liquid waste recycling? .................................................................
8. minimize your use of hazardous products? .................................................................
9. follow recommended waste disposal methods?...........................................................

10. provide materials needed for spill-proof oil changes? .................................................

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

NOTES: Section 3

NOTES: Section 4

YES NO N/A

YES NO N/A



Section 5:VESSEL CLEANING AND REPAIR 
DOES YOUR FACILITY OR STAFF:

1. discourage in-water maintenance and cleaning?..........................................................
2. supply environmentally-friendly cleaners? ...................................................................
3. minimize impacts of pressure washing? .......................................................................
4. restrict maintenance activities to designated work areas? ...........................................
5. contain dust from sanding? .........................................................................................
6. contain debris from sand blasting?..............................................................................
7. minimize oil spills during maintenance operations?...................................................
8. recommend bottom coatings w/ minimal environmental impact? ............................
9. promote or offer proper winterizing services to boaters?............................................

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

Section 6: STORMWATER MANAGEMENT 
DOES YOUR FACILITY OR STAFF:

1. practice good housekeeping methods to reduce stormwater pollution? ....................
2. inspect your stormwater system regularly? ..................................................................
3. follow a stormwater management system? ..................................................................
4. limit paved areas around your facility.........................................................................
5. cultivate vegetated areas or "green spaces"? .................................................................
6. use oil and grit separators in storm drains?................................................................
7. does your facility have/implement a Storm Water Pollution Prevention Plan..........

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

YES NO N/A

YES NO N/A

NOTES: Section 5

NOTES: Section 6



Section 7: MARINA MANAGEMENT 
IN TRAINING YOUR STAFF, DO YOU:

1. train your employees twice annually about the components of your
Stormwater Pollution Prevention Plan?........................................................................

2. train employees to use equipment & chemicals according to 
established standards? ...................................................................................................

3. regularly review emergency response procedures with staff? .......................................
4. train employees to watch for inappropriate discharges? ..............................................
5. have a predetermined procedure for handling polluters? ...........................................
6. maintain training records? ...........................................................................................
7. incorporate best management practices into all contracts? .........................................
8. publicize your own environmental efforts?..................................................................

IN EDUCATING BOATERS, DO YOU:
1. provide clean boating sheets to your boaters? .............................................................
2. provide clear signage around your marina?.................................................................
3. post environmental information in clearly marked places (bulletin board)? .............
4. encourage and recognize boaters who try to prevent pollution? ................................
5. encourage patrons to review contracts?.......................................................................
6. post signs detailing best management practices ? .......................................................
7. distribute environmental education materials to patrons? .........................................
8. encourage and recognize boaters who try to prevent pollution? ................................

SECTION SCORE. ( "Yes" responses/ (Number of applicable items) x 100 = %

YES NO N/A

YES NO N/A

NOTES: Section 7



TOTALING YOUR SCORE
Enter your scores for each section on the lines below and compare your scores to the minimum required scores.

Your scores Minimum required score

Section 1               % Section 1             70 %

Section 2               % Section 2             80 %

Section 3               % Section 3             80 %

Section 4               % Section 4             80 %

Section 5               % Section 5             80 %

Section 6               % Section 6             85 %

Section 7               % Section 7             85 %

If your score for each area is equal to or greater than the minimum required for each applicable section, and no regulatory
infractions are noted, your facility qualifies as a designated Clean Marina. Call your Clean Marina Coordinator to schedule a
confirmation visit. In Alabama, call Shonda Borden at 251-438-5690. In Mississippi, call Cherie Arceneaux at 228-806-8811.

Please use an extra sheet of paper for any additional comments or explanations you would like us to consider.

VERIFIED BY ALABAMA-MISSISSIPPI CLEAN MARINA PROGRAM REPRESENTATIVES:

DATE OF MARINA EVALUATION:
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FLORIDA CLEAN MARINA ACTION PLAN WORKBOOK
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Before you begin this workbook take a moment to review the following defi nition 
to make sure your facility is eligible to participate in the program at this time. 
You qualify as a marina in the Clean Marina Program if you are:

A 
marina is a facility that provides, for a fee, docking with marine related                             

    services. 

The   Clean   Marina   Workbook    has   two  (2)   sections. The  fi rst  section    is    a   review   
performed    by  the  marina   owner/operator    of    facility   operations  and   activities 
performed by the owner/operator,  through the use of  a check-
l i s t  p r o v i d e d  b y  t h e  F l o r i d a  D e p a r t m e n t  o f  E n v i r o n m e n -
tal Protection. The checklist includes marina activities with associated 
Best Management Practices (BMPs); efforts to communicate effectively the 
standards and procedures to all employees and agents; and procedures 
for prompt and appropriate correction of any violations that may occur if 
corrective actions need to take place.  Operations or activities that 
might not be present at your facility are marked (Optional) if activities 
are  present, the  category applies. Section 2 is a concise commitment 
statement by the marina describing steps which will be followed to achieve 
a Clean Marina Designation meeting program criteria grouped under 
E n v i r o n m e n t a l  M a n a g e m e n t ,  Wa t e r  Q u a l i t y  a n d  S e r v i c e s . 

Forms in the workbook have been designed for you to indicate the dates criteria 
will be implemented and the approximate cost. This is intended to serve as an 
active planning tool for your use by treating each criterion as a task or goal to 
accomplish by dates you set.

This document must be retained before and after designation to 
serve as a record of your efforts to achieve designation and to keep 
your designation current. Good faith effort is demonstrated by active and 
continual progress in achieving the criteria of the Program. This will be 
especially important should your facility be inspected by regulatory 
agencies during your efforts to achieve designation.

 

Clean Marina Action Plan Workbook
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How To Complete the CMAP

 
There are six (6) columns as part of the Clean Marina Action Plan. The fi rst states “If 
No, When”. This gives you the opportunity to set the date to accomplish the desired 
task. If you have completed the task, then leave this column blank. If you have not com-
pleted the desired task then set yourself a reasonable time frame. The next column is 
the expected cost. Once again this is only if you have not accomplished this task but 
desire to do so. These columns are to help you budget and plan for the desired results. 
As shown below in red.
 If No,    Required     Optional 

EMERGENCIES When Cost  Points Total    Points Total

1. Emergency “Panic” File On Site                   11/04       0   10
2. Staff Trained for Emergencies   10
3. Marina Prepared for Fuel Spill 10  
                                                         Total    10  20

The 3rd column are “Required Points”. These are required points as shown for CMAP 
Analysis (Page CMAP 17).  Generally these points indicate that they are part of Marina                               
Environmental Measures with Federal or State laws or rules.  Once you have accomplished 
this task fi ll out the space to the right (as shown below in red). The optional points are 
listed in the 5th column. You place those points to the right or the 6th column (as shown be-
low). You will need  60% of optional points achieved in order to receive designation by the 
Department. The bottom row of each column is the area where you will add up all points in 
each “Total” column.

 If No,    Required     Optional 

EMERGENCIES When Cost  Points Total    Points Total

1. Emergency “Panic” File On Site                 11/04       0   10 10 
2. Staff Trained for Emergencies   10 10 
3. Marina Prepared for Fuel Spill 10 10 
                                                        Total 10 10  20 20 

Any questions in completing this form, call your DEP District Technical Staff (see page 145 
of manual) or call 850-245-2847.
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1. A  written, site specifi c Hurricane 
 Preparedness Plan is in place. 20
2. Review hurricane procedures     
 annually with staff.   10
3. Acquaint subcontractors with plan.   10
                                                             Total 20  20

Clean Marina Action Plan

 

Clean Marina Action Plan
SECTION 1

 

 If No,    Required     Optional 

EMERGENCIES             When      Cost  Points Total    Points Total

1. Emergency Action Plan or
  “Panic” File on Site.   20
2. Staff trained for emergencies/spill.   20
3. Marina prepared for spill. 20                    
                                                          Total 20  40

 If No,    Required     Optional  

HURRICANE PREPAREDNESS When Cost  Points Total    Points 

 If No,          Required  Optional 

FIRE SAFETY             When    Cost Points   Total   Points Total

1. Fire extinguishers clearly marked and
 readily available throughout yard.   20  
2. Written Fire safety procedure on site or 
 completed  in “Panic File”.   10
3. Keep all ingress and egress clear of          
 obstacles in case of fi re.   10 
     
   
     Total 0  40
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REGULATED STORAGE TANKS  If No,       Required         Optional 

(Optional) When  Cost Points Total Points Total

1.  Storage tanks are registered with the 
  State and placard displayed.  
 Registration Number:__________ 
  (Above ground >550 gallons and
      Underground < 110 gallons) 130     
2. Facility with storage tanks in excess of
 ten thousand pounds of hazardous 
 material, gas exceeding 1,500 gallons
 diesel exceeding 1,400 gallons, has fi led 
 EPCRA Tier II Reporting as of March 1st, 
 of each year.    If N/A take 10 points. 10 
3.  Registration placard properly displayed. 10 
  Total   150    

 If No,     Required         Optional 

FUELING (Optional Service) When  Cost Points Total Points Total

1. For diesel over water an approved Spill 
 Prevention Control and Countermeasures
    Plan prepared according to Rule 62N-
 16.033, F.A.C.  If N/A 10 points.      
  Facility has a Certifi cate of authorization
 #:____________________ 10
2. Fuel spill addressed in Panic Preventer. 10
3. Personnel are supervising when
 customers are fueling.   10 
4. Have customers avoid fuel discharges 
 to the water by not allowing topping off.    10
5.  Post signs for proper fueling.   10
6. Use absorbent materials at fuel dock.   10
                                                        Total 20                      40

Aboveground and underground storage tanks (AST/UST) are regulated by State 
Statutes Chapter 62-761, and 62-762 respectively, and are overseen by local county                         
agencies. In addition to the State rules, the county agencies may have rules that 
are more stringent than the State’s rules. 

NOTE:  If you have a facility where the storage tanks have been closed down, please 

see the “Petroleum Control” section behind the Resources tab in this manual.
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 disposal practices.   10
 a. Post sign by (near) dumpsters
 instructing patrons NOT to place
 hazardous waste in dumpster and
 directing them to marina or nearest 
 hazardous waste collection site.   10
 b. Post sign by (near) dumpster 
 instructing patrons not to place USED
 OIL, lead batteries, old gasoline, diesel
 in dumpster and directing them to 
 marina or nearest public used oil
 collection site.   10
3. Train marina staff in proper waste
 management.   10
4. Provide convenient  trash disposal to
 marina patrons.   10
5. Provide recycling facilities to 
 marina patrons.   10
6. Pick up stray litter at least twice a day   10
7. Organized shoreline cleanup along the
 surface body water at marina.   10
8.  Provide recognition to boaters who
 properly dispose of litter.   10
                                                          Total   10  90  

  

 If No,     Required        Optional 

SOLID WASTE When  Cost Points Total Points Total 

1.  Properly manage and dispose of all
 solid wastes. 10
2. Provide signage identifying waste

THIS SPACE INTENTIONALLY LEFT BLANK
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       If No,                Required       Optional 

LIQUID WASTE (Optional)                      When    Cost   Points Total  Points  Total

  1. Waste storage containers and tanks 
   are in adequately sized containment 
   structure with a roof  to keep rainwater 
   from fi lling the impervious containment
   structure.  Required for used oil.   10
  2. If no roof over secondary containment, 
   any drain valves are kept closed and
   facility has proper written protocol for
   removal of the industrial waste water 
   from the structure.   10
  3. Adequate space for container inspections
   SQGs must provide aisle space.   10
  4. Liquid waste containment kept locked
   except when a facility employee is
   available to monitor waste segregation.   10 
  5. Educate staff and patrons with proper
   signage.   10
  6. Train staff about proper management 
   and disposal of all liquid waste and
   response to spills.   20
  7. Insert language in tennant lease/sub-
   contractor agreement for proper liquid 
   waste disposal.   10
  8 . Spill Contingency Plan for other than fuel.   10
  9.  Spill control materials and empty
   containers available for clean up.   10
10. All containers are closed and are clearly 
      marked and labeled as to their contents.   10
11. Signs posted that indicate wastes only  
 be put in storage under the supervision  
 of facility personnel.     10
12. Inform repair contractors as to your
 marina’s management/disposal on
 liquid waste storage.     10
                                                        Total       130  

If you generate between 220 and 2,200 pounds of hazardous waste each month you are a small quantity 
generator of hazardous waste (SQG) and you have additional management standards.  The following 
questions will use the  abbreviation SQG to distinguish between facilities that generates less than 220 
pounds of hazardous waste a month and are conditionally exempt (CESQG) from full regulation.  In order 
to determine your actual generation status, you must consider ALL hazardous wastes generated at your 
facility.  Here is a list of typical hazardous wastes generated at marinas and boatyards:
 Flammable parts cleaning solvents (fl ash point less than 140 F)
 Flammable/toxic paint related solvents 
 Paint chips (must determine whether these are toxic by testing or knowledge)
 Waste Antifreeze (need waste determination if not recycled on-site) 
 Mercury containing bilge pump switches and fl uorescent light bulbs
 Signal Flares that are past their useful shelf life
 Used Batteries (do not count these if they are recycled)
 Used fuel fi lters & waste gasoline (do not count these if they are recycled)
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 If No,       Required        Optional 

HAZARDOUS WASTE (Optional) When  Cost Points Total Points Total

  1. Procedures in place for the proper 
  management and disposal of hazardous 
  wastes generated. 10
  2.  Maintain records of hazardous waste 
  recycling and disposal at the facility for
  a minimum of three (3) years.  10
  3.  Facilities with storage tanks in excess of
  ten thousand pounds of hazardous
  materials (inc. gas & diesel) has fi led
  EPCRA tier II Reporting as of March 1st
  each year.  If N/A take 10 points 10 
  4.  Use environmentally friendly products.    10
  5.  Provide spill control material and empty
  container for clean up.   10
  6.  Use snap top funnels that  automatically
  close.   10
  7. Recycle solvents.      10
  8. Contract with an approved Hazardous 
  Waste Hauler. 10
  9. Determined which waste streams are
  hazardous.  10
10. Determined quantity of hazardous
  waste generated. 10
11.  Provide for the convenient disposal of
  hazardous waste by your patrons.   10

Any CESQG that accumulates more than 2,200 lbs (over 5-55 gal drums) of haz. waste 
becomes an SQG and is regulated as such. If you are a SQG include the items listed 
below:

12.  All containers clearly marked or 
  labeled as to their contents. 10*
13. Containers marked with the appropriate
  accumulations start date if SQG. 10*
14. Marina has EPA ID number. 10*
15. Emergency phone numbers posted  
  in all appropriate areas. 10*
16.  Appropriate marina personnel trained on 
  proper hazardous waste management. 10*
17.  Designated Emergency Coordinator. 10* 
18.  Segregate incompatible wastes. 10*
19.  Provide adequate aisle space for 
  container inspections. 10*
20.  Fire Department and Police are familiar 
  with potential emergencies that may 
  occur.  10*
21.  Marina operates to minimize the
  possibility of fi re, explosions or
  non-sudden release of hazardous waste 10*
                                                           Total   160  50  
* Required points if Small Quantity Generator  
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ENGINE MAINTENANCE/REPAIR     If No,                Required        Optional 

 (Optional)                              When     Cost    Points  Total Points Total

  1. Engine repairs done inside over an  
   impervious surface.     10
  2. Mechanics are trained to respond to 
   accidental spills and other 
   emergency situations.   10
  3. Emergency  phone numbers posted by 
   the telephone.     10*
      * Required if Small Quantity Generator
  4. Spill response equipment and absorbent 
   materials are available.    
    * Required if Small Quantity Generator    10*
  5. Parts cleaning units containing solvents 
      are kept closed except during use.    10
  6. “NO SMOKING” signs posted near 
   fl amable products.  10  
  7. Flammable parts cleaning solvent re-
   cycled:  by tolling agreement with a re-
   cycling service/contractor or recycling on 
   site. 10
  8. Corrosive carburetor cleaner properly  
   managed /disposed of as hazardous 
   waste.   If N/A take 10 points.  10
  9.  Solvent soaked and oily rags recycled  
  by an industrial laundry service or 
  disposed as hazardous waste.   10
10.  Records of hazardous waste recycling
      (waste antifreeze,spent parts washer, 
  solvent soaked rags) and disposal  
  maintained for 3 years  10
11.  Metal shavings and scraps from metal 
  working and grinding are recycled as 
  scrap metal. 10
12.  Prevent engine maintenance/repair
  materials/waste from being poured down 
  fl oor drains, sinks or outdoor storm 
  drains. 10
      Total   70  50                    
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                  If No,      Required       Optional 

BOAT CLEANING        When     Cost  Points   Total   Points  Total

1.  Prohibit the use of cleansers
  that contain ammonia, petroleum
  distillates, sodium hypochlorite or
  chlorinated solvents.   10
2.  Use cleaning methods that prevent  the
  release of pollutants to surface waters. 10
3.  Post signs or displays to promote
  proper boat cleaning methods.   10
4.  Bilges are checked and contents disposed
  of properly before drain plug is pulled.  If
  vessel has through-hull discharge, bilges
  are checked to ensure that no oily water
  or industrial wastewater will be discharged
  to surface waters.   10
5.  Prohibit cleaning and scraping of hull
     bottoms, including barnacle scraping
     of running gear while vessels are in the
     water.   10
6.  Use fi ltration in drains to remove
     visible solids and nutrients.   10
       Total    10                  50  

THIS SPACE INTENTIONALLY LEFT BLANK
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 If No,      Required         Optional 

PAINTING (Optional) When  Cost Points  Total   Points Total
  1.  Marina employs best management 
    practices to minimize or eliminate
    emissions to the environment.   10
  2.  Provide a labeled closed container  for 
    ignitable paint waste. 10
  3.  Prohibit spray painting during windy 
    conditions which render containment
    ineffective.   10
  4.  Mix  paints and solvents in designated
    area.   10
  5.  Have absorbents and other cleanup 
    items readily available for immediate    
       cleanup.   10
  6.  Allow empty paint cans to dry
    before disposal. 10  
  7.  Keep paint and paint thinner away from
    traffi c areas to avoid spills.   10
  8.  Recycle paint, paint thinner and
    solvents.   10
  9.  Employees trained on proper painting
       and spraying techniques.   10
10.  Properly manage solvent paint waste
  as hazardous waste. 20
11.  Store paint and solvents in fi re
  proof cabinet (room). 10
12.  Maintain records of hazardous waste 
  disposal for a minimum of three years. 10
13.  Provide a fi re proof container for rags 
  contaminated with solvents. 10
14.  Solvent soaked rags are recycled by an 
  industrial laundry service or disposed 
  of as hazardous waste. 10
15.  Solvents used for spray gun cleaning  
  are directed into a container for disposal 
  rather  than directed into the air. The
  container is immediately closed and 
  labeled, or  the waste is immediately 
  poured into a labeled paint waste 
  container that will be closed. 10
16.  Small quantity generator conducts and
  documents weekly container 
  inspections.  If N/A take10 points 10*
17.  Marina has air permit.
  If N/A take 20 points                      20
18.  Hazardous waste determination con-
  ducted for paint fi lters (potential to con-
  tain heavy metals) and proper disposal.
  If N/A take 10 points. 10
                                                         Total                              130                      70 



CMAP 11 Revised August 2007

      If No,               Required       Optional  

STORMWATER MANAGEMENT               When   Cost    Points   Total   Points Total

1. Marina has a National Pollution
 Discharge Elimination System (NPDES) 
 stormwater permit and a SWPPP.
 If N/A take 20 points. 20 
2. Stormwater sampling and records keeping
 is on schedule. If N/A take 10 points. 10  
3. Marina uses stormwater management
 procedures to reduce the concentration
 of pollutants entering surface waters (ex:
 brick pavers, vegetation, buffers, sloped
 areas).   10
                                                            Total                                30  10

 
LANDSCAPING FOR                           If No,    Required        Optional 

STORMWATER                                   When      Cost     Points  Total   Points Total

1. Use landscaping techniques that reduce 
 stormwater pollutants.   10
2. Practice xeriscaping or comply with city
 or county landscaping requirements.   10
3. Follow manufacturers instructions for 
 fertilizers and pesticides.
 If N/A take 10 points    10
4. Compost.   10
     Total  10                    30 

   

THIS SPACE INTENTIONALLY LEFT BLANK
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 If No,        Required          Optional 

USED PETROLEUM PRODUCTS  When  Cost  Points   Total   Points Total

 (Optional)
1. Used oil is placed in closed containers, 
 drums or tanks labeled “USED OIL”. 10
2. Used oil containers are stored inside or
    otherwise protected from the weather.   10
3. Used oil containers are double-walled or
 stored on an oil-impermeable surface with
 secondary containment capable of holding
 110% of the largest container. 10 
4. If no roof over secondary containment, 
 any drain valves are kept closed and
 facility has written protocol for removal
 of the industrial wastewater from the 
 structure.   10
5. Used oil fi lters thoroughly drained and 
 placed in containers labeled “USED
 OIL FILTERS”.  10
6. Used oil and used oil fi lters sent to a 
    permitted facility for recycling and records
 maintained at facility. 10
7. Facility uses Florida registered used oil 
 transporter.  10
                                                             Total 60    10                   
 

               If No,      Required        Optional 

USED ANTIFREEZE WASTE  When  Cost    Points   Total   Points  Total

  (Optional) 
1. Provide convenient collection for
 recycling and disposal of used antifreeze.   10
2. Used antifreeze in labeled containers.  10
3. Used antifreeze recycled on-site or sent 
 to a permitted facility for recycling. 10
      Total                          20                    10  

 If No,        Required          Optional 

SOILED RAGS (Optional)      When  Cost    Points   Total   Points  Total

1. Soiled rags stored in fi re proof, labeled 
 containers until laundered or disposed. 10
2. Recycle soiled cloth rags with a permitted 
 industrial laundry service.   10
      Total                         10                     10
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 If No,        Required         Optional 

BATTERY MANAGEMENT (Optional)   When     Cost    Points   Total   Points  Total

1. Used batteries stored with caps closed, 
 on an impervious surface and protected 
 from the weather.  10
2. Used batteries sent off-site for recycling.  10
3. Records of proper battery disposal  or
 recycling are maintained on-site. 10
      Total 30                  

 If No,            Required        Optional 

DISTRESS SIGNAL FLARES When  Cost   Points   Total   Points  Total

   (Optional)
1. Proper management and disposal of
 waste safety fl ares.                                                             10
2. Post sign on proper disposal methods.   10
3. Organized waste fl are round up.   10
      Total                           10                     20

   If No,               Required        Optional 

REFRIGERANTS  (Optional)              When   Cost   Points   Total  Points Total

1. Provide convenient collection for
 recycling and disposal of used refrigerants. 10
2. Used refrigerant in labeled containers.  10
3. Used refrigerants sent to a permitted 
 facility for recycling. 10
        Total 30                      

 If No,                 Required        Optional 

MERCURY LAMPS/BILGES           When    Cost  Points   Total   Points  Total

   (Optional) 
1. Recycle discarded fl uorescent and 
 HID lamps used in the marina. 10
2. Educate boaters about the proper 
     disposal of fl uorescent HID lamps and 
     bilge switches.   10
3. Encourage boaters to recycle bilge    
     switches.   20
     Total 10                      30
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     PRESSURE WASHING                  If No,   Required     Optional 

      (Optional) When  Cost Points   Total   Points   Total

1. If  facility has a closed loop pressure-
 washing system, facility has contacted
 their District DEP Clean Marina staff to
 determine if a “Permit to Operate A 
 Non-Discharging/Closed Loop Recycle
 System” is required.  If no permit is requir-
 ed facility shows compliance with proper
 good maintenance habits by maintaining
 records of proper fi lter and sludge 
 disposal from pressure-washing activities
 by a licensed, industrial waste hauler. If 
 N/A take 20 points. 20
2. If  facility has fi ltration, chemical treatment
 discharge to sewer system, facility has
 obtained permission and shows 
 compliance with pretreatment standards,if
 any, of the public/private owned treatment
 works (POTW). If N/A take 20 points. 20
3. If facility has surface water discharges, 
 facility shows compliance with regulations 
 underChapter 62-620, F.A.C., and has ob-
 tained a State of Florida, Industrial Waste-
 water Facility Permit.
 If N/A take 20 points. 20
4. If facility has ground water discharges, 
 facility has shown compliance with regu-
 lations under Chapter 62-522, F.A.C.,and 
 Chapter 62-520, F.A.C.,and has obtained
 a State of Florida Industrial Wastewater
 Facility Permit, or has letter of
 exemption.” If N/A take 20 points. 20
5. Facility has designated pressure-washing
 area.   10
6. Facility’s pressure-washing area imple-
 ments berms and/or sloped pads to 
 contain possible contaminants and 
 industrial wastewater.   10
                                                              Total                     80  20
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SENSITIVE HABITAT/ If No,     Required       Optional 

ENDANGERED SPECIES                       When    Cost    Points  Total  Points Total

1. Provide marker or signage to restrict 
 boating activities (ex: shallow areas, 
 speed zones).   10
2. Post daily tide charts in a visible location.   10
3. Educate boaters and marina staff about 
 sensitive habitats in the cruising area 
 of the marina.   10
4.  Educate boaters and marina staff about 
 endangered species in the cruising area 
 of the marina.   10
5. Created environmentally friendly
 habitat along shoreline.   10
6.  Provides monofi lament line recycling 
  collection boxes   10
                                                           Total                      60

 

` If No,       Required        Optional 

FISH WASTE (Optional) When  Cost  Points    Total   Points  Total

1. Educate boaters on sound 
 fi sh waste management.   10 
2. Use fi sh macerator.   10
3. Promote fi sh waste as chum bait.   10
4. Proper fi sh cleaning station.   10
5. Implement fi sh composting.   10
6. Post signage on proper fi sh waste disposal.   10
     Total                     60 

                

SEWAGE AND GRAY WATER              If No,            Required            Optional          

MANAGEMENT                             When   Cost    Points     Total  Points  Total

1. Provide sewage pumpouts.   30
2. Provide waste dump receptacles
 for trailerable boats.   20
3. Educate boaters on impact of effl uent 
 into our waterways.   10
4. Promote your pumpout service to boaters,
 if not available, direct boaters to 
 nearest pumpout facility.   10
5. Encourage the use of shore side facilities 
 (laundry and restrooms) to reduce the
  gray water discharged into the water.   10
6. Maintain pumpout systems 
 in operating condition.   10
7. Provide visible signage.   10
8. Add language into lease agreement
 to promote the use of pumpout and
 dump stations.   10
9. Encourage boaters to conserve
 water usage.   10
      Total                      120 
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  SUBTOTAL    Up to 800 pts. available               Minimum 60% for  

Clean Marina Action Plan Analysis

  

    CMAP  

    PAGE

3

3

3

5

9

11

11

15

15

  

                         Required        Required   Optional             Optional
                 Needed            Total    Available      Total

CATEGORY 2 - OPTIONAL SERVICES

If you provide the following services you must include these into your Self Assessment.  If 
you do not provide these services then ignore this section and do not include in your score.
      
                         
            Required         Required     Optional          Optional
                Needed           Total      Available      Total

  

    CMAP  

    PAGE

4

4

6

7

8

10

12

12

12

13

13

13

13

14

15

 Need 100% for each service provided                          total optional

 * If Small Quantity Generator

            REQUIRED                       OPTIONAL

      CATEGORY 1 (100 PTS.)                 CATEGORY 1  (460 PTS.)

    CATEGORY 2   (Up to 800 PTS.)             CATEGORY 2 (Up to 490 PTS.)

Print Name of Owner/Dockmaster  Signature                                   Date

Address     City           Phone

Assessment of         (marina name) facility operations refl ected in the 
program criteria as scored below:

CATEGORY 1

Emergencies       20              40
Hurricane Preparedness     20              20
Fire Safety         0              40 
Solid Waste       10                90
Boat Cleaning       10              50
Stormwater Management   30       10
Landscaping   10       30
Sewage/Gray Water        0            120
Sensitive Habitats        0              60
SUBTOTAL       Need 100 of 100 pts.              Minimum of 340 pts of 460 

Fueling       20              40
Storage Tanks       150                0
Liquid Waste Storage            0            130
Hazardous Waste           60 or 160*             50
Engine Maintenance                70/90*                                        50
Painting                130              70
Used Petroleum                  60              10
Used Antifreeze      20              10
Soiled Rags       10              10
Battery Management                  30                0
Refrigerants       30                0
Distress Signal Flares           10              20
Mercury Lamps/Bilges     10              30
Pressure Washing      80              20
Fish Waste         0              60
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Extra CreditExtra Credit
 

 
  
My marina provides the following service(s) not included in the checklist. I request that the 
review team recommends additional points be awarded to my marina for the following in-
novative service that protects water quality:

Explantion of service provided              
     

Use additional sheets as needed. If possible, please provide an image to be used in future 
publications of this marina environmental measure.
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Clean Marina Action Plan
SECTION 2

Marina Name (please print)

For each of the criteria listed below in this section answer the question based on the 

operations of the marina in effect at the time this worksheet is being completed, to 

achieve designation all criteria must be met.

Environmental Management

A. Compliance with environmental and submerged land lease regulations, and using 
 Marina Environmental Measures as determined from the self-assessment checklist and
 designation review.

 YES  NO  If NO, then implement all applicable measures as
     determined from completing the self-assessment

     checklist for compliance and Marina Environmental

     Measures in Section I.  Indicate when all applicable
     measures will be accomplished and total cost  to
     implement.  When complete note the date.

          $
 When         Cost  Completed

B. Available resource person at the marina who provides customers with environmental
 information, and who can be contacted for inquiries about the Clean Marina Program 
 and environmental issues pertinent to the marina.

 YES  NO  If NO, then designate someone who will provide customers
     with environmental information and information about the
     Clean Marina Program.  Indicate when this will be 
     accomplished and cost to implement.  When completed note
     the date.
                 $
 When         Cost  Completed

C. Adequate and well-managed trash/garbage containers.

 YES  NO  If NO, provide trash/garbage containers every 50 to 75
     feet, keep empty and managed for cleanliness.  Indicate
     when this will be accomplished and cost to implement.
     When completed note the date.
         $
 When        Cost  Completed
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D. Post for viewing, or otherwise publish, a set of environmental policies used by 
  the marina.
 
 YES NO If NO, provide marina environmental policies on a 
   display board at the busiest point or points of the 
   marina’s dock system. Indicate when this will be 
   accomplished and cost to implement. When Completed
   note the date.  

 ________   $______ ________
 When Cost Completed

Marina Environmental Quality

A. Water and land of the marina must be clean without signs of oil, sewage or litter.

 YES NO If NO, clean up the water and land.  This may require a
   no discharge of sewage policy, check boats for bilge
   contamination, and regular policing of the area for litter.   
   Indicate when this will be accomplished and cost to 
   implement. When completed note the date.   

 ________   $______ ________
 When Cost Completed

B. The marina encourages boaters not to discharge sewage into the waters of  their   
       facilities.
 
 YES NO If NO, set up a way to encourage boaters not to 
   discharge sewage, raw or treated. The easiest way is to  
   set up a policy of no discharge of sewage in the marina   
   and provide easy access to bath and shower    
   facilities.  Indicate when this will be accomplished and   
   cost to implement. When completed note the date.
  
 ________   $______ ________
 When Cost Completed
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Services

A. The marina provides clean restroom facilities and access to drinking water.

 YES NO If NO, you may need to upgrade or renovate restroom and  
   shower facilities so that boaters will want to use them.    
   Install easily accessible drinking water lines for boaters if 
   not already available. Indicate when this will be 
   accomplished and cost to implement.  When completed  
   note the date.          
  
 ________   $______ ________
 When Cost Completed

B. Docks and grounds are well maintained for safety and appearance.

 YES NO If NO, clean up dock areas, keep free from clutter,
   uncoiled ropes, hoses and electric lines, repair dock 
   planking at fi rst signs of wear or deterioration.
   Indicate when this will be accomplished and cost to 
   implement.  When completed notethe date.   
   
  
 ________   $______ ________
 When Cost Completed

C. All marina personnel are regularly trained on the marina’s environmental policies 
 and procedures.
 
 YES NO If NO, set up regular training sessions with personnel on
   the marina’s environmental policies and procedures with  
   emphasis on what to do in the event of emergencies.  
   Training sessions should be frequent enough to keep   
   everybody thoroughly familiar with the policies. Indicate   
   when this will be accomplished and cost to implement.  
   When completed note the date.         
  
 ________   $______ ________
 When Cost Completed
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If you have answered YES to all of the above, 
CONGRATULATIONS! You are now eligible 
for Designation as a Clean Marina. Contact the 
Department of Environmental Protection District 
Offi ce nearest you for a Designation Review 
of your facility. Once they have completed the 
review and confi rm the facility’s eligibility, the 
facility will be recommended to a review board 
for Designation.

If you have one or more NO responses, it is all 
right.  This will be your opportunity to address 
the item or items that were discovered from 
your assessment.  You will want to use this 
Clean Marina Action Plan form to assist you in 
developing and achieving the action steps 
that will result in a Clean Marina Designation for 
your marina. 
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IN ORDER FOR THE MARINA TO BE RECOGNIZED AS ACTIVELY PARTICIPATING IN 

THE CLEAN MARINA PROGRAM A COMPLETED CERTIFICATION FORM MUST BE 

SUBMITTED AND RECEIVED BY THE FLORIDA  DEPARTMENT OF ENVIRONMENTAL 

PROTECTION.  SEND THIS FORM COMPLETED AND SIGNED TO:

FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION

CLEAN MARINA PROGRAM, MS 665

3900 COMMONWEALTH BOULEVARD

TALLAHASSEE, FLORIDA  32399-3000

This is to certify that a self-assessment has been completed for _____________________
           (Facility Name)
located at _____________________________________and, for those items requiring
              (Facility Address) 
action, a Clean Marina Action Plan has been developed and is being implemented.   It is further 
certifi ed that all reasonable efforts will be made to achieve a Clean Marina Designation for the 
facility by __________________________ which is within the next eighteen months.
            

 Name of owner or person designated to sign on owner’s behalf:

 Signature of owner or person designated to sign on owner’s behalf:     Date

Facility Address

 Facility Phone Number

 Facility Fax Number

 Facility e-mail address 

FORM: CMP005

COGNIZED AS ACTIVELY PARTICIPATING IN 

CERTIFICATION 

MARINA’S CLEAN MARINA 

ACTION PLAN

 (Date)
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APPENDIX A-3c    

LOUISIANA CLEAN MARINA CHECKLIST



Louisiana Clean Marina Checklist 
 

Marina Name: _______________________    Marina Type:
Owner/Manager: _____________________    ___ Marina, no boatyard 
Address: ___________________________    ___ Marina with boatyard 
______________________________    ___ Boatyard/boatbuilder, no slips 
Phone: _____________________________    ___ Other:
 

This form is intended to be used by marina operators to conduct voluntary self-
assessments of their facilities. It will also be used by representatives of the Louisiana 
Clean Marina Program to verify self-assessments prior to Department of Natural 
Resources (LDNR) Clean Marina Certification. The page numbers with each item below 
refer to the Louisiana Clean Marina Guidebook, available from the Louisiana Clean 
Marina Program by calling LDNR at (800) 267-4019.  

The Louisiana Clean Marina Guidebook is a compilation of examples of practices 
or options a participating marina may consider to meet the checklist criteria.  Other 
practices not included in the guidebook that meet the spirit and goals of protecting 
Louisiana waters from pollution may be considered in the marina self-assessment and 
by representatives of the Clean Marina Program as meeting the criteria for certification. 
 Louisiana Clean Marina Certification will be presented to marinas that achieve at 
least a minimum score per subject area. (See last page.) Scoring is based on applicable 
items only.  Please note:  It is not necessary to implement all of the recommended 
practices to be certified as a Clean Marina. The “not applicable” (N/A) option is offered 
so that items which are beyond your control or which simply do not apply to your 
operations will not be counted against you in the scoring process.  For example, if you 
do not have a septic system, check “N/A” for Area 6, No. 5. There is a space at the end 
of this form to clarify any of your answers or to list other items you would like the 
reviewers to take into consideration. 
 
Area 1:  MARINA DESIGN AND MAINTENANCE 
FOR NEW CONSTRUCTION ONLY 
DO YOU: 

1. Use environmentally neutral materials? 
(p. 8, No. 2) 

Yes No N/A

2.  Employ shore erosion control measures? 
(p. 9, No. 5)  

Yes No N/A

FOR EXISTING FACILITIES 
DO YOU: 

3.  Maintain structures using Clean Marina/ best management 
practices? (p. 9, No. 7) 

Yes No N/A

4.  Practice water conservation?  
(p. 9, No. 6) 

Yes No N/A

5.  Use upland and inland areas for storage and maintenance?  
(p. 9, No. 9) 

Yes No N/A

6.  Have vegetated areas/easements on your property? 
(p. 12, No. 14)    

Yes No N/A

7.  Avoid toxic lawn and garden chemicals to the greatest extent 
possible?  (p. 11, No. 13) 

Yes No N/A

     



8. Practice water-wise landscaping? 
(p. 10, No. 12) 

Yes No N/A

AREA 1 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

 
 
Area 2:  STORMWATER MANAGEMENT 
DO YOU: 

 
1. Cultivate vegetated areas? (p. 14, No. 2) Yes No N/A
2. Have limited paved areas? (p. 14, No. 3)  Yes No N/A
3. Stencil or mark storm drains? (p. 19, No. 6) Yes No N/A

AREA 2 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

     
Area 3:  VESSEL MAINTENANCE AND REPAIR 
DO YOU: 
1. Restrict maintenance activities to designated work  

areas?  (p. 22, No. 2) 
Yes No N/A

2. Contain dust from sanding? 
(pp. 22-23, No. 3) 

Yes No N/A

3. Contain debris from blasting? 
(p. 23, No. 4) 

Yes No N/A

4.  Minimize impacts of pressure washing? 
(pp. 23-24, No. 5)  

Yes No N/A

5. Recommend bottom coatings w/ minimal environmental  
impact? (p. 24, No. 6) 

Yes No N/A

6.  Minimize impacts of painting operations? 
(p. 24, No. 7) 

Yes No N/A

7.  Handle solvents appropriately? 
(p. 25, No. 9) 

Yes No N/A

8. Offer spill-proof oil changes? 
(p. 33, No. 10) 

Yes No N/A

9. Provide an oil/water separation service to filter bilge 
water? (p. 33, No. 9) 

Yes No N/A

10. Offer Marine Sanitation Device (MSD) inspections and  
maintenance? (p. 44, No. 7) 

Yes No N/A

11. Recommend/offer environmental audits or retrofits for  
vessel sanitation systems? (p. 64, No. 1) 

Yes No N/A

DO YOU MINIMIZE ENVIRONMENTAL IMPACTS FROM: 
12. Engine repair and maintenance? 

(pp. 25-26, No. 10)  
Yes No N/A

13. Winterization work? 
(p. 26, No. 11) 

Yes No N/A

14. In-water maintenance?  
(pp. 26-27, No. 12) 

Yes No N/A

15. Underwater hull cleaning in marina waters? 
(pp. 26-27, No. 12; pp. A26-A27)          

Yes No N/A

AREA 3 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____% 



Area 4:  PETROLEUM CONTROL (Both commercial and non-public use) 
DO YOU: 
1. Comply with petroleum (fuel and oil) storage requirements? 

(pp. 29-30, No. 2)  
Yes No N/A

2. Regularly inspect/repair fuel transfer equipment? 
(p. 31, No. 4) 

Yes No N/A

3. Have environmental controls at the pumps? 
(p. 31, No. 5) 

Yes No N/A

4. Train staff to promote environmental precautions while fueling?  
(p. 32, No. 6) 

Yes No N/A

5. Keep a supply of ready-to-use oil-absorbent materials at  
your fuel dock? (p. 31, No. 5) 

Yes No N/A

6. Take precautions to minimize spills and leaks from machinery? 
(p. 33, No. 11) 

Yes No N/A

AREA 4 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

     
     

Area 5:  EMERGENCY PLANNING 
DO YOU: 
1. Have accessible, current, written emergency response plans for 

likely threats? (p. 37) 
Yes No N/A

2. Have regular emergency training and drills for staff? 
(p. 57, No. 2) 

Yes No N/A

3. Store fuel spill response equipment in a convenient, readily 
accessible location? (p. 31, No. 5)

Yes No N/A

4. Maintain files of Material Safety Data Sheets as required by 
OSHA?  (p. 34, No. 13) 

Yes No N/A

AREA 5 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

     
     

Area 6:  SEWAGE HANDLING 
DO YOU: 
1. Have a well-maintained pumpout system?  

(pp. 40-42, Nos. 1 & 2)  
Yes No N/A

2. Discourage discharge from Type 1 and Type 11 MSDs at the  
slip or mooring?  (pp. 42-43, No. 3) 

Yes No N/A

3. Have clean, functional restrooms available 24 hours a day? 
(p. 43, No. 4) 

Yes No N/A

4. Address the special sewage handling of live-aboards? 
(p. 44, No. 6)   

Yes No N/A

5. Maintain your septic or private sewage treatment system regularly 
and make sure it is functional? (p. 43, No. 5) 

Yes No N/A

AREA 6 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

     
     
     
     



Area 7:  WASTE CONTAINMENT AND DISPOSAL 
DO YOU: 
1. Store, use, and dispose hazardous waste, including solvents,  

in accordance with federal and state regulations? (p. 51, No. 8) 
Yes No N/A

2. Reduce waste in your daily operations? 
(p. 47, No. 1)  

Yes No N/A

3. Limit the disposal of fish scraps to areas/methods that 
will not impair water quality? (p. 48, No. 2) 

Yes No N/A

4.  Provide trash cans, bins, Dumpsters, etc. that are covered,  
well marked, and convenient? (pp. 48-49, No. 3) 

Yes No N/A

5. Provide or promote solid waste recycling? 
(pp. 49-50, No. 5)  

Yes No N/A

6.  Provide or promote liquid waste recycling (oil, solvents, etc.)? 
(p. 50, No. 6) 

Yes No N/A

7.  Minimize your use of hazardous products? 
(pp. 50-51, No. 7)                     

Yes No N/A

8. Follow recommended waste disposal methods? 
(pp. 52-53, No. 9) 

Yes No N/A

AREA 7 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

     
     

AREA 8:  MARINA MANAGEMENT 
DO YOU: 
1. Train employees to use equipment and chemicals according to 

established standards? (p. 57, No. 1)   
Yes No N/A

2. Regularly review emergency response procedures 
with staff?  (p. 57, No. 2) 

Yes No N/A

3.  Train employees to watch for inappropriate discharges? 
(p. 58, No. 3)      

Yes No N/A

4. Have a predetermined procedure for handling polluters? 
(p. 58, No. 4) 

Yes No N/A

5.  Maintain training records? 
(p. 58, No. 5)  

Yes No N/A

6.  Incorporate best management practices into all contracts? 
(p. 58-59, No. 1) 

Yes No N/A

7. Post signs detailing best management practices? 
(p. 59-62, No. 2)  

Yes No N/A

8. Distribute environmental education materials to patrons? 
(p. 63, No. 3)    

Yes No N/A

9. Host workshops to highlight and demonstrate best management 
practices? (p. 63, No. 4) 

Yes No N/A

10. Encourage and recognize boaters who try to prevent pollution? 
(p. 63, No. 6) 

Yes No N/A

AREA 8 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____% 

     
     
     
     



Area 9:  BOATER EDUCATION 
DO YOU: 
1. Provide clean boating information to your boaters? 

(p. 63, No. 3) 
Yes No N/A

2. Provide clear signage around your marina?  
(pp. 59-62, No. 2) 

Yes No N/A

3. Post environmental information in clearly marked  
places (bulletin board)? (p. 63, No. 5) 

Yes No N/A

4. Encourage and recognize boaters who try to prevent 
pollution? (p. 63, No. 6) 

Yes No N/A

5. Encourage patrons to review contracts? 
(pp. 58-59, No. 1) 

Yes No N/A

AREA 9 SCORE:      
(“Yes” responses ____/Number of applicable items ____ ) x  100 = ____%

 



 
SCORING 
1. Enter your scores for each section on the lines below, and compare your 

scores to the minimum required scores. 
 Your Score Minimum Required Score 
 Area 1 ____% 70 
 Area 2 ____% 80 
 Area 3 ____% 80 
 Area 4 ____% 80 
 Area 5 ____% 80 
 Area 6 ____% 85 
 Area 7 ____% 85 
 Area 8 ____% 90 
 Area 9 ____% 80 
  
  
2. If your score for each area is equal to or greater than the minimum required 

for each applicable section, call the Louisiana Clean Marina Initiative office at 
(800) 267-4019 to schedule a confirmation visit. 

  
  
3. Please list additional measures, practices or policies you feel strengthen your 

case for Clean Marina certification.  
 ______________________________________________________________
 ______________________________________________________________
 ______________________________________________________________
 Please use a separate sheet of paper for any additional comments or 

explanations. 
  
 ____________________________     __________________________ 
 Marina Operator/Manager  (name)                                                        (signature)                              
 ____________________________ 
                      (date) 
Verified by LDNR representative: 
 
______________________________      ________________________________
                                       (name)                                                                                           (signature) 
on:  __________________________ 
                        (date)    
Verified by Certification Committee representative: 
 
______________________________      ________________________________
                                       (name)                                                                                           (signature) 
on:  __________________________ 
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APPENDIX A-3d    

TEXAS CLEAN MARINA CHECKLIST



Clean Texas Marina Checklist

Marina Name: _______________________________________________________ Marina Type ______________________
Owner/Manager: ____________________________________________________ Marina, no boatyard ________________
Address: ___________________________________________________________ Marina w/boatyard _________________
__________________________________________________________________ Boatyard/boatbuilder, no. slips _______

Phone: _____________________________________________________________ Other ____________________________

This form is intended to be used by marina operators to conduct self-assessments of their facilities. Ultimately, it will also
be used by representatives of the Clean Texas Marina Program to verify self-assessments. The page numbers refer the reader
to the Clean Texas Marina Guidebook, available from the Clean Texas Marina Program by calling 979/845-3857.

Clean Texas Marina designations will be presented to those marinas that score a minimum score per subject area (see
back page). Scoring is based on applicable items only. Please note: it is not necessary to implement all of the recommended
practices to be recognized as a Clean Texas Marina. It is necessary, however, to be in compliance with all applicable laws
and regulations.

The “not applicable” (N/A) option is offered so that items which are beyond your control or which simply do not apply
to your operations, will not be counted against you in the scoring process. For example, if you do not have a septic system,
check N/A for Area 5 number 6.  There is space at the end of this form to clarify any of your answers or to tell us about other
items you would like the reviewers to take into consideration.

Area 1: MARINA DESIGN AND MAINTENANCE YES NO N/A
Note: Items 1 and 2 below apply to new construction only.

DO YOU:
1. use environmentally neutral materials? pp. 10 _______ ______ _______
2. employ shore erosion control measures? p. 11 _______ ______ _______
3. maintain your property using best management practices  p. 12 _______ ______ _______
4. practice water conservation? pp. 13-14 _______ ______ _______
5. use upland and inland areas for storage and maintenance? pp. 12 _______ ______ _______
6. have a conservation easement on your property? p. 15 _______ ______ _______
7. avoid toxic lawn and garden chemicals to the greatest extent possible? p. 14 _______ ______ _______
8. practice waterwise landscaping. p. 13 _______ ______ _______
AREA 1 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

Area 2: MARINA MANAGEMENT YES NO N/A
DO YOU:
1. train your employees twice annually about the components of your

Stormwater Pollution Prevention Plan? p. 75 _______ ______ _______
2. train employees to use equipment & chemicals according to established standards? p. 75 _______ ______ _______
3. regularly review emergency response procedures with staff? p. 75 _______ ______ _______
4. train employees to watch for inappropriate discharges? p. 76 _______ ______ _______
5. have a predetermined procedure for handling polluters? p. 76 _______ ______ _______
6. maintain training records? p. 76 _______ ______ _______
7. incorporate best management practices into all contracts? p. 77 _______ ______ _______
8. post signs detailing best management practices ? pp. 77 _______ ______ _______
9. distribute environmental education materials to patrons? p. 79 _______ ______ _______
10. host workshops to highlight and demonstrate best management practices? p. 79 _______ ______ _______
11. encourage and recognize boaters who try to prevent pollution? p. 80 _______ ______ _______
AREA 2 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

Area 3: EMERGENCY PLANNING YES NO N/A
DO YOU:
1. have a Spill Prevention, Control and Countermeasure (SPCC) plan? p. 39 _______ ______ _______
2. have accessible, current, written emergency response plans for likely threats?

 pp. 40 _______ ______ _______
3. have regular emergency training and drills for staff? pp. 41-42 _______ ______ _______
4. store oil spill response equipment in a convenient, readily accessible location? p. 42 _______ ______ _______
5. maintain files of Material Safety Data Sheets as required by OSHA? p. 43-44 _______ ______ _______
AREA 3 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%



Area 4: PETROLEUM CONTROL Both Commercial and non-public use YES NO N/A
1. Are you in compliance with petroleum (fuel and oil) storage requirements? p. 34 _______ ______ _______
DO YOU:
2. regularly inspect/repair fuel transfer equipment? p. 35 _______ ______ _______
3. have environmental controls at the pumps? p. 35-36 _______ ______ _______
4. train staff to promote environmental precautions while fueling? p. 36-37 _______ ______ _______
6. maintain for available use oil absorbent materials at your fuel dock? pp. 37-38 _______ ______ _______
7. take precautions to minimize spills and leaks from machinery? p. 39 _______ ______ _______
AREA 4 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

Area 5: SEWAGE HANDLING YES NO N/A
DO YOU:
1. have a well-maintained pumpout system? pp. 52 _______ ______ _______
2. have a dump station or a wand attachment to empty portable toilets? pp. 50 _______ ______ _______
3. discourage discharge from Type I and Type 11 MSDs at the slip or mooring? pp. 53 _______ ______ _______
4. have clean, functional restrooms available 24 hours a day? p. 53 _______ ______ _______
5. address the special sewage handling needs of live-aboards? p. 54-55 _______ ______ _______
6. Is your septic or private sewage treatment system regularly maintained

and functional? p. 53-54 _______ ______ _______
AREA 5 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

Area 6: WASTE CONTAINMENT AND DISPOSAL YES NO N/A
DO YOU:
1. store, use, and dispose hazardous waste, including solvents, in accordance with _______ ______ _______

federal and state regulations? pp. 59-60
2. reduce waste in your daily operations? p. 61 _______ ______ _______
3. control the disposal of fish scraps to areas/methods which will not impair water

quality? p. 61-62 _______ ______ _______
4. provide trash cans, bins, dumpsters, etc. that are covered, well-marked and

convenient? p. 62-63 _______ ______ _______
5. conduct daily trash pick-up within your marina and along shoreline? p. 62-63 _______ ______ _______
6. provide or promote solid waste (oil, solvents, etc.) recycling? p. 63-64 _______ ______ _______
7. provide or promote liquid waste recycling? p. 64-65 _______ ______ _______
8. minimize your use of hazardous products? p. 65-66 _______ ______ _______
9. follow recommended waste disposal methods? pp. 67-69 _______ ______ _______
10. track pollution incidents? p. 66 _______ ______ _______
AREA 6 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

Area 7: VESSEL MAINTENANCE AND REPAIR YES NO N/A
As a condition of the Industrial Permit for Discharges from Marinas, marinas  must
minimize and contain vessel maintenance debris. pp.
DO YOU:
1. restrict maintenance activities to designated work areas? p. 22 _______ ______ _______
2.  contain dust from sanding? p. 23-24 _______ ______ _______
3.  contain debris from blasting? p. 24 _______ ______ _______
4. minimize impacts of pressure washing? p. 25 _______ ______ _______
5. recommend bottom coatings w/ minimal environmental impact? p. 26 _______ ______ _______
6. minimize impacts of painting operations? p. 27 _______ ______ _______
7. handle solvents appropriately? p. 28 _______ ______ _______
8. offer spill-proof oil changes? pp. 38-39 _______ ______ _______
9. provide an oil/water separation service to filter bilge water? p. 38 _______ ______ _______
10. offer Marine Sanitation Devices I(MSD) inspections and maintenance? p. 55 _______ ______ _______
11.  recommend/offer environmental audits or retrofits for vessel sanitation systems? p. 55 _______ ______ _______
DO YOU MINIMIZE ENVIRONMENTAL IMPACTS FROM:
12. engine repair and maintenance? pp. 28 _______ ______ _______
13. winterization work? p. 29 _______ ______ _______
14. in-water maintenance? p. 30 _______ ______ _______
15. underwater hull cleaning in marina waters? p. 30 _______ ______ _______
AREA 7 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%



Area 8: STORMWATER MANAGEMENT YES NO N/A
DO YOU:
I. have a SWPPP (Stormwater Pollution Prevention Plan) p. 18 _______ ______ _______
2. have a stormwater management system? p. 19 _______ ______ _______
3. cultivate vegetated areas? p. 18 _______ ______ _______
4. have limited paved areas? p. 19 _______ ______ _______
5. stencil storm drains? p. 20 _______ ______ _______
AREA 8 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

Area 9: BOATER EDUCATION YES NO N/A
DO YOU:
1. provide clean boating sheets to your boaters? p. 70 _______ ______ _______
2. provide clear signage around your marina? p. 77 _______ ______ _______
3. post environmental information in clearly marked places (bulletin board)? p. 77 _______ ______ _______
4. encourage and recognize boaters who try to prevent pollution? p. 80 _______ ______ _______
5. encourage patrons to review contracts? p. 77 _______ ______ _______
AREA 9 SCORE. (________“Yes” responses/___________(Number of applicable items) x 100 =  ___________%

SCORING
1. Enter your scores for each section on the lines below and compare your scores to the minimum required scores.

Your scores Minimum required score

Area 1 ______ % Area 1 70 %
Area 2 ______ % Area 2 80 %
Area 3 ______ % Area 3 80 %
Area 4 ______ % Area 4 80 %
Area 5 ______ % Area 5 80 %
Area 6 ______ % Area 6 85 %
Area 7 ______ % Area 7 85 %
Area 8 ______ % Area 8 95 %
Area 9 ______ % Area 9  80 %
2. If your score for each area is equal to or greater than the minimum required for each applicable section, call the Clean Texas

Marina Program office at 979/845-3857  to schedule a confirmation visit.

Please use an extra sheet of paper for any additional comments or explanations you would like us to consider.

Verified by Texas Natural Resources Conservation Commission Representatives:

On
                                        (Date)
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APPENDIX A-4    

SUMMARY OF LAWS IMPACTING COASTAL LAND USE IN THE GULF OF MEXICO



TO: Gulf of Mexico Alliance Coastal Community Resilience Team 
 
FROM: Niki Pace, Mississippi-Alabama Sea Grant Legal Program 
 
RE: Summary of Laws Impacting Coastal Land Use in the Gulf of Mexico 
 
DATE: March 31, 2011 
 
 
Project Description:  
 
This research was conducted in furtherance of the Gulf of Mexico Alliance Action Plan II and 
corresponds to:  Resilience Team Action 2: Toolbox, Sub Action 4: Research existing policies 
guiding coastal development and make recommendations to enhance resilience.  
 
The following summary of coastal land use laws in the Gulf of Mexico addresses Step 1:  
Research state-specific policy and planning framework guiding coastal development across the 
Gulf States. 
 
The product was prepared by the MASGLP, Melissa Daigle – Louisiana Sea Grant Law and 
Policy Program, and Christa Rabenold – Coastal Management and Hazards Specialist, 
NOAA/OCRM/CPD.  
 
 
 



LAWS IMPACTING COASTAL LAND USE IN THE GULF OF MEXICO  
 

FEDERAL LAWS & PROGRAMS 
 

I.    Coastal Zone Management Act .................................................................................................4 
A.  Federal Consistency  

 B.  Coastal Zone Enhancement Grant Program 
II.   National Flood Insurance Act 
III.  Stafford Disaster Relief and Emergency Assistance Act 
IV.  Coastal Barrier Resources Act 
V.   Clean Water Act § 404 – Wetlands 
 
 

STATE LAWS & PROGRAMS 
 

ALABAMA ....................................................................................................................................11 
I.  Type of Rule 
II.  State Enabling Legislation for Planning 

A.  Municipalities 
B.  Regional 

III.  Coastal Zone Management 
A.  Implementing Laws and Regulations 

1.  Chapter 335-8-1 
  2.  Chapter 335-8-2 
 B.  Planning & Programs 
IV. Other Laws Affecting Coastal Land Use 
 A.  Comprehensive Land Use Management in Flood Prone Areas 
 B.  Alabama Emergency Management Act 
 C.  Alabama Disaster Recovery Program 
 D.  Alabama Water Resource Act 
 
FLORIDA ......................................................................................................................................16 
I.  Type of Rule 

A.  Municipalities 
B.  Counties 

II.  State Enabling Legislation for Planning 
III.  Coastal Zone Management 
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FEDERAL 
 
I.  Coastal Zone Management Act 
 
In the United States, the coastal zone is home to approximately half of the nation’s population 
and “is rich in a variety of natural, commercial, recreational, ecological, industrial, and esthetic 
resources of immediate and potential value to the present and future well-being of the Nation.” 
16 U.S.C. § 1451. Increasing and competing demands call for effective management to 
“preserve, protect, develop, and where possible, to restore or enhance, the resources of the 
Nation's coastal zone for this and succeeding generations.” 16 U.S.C. § 1452(1). 
 
Recognizing the value and importance of our nation’s coastal zone and the need to balance the 
competing needs and interests, Congress enacted the Coastal Zone Management Act (CZMA) of 
1972, 16 U.S.C. §§ 1451-1464. The Act encourages U.S. coastal and Great Lake states and 
territories (states) to develop and implement management programs that guide the wise use of 
land and water resources along their coasts. It does so by providing federal funding to help states 
develop and administer these programs, which are required to give “full consideration to 
ecological, cultural, historic, and esthetic values as well as the needs for compatible economic 
development.” 16 U.S.C. § 1452(2). 
 
The National Coastal Zone Management Program is a voluntary partnership between the federal 
government and the states. The act includes basic requirements for state programs while also 
giving states the flexibility to identify coastal zone boundaries and create programs that address 
their unique coastal situations. In addition to this and the program development and 
administration grants, other incentives for states to participate in the CZMA include federal 
consistency and the Coastal Zone Enhancement Grant Program. 
 
The CZMA is administered by NOAA’s Office of Ocean and Coastal Resource Management. 
Today, 34 of 35 coastal states, including all of the Gulf states, have federally approved coastal 
management programs. Together, they protect more than 99 percent of the nation’s ocean and 
Great Lakes coastline. 
 
More information is available at: http://coastalmanagement.noaa.gov/programs/czm.html. 
 

1.  Federal Consistency 
 
Recognizing the primacy of states in making decisions that affect their coastal zones, Congress 
introduced federal consistency into the CZMA to provide states with a valuable mechanism to 
manage their coastal uses and resources and to facilitate cooperation and coordination with 
federal agencies. The provision requires that federal agency activities that may have reasonably 
foreseeable effects on a land or water use or natural resource in a state’s coastal zone be 
“consistent to the maximum extent practicable with the enforceable policies of approved state 
management programs.” 16 U.S.C. § 1456(c)(1). It also requires that non-federal applicants for 
federal licenses, permits, and financial assistance conduct their activities in a manner consistent 
with the enforceable policies of the approved state programs. 16 U.S.C. § 1456(c)(3)(A); 16 
U.S.C. § 1456(d). 
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2.  Coastal Zone Enhancement Grant Program 

 
The Coastal Zone Enhancement Grant Program provides additional funding to states that are 
interested in enhancing their management programs within one or more key areas of national 
significance: wetlands, coastal hazards, public access, marine debris, cumulative and secondary 
impacts, special area management planning, ocean/Great Lakes resources, energy and 
government facility siting, and aquaculture. 16 U.S.C. § 1456b.  
 
II.  National Flood Insurance Act 
 
Until the late 1960s, the national response to floods consisted primarily of disaster relief and 
flood control structures. This did not reduce losses or discourage development in flood-prone 
areas; it may have actually encouraged development, in some instances. Insurance was not 
available to cover flood losses, and the potential for flooding was often overlooked in planning 
development activities. 
 
In 1968, in the face of accelerating development and population density in flood-prone areas and 
the associated escalating costs of flood-related disaster relief, Congress passed the National 
Flood Insurance Act, 42 U.S.C. § 4001 et. seq. to create a flood insurance program that would 
provide protection against flood losses and encourage sound land use. 42 U.S.C. § 4001(c)(1). In 
regard to land use, the act aimed to “encourage State and local governments to make appropriate 
land use adjustments to constrict the development of land which is exposed to flood damage and 
minimize damage caused by flood losses,” and “guide the development of proposed future 
construction, where practicable, away from locations which are threatened by flood hazards.” 42 
U.S. C. § 4001(e)(1 and 2). 
 
Simply, the National Flood Insurance Program (NFIP): 
 

• Identifies, studies, and maps flood-prone communities, 
• Provides an insurance alternative to federal disaster assistance,  
• Enables residents in participating communities to purchase flood insurance in exchange 

for floodplain management regulations, 
• Prohibits federal agencies from financing acquisition or construction of buildings and 

some disaster assistance in the floodplains in nonparticipating communities, and 
• Requires flood insurance for all federally backed mortgages in special flood hazard areas. 
 

Communities that participate in the NFIP must adopt and enforce floodplain management 
regulations. The minimum requirements for NFIP regulations focus primarily on how to build 
structures in special flood hazard areas (areas subject to a 1 percent or greater chance of flooding 
in any given year, also known as the “100-year” or “base” flood). Requirements apply to newly 
constructed buildings, as well as those that are substantially damaged or improved; new 
subdivisions; and new and replacement water supply systems and sanitary sewage systems. 
General requirements address siting; site drainage; anchorage; building materials, methods, and 
practices, including elevation and floodproofing (where appropriate); placement of utilities, and 
use of space below the base flood elevation. Requirements are more stringent for construction in 
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the V Zone, which is subject to coastal high hazard flooding (waves during the 100-year flood 
that are at least three feet high). 
 
The Community Rating System (CRS) was established in 1990 to provide incentives for 
communities to adopt regulations that exceed the minimum requirements of the NFIP. 
Participating communities receive flood insurance discounts that reflect reduced flood risk. 
Discounts range from 5 to 45% and are determined by class ratings which are based on the 
number of credits earned for a community’s floodplain management activities. Communities can 
earn credits for public information activities that advise people about the flood hazard, flood 
insurance, and ways to reduce flood damage; regulations that provide increased protection to 
new development (including open space and stormwater regulations); and flood damage 
reduction efforts, such as comprehensive floodplain management planning and acquisition and 
relocation programs. 
 
The NFIP and CRS are administered by the Federal Emergency Management Agency’s Federal 
Insurance and Mitigation Administration. Nationwide, nearly 21,000 communities participate in 
the NFIP. Approximately 1,100 of these communities are also participating in the CRS; more 
than half of these communities are coastal. 
 
Coastal Community Participation in the NFIP and CRS 
State # of Coastal1 Communities 

in/not in NFIP2 
# of Coastal1 Communities 

in CRS3 
Florida 458/114 217 
Alabama 24/0 3 
Mississippi 14/0 11 
Louisiana 81/1 23 
Texas 166/2 20 
1“Coastal” is defined here as any community in a state’s coastal zone as defined in their federally approved coastal 
zone management program. 
2The number of communities not in the NFIP refers to communities that have been mapped, have special flood 
hazard areas, and are not participating. Source: The National Flood Insurance Program Community Status Book. 
November 2010. http://www.fema.gov/fema/csb.shtm 
3Source: Community Rating System (CRS) Communities and their Classes. October 2010. 
http://www.fema.gov/library/viewRecord.do?id=3629 
4The Florida coastal zone is the entire state. 
 
More information is available at: http://www.fema.gov/business/nfip/index.shtm. 
 
III.  Robert T. Stafford Disaster Relief and Emergency Assistance Act  
 
Hazard mitigation is “sustained action taken to reduce or eliminate long-term risk to people and 
their property from hazards.” It is most effective when based on a long-term, comprehensive, and 
inclusive effort that takes place pre-disaster and has been proven to be cost-effective; saving $4 
for every dollar spent. 
 
In recent decades, the importance of hazard mitigation, and pre-disaster hazard mitigation, in 
particular, has been emphasized in disaster relief law. The Robert T. Stafford Disaster Relief and 
Emergency Assistance Act (Stafford Act) (42 U.S.C. § 5121 et seq.) provides the statutory 
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authority for most federal disaster relief and was enacted in 1988 as an amendment to the 
Disaster Relief Act of 1974. As amended by the Disaster Mitigation Act of 2000, the Stafford 
Act requires state, Indian, Tribal, and local governments to undertake a risk-based approach to 
reducing risks from natural hazards through mitigation planning in order to be eligible for certain 
types of nonemergency federal disaster assistance and hazard mitigation funding. State plans 
must be updated and reapproved every three years. Local plans must be updated and reapproved 
every five years. 
 
Land use planning and regulation plays a large role in hazard mitigation planning and 
implementation. In their hazard mitigation plans, local governments are required to explain how 
their mitigation plans will be incorporated into other planning and regulatory mechanisms and 
programs, including, but not limited to, comprehensive, capital improvements, recovery, 
economic development, transportation, historic preservation, conservation, restoration, and open 
space plans; zoning, subdivision, erosion control, stormwater, and floodplain management 
ordinances; and building codes. 
 
The hazard mitigation planning program is administered by the Federal Emergency Management 
Agency’s Federal Insurance and Mitigation Administration. All five Gulf states have approved 
plans. Florida’s plan is “enhanced,” which means that it demonstrates an increased commitment 
to comprehensive mitigation planning and implementation and is eligible for a larger percentage 
of post-disaster Hazard Mitigation Grant Program funding. 
 
 Coastal Local Government Hazard Mitigation Plan Status 
State # of Coastal1 Local Governments2 with 

Federally Approved Hazard Mitigation 
Plans3 

Florida 4754 
Alabama 24 
Mississippi 14 
Louisiana 87 
Texas 1545 
1“Coastal” is defined here as any jurisdiction in a state’s coastal zone as defined in their federally approved coastal 
zone management program.  
2 “Local government” means  “a county, municipality, city, town, township, local public authority, school district, 
special district, intrastate district, council of governments (regardless of whether the council of governments is 
incorporated as a nonprofit corporation under state law), regional or interstate government entity, or agency or 
instrumentality of a local government; an Indian tribe or authorized tribal organization, or Alaska Native village or 
organization; and a rural community, unincorporated town or village, or other public entity, for which an application 
for assistance is made by a state or political subdivision of a state.” 42 U.S.C. § 5122 (7).  
3Source: Hazard Mitigation Plan Status List for State, Local, and Indian Tribal Governments. March 2009. 
http://www.fema.gov/library/viewRecord.do?fromSearch=fromsearch&id=3571 
4The Florida coastal zone is the entire state. 
5Six were approvable pending adoption. 
 
For more information, visit http://www.fema.gov/plan/mitplanning/index.shtm. 
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IV.   Coastal Barrier Resources Act 
  
Coastal barriers and their associated waters serve a number of important functions. They provide 
valuable habitats; contain resources of scenic, scientific, recreational, natural, historic, 
archeological, cultural, and economic importance; and defend the mainland against storms. 
However, given their location, low elevation, narrowness, and ever-shifting sands, coastal 
barriers are vulnerable to coastal storms and are generally unsuitable for development. 
  
In 1982, the Coastal Barrier Resources Act, 16 U.S.C. § 3501 et seq., was enacted to “minimize 
the loss of human life, wasteful expenditure of federal revenues, and the damage to fish, wildlife, 
and other natural resources associated with the coastal barriers along the Atlantic and Gulf coasts 
and along the shore areas of the Great Lakes.” § 3501(b). Specifically, the law: 
 

• Created the John H. Chafee Coastal Barrier Resources System, which is comprised of 
undeveloped coastal barriers along the Atlantic, Gulf, and Great Lakes coasts, and 

• Applies a non-regulatory, market-based approach to conservation that restricts access to 
all federal programs that expend funds or provide financial assistance in support of 
development (e.g., critical infrastructure, flood insurance, and post-disaster relief) within 
the system (unless specifically exempted). 

 
Through this approach, the law aims to protect coastal barriers through less federal involvement, 
not more, and it shifts the risk and associated costs away from the federal taxpayer and onto 
those who choose to develop on the unpredictable lands. While the law discourages development 
by restricting federal financial assistance that aids or encourages construction or purchase of 
structures, infrastructure, and facilities within the system, it is important to note that it does not 
prohibit private, state, and locally funded activities or preempt or curtail state power.  
 
Today, approximately 3.1 million acres of land and associated aquatic habitat are part of the 
Coastal Barrier Resources System. The act is administered by the U.S. Fish and Wildlife Service, 
which maintains the repository for the maps that depict the system and advises federal agencies, 
landowners, and Congress regarding whether properties are in or out of the system and what kind 
of federal expenditures are allowed under the law.  
 
More information is available at http://www.fws.gov/habitatconservation/coastal_barrier.html. 
 
V.  Clean Water Act § 404 – Wetlands  
 
Enacted in 1972, the Clean Water Act regulates activities in “wetlands” through its Section 404 
permitting program. Section 404 specifically regulates dredge and fill activities in wetlands. The 
permitting process is overseen by the U.S. Army Corps of Engineers (USACE), or by a state 
agency authorized by the USACE.  
 
The USACE defines “dredged” material as “material that is excavated or dredged from the 
waters of the United States.” 33 C.F.R. § 323.2(c). “Fill” material is defined as “material placed 
in waters of the United States where the material has the effect of replacing any portion of a 
water of the United States with dry land; or changing the bottom elevation of any portion of a 
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water of the United States.” 33 C.F.R. § 323.2(e).  Examples of fill material include rock, sand, 
clay, plastics, wood chips, among others, but fill material does not include trash or garbage. In 
short, dredged material has been excavated from the waters of the United States while fill 
material has been imported into the waters of the United States.  
 
The USACE may issue individual permits or the USACE may govern categories of activities 
through the issuance of general permits on a state, regional, or nationwide basis for any category 
of activities involving discharges of dredged or fill material if the Secretary determines that the 
activities are similar in nature, will cause only minimal adverse environmental effects when 
performed separately, and will have only minimal cumulative adverse effect on the environment. 
General permits, however, are limited to five years and are subject to revocation.  
 
Certain activities are exempt from Section 404 requirements. These activities are: normal 
farming, silviculture, and ranching activities such as plowing, seeding, cultivating, minor 
drainage, harvesting for the production of food, fiber, and forest products, or upland soil and 
water conservation practices. Likewise, a permit is not necessary for the maintenance to dikes, 
dams, levees, groins, riprap, breakwaters, causeways, and bridge abutments or approaches, and 
transportation structures; or for construction or maintenance purposes of farm or stock ponds or 
irrigation or drainage ditches. Other exempt activities include construction of temporary 
sedimentation basins or maintenance of farm, forest, or mining roads. For an extensive list of the 
exemptions and their parameters, see generally 33 U.S.C. § 1344(f)(1). Nevertheless, 33 U.S.C. § 
1344(f)(2) places limitations on such exemptions, requiring permits for the above-specified 
(exempt) activities if that activity will subject navigable water to a new use, impair the flow or 
circulation of navigable water, or reduce the reach of such waters.  
 
In short, under section 404 of the Clean Water Act, the USACE can issue permits for the filling 
and dredging of a wetland. These permits are subject to EPA approval, and all governmental and 
private parties must apply for permits unless they meet the qualified exemptions for normal 
farming or other specific maintenance and/or construction purposes. 
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STATE LAWS & PROGRAMS 
 
ALABAMA 
 
I.  Type of Rule 
 
Alabama applies the Dillon rule, meaning that local governments only have those powers that 
were specifically given to them by the state constitution or legislative statute. Where there is 
uncertainty over who has power or jurisdiction, the assumption is that the state has authority until 
a court determines otherwise. See Ala. Op. Att'y Gen. No. 2010-045 (Feb. 26, 2010) 
(municipalities may engage only in activities authorized by the Legislature).  
 
II.  State Enabling Legislation for Planning 
 
A.  Municipalities:  
 
Alabama municipal planning authority is outlined in Alabama Code Title 11, Subtitle 3, Chapter 
52 (Ala. Code. § 11-52-1 through § 11-52-85). These code provisions contain four separate 
articles: 
 

• Article 1: General Provisions 
• Article 2: Control of Subdivisions Generally 
• Article 3: Reservation of Subdivision Land for Public Streets 
• Article 4: Zoning  

 
Municipal plans are authorized by Ala. Code § 11-52-2 which provides: “Any municipality is 
hereby authorized and empowered to make, adopt, amend, extend, add to, or carry out a 
municipal plan as provided in this article and to create by ordinance a planning commission with 
the powers and duties herein.”  
 
Where municipalities develop plans, Alabama law specifies the following requirements of the 
plan:  
 

Such plan, with the accompanying maps, plats, charts, and descriptive matter shall show 
the commission's recommendations for the development of said territory, including, 
among other things, the general location, character and extent of streets, viaducts, 
subways, bridges, waterways, waterfronts, boulevards, parkways, playgrounds, squares, 
parks, aviation fields and other public ways, grounds and open spaces, the general 
location of public buildings and other public property, the general location and extent of 
public utilities and terminals, whether publicly or privately owned or operated, for water, 
light, sanitation, transportation, communication, power and other purposes, the removal, 
relocation, widening, narrowing, vacating, abandonment, change of use or extension of 
any of the foregoing ways, grounds, open spaces, buildings, property, utilities or 
terminals; as well as a zoning plan for the control of the height, area, bulk, location, and 
use of buildings and premises. Ala. Code § 11-52-8. 
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B.  Regional:  
 
Alabama regional planning authority is set forth in Alabama Code Title 11, Subtitle 3, Chapter 
85: Regional Planning & Development (Ala. Code § 11-85-1 through § 11-85-111). This chapter 
contains six articles: 
 

• Article 1: Regional Planning Commissions Generally 
• Article 2: Regional Planning Commissions for Comprehensive Advisory Planning and 

Research 
• Article 3: Comprehensive Advisory Planning and Research by Municipal, County, 

Regional, Etc., Planning Commissions, Etc. 
• Article 4: Regional Planning and Development Commissions, Including list of powers 

and duties 
• Article 5: Confirmation of Operating Regional Planning and Development Commissions 
• Article 6: Alabama Revolving Loan Fund Authority 

 
Regional Plans are authorized by Ala. Code § 11-85-4 which requires that plans be based “on 
comprehensive studies of the present and future development of the region with due regard to its 
relation to neighboring regions and the state as a whole and to neighboring states.”  
 
Plans must “show the commission's recommendations for the physical development of the region 
and may include, among other things, the general location, extent and character of streets, parks 
and other public ways, grounds and open spaces, public buildings and properties, and public 
utilities (whether publicly or privately owned or operated) which affect the development of the 
region as a whole or which affect more than one political subdivision of the state within the 
region, the general location of forests, agricultural, and open development areas for purposes of 
conservation, food and water supply, sanitary and drainage facilities, or the protection of future 
urban development and a zoning plan for the control of the height and area or bulk, location, and 
use of buildings and premises and of the density of population.”  
 
Master plans must also “be made with the general purpose of guiding and accomplishing a 
coordinated, adjusted and harmonious development of the region and of public improvements 
and utilities which do not begin and terminate within the boundaries of any single municipality 
or which do not relate exclusively to the development of any single municipality and which will, 
in accordance with the present and future needs of the region and the state, best promote health, 
safety, morals, order, convenience, prosperity and general welfare, as well as efficiency and 
economy in the process of development.” 
 
III.  Coastal Zone Management 
 
Alabama’s Coastal Area Management Program (CAMP) is overseen by the Ala. Dept. of 
Environmental Management (ADEM).  
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A.  Implementing Laws and Regulations: 
 
Alabama’s enforceable policies are found in Alabama Administrative Code, Chapter 335-8-1, -2. 
The following summarizes some key provisions. 
 
 1.  Chapter 335-8-1 
 
Chapter 335-8-1 establishes the general provisions of the Coastal Area Management Plan 
necessary for administering the permitting, regulatory and enforcement functions of the program. 
These regulations also identify permissible uses within the coastal management area including: 
1) the exercise of riparian rights by the owner of the riparian rights, 2) the normal maintenance 
and repair of bulkheads, piers, roads and highways existing on August 14, 1979, 3) construction 
of minor structures and repairs which will not constitute a substantial improvement and which 
will not obstruct public access, and 4) the normal maintenance and repair of railroads and 
utilities. 
 
 2.  Chapter 335-8-2 
 
Provisions specific to coastal activities are found in Chapter 335-8-2 and provide guidance on 
types of uses permitted in the coastal area. When evaluating a project, ADEM will consider 
whether the project will adversely impact these coastal resources: 1) historical, architectural or 
archaeological, 2) wildlife and fishery habitat especially the designated critical habitats of 
endangered species, and 3) public access to tidal and submerged lands, navigable waters and 
beaches or other public recreational resources. Projects found to be inconsistent with a 
designated special management area are expressly precluded. This chapter also includes specific 
provisions for certain activities including dredge/fill activities, shoreline stabilization and erosion 
mitigation, and beach and dune protections. 

 
A copy of Alabama’s enforceable policies is available online at: 
http://adem.alabama.gov/alEnviroRegLaws/files/Div8Eff4-26-95.pdf 
 
B.  Planning & Programs (including special area management plans and local coastal programs): 
 
Alabama Dept. of Environmental Management (ADEM) oversees land-use permitting in the 
coastal area through its Coastal Permitting Program. Projects having the potential to impact 
Alabama's coastal resources are subject to review pursuant to ADEM's Coastal Rules.  
 
Example projects include:  
 

• Construction on Gulf-fronting properties 
• Commercial and Residential Development on Properties Greater than 5 Acres 
• Projects Impacting Wetlands and/or Water Bottoms 
• Construction of new, or expansion of existing marinas 
• Installation of Groundwater Wells with a Capacity Greater than 50 gallons per minute 

(GPM) 
• Siting, Construction and Operation of Energy Facilities 
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• Shoreline Stabilization Projects 
• Discharges to Coastal Waters 

 
More information is available at: 
http://adem.alabama.gov/programs/coastal/coastalPermitting.cnt 
 
IV.  Other State Laws Affecting Coastal Land Use 
 
A.  Comprehensive Land Use Management in Flood Prone Areas 
 
Alabama defined flood prone areas as “any area with a frequency of inundation of once in 100 
years as defined by qualified hydrologists or engineers using methods that are generally accepted 
by persons engaged in the field of hydrology and engineering.” Ala. Code § 11-19-1. The 
following land use measures are authorized in flood prone areas: zoning ordinances, subdivision 
regulations, building codes, health regulations, and other applications and extensions of the 
normal police power to provide safe standards of occupancy for prudent use of flood-prone 
areas.  
 
For affected areas, the law requires land-use measures to provide restrictions based on probable 
exposure to flooding. The measures specified shall: 
 

(1)  Prohibit inappropriate new construction or substantial improvements in the flood-
prone areas; 

(2)  Control land uses and elevations of all new construction within the flood-prone area; 
(3)  For coastal flood-prone areas prescribed land uses and minimum elevations of the 

first floors of buildings and include consideration of the need for bulkheads, seawalls, 
and pilings; 

(4)  Be based on competent evaluation of the flood hazard as revealed by current 
authoritative flood-prone information; 

(5)  Be consistent with existing flood-prone management programs affecting adjacent 
areas and applicable to appropriate state standards; and 

(6)  Prescribe such additional standards as may be necessary to comply with federal 
requirements for making flood insurance coverage under the National Flood 
Insurance Act of 1968 available in this state. 

 
Ala. Code § 11-19-4. 
 
B.  Alabama Emergency Management Act 
 
The Alabama Emergency Management Act authorizes the Governor “to prepare a 
comprehensive plan and program for the emergency management of this state, such plan and 
program to be integrated and coordinated with the emergency management plans of the federal 
government and of other states to the fullest possible extent, and to coordinate the preparation of 
plans and programs for emergency management by the political subdivisions of this state, such 
plans to be integrated into and coordinated with the emergency management plans and programs 
of this state to the fullest possible extent.”  Ala. Code § 31-9-6.  
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C.  Alabama Disaster Recovery Program 
 
The disaster recovery program requires that, to be eligible for funds, county and municipal 
governments must have a current emergency operations plan, a debris management plan, and a 
hazard mitigation plan. Ala. Code § 31-9-83. 
 
D. Alabama Water Resource Act 
 
The Alabama Water Resource Act may impact the size and location of both industrial and 
residential development by governing water withdrawal. This act establishes that “all waters of 
the state, whether found on the surface of the ground or underneath the surface of the ground, are 
among the basic resources” of the state. Code of Ala. § 9-10B-2(1) (2010). The Act dedicates 
state water resources “to beneficial use to the fullest extent to which they are capable through the 
development and implementation of plans and programs to manage such quantitative water 
resources.” §9-10B-2(4). Beneficial use is defined as “the diversion, withdrawal, or consumption 
of the waters of the state in such quantity as is necessary for economic and efficient utilization 
consistent with the interests of this state.” § 9-10B-3(2). 
 
The Act is implemented through the Alabama Office of Water Resources, responsible for 
developing long-term strategic plans for the use of state waters. § 9-10B-5. The Act also created 
the Alabama Water Resources Commission, whose duties include advising in the formulation of 
policies, plans, and programs of the Office of Water Resources in the performance of its 
functions and duties. § 9-10B-12, -16.  
 
The Act requires declarations of beneficial use to be submitted by public water systems, persons 
who divert, withdraw, or consume more than 100,000 gallons from the state’s waters on any day, 
and persons who have an irrigation system with a capacity to withdraw 100,000 gallons per day 
from the state’s waters. § 9-10B-20. Declarations must set forth the source of the water subject to 
the person’s beneficial use, state the estimated quantity, in gallons, used on an annual average 
daily basis by the person, estimate the quantity of water withdrawn or consumed on any given 
day by the person, and provide a statement of facts indicating the use constitutes a beneficial use. 
§ 9-10B-3(8). Once a declaration of beneficial use is submitted, the Office must issue a 
certificate of use, subject to a condition that the person submit annual reports to the Office 
showing the quantity of water used on a monthly basis. § 9-10B-20(e), (f). The Office makes no 
determination of the reasonableness or lawfulness of the use.  
 
The Office may conduct critical use studies to determine whether particular areas of the state 
should be declared to be capacity stress areas, which are areas where the use of the state’s 
waters, whether ground water, surface water, or both, requires management and regulation for 
the protection of the interests and rights of the people. § 9-10B-3(3). The Commission reviews 
the report and determines if the implementation of water use restrictions in that area is necessary 
due to a finding that the existing or reasonably foreseeable uses of the waters in that area exceed 
or will exceed the availability of such waters. § 9-10B-21. 
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FLORIDA 
 
I.  Type of Rule   
 
A.  Municipalities   
 
Florida municipalities are governed by Home Rule, as opposed to Dillon Rule (which limits local 
government authority to that which is specifically given to them by the state constitution or 
legislative statute). The Florida constitution and the Municipal Home Rule Powers Act establish 
Florida’s Home Rule authority.  
 
As stated by the Municipal Home Rule Powers Act: 
 

(1) As provided in s. 2(b), Art. VIII of the State Constitution, municipalities shall have 
the governmental, corporate, and proprietary powers to enable them to conduct municipal 
government, perform municipal functions, and render municipal services, and may 
exercise any power for municipal purposes, except when expressly prohibited by law. 
 
(2) “Municipal purpose” means any activity or power which may be exercised by the 
state or its political subdivisions. 
 

F.S.A. § 166.021(1)-(2).  
 

B.  Counties  
 
Florida counties operating under a county charter also have home rule. The Florida constitution 
provides: 

 
Counties operating under county charters shall have all powers of local self-
government not inconsistent with general law, or with special law approved by 
vote of the electors. The governing body of a county operating under a charter 
may enact county ordinances not inconsistent with general law. The charter shall 
provide which shall prevail in the event of conflict between county and municipal 
ordinances. 

Fla. Const. art. VIII, § 1.   
 
II.  State Enabling Legislation for Planning 
 
Florida planning authority is set forth in the Local Government Comprehensive Planning and 
Land Development Regulation Act, Fl. St. § 163.3161 et seq.  The Act authorizes incorporated 
municipalities and counties to adopt and amend comprehensive plans. Where the local 
government fails to meet this requirement, the regional planning authority is authorized to adopt 
and amend the comprehensive plan, as needed. Fl. St. § 163.3167. The Act specifies both 
required and optional elements of the comprehensive plan. Those items are defined in § 
163.3177.  
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Elements of the comprehensive plan relating to coastal management can be found at § 163.3178, 
which requires “that local government comprehensive plans restrict development activities where 
such activities would damage or destroy coastal resources, and that such plans protect human life 
and limit public expenditures in areas that are subject to destruction by natural disaster.” Id. 
  
III.  Coastal Zone Management 
 
The Florida Coastal Management Program is based on a network of agencies implementing 24 
statutes that protect and enhance the state's natural, cultural and economic coastal resources. The 
goal of the program is to coordinate local, state and federal agency activities using existing laws 
to ensure that Florida's coast is as valuable to future generations as it is today. Florida's 
Department of Environmental Protection is responsible for directing the implementation of the 
statewide coastal management program. 
 
The Florida Coastal Management Act, Fl. St. § 380.205-380.27, designates the Department of 
Environmental Protection as the lead agency and authorizes the department “to maintain and 
update a program based on existing statutes and existing rules and submit applications to the 
appropriate federal agency as a basis for receiving funds under the federal Coastal Zone 
Management Act.” § 380.22.  The Act networked the state’s existing coastal planning statutes 
and united them under the Florida Coastal Management Program. 
 
A.  Implementing Laws and Regulations: 
 
As noted above, Florida complies with the Coastal Zone Management Act through 24 state 
statutes. Below are those provisions impacting land use.   
 

1.  Chapter 161 Beach and Shore Preservation  
 
Chapter 161 is divided into Parts I, II, III, and IV, and Parts I and II are collectively known as the 
Beach and Shore Preservation Act (BSPA).  This Act was passed in order to better protect 
Florida’s beach and dune systems from unwise, imprudent construction.  The beach and dune 
systems are an invaluable resource for the State due to their ability to provide natural wildlife 
habitats and protection for upland property. Thus, the BSPA attempts to protect these systems 
from construction that could accelerate erosion, increase the vulnerability of upland properties, 
or interfere with public access to the beach. 
 
Part I provides the statutory authority for the Beach Erosion Control Program, the Coastal 
Construction Control Line Program, and the Environmental Permitting Program, which fall 
under the control of the Bureau of Beaches and Coastal Systems within the Florida Department 
of Environmental Protection. Part II establishes Beach and Shore Preservation Districts and gives 
local governments the authority to protect the beach and dune system. Part III regulates any 
construction occurring landward of the Coastal Construction Control Line by establishing a 
Coastal Building Zone.  
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Part I regulates construction occurring on the State’s beaches. Under Fla. Stat. §161.041, in order 
to engage in a coastal construction or reconstruction project below the mean high water line, 
including efforts to protect the shoreline, a permit must be obtained from the Florida Department 
of Environmental Protection (FDEP). There can be no construction of dwellings, hotels, 
apartment buildings, seawalls, or similar structure (including patios, garages, or swimming 
pools) within 50 feet of the mean high water line at any riparian location (Fla. Stat. § 161.052).  
Furthermore, any coastal construction below the mean high water line that endangers human life, 
health, or welfare, proves to be undesirable, or is determined to be unnecessary is to be removed 
or altered by either FDEP or the abutting landowner. Fla. Stat. § 161.061.   
 
Part II establishes Coastal construction control lines (CCCL) on a county basis along the State’s 
sandy beaches and outline the area of the beach that is subject to fluctuation due to 100-year 
storms or other devastating weather conditions. The establishment of a CCCL creates an area 
within FDEP’s jurisdiction where higher standards for siting and design criteria exist for 
construction and related activities. FDEP can grant general permits for minor, nonhabitable 
structures, such as decks, fences, and sidewalks. Coastal counties and municipalities can 
establish coastal construction zoning and building codes instead of the CCCL, as long as FDEP 
determines that the zones and codes are adequate to preserve and protect the beach and dune 
systems from imprudent construction. Fla. Stat. §161.053. 
 
Part III establishes a Coastal Building Zone in which construction shall be managed with stricter 
standards to minimize damages to the natural environment and private property. The coastal 
building zone consists of land from the seasonal high-water line to a line 1,500 feet landward 
from the coastal construction control line. Fla. Stat. § 161.54.  For the construction of minor 
structures, such as stairways, driveways, parking areas, and sidewalks, care must be taken to 
ensure minimum adverse impact on the beach and dune systems. Fla. Stat. § 161.55.  
Nonhabitable major structures, such as swimming pools and parking garages, must also be 
designed to ensure minimum adverse impact on the beach and dune system. Construction must 
be located sufficiently landward of the beach to permit natural shoreline fluctuations and 
preserve dune stability.  
 

2.   Chapter 163, Part II Intergovernmental Programs: Growth Policy; County and             
Municipal Planning; Land Development Regulation 

 
The Local Government Comprehensive Planning and Land Development Regulation Act (also 
known as Florida’s Growth Management Act) requires each county within the state, as well as 
many municipalities, to adopt local comprehensive plans to guide future growth and 
development. These comprehensive plans must contain elements addressing future land use, 
transportation, housing, coastal management, conservation, recreation and open spaces, and 
infrastructure.  Fla. Stat. § 163.3164. 
 
Under Section 163.3177, local comprehensive plans must provide for land use compatibility 
around existing and planned airports.  In these comprehensive plans, local governments must 
include procedures to provide for coordination of all development activities with other units of 
other local governments or with the federal government.  
 

 18



Section 163.3178, local government comprehensive plans must restrict development activities 
that could potentially damage or destroy coastal resources and require those plans to protect 
human life while also limiting public expenditures in areas prone to natural disasters. Where 
these plans outline hazard mitigation principles and the protection of human life from hurricanes 
and other natural disasters, the ability to evacuate those living along the coast must be considered 
in the future land use plan. Similarly, such plans must also discuss means to protect the dune 
system from erosion, the elimination of unsafe development in the coastal zone, the need for 
water-dependant facilities for the public along beach and shoreline areas, and the mitigation of 
threats to human life and the coastal environment as part of new development projects.  

 
When new developments have received a certificate of occupancy from the local government, 
sanitary sewer, solid waste, and water facilities are to be installed and servicing the development.  
Similarly, parks and recreation facilities intended to serve a new development must be in place 
within one year of the issuance of a certificate of occupancy. Transportation facilities needed to 
serve new development must either be in place or under construction within three years after the 
local government approved a building permit for a development that generates increased traffic. 
Fla. Stat. § 163.3180. 
 
Under Section 163.3194, after a comprehensive plan has been adopted as part of the Growth 
Management Act, all new developments and new land regulations must be consistent with the 
plan. Inconsistent land regulations existing when the plan is adopted must be subsequently 
amended to come into conformity with the plan.  Counties and municipalities, under section 163. 
3202, must amend or adopt land development regulations consistent with the local 
comprehensive plan, and these local regulations must regulate the certain uses of land while also 
providing for the protection of environmentally sensitive areas.   
 
The Florida Local Government Development Agreement Act, Fla. Stat. § 163.3220, authorizes 
local governments to establish the procedures by which a person may enter a development 
agreement with the government. These procedures strengthen the public planning process, 
encourage sound capital improvement planning, assure there is adequate capital for the 
development, encourage private participation in the comprehensive planning process, and reduce 
development costs.  
 

3.  Chapter 186 State and Regional Planning 
 

Chapter 186 establishes the Florida State Comprehensive Planning Act to create an integrated 
planning system and to ensure coordination between all levels of government to address the 
issues raised by the state of Florida’s continual growth and development.  Under this Act, the 
Governor’s office is to propose a state comprehensive plan to provide long-range guidance for 
the social, economic, and physical growth of the state, taking particular notice of the problems, 
opportunities, and needs related to land use throughout the state. This comprehensive plan is to 
be revised biennially in order to consider the growing needs of the state. Fla. Stat. § 186.007. 
 
Chapter 186 also establishes the Florida Regional Planning Council Act.  Under this Act, 
regional planning councils are required to adopt Strategic Regional Policy Plans that address 
regional issues in a manner consistent with the state comprehensive plan.  Regional planning 
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councils must submit a proposed comprehensive regional policy plan to the Executive Office of 
the Governor that considers regional resources, infrastructure needs, and other issues with 
significant regional importance.  Fla. Stat. 186.508. 
 
As part of the state’s comprehensive plan, the state must establish priorities regarding coastal 
planning and resource management, and the Strategic Regional Policy Plans must address coastal 
planning consistently with the state’s policy set forth in the comprehensive plan. 
 

4.  Chapter 252 Emergency Management  
 

The State Emergency Management Act seeks to reduce the vulnerability of people and property 
to natural, technological, and man-made disasters. Fla. Stat. § 252.31. This Act requires the 
creation of emergency management programs at the county level. Municipalities are also 
authorized to create emergency management programs that coordinate with the respective county 
programs.  

 
5.  Chapter 253 State Lands  
 

The Board of Trustees of the Internal Improvement Trust Fund of the state is authorized to 
acquire, administer, manage, control, supervise, conserve, protect, and dispose of lands 
belonging to the state of Florida. Fla. Stat. § 253.02. Lands held by the Board of Trustees are 
held in trust for the use and benefit of the public. Fla. Stat. § 235.001. These state lands include: 
 

o Swamp and overflowed lands 
o Lands owned by the state by right of its sovereignty 
o Tidal lands 
o Lands covered by shallow waters of the Atlantic Ocean or Gulf of Mexico, as 

well as state-owned lands covered by fresh water  
o Parks, reservations, lands or bottoms set aside in the name of the state, with the 

exception of lands set aside for transportation purposes 
 

State lands are to be “managed to serve the public interest by protecting and conserving land, air, 
water, and the state's natural resources, which contribute to the public health, welfare, and 
economy of the state.” Fla. Stat. § 253.034.  State lands and natural resources are, furthermore, to 
be managed such that these resources will be available for the benefit and enjoyment of the 
public and future generations.  
 
 6.  Chapter 258 State Parks and Preserves 
 
This chapter governs the establishment of and land uses in state parks and aquatic preserves.  As 
outlined below, in Florida state parks and aquatic preserves, certain activities and structures are 
not considered to be compatible with the preservation of these lands for public use. 
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State Parks:  In any of Florida’s state parks, the following activities are considered 
misdemeanors and inappropriate uses of the land (Fla. Stat. § 258.058): 
 

o Cutting, carving, injuring, mutilating, moving, displacing, or breaking off any 
water-bottom formation or coral. 

o Capturing, trapping, or injuring a wild animal. 
o Collecting plant or animal specimens. 
o Leaving the designated public roads in a vehicle. 
o Hunting. 

 
Aquatic Preserves:  State-owned submerged lands in areas which have exceptional biological, 
aesthetic, and scientific value have been set aside as aquatic preserves or sanctuaries for the 
benefit of future generations.  Fla. Stat. 258.36. Generally speaking, privately owned lands are 
excluded from designation as an aquatic preserves except by specific agreement with the 
landowner. Fla. Stat. 258.40.  The Board of Trustees of the Internal Improvement Trust Fund 
may not approve the establishment of bulkhead lines waterward of the mean high water mark 
within the preserve unless it would better serve the public interest to do otherwise – for example, 
if public bridge or road construction projects have no alternative other than the bulkhead line.  
 
Furthermore, in state aquatic preserves, there can be no dredging or filling of submerged lands 
unless the Board of Trustees grants a permit for specified activities, including:  
 

o Minimum dredging for public navigation projects; 
o Minimum dredging as required for creating and maintaining marinas, piers, or 

docks; 
o Maintaining existing navigation channels; 
o Improving or expanding public utility installations; and 
o Installing and maintaining oil and gas transportation facilities. 
 

Under Fla. Stat. 258.42, structures generally may not be erected within aquatic preserves, except 
certain structures that comply with specified conditions, including:  
 

o Private residential docks, if constructed for the reasonable access of riparian 
owners.  

o Private residential multislip docks or commercial docking facilities, if located 
within a reasonable distance of either a publicly maintained navigation channel or 
a natural channel that will allow for the operation of watercraft without having an 
adverse impact on marine resources.  

o Structures for shore protection, including seawalls, navigational aids, or public 
utility crossings 

 
 7.  Chapter 259 Land Acquisitions for Conservation or Recreation  
 
Under Fla. Stat. 259.032, the Conservation and Recreation Lands trust fund was established 
within the Florida Department of Environmental Protection in order to finance the purchase of 
state lands for the benefit of the public, specifically for the maintenance of the state’s natural 
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resources, air and water quality, and natural resource based recreation.  These lands are to be 
acquired for conserving environmentally unique lands, protecting endangered or threatened 
species, restoring and protecting ecosystems and forests to conserve water, coastal, timber or 
recreational resources, and to otherwise benefit the public.  
 
When these state lands are acquired, they are to be managed for the conservation and protection 
of valuable state resources, and public recreation is to be allowed on these lands to the extent to 
which it is compatible with the purposes of conservation and protection. Public recreational 
activities that do not conflict with conservation and protection of state resources include: fishing, 
hunting, camping, bicycling, hiking, nature study, swimming, boating, canoeing, horseback 
riding, diving, birding, sailing, and jogging. Fla. Stat. 258.032.  
 
The Florida Forever Act establishes a framework for acquiring habitat conservation areas, 
natural floodplains, fragile coastlines, functional wetlands, groundwater recharge areas, 
sustainable forest land. By acquiring these lands for the state, Florida aims to restore water 
resources, wildlife habitats, recreation space, wetlands and coastal open space that has been lost 
or faces destruction as the state’s population increases. Fla. Stat. § 259.105. The Florida Forever 
Act replaced the Florida Preservation 2000 Program.  
 

8.  Chapter 260 Florida Greenways and Trails Act  
 
Fla. Stat. § 260.012 establishes the procedures by which the state of Florida may create a 
statewide system of greenways and trails for recreation and conservation.  These trails are to be 
managed to preserve ecosystems and wildlife habitats while also providing recreational 
opportunities including equestrian activities, hiking, bicycling, canoeing, jogging, and historical 
and archeological interpretation, with the goal of improving the health and welfare of the public.  
 
The Florida Department of Environmental Protection, under the Greenways and Trials Act, is to 
establish, develop, and publicize these greenways and trials to permit public recreation where 
public access would not damage the state’s natural resources or unnecessarily impact sensitive 
wetlands or wildlife habitats.  
 
In order to designate greenways and trails as part of this system, FDEP must develop the criteria 
for designation, provide public notice of the proposed designation, obtain written authorization 
from landowners where private property is involved, and describe the uses of the property as part 
of the greenway and trails system.  Fla. Stat. § 260.016. 
 
In order to ensure public safety, FDEP may restrict the use of motorized watercraft within canoe 
trails. Fla. Stat. § 260.017. Mining companies are encouraged to assist in the development of 
recreational opportunities on mined lands, including walking, hiking, canoeing, bicycling, 
equestrian activities, wildlife viewing.  Fla. Stat. § 260.021. 
 

9.  Chapter 267 Historical Resources  
 

The Florida Historical Resources Act governs the use of publicly owned historical or 
archeological resources that are located on land or waters belonging to the state.  This Act 
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encourages the preservation of historic resources for the benefit of the public by identifying, 
registering, protecting and preserving historical resources belonging to the public. Under the Act, 
the Division of Historical Resources is authorized to develop a comprehensive statewide historic 
preservation plan and ensure that state historical and cultural sites are identified, acquired, and 
appropriately protected. Fla. Stat. § 237.031. The Act created the Florida Historical Commission 
to work in conjunction with the Division of Historical Resources when identifying, protecting, 
and maintaining historical sites within the state. Fla. Stat. § 267.0612.  The Division of Historical 
Resources has the authority under this Act to issue permits to scientific and educational 
institutions for excavation on state lands designated as an archeological landmark.  Fla. Stat. § 
267.12. 
 

10.  Chapter 288 Commercial Development and Capital Improvements  
 
As a whole, this chapter establishes the state’s goal of promoting the Florida business, trade, and 
tourism in an effort to further the state’s economic growth. Section 288.9015 establishes the 
duties of Enterprise Florida, Inc., which is the principal economic development organization for 
the state. This organization is responsible for creating policies that support the growth and 
development of Florida’s existing businesses, recruiting new businesses to the state economy, 
and supporting small businesses and the development of rural economies.   
 
Under this Act, the Florida Fish and Wildlife Conservation Commission works in conjunction 
with the Florida Tourism Industry Marketing Corporation and other local tourism and 
governmental organizations to develop nature-based recreation (including fishing, hiking, 
canoeing, camping, hunting, and other leisure activities related to the state’s lands, waters, fish, 
and wildlife) and foster the sustainable use of natural resources. Fla. Stat. § 288.0658. 
 

11.  Chapter 334 Transportation Administration  
 

Chapter 334 establishes the Florida Transportation Code and sets forth the responsibilities of the 
state, counties, and municipalities in terms of developing and maintaining the transportation 
system.  Under the Transportation Code, the state Department of Transportation has the authority 
to plan a safe and viable statewide transportation system by acquiring and disposing of property, 
developing minimum standards for the design, construction, maintenance, and operation of 
public roads, and conduct research for the improvement of the statewide transportation system. 
Furthermore, under Fla. Stat. § 344.044(26), the Department of Transportation has the 
responsibility of enhancing environmental benefits, including air and water quality, prevent 
roadside erosion, conserving natural roadside growth and scenery, and implementing and 
maintaining roadside conservation, enhancement, and stabilization programs.  
 

12.  Chapter 339 Transportation Finance and Planning  
 

This chapter outlines the Florida Transportation Plan that defines the state’s long-term 
transportation goals over the next 20 years.  This annually updated plan must take into account 
the State Comprehensive Plan and consider the preservation of the existing transportation 
infrastructure, enhancing Florida’s economic competitiveness, improving travel choices to 
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ensure mobility, protecting and enhancing the environment, promoting energy conservation, and 
improving the quality of life for Floridians.  Fla. Stat. § 339.155. 
 
This chapter generally also covers the means by which the state funds the development, 
planning, and maintaining of the state’s transportation system. Under section 339.09, 
transportation tax revenues are not to be used for purposes unrelated to transportation; therefore, 
these funds may be appropriately used for constructing and maintaining roads, parking areas, and 
other transportation facilities, and noise mitigation facilities upon request.  Working in 
conjunction with metropolitan planning organizations, the Department of Transportation must 
also develop and implement a system for managing various problem areas with regard to 
transportation, including highway pavement, bridges, highway safety, traffic congestion, public 
transportation facilities, and intermodal transportation facilities. Fla. Stat. § 339.117. 
 

13.  Chapter 373 Water Resources  
 

The Florida Water Resources Act provides for the management of water resources in order to 
promote the conservation, replenishment, recapture, enhancement, development and proper use 
of surface and groundwater. As a public resource, water is to be managed on a state and regional 
basis and allocated throughout the state to meet all reasonable and beneficial uses. When 
possible, water should be obtained from sources nearest to the area of use as possible.  In order to 
properly conserve and manage the state’s water resources, the Department of Environmental 
Protection established water management districts. Fla. Stat. 373.026.   
 
FDEP, in cooperation with the regional water management districts, is authorized to develop the 
Florida Water Plan, which is to include the FDEP’s programs related to water supply and quality, 
flood management and protection, FDEP’s water quality standards, and the district water 
management plan. Water management districts are authorized to develop a similar plan on a 
regional level. Fla. Stat. 373.036. Lands may be dedicated to water management districts when 
necessary to carry out district water improvement projects. These dedicated lands are to be used 
for the public purposes of the district, and conveyances may be made conditional, such that if 
these lands are not used for public purposes or are abandoned, then the lands will revert back to 
the granting agency. Fla. Stat. § 373.056.   
 
In order to provide for the improvement, management, or maintenance of the lands owned by the 
water management districts, the district’s governing board may contract with various entities, 
including private persons, federal or state agencies, counties, municipalities, or environmental 
organizations. Fla. Stat. § 373.1401. 
 

14.  Chapter 375 Outdoor Recreation and Conservation Lands  
 

The Outdoor Recreation and Conservation Act authorizes the Florida Department of 
Environmental Protection to develop and implement a multipurpose outdoor recreation plan for 
the state. By describing statewide recreational needs and opportunities, the plan is to estimate the 
need for additional recreational options and propose means to implement those opportunities.  
Fla. Stat. § 375.021. FDEP may acquire land needed for recreational opportunities under Fla. 
Stat. § 375.031 and § 375.032, and FDEP will be responsible for overseeing the development 
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and uses of these acquired lands and water areas. In doing so, FDEP may also construct, 
improve, and maintain structures and facilities on the land as needed.   
 
On lands designated as state recreational areas, FDEP is authorized to regulate motor vehicle 
traffic in order to preserve the area for recreational uses and to minimize impacts to wildlife. Fla. 
Stat. §375.311.  In addition to motor vehicle use, damage to state recreational lands includes 
injury to trees, plants, the dune system, environmentally sensitive lands, water sources, or 
wildlife. Fla. Stat. § 375.314. 
 

15.  Chapter 376 Pollutant Discharge Prevention and Removal  
 

Under the Pollutant Discharge Prevention and Control Act, the coast of Florida is to be preserved 
as a source of public and private recreation. Accordingly, the coastal waters, estuaries, tidal 
areas, and adjoining beaches must be preserved in pristine condition while also allowing for 
multiple uses to provide for the broad promotion of public and private interests. To preserve the 
coastline, the Florida Department of Environmental Protection is authorized under this statute to 
contend with coastal hazards and require the containment of pollutants along the coast.  Fla. Stat. 
§ 376.021.   
 
Ground and surface waters represent the state’s primary source of potable water; therefore, state 
waters, like the coastline, should be maintained in as close to pristine condition possible while 
also allowing multiple uses for public and private interest.  Discharges of pollutants and 
hazardous materials into the state’s ground and surface waters is prohibited, and FDEP is 
authorized to deal with actual and potential threats to the state’s waters and require containment 
of any pollutants entering those waters. Contaminated waters should be restored to comply with 
the state’s water quality standards or, if there are no set standards in place, to a level that is 
determined to be safe and potable by the Department of Health. Fla. Stat. § 376.30. 
 
Under the Brownfields Redevelopment Act, the state plans to reuse industrial land for urban 
purposes, which in turn prevents the premature development of farmland, open space, and 
natural areas. Fla. Stat. § 376.78.  When Brownfield sites are abandoned, land and public 
facilities are being not being put to efficient use; therefore, under this Act, incentives are put in 
place to encourage responsible persons to voluntarily develop and implement cleanup plans 
without using taxpayer funds or state enforcement actions to remediate the site.  
 

16.  Chapter 377 Energy Resources  
 
Under Fla. Stat. § 377.24, in order for any person to drill a well in search of oil or gas, the person 
must provide notice to the Division of Resource Management (DRM) within FDEP and apply for 
a drilling permit. Abandoned wells and dry holes must promptly be plugged and the owner of the 
well must provide notice of his intention to abandon the well and seek approval to do so from 
DRM. Drilling permits will not be granted within the corporate limits of a municipality unless 
approved by the municipal governing authority. Permits will also not be granted within the 
state’s tidal waters abutting a municipality or within three miles of the corporate limits as 
measured from the mean high tide line, unless approved by the municipal governing authority.  
Furthermore, no drilling permits will be granted on improved beaches (those with at least 10 
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hotels, apartment buildings, residents or other structures used for residential purposes) or in tidal 
waters abutting an improved beach, unless the county commissioners authorize the permit.  
 
When considering whether a drilling permit should be granted, DRM is to consider the 
likelihood of oil or gas being present in a quantity sufficient to justify exploration as well as the 
nature, character and location of the land involved – whether the land is rural or urban, whether 
the land has been developed for residential or business purpose or whether the land remains 
vacant, and whether the lands are in a location making it likely for improvements and 
developments to occur in the future.  
 

17.  Chapter 380 Land and Water Management  
 
Under the Florida Environmental Land and Water Act, local governments are to implement plans 
to guide local growth and land use and development in order to provide a water management 
system that will reverse the deterioration of water quality throughout the state and provide 
optimum utilization of the state’s water resources. Fla. Stat. § 380.021. This Act establishes two 
land use programs - the designation of Areas of Critical State Concern (Fla. Stat. § 380.05) and 
the review of large-scale land development through the Development of Regional Impact 
procedures (Fla. Stat. § 380.06).   
 
In Areas of Critical State Concern, specific management plans are to be enacted to protect these 
areas from being damaged by issues related to population growth by regulating land use and 
development. Currently, there are four areas that have been designated under this provision – the 
City of Apalachicola, the City of Key West and the Florida Keys, the Green Swamp, and the Big 
Cypress Swamp.   
 
The Developments of Regional Impact (DRI) program regulates land uses that stand to have a 
substantial effect on the health, safety or welfare of the public by providing regional and state 
oversight through an appeals process. When developments are reviewed under this program, 
FDEP ensures that the developments are in compliance with state law, identifies the potential 
impacts that such development may have, and makes recommendations to local governments for 
approving or not approving developments, or approving these developments subject to mitigation 
measures being used.  
 
The Florida Quality Developments Program was developed as an alternative to the original DRI 
program. Fla. Stat. § 380.061. The Florida Quality Developments Program encourages 
development that has been planned in such a way as to take into consideration the protection of 
Florida’s natural amenities and the cost to local government of providing services to a growing 
community. The developer of a Florida Quality Development must protect wetlands, provide for 
the integrity of water bodies, dunes, and beaches, protect archaeological sites and areas that 
include habitat for endangered or threatened species. Furthermore, Florida Quality Developments 
require developers to consider open spaces, recreation, energy infrastructure, and consistency 
with the state comprehensive land, the land development plan, and local governmental 
comprehensive plans. This program prohibits developments that generate certain amounts of 
hazardous or toxic substances as well as those that encourage dredge and fill activities.  
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The Florida Communities Trust Act established two land acquisition programs by which local 
governments or non-profit organizations may acquire parks, open space, greenways, and areas 
for aquaculture. The Florida Communities Trust is part of the Florida Forever Program and 
receives 21% of the total Florida Forever appropriations for the Parks and Open Space grant 
program and 2.5% of the Florida Forever appropriations for the Stan Mayfield Working 
Waterfronts Program. 
  
The Parks and Open Space program provides grants for local governments and environmental 
non-profit organizations to acquire community parks, open spaces, and public water access.  
These grants allow local governments to comply with the conservation, recreation, and open 
space elements of their local comprehensive plans. 
 
The Stan Mayfield Working Waterfronts program provides similar grants to local governments 
and non-profit organizations for the acquisition of land to preserve working waterfronts. 
 

18.  Chapter 381 Public Health: General Provisions 
 
The Florida State Department of Health, under Fla. Stat. § 381.001, is responsible for the state’s 
public health system, which is designed to promote, protect, and improve the health of Florida 
citizens. The goal of the public health system is to foster conditions in which people can be 
healthy, both by improving the health of the general public and by providing an environment that 
enhances the health of the individual and the community.  
 
The Department of Health is further responsible for detecting and preventing disease caused by 
environmental factors as part of an environmental health program, which monitors drinking 
water and exposures to hazardous substances and toxic agents in water, air, and food; controlling 
sewage treatment and disposal; controlling diseases transmitted between animals and humans; 
monitoring mosquitoes and insect-borne illnesses. Fla. Stat. § 381.006.  
 
The proper management of onsite sewage treatment and disposal systems is also an activity that 
stands to benefit the health, safety and welfare of the public; accordingly, the Department of 
Health also administers evaluations of these facilities to ensure that they are operational and to 
identify any system failures. In doing so, the Department may issue permits for construction, 
installation, modification, abandonment, or repair of onsite sewage treatment facilities (including 
septic tanks) where publicly owned sewage systems are not available for use. No onsite sewage 
treatment system may have an adverse effect on public health, groundwater, or surface water.  
Fla. Stat. § 381.065.  
 
Where the Department determines that private water systems (or public systems not covered by 
the Florida Safe Drinking Water Act – Florida Statutes, Ch. 403, Part IV) or onsite sewage 
treatment systems are detrimental to the public health, groundwater, or surface water, the 
department may issue an order requiring the owner to correct the condition and restore the 
system to a properly-functioning state.  
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19.  Chapter 403 Environmental Control  
 
The Florida Air and Water Pollution Control Act recognizes that any pollution to the state’s air 
and water harmful to public health and welfare, destructive to wildlife, and impairs domestic, 
agricultural, industrial, and other uses of air and water. The overall purpose of this act is to 
conserve, protect, and improve the quality of Florida’s air and water in order to preserve a 
healthy water supply, preserve the state’s wildlife, and maintain levels of air quality that supports 
both human health and plant and animal welfare, which in turn promotes the state’s social and 
economic development. Fla. Stat. § 403.021.  
 
The Florida Department of Environmental Protection is authorized to control air and water 
pollution by approving long-term plans designed to provide for air and water quality control and 
pollution abatement, administer and enforce air and water pollution laws and regulations, adopt 
new air and water quality control laws and regulations (consistent and in compliance with the 
federal Clean Air and Clean Water Acts) that control emissions from vehicles, effluent 
limitations, pretreatment requirements, and performance standards, and establish air and water 
quality standards for the state as a whole or for regions of the state as deemed necessary by the 
department. FDEP must also adopt rules and regulations necessary to obtain approval from the 
U.S. Environmental Protection Agency to administer the federal National Pollution Discharge 
Elimination System (NPDES) permitting program for the discharge of pollutants into U.S. 
waters. FDEP must also exercise the duties and responsibilities conferred to the state under the 
federal Clean Air Act with regards to air quality standards and emissions control.  Fla. Stat. § 
403.061. 
 
The Water Resources Restoration and Preservation Act, section 403.0615, requires the 
department to establish a program to restore and preserve bodies of water and to enhance public 
access where necessary. Under this Act, the Department must adopt criteria for allocating 
preservation and restoration funds, including the degree of water quality degradation, the extent 
to which the water is polluted, the public uses and ecological value of the water, and the 
commitment of local government resources to assist in restoration efforts. 
 
The Department also has the authority, under section 403.067, to develop a total maximum daily 
load (TMDL) program as required by section 303(d) of the federal Clean Water Act. The state’s 
TMDL program is designed to promote water quality improvements throughout the state by 
controlling both point and non-point sources of pollution. In administering and executing the 
TMDL program, FDEP coordinates with local governments, water management districts, the 
Department of Agriculture and Consumer Services, soil and water conservation districts, 
environmental groups, and affected pollution sources. Section 403.067 also provides the means 
by which the TMDL is to be calculated for each required body of water.  
 
Under the Electrical Power Plant and Transmission Line Siting Act, the department is charged 
with developing a procedure for the selection and utilization of sites for electrical generating 
facilities such that these facilities will not have an adverse impact on the people, wildlife, the 
location and growth of industry, or natural resources of the state. Fla. Stat. § 403.502. In order to 
construct an electrical power plant, an applicant must receive a permit, and in the permit 
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application the applicant must include a statement on the consistency of the site with existing 
land use plans and zoning ordinances in effect on the state that the application was filed. 
  
Section 403.705 establishes the state’s solid waste management program, which provides 
guidelines for the orderly storage, processing, recovery, and disposal of solid waste within the 
state of Florida. In creating the state’s solid waste management program, FDEP is to promote the 
planning and application of recycling and resource recovery systems which enhance air and 
water quality and enhance the natural resources of the state. In order to determine where 
additional hazardous waste disposal facilities are to be sited, each county is to complete a 
hazardous waste management assessment and designate areas within the county at which storage 
facilities could be constructed if need requires. The local government that has jurisdiction over 
the county’s designated hazardous waste facility is to determine if the proposed site is consistent 
with local government comprehensive plans and local land use ordinances and regulations. If the 
siting request does not comply with local government procedures, then the person requesting to 
develop the hazardous waste facility may request a variance, the denial of which is appealable to 
the Governor of the state. The Governor may grant the variance if the facility will not have a 
significant adverse impact on the environment, the surface or groundwater of the area, or the 
economy. Fla. Stat. § 403.723. 
 

20.  Chapter 553 Building and Construction Standards  
 
The Florida Building Code, section 553.73, contains the laws and rules which govern the design, 
construction, erection, alteration, modification, repair, and demolition of public and private 
buildings, structures, and facilities.  Local governments may impose more stringent building 
requirements than the state if the need requires.  
 
In order to construct, repair, or demolish a building within the state of Florida, a person, firm or 
corporation must first obtain the proper permit. No permits may issue until the local building 
code inspector and fire safety inspector have both approved the plans.  
 

21.  Chapter 582 Soil and Water Conservation 
 

Under section 582.10, the Department of Agriculture and Consumer Services may organize soil 
and water conservation districts if the Department determines that there is a need, in the interest 
of public health, safety, and welfare, for such a district in the proposed area. The supervisors of a 
soil and water conservation district have the authority to develop regulations governing land uses 
within the district in order to conserve soil and prevent soil erosion. Before promulgating any 
land use regulations, the supervisors must notify landowners in the district of their intention to 
hold a referendum for the landowners to indicate their approval or disapproval of the proposed 
regulations. Only if a majority of the votes cast in the referendum approve the regulations can the 
district adopt the regulations.  
 
Under section 582.22, the district has the authority to implement regulations concerning the 
construction of terraces, dikes, ponds, ditches, and similar structures; requiring the use of certain 
cultivation methods; preventing cultivation in highly erosive areas; and providing for other 
means and operations to assist with soil conservation and soil erosion preventions. Copies of the 
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land use regulations adopted in each district are to be made available to the owners and occupiers 
of district lands.   
 
The supervisors of each water district are authorized to enter any lands within the district to 
determine if the land use regulations are being observed. Should the supervisors determine that 
the land use regulations are not being followed and soil erosion is occurring on the lands, they 
may request that the circuit court require the landowner comply with the regulations. If, at that 
point, the landowner refuses to bring his land into compliance, the supervisor may enter the 
lands, perform the work required to bring the land into compliance with the regulations, and 
recover the costs of the work, with interest, from the landowner. Fla. Stat. § 582.23. If the 
landowner can demonstrate that complying with the land use regulations present great practical 
hardship, the landowner may apply for a variance with the district. Fla. Stat. § 582.26. 
 

22.  Chapter 597 Aquaculture  
 
To promote the growth of the aquaculture industry and simultaneously protect the environment, 
he Florida Aquaculture Policy Act delegates certain responsibilities regarding aquaculture to the 
state Department of Agriculture and Consumer Service. The Act established the Aquaculture 
Review Council to evaluate aquacultural issues, make recommendations as to future research and 
development projects to further the growth of the industry, and provide input on the annual 
development of the Florida Aquaculture Plan. Fla. Stat. § 597.005. Under this Act, all Florida 
aquaculturalists must obtain a Certificate of Registration and, to make sure that the industry 
adequately protects and preserves environmental resources, abide by the Best Management 
Practices as outlined by the Department of Agriculture. Fla. Stat. § 597.004. The Act also created 
the Aquaculture Interagency Coordinating Council to provide for interagency coordination with 
regard to the growth and development of the state’s aquaculture industry. Fla. Stat. § 597.006. 

   
B.  Planning & Programs: 
 

1.  Coastal and Estuarine Land Conservation Program  
 
The Coastal and Estuarine Land Conservation Program (CELCP) is a federally funded land 
acquisition program to assist states in protecting ecologically important coastal areas. The 
Florida Coastal Management Program developed Florida’s CELCP plan in consultation with 
state agency partners and NOAA. The CELCP plan will be used to determine which parcels are 
proposed for acquisition when federal funds are made available.  

 
2.  BlueWays 

 
The Florida BlueWays project presents ecological, human use and management information in a 
GIS format to provide an integrated, place-based description of competing uses in the coastal 
ocean and estuarine environment. The project is a useful tool for analyzing use patterns and 
trends in coastal areas and to support the development of innovative, coordinated measures to 
protect resources. The Fish and Wildlife Research Institute’s BlueWays tool was applied to the 
Recreational Boating Characterization for Tampa and Sarasota Bays in analyzing recreational 
surface water use.  
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3.  Waterfronts Florida  

 
Many of Florida's traditional waterfronts have seen dramatic economic and social changes in the 
last two decades. Today many communities are interested in revitalizing their waterfronts - areas 
that have experienced neglect and deterioration over the years. The Waterfronts Florida program 
designates three communities biennially to receive training, innovative technical assistance, and 
limited financial assistance as they develop and implement revitalization plans. The Department 
of Community Affairs’ Waterfronts Florida Partnership program assists designated communities 
in organizing, visualizing, and implementing locally-based plans. 
 
IV.  Other State Laws Affecting Coastal Planning 
  
A.  Chapter 298: Drainage and Water Control 

 
Fla. Stat. § 298.01 authorizes the formation of water control districts, which construct, complete, 
operate, maintain, repair, and replace all works and improvements necessary to execute the water 
control plan.  These functions include cleaning, straightening, widening, and changing the course 
of canals, ditches, drains, rivers, watercourses, or natural streams; constructing and maintaining 
canals, ditches, levees, dikes, reservoirs, floodways; and constructing any other works or 
improvements that have been deemed necessary to preserve the waterworks within the districts.  
The Water Control District also has the authority to implement comprehensive water control 
activities, including flood protection, water quality management, and water quality improvement.  
Fla. Stat. § 298.22. 

 
Each water control district must develop a water control plan that contains descriptions of land 
use within the district, a map outlining the legal boundaries of the district and identifying any 
subdistricts, engineering drawings and narratives that describe the facilities within each district 
and their capacity for management and storage of surface waters and potable water supply, and a 
description of any environmental or water quality program that the water control district either 
has implemented or will implement in the future.  The water control plan must be approved by 
the appropriate water management district.  Fla. Stat. § 298.225. 
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LOUISIANA  
 
I.  Type of Rule 
 
A.  Home Rule Charter (Louisiana Constitution, Article 6 § 5,6) 

 
A home rule charter provides the structure and organization, powers and functions of the parish, 
which may include the exercise of any power and performance of any function necessary, 
requisite or proper for the management of its affairs, not denied by general law or inconsistent 
with the constitution. 

Home Rule structure can be in varying forms: President-Council form, Council-Administrator 
form, Parish Commission Form. 

Subject to and not inconsistent with this constitution, any local governmental subdivision may 
draft, adopt, or amend a home rule charter.  

The legislature shall enact no law the effect of which changes or affects the structure and 
organization or the particular distribution and redistribution of the powers and functions of any 
local governmental subdivision which operates under a home rule charter. 

 
B.  Police Jury (La. Rev. Stat. Ann. § 33:1221 et. seq.) 
 
The typical governing body of the parish is called the police jury. Not every parish is governed 
by a police jury, but 41 of the 64 parishes use this system.  

The police jury is the legislative and executive government of the parish, and is elected by the 
voters. Its members are called jurors, and together they elect a President as their chairman. The 
President presides over the police jury and serves as the head of the parish government.  

Police juries range in size, depending on the population of the parish, from three to fifteen. Many 
parishes are quite rural and therefore have small police juries. Wide latitude is given to organize 
and administer the police jury's business. 
 
II.  State Enabling Legislation for Planning 
 
A.  Municipalities:  
 
Municipal Power to make land use planning ordinances is set forth in La. Rev. Stat. Ann. 33:102. 
Under this statute, every parish and every municipality may make, adopt, amend, extend, add to, 
or carry out official plans; create by ordinance a planning commission with the powers and 
duties provided by the statute; and appropriate funds for the commission.  

 
The general duties of municipal planning commissions in making land use planning ordinances 
include making and adopting a master plan for the physical development of the municipality. La. 
Rev. Stat. Ann. § 33:106. Municipal planning commissions also serve as a municipal zoning 
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commission.  
 
Municipal planning commissions “shall make careful and comprehensive surveys and studies of 
present conditions and future growth of the municipality and its environs.” La. Rev. Stat. Ann. § 
33:107.  
 
The municipality’s master plan “shall be made with the general purpose of guiding and 
accomplishing a coordinated, adjusted, and harmonious development of the parish or 
municipality, as the case may be, and its environs which will, in accordance with present and 
future needs, best promote health, safety, morals, order, convenience, prosperity, and general 
welfare, as well as efficiency and economy in the process of development; including, among 
other things, adequate provision for traffic, the promotion of safety from fire and other dangers, 
adequate provision for light and air, the promotion of the healthful and convenient distribution of 
population, the promotion of good civic design and arrangement, wise and efficient expenditure 
of public funds, the adequate provision of public utilities and other public requirements, and in 
the case of a municipal planning commission, vehicular parking.” La. Rev. Stat. Ann. § 33:107.  
 
B.  Parishes:  

 
The general duties of parish planning commissions include making and adopting a master plan 
for the physical development of the unincorporated territory of a parish. La. Rev. Stat. Ann. § 
33:106. 
 
Parish planning commissions, in adopting a master plan, “shall make careful and comprehensive 
surveys and studies of present conditions and future growth of the parish, with due regard to its 
relation to neighboring territory and to the relation of unincorporated territory in the parish to 
incorporated territory therein.” La. Rev. Stat. Ann. § 33:107.  
 
The master plan created by a parish planning commission is, in almost all respects, the same as 
that created by a municipal planning commission. The parish master plan “shall be made with the 
general purpose of guiding and accomplishing a coordinated, adjusted, and harmonious 
development of the parish or municipality, as the case may be, and its environs which will, in 
accordance with present and future needs, best promote health, safety, morals, order, 
convenience, prosperity, and general welfare, as well as efficiency and economy in the process 
of development; including, among other things, adequate provision for traffic, the promotion of 
safety from fire and other dangers, adequate provision for light and air, the promotion of the 
healthful and convenient distribution of population, the promotion of good civic design and 
arrangement, wise and efficient expenditure of public funds, the adequate provision of public 
utilities and other public requirements.” La. Rev. Stat. Ann. § 107. 
 
Instead of Parish Planning Commissions, many parishes have Parish Development Boards. 
which may be created and organized by a police jury under the provisions of La. Rev. Stat. Ann. 
§§ 33:121-130. The duties of Parish Development Boards include creating a plan for parish 
resources and facilities. These plans may contain information showing the location and condition 
of the streets, highways, bridges, waterways, parks, aviation facilities, commercial airlines, pipe 
lines, railroads, electric power lines, mines, factories, forests, other natural resources, public 
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utilities, and other pertinent and appropriate information. La. Rev. Stat. Ann. § 33:127. Parish 
Development Boards will not be established in any parish containing a municipality of more than 
three hundred thousand. La. Rev. Stat. Ann. § 33:121. No parish may simultaneously have both a 
parish planning commission and parish development board.  La. Rev. Stat. Ann. § 33:130. 
 
C.  Regional:  
 
Regional planning areas consist of urbanized areas in municipalities and surrounding parishes. 
Under La. Rev. Stat. Ann. § 33:131, “the legislative bodies of any municipality and a 
surrounding or contiguous parish; or any two or more contiguous municipalities; or of any one or 
more municipalities and one or more parishes all forming a single urbanized or suburbanized 
area; or of any one or more municipalities and one or more parishes all forming a single 
urbanized area of more than fifty thousand population and including municipalities and parishes 
contiguous thereto, hereinafter referred to as “urbanized areas” are hereby authorized to create a 
regional planning area out of their combined territories, and the police jury of any parish may 
likewise join with one or more counties in an adjoining state forming a single area for a like 
purpose.”  
 
Ordinances adopted by each municipality and parish involved in the regional planning area 
provide for the creation of a regional planning commission. The general duties of regional 
planning commissions include making regional development plans; making studies of the 
resources and problems occurring in the regional planning area; preparing lists of the region’s 
natural resources, public works, and private facilities deemed important to regional development; 
and provide information to civic groups, private persons, and public officials who request such 
information regarding regional or metropolitan development. La. Rev. Stat. Ann. § 33:135. 
 
D.  State Planning Districts 
 
Louisiana has also implemented State Planning Districts under La. Rev. Stat. Ann. §§ 
33:140.181,182: The legislature finds that problems of growth and development in urban and 
rural regions of the state so transcend the boundary lines of local government units that no single 
unit can plan for their solution without affecting other units in the region; that various multi-
parish planning activities conducted under various laws of the United States are being conducted 
in an uncoordinated manner; that intergovernmental cooperation on a regional basis is an 
effective means of pooling the resources of local government to approach common problems; 
and that the assistance of the state is needed to make the most effective use of local, state, 
federal, and private programs in serving the citizens of such urban and rural regions. 
 
III.  Coastal Zone Management 
 
A.  Implementing Laws and Regulations: 
 
Louisiana State and Local Coastal Resources Management Act (SLCRMA) of 1978 (LA. R.S. 
49:214.21 et seq.) is Louisiana’s approved Coastal Zone Management Act (CZMA) program that 
sets criteria and establishes guidelines for protecting, developing, and restoring the natural 
resources of the delineated coastal zone.  
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B.  Planning & Programs: 
 
A coastal use permit is required for certain activities in the coastal zone, including, but not 
limited to: dredging or discharges of dredged or fill material; levee siting, construction, operation 
and maintenance; hurricane and flood protection facilities; urban developments; energy and 
mining activities; shoreline modification; and recreational and industrial development.  
 
A coastal use permit is not required for certain activities in the coastal zone, including, but not 
limited to: activities occurring wholly on lands five feet above mean sea level, agricultural, 
forestry or aquaculture activities on lands consistently used in the past for such activities, 
hunting, fishing, trapping, and the preservation of scenic, historic, and scientific areas and 
wildlife preserves, normal maintenance or repair of existing structures including emergency 
repairs of damage caused by accident, fire, or the elements, construction of a residence or camp, 
or other uses which do not have a significant impact on coastal waters. 
 
Louisiana allows coastal zone parishes that have developed approved local coastal management 
plans to regulate “uses of local concern” within their boundaries. These uses directly and 
significantly affect coastal waters and are in need of coastal management, but are not uses of 
state concern. 
 
A copy of the Coastal Zone Management Act for Louisiana can be found at: 
http://www.legis.state.la.us/lss/lss.asp?doc=103633.  
 
IV.  Other State Laws Affecting Coastal Land Use 
 
A.  America’s WETLAND Trail, La. Rev. Stat. Ann. § 49:214.4.2 

 
The purpose of the America's WETLAND Trail shall be to heighten awareness of the dramatic 
coastal land loss occurring in south Louisiana and what that loss means to the entire state and the 
nation and to promote an understanding of how important the wetlands are to the state and the 
nation and what benefits are derived from these vital wetlands. 
 
America's WETLAND Trail on Louisiana's Great Gulf Coast is the final leg of birding trails in 
states bordering the Gulf of Mexico, linking trails in Texas and Mississippi. Designed in twelve 
distinct loops, nature lovers will be able to view a huge variety of bird species. The America's 
WETLAND Trail will help visitors explore some of Louisiana's most productive natural places 
along the coast and expose them to some of the best birding in the country through the numerous 
State Parks, State Historic Sites, State Preservation Areas, National Wildlife Refuges, Wildlife 
Management Areas, and other natural spots throughout the state. In addition to exceptional birds 
and other wildlife, America's WETLAND Trail also exposes visitors to some of the state's 
unique history and culture. 
 
B.  Coastal Protection & Restoration Authority, La. Rev. Stat. Ann. § 49:214.50,51 
 
The Coastal Protection & Restoration Authority shall represent the state's position in policy 
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relative to the protection, conservation, enhancement, and restoration of the coastal area of the 
state through oversight of integrated coastal protection projects and programs and by addressing 
activities which require a coastal use permit which could significantly affect integrated coastal 
protection projects and programs. 
 
The authority shall develop, coordinate, make reports on, and provide oversight for a 
comprehensive coastal protection master plan and annual plans, working in conjunction with 
state agencies, political subdivisions, including flood protection authorities, levee districts, and 
federal agencies. 
 
The authority shall develop procedures in accordance with the Administrative Procedure Act and 
take actions against any entity, including political subdivisions, to enforce compliance with the 
comprehensive master coastal protection plan.  

 
C.  Governor’s Advisory Commission on Coastal Protection, Restoration and                    

Conservation; La. Rev. Stat. Ann. § 49:214.4.1 
 

The Mission of the Coastal Advisory Commission on Coastal Protection, Restoration, and 
Conservation includes but is not limited to assisting the State of Louisiana in the development 
and implementation of a holistic plan to achieve a sustainable coastal ecosystem, encompassing 
the entirety of Louisiana’s fragile coast from the Pearl River to the Sabine River, all predicated 
upon uncompromised engineering, scientific and ecological principles.  
 
It does this by advising the Governor and the Executive Assistant on integrated coastal activities 
relative to the overall status and direction of the state's coastal protection program. It reviews 
programs, conditions, trends, and scientific and engineering findings  which  affect  integrated  
coastal  protection,  in order  to make  recommendations  for  improvements  to  the  state's 
integrated coastal protection, efforts. 
 
The Commission develops advice with respect to the identification and resolution of conflicts 
among agencies and stakeholders related to integrated coastal protection efforts and to assist in 
the identification of any other  activity  which  might  conflict  with  the  integrated  coastal  
protection, efforts.  
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MISSISSIPPI 
 
I.  Type of Rule  
 
Mississippi has statutorily adopted Home Rule for both municipalities and county governments 
(as opposed to Dillon Rule which limits local government authority to that which is specifically 
given to them by the state constitution or legislative statute).  
 
A.  Municipalities:  
 
Municipal Home Rule contemplates that a municipality may act on matters of local interest but 
may not act on matters of statewide interest, at least to the extent that there is no specific 
provision made by general law and to the extent that there is no inconsistency with the state 
constitution or any other statute or law of the state.  
 
The Municipal Home Rule statute (Miss. Code Ann. § 21-17-5) provides a general grant of 
power to all cities within the state to manage and control municipal affairs, and adopt ordinances 
with respect to the management and control of municipal affairs, with several specific 
restrictions. First, city actions cannot be inconsistent with the Mississippi Constitution of 1890, 
the Mississippi Code of 1972, or any other statute or law of the state. Second, the municipality 
cannot levy taxes of any kind without express Legislative authority.  
 
The Home Rule statute states in pertinent part: 

 
The governing authorities of every municipality of this state shall have the care, 
management and control of the municipal affairs and its properties and finances. In 
addition to those powers granted by specific provisions of general law, the governing 
authorities of municipalities shall have the power to adopt any orders, resolutions or 
ordinances with respect to such municipal affairs, property, and finances which are not 
inconsistent with the Mississippi Constitution of 1890, the Mississippi Code of 1972, or 
any other statute or law of the state of Mississippi, and likewise shall have the power to 
alter, modify and repeal such orders, resolutions or ordinances. Except as otherwise 
provided . . ., the powers granted to governing authorities of municipalities in this section 
are complete without the existence of or reference to any specific authority granted in any 
other statute or law of the State of Mississippi. 

 
B.  Counties:   
 
Home Rule was made applicable to County government by §60 of the County Government 
Reorganization Act of 1988, codified in Miss. Code Ann. § 19-3-40: 
 

The Board of Supervisors of any County shall have the power to adopt any orders, 
resolutions or ordinances with respect to County affairs, property and finances, for which 
no specific provision has been made by general law and which are not inconsistent with 
the Mississippi Constitution, the Mississippi Code of 1972, or any other statute or law of 
the State of Mississippi; and any such Board shall likewise have the power to alter, 
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modify and repeal such orders, resolutions or ordinances. Except as otherwise provided 
…, the powers granted to Boards of Supervisors in this section are complete without the 
existence of or reference to any specific authority granted in any other statute or law of 
the State of Mississippi. Such orders, resolutions or ordinances shall apply Countywide 
except when the governing authorities of any municipality situated within a County shall 
adopt any order, resolution or ordinance governing the same general subject matter.  In 
such case the municipal order, resolution or ordinance shall govern within the corporate 
limits of the municipality. 

 
II.  State Enabling Legislation for Planning 
 
Mississippi planning authority can be found at Miss. Code § 17-1-1 through § 17-1-39 which 
gives governing authorities general planning authority. Zoning authority is set forth in § 17-1-7 
which provides:  
 

the governing authority of each municipality and county may divide the municipality or 
county into zones of such number, shape and area as may be deemed best suited to carry 
out the purposes of [of Mississippi’s planning authority]. Within the zones created, the 
governing authority of each municipality and county may, subject to the restrictions with 
respect to agricultural lands and farm buildings or structures as set out in Section 17-1-3, 
regulate and restrict the erection, construction, reconstruction, alteration, repair or use of 
buildings, structures or land. All regulations shall be uniform for each class or kind of 
buildings throughout each zone, but regulations in one zone may differ from those in 
other zones. 

 
A.  Local Planning Commissions   
 
Local planning commissions are authorized, but not required, to develop comprehensive plans. § 
17-1-11. No plan can be adopted until a public hearing is held.  
 
Mississippi defines comprehensive plan to mean: “a statement of public policy for the physical 
development of the entire municipality or county adopted by resolution of the governing body, 
consisting of the following elements at a minimum” 
 

(i) Goals and objectives for the long-range (twenty (20) to twenty-five (25) years) 
development of the county or municipality. Required goals and objectives must 
address, at a minimum,  

• Residential, commercial and industrial development;  
• Parks, open space and recreation;  
• Street or road improvements; and 
• Public schools and community facilities. 

 
(ii)  A land use plan which designates in map or policy form the proposed general 

distribution and extent of the uses of land for residences, commerce, industry, 
recreation and open space, public/quasi-public facilities and lands. Background 
information shall be provided concerning the specific meaning of land use categories 
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depicted in the plan in terms of the following: residential densities; intensity of 
commercial uses; industrial and public/quasi-public uses; and any other information 
needed to adequately define the meaning of such land use codes. Projections of 
population and economic growth for the area encompassed by the plan may be the 
basis for quantitative recommendations for each land use category. 

 
 (iii)  A transportation plan depicting in map form the proposed functional classifications 

for all existing and proposed streets, roads and highways for the area encompassed by 
the land use plan and for the same time period as that covered by the land use plan. 
Functional classifications shall consist of arterial, collector and local streets, roads 
and highways, and these classifications shall be defined on the plan as to minimum 
right-of-way and surface width requirements; these requirements shall be based upon 
traffic projections. All other forms of transportation pertinent to the local jurisdiction 
shall be addressed as appropriate. The transportation plan shall be a basis for a capital 
improvements program. 

 
(iv)  A community facilities plan as a basis for a capital improvements program including, 

but not limited to, the following:  
• Housing;  
• Schools;  
• Parks and recreation;  
• Public buildings and facilities; and  
• Utilities and drainage. 

 
B.  Regional Planning Commissions  
 
Mississippi authorizes the creation of regional planning commissions by any two or more 
counties and municipalities. § 17-1-29. Authority extends of interstate planning commissions. 
 
III.  Coastal Zone Management 
 
The Mississippi Coastal Program, approved by NOAA’s Office of Ocean and Coastal Resource 
Management in 1980, is comprised of a network of agencies with authority in the coastal zone. 
The Department of Marine Resources, through the Office of Coastal Ecology, serves as the lead 
agency. Miss. Code § 57-15-6.  
 
A.  Implementing Laws and Regulations: 
 
Mississippi implements its Coastal Program through three statutory provisions: 1) Public Trust 
Tidelands Act, 2) Coastal Wetlands Protection Act, and 3) Marine Resources Laws. The 
following describes those provisions and their relation to land use. 
 

 39



1.  Public Trust Tidelands Act – Title 29, Chapter 15 
 
This Act declares that the public policy of the state is “to favor the preservation of the natural 
state of the public trust tidelands and their ecosystems and to prevent the despoliation and 
destruction of them, except where a specific alteration of specific public trust tidelands would 
serve a higher public interest in compliance with the public purposes of the public trust in which 
such tidelands are held.” Miss. Code Ann. § 29-15-3(1) (2010). The Act gives the Mississippi 
Supreme Court the authority to resolve any disputes about the location of the boundary between 
the state’s public trust tidelands and the upland property and to confirm the mean high water 
boundary line. § 29-15-3(2). 
 
The Act requires the Secretary of State to create a map of the public trust tidelands, which 
depicts the boundary as the current mean high water line where shoreline is undeveloped, and in 
developed areas or where there have been encroachments, the map depicts the boundary as the 
determinable mean high water line nearest the effective date of the Coastal Wetlands Protection 
Act (1973). § 29-15-7(1). The state recognizes that the boundary of the public trust tidelands is 
ambulatory – that the land subject to the public trust may increase with inland expansion of tidal 
waters and that it may decrease and become property owned by the contiguous upland owner 
because of other factors. Also, the state recognizes the common law doctrine as it pertains to 
such tidelands, submerged lands, and riparian and littoral rights and declares such to be the law 
of the state. § 29-15-7(2).  
 
People may lease the public trust tidelands, or submerged lands, and are responsible for any 
county or municipal tax levy upon the leasehold interest. § 29-15-11. All public projects of any 
federal, state, or local governmental entity which serve a higher public purpose of promoting the 
conservation, reclamation, preservation of the tidelands and submerged lands, public use for 
fishing, recreation, or navigation, or the enhancement of public access to such lands is exempt 
from any use or rental fees. § 29-15-13.  
 
“Tidelands” means those lands which are daily covered and uncovered by water by the action of 
the tides, up to the mean line of the ordinary high tides. § 29-15-1(h). “Submerged lands” means 
lands which remain covered by waters, were the tides ebb and flow, at ordinary low tides. § 29-
15-1(g).  
 

2.  Coastal Wetlands Protection Act – Title 49, Chapter 27 
 

The Coastal Wetlands Protection Act declares that the public policy of the state is “to favor the 
preservation of the natural state of the coastal wetlands and their ecosystems and to prevent the 
despoliation and destruction of them, except where a specific alteration of specific coastal 
wetlands would serve a higher public interest in compliance with the public purposes of the 
public trust in which the coastal wetlands are held.” Miss. Code Ann. § 49-27-3 (2010).  
 
The act does not apply to several activities, areas, and entities, such as “the accomplishment of 
emergency decrees of any duly appointed health officer of a county or municipality or of the 
state, acting to protect the public health,” and hunting, fishing, swimming, and hiking where 
permitted and causes no material harm to the wetlands. § 49-27-7.  
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Any person proposing to conduct a regulated activity other than the ones listed in § 49-27-7 on 
any coastal wetlands must file for a permit with the Mississippi Commission on Marine 
Resources. § 49-27-9.  
 
A “regulated activity” is defined as “any of the following activities:  
 

• The dredging, excavating or removing of soil, mud, sand, gravel, flora, fauna or 
aggregate of any kind from any coastal wetland;  

• The dumping, filling or depositing of any soil, stones, sand, gravel, mud, aggregate of 
any kind or garbage, either directly or indirectly, on or in any coastal wetlands; 

• Killing or materially damaging any flora or fauna on or in any coastal wetlands; 
• The erection on coastal wetlands of structures which materially affect the ebb and flow of 

the tide; and 
• The erection of any structure or structures on suitable sites for water dependent industry.  

 
§ 49-27-5(c). 
  

3.  Marine Resources Laws – Title 57, Chapter 15 
 

These provisions include the creation of Mississippi’s coastal program (§ 57-15-6), including 
permitting and regulatory oversight authority. 
 
B.  Planning & Programs  
 

1.  Wetlands Permitting Program 
 
The Wetlands Permitting Program coordinates the permitting of wetland uses within the state’s 
coastal zone among the permitting authorities (DMR, Department of Environmental Quality, and 
the U.S. Army Corps of Engineers). The most significant regulated activities are dredging and 
filling. The program is also responsible for reviewing proposed projects for federal consistency. 
 
 2.  Coastal Preserves Program 
 
The Coastal Preserves Program strives to effectively preserve, conserve, restore, and manage 
Mississippi’s coastal ecosystems. The state has identified 20 coastal preserve areas and aims to 
acquire land within these areas and manage them to safeguard and protect their natural 
characteristics, ecological integrity, environmental functions, and economic and recreational 
values. In 2009, more than 44,000 acres of the identified lands were under protective ownership 
of the state (35,000+ acres) or the federal government (10,000 acres). 
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IV.  Other State Laws Affecting Coastal Planning 
 
A.  Sea Wall Act 
 
Mississippi’s Sea Wall Act authorizes state and local governments to exercise eminent domain 
where needed to construct and repair sea walls. Miss. Code § 65-33-1. 
 
B.  Floodplain Management for Public Lands, Buildings 
 
Mississippi specifically requires that all state owned lands and buildings carry national flood 
insurance and that the Dept. of Finance and Administration adopt floodplain management criteria 
and procedures necessary for flood insurance. Additionally, no state agency shall be authorized 
to expend any state, federal or special funds for the construction, renovation, repair or placement 
of any structure in a designated floodplain, floodway or coastal high hazard area, or to allow for 
the construction, renovation, repair or placement of any privately owned structure onto state-
owned land in a designated floodplain, floodway or coastal high hazard area unless such agency 
has previously obtained the necessary permits required by the Department of Finance and 
Administration to comply with the regulations of the Federal Emergency Management Agency 
(FEMA), National Flood Insurance Program and the state's  floodplain management regulations. 
Miss. Code § 29-13-1.  
 
C.  Comprehensive Hurricane Damage Mitigation Program 
 
This program provides for wind certification and hurricane mitigation inspections for home 
retro-fits. It also authorizes the use of grants to encourage homeowner retrofits. The program 
provides for educational and consumer awareness campaigns as well. Miss. Code § 83-1-191.  
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TEXAS 
 
I.  Type of Rule  
 
There are two categories of cities in Texas: home rule and general law (Dillon rule). Dillon rule 
means that local governments only have those powers that were specifically given to them by the 
state constitution or legislative statute. In addition to small cities, counties are subject to Dillon 
rule as well. 
 
A.  General Law Cities (& Counties)  
 
Dillon Rule applies to general law cities which are smaller cities whose powers are limited; they 
operate according to specific state statutes that define their powers and duties. They are restricted 
to doing what the state directs or permits them to do. If a general law city has not been granted 
the express or implied power by the state to initiate a particular action, none may be taken. (See 
Texas Const. Art. 11, § 4). 
 
B.  Home Rule Cities 
 
Home rule cities are cities with populations of more than 5,000 in which citizens have adopted 
home rule charters. A charter is a document that establishes the city’s governmental structure and 
provides for the distribution of powers and duties among the various branches of government. In 
order to be implemented, the charter must be approved by the people at an election. Likewise, 
changes in the charter must be approved by a vote of the people. The legal position of home rule 
cities is the reverse of general law cities. Rather than looking to state law to determine what they 
may do, as general law cities must, home rule cities look to the state constitution and state 
statutes to determine what they may not do. Thus, if a proposed home rule city action has not 
been prohibited or pre-empted by the state, the city generally can proceed. (See Texas Const. 
Art. 11, § 5). 
 
II.  State Enabling Legislation for Planning 
 
A.  Municipalities  
 
Texas municipal regulatory authority is set out in Texas Local Government Code. General 
zoning authority is found in Chapter 211 – Municipal Zoning Authority. Chapter 211 
distinguishes cities with populations greater than 290,000. The larger cities adopting 
comprehensive plans are provided additional authority. TEX. LOC. GOV’T CODE § 211.021 
(2009).  
 
Comprehensive planning authority is set forth in § 213, which provides: 
 

(a)  The governing body of a municipality may adopt a comprehensive plan for the long-
range development of the municipality. A municipality may define the content and 
design of a comprehensive plan. 
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(b)  A comprehensive plan may: 
 

• Include but is not limited to provisions on land use, transportation, and public 
facilities; 

• Consist of a single plan or a coordinated set of plans organized by subject and 
geographic area; and 

• Be used to coordinate and guide the establishment of development 
regulations. 
 

(c)  A municipality may define, in its charter or by ordinance, the relationship between a 
comprehensive plan and development regulations and may provide standards for 
determining the consistency required between a plan and development regulations. 

 
TEX. LOC. GOV’T CODE § 213.002.  
 
B.  Counties 
 
County zoning authority is also found in the Texas Local Government Code at Chapter 231 and 
includes detailed information for certain geographical location such as Padre Island, Military 
Zones, or Amistad Recreational Area. County commissioners may authority to establish or 
abolish county planning commissions. § 232.092. 
  
III.  Coastal Zone Management 
 
Laws authorizing the Coastal Program and outlining its elements are found in the Texas Natural 
Resources Code § 33.052 -.053. The Coastal Coordination Council, a public/private council 
chaired by the Texas Land Commissioner, has handled management of the Texas Coastal 
Program. However, the Coastal Coordination Council is set to expire on September 1, 2011 
under the Texas Sunset Act. (TEX. NAT. RES. CODE § 33.211). Upon the expiration of the 
Coastal Coordination Council, authority is transferred to the Texas General Lands Office.  
 
The following summaries the functions of the Coastal Program as overseen by the Coastal 
Coordination Council and will need updating following any new programmatic changes resulting 
from the expiration of the Council (as noted in the preceding paragraph). 
 
A.  Implementing Law and Regulations: 
 
Currently, Texas’s implementing regulations for its Coastal Program can be found in the Texas 
Administrative Code, Title 31 Natural Resources and Conservation.  31 TEX. ADMIN. CODE § 
1.11, et al. The following includes provisions relating to land use: 
 

1.  Part 1 General Land Office  
o Includes coastal area planning and coastal protections.  

 
2.  Part 2 Texas Parks and Wildlife Department 

o Includes fisheries, wildlife, and resource protection. 
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3.  Part 4 School Land Board 
o Includes public coastal lands and state-owned lands and flats. 

 
4.  Part 5 Boards for Lease of State-owned Lands 

o Requires activities be consistent with the Coastal Program. 
 

5.  Part 16 Coastal Coordination Council (Set to sunset, see above). 
o Establishes coastal management program, goals and priorities. 

 
6.  Part 17 Texas State Soil and Water Conservation Board 

o Includes flood control provisions. 
 

7.  Part 18 Texas Groundwater Protection Committee 
o Addresses groundwater contamination. 

 
B.  Planning & Programs  
 

1.  Texas Coastal and Estuarine Land Conservation Program Plan (2010)  
 
Texas has developed a Coastal and Estuarine Land Conservation Plan that provides an 
assessment of priority conservation needs and guidance for nominating and selecting land 
conservation projects to OCRM's Coastal and Estuarine Land Conservation Program 
competition. 
 
The Plan is available at: http://coastalmanagement.noaa.gov/mystate/docs/celclplantx.pdf.  
 

2.  Grants Program 
 
The Grants program is administered by the General Lands Office (GLO). Through the Grants 
Program, the CMP awards NOAA grant funds to local entities for projects that support access to 
beaches, bays, and other coastal natural resources areas. The Council established the following 
categories for use of these funds by coastal communities: Coastal Natural Hazards Response, 
Critical Areas Enhancement, Shoreline Access, Waterfront Revitalization and Ecotourism 
Development, Permit Streamlining/Assistance and Governmental Coordination, Information and 
Data Availability, Public Education and Outreach, and Water Quality Improvement. 
 

3.  Nonpoint Source Pollution Control Program 
 

The Nonpoint Source Pollution Control Program, also administered by GLO, supports and 
protects natural habitats and wildlife by identifying sources of coastal non-point source pollution 
and developing recommendations for its prevention. On July 3, 2003, NOAA and the EPA 
granted Conditional Approval to the Program. At that time, Texas had to meet five more 
conditions to gain full approval of its program. As of 2008, one of those conditions had been 
met. Full approval of the Texas Program is currently pending. 
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 4.  Coastal Permit Service Center 
 
The Coastal Permit Service Center (PSC) provides direct access to permitting agency staff and 
offers project-specific technical assistance during the pre-application process. The PSC serves as 
a clearinghouse for coastal permitting activities on the lower Texas coast. It is a point of contact 
with the public to provide basic permitting assistance, offering information, guidance, and 
application forms. It maintains a website containing the Joint Permit Application Form and 
permitting information. It receives and reviews these applications for completeness, then 
forwards them to the proper agencies. 
 
 5.  Coastal Preserve Program 
 
Coordinated by the GLO, the Coastal Preserve Program is designed to protect unique coastal 
areas and fragile biological communities, including important colonial bird nesting sites. Under 
the Texas CMP, coastal preserves are any lands owned by the state that are designated and used 
as parks, recreation areas, scientific areas, wildlife management areas, wildlife refuges, or 
historic sites and that are designed by the Texas Parks and Wildlife Department (TPWD) as 
being coastal in character. Under the Coastal Preserve Program, the GLO leases coastal lands to 
the TPWD, which manages them as preserves. Currently, there are four coastal preserves: 
Armand Bayou, Christmas Bay, Welder Flats, and South Bay.  
 
IV.  Other State Laws Affecting Coastal Planning 
 
A.  Texas Open Beaches Act, TEX. NAT. RES. CODE § 61.001-61.025 
 
The Open Beaches Act (OBA) protects the public's rights of access to and use of public beaches. 
If the public has acquired an easement or right of use to or over an area, the public has the free 
and unrestricted right to that area. “Public beach” means any beach area, whether publicly or 
privately owned, extending inland from the line of mean low tide to the line of vegetation 
bordering on the Gulf of Mexico. This definition does not include a beach that is not accessible 
by a public road or public ferry. "Line of vegetation" means the extreme seaward boundary of 
natural vegetation which spreads continuously inland. 

 
The OBA provides a means of enforcing the public's rights. It is an offense against the public 
policy of the state for any person to create, erect, or construct an obstruction, barrier, or restraint 
that will interfere with the public’s right to public beaches.  The Commissioner of the General 
Land Office is authorized to strictly enforce the prohibition against encroachments on and 
interferences with the public beach easement. In 2009, Texas voters amended the state 
constitution to incorporated the OBA. 

 
B.  Rolling Easement Doctrine 

 
As discussed in the OBA, Texas has a long history of public access along its Gulf facing 
beaches. The public beach access, or easement, extends from the mean low tide line to the 
vegetation line. In other words, the vegetation line acts as boundary between the public access 
area and the upland property owner. In Texas, this easement is allowed to move as the vegetation 

 46



line moves and is referred to as a “rolling easement.” Where the shoreline gradually shifts inland, 
the Texas rolling easement moves inland as well. Combined with the enforcement mechanisms 
of the OBA, Texas can require the removal of structures that are now located on the public beach 
because of the moving vegetation line. 
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APPENDIX A -  OTHER RESOURCES 
 

Smart Growth 
• American Planning Association (APA) version – includes comprehensive planning 
• EPA Smart Growth Principles, available at www.epa.gov/smartgrowth 
• EPA model ordinances to protect local resources, www.epa.gov/owow/nps 
• Smart Growth for Coastal Communities Guidebook, a joint effort by many partners 

including NOAA 
o Available at: http://coastalsmartgrowth.noaa.gov/ 

 
NOAA’s Coastal Community Planning and Development (training)  

• http://www.csc.noaa.gov/training/ccpd.html 
 
Association of State Floodplain Managers – No Adverse Impact guidance 

• Discussed at: 
http://www.floods.org/index.asp?menuID=349&firstlevelmenuID=187&siteID=1 

• See also: http://www.floods.org/index.asp?menuID=460 
 
NOAA’s Adapting to Climate Change: A Planning Guide for State Coastal Managers 
(Chapter 5), http://coastalmanagement.noaa.gov/climate/adaptation.html 
 
NOAA’s Shoreline Management Toolbox 
http://coastalmanagement.noaa.gov/shoreline.html 
 
APA’s Hazard Mitigation: Integrating Best Practices into Planning 
http://www.fema.gov/library/viewRecord.do?id=4267&fromSearch=fromsearch 
 
USAID’s Adapting to Coastal Climate Change: A Guidebook For Development Planners 
(Annex A), http://www.crc.uri.edu/index.php?actid=366 
 
Institute for Business and Home Safety 
http://www.disastersafety.org/ 
 
Louisiana Coastal Hazard Mitigation Guidebook 
http://www.lsu.edu/sglegal/projects/completed.htm 
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APPENDIX B    MARINA DESIGN & SITING

The best available locati ons will create minimal environmental impact on coastal marshes and 
estuaries, while also providing protecti on from natural hazards.   State Coastal Zone Management 
Agencies are responsible for permitti  ng marina development and expansion.  These agencies and 
their counterparts at State Sea Grant Programs can also provide marina owners with valuable 
informati on on site selecti on.  Permitti  ng documents are available at the State’s coastal zone 
management agency website.  

Agency Department or Program Website
Florida Department 
of Environmental 
Protecti on

Environmental 
Permitti  ng Program

htt p://www.dep.state.fl .us/beaches/
programs/envpermt.htm

Alabama Department 
of Environmental 
Management

Coastal Permitti  ng 
Informati on

htt p://adem.alabama.gov/programs/
coastal/coastalPermitti  ng.cnt

Mississippi Department 
of Marine Resources

Wetland Permitti  ng htt p://www.dmr.state.ms.us/coastal-
ecology/wetland-permitti  ng

Louisiana Department of 
Environmental Quality

Offi  ce of Coastal 
Management

htt p://dnr.louisiana.gov/

Texas General Land 
Offi  ce

Leasing & Easements - 
Commercial

htt p://www.glo.texas.gov/what-we-
do/state-lands/leasing-and-easments/
coastal/commercial.html

Protecti on of sensiti ve habitat is an important factor to address when designing and constructi ng 
a marina. Constructi on and expansion acti viti es at coastal marinas oft en require owners and 
operators to obtain permits from the U.S. Army Corps of Engineers (ACOE) proving that their 
projects do not have undue environmental impacts. Maintenance dredging of existi ng basins and 
dredging and fi lling for constructi on purpose are subject to the permit process for example. The 
ACOE provides guidance for dredge spoils to be put to benefi cial use at htt p://el.erdc.usace.army.
mil/dots/budm/pdf/PlanningManual.pdf. These acti viti es may include beach renourishment 
and other soft  stabilizati on techniques that contribute to marina resiliency too.

Modifying existi ng marinas, bank stabilizati on, installing boat ramps and mooring buoys are 
all acti viti es requiring permits as well. A full list of acti viti es subject to Nati onwide Permits 
is available on the USACE website at: htt p://www.usace.army.mil/Missions/CivilWorks/
RegulatoryProgramandPermits/Nati onwidePermits.aspx.

Coastal marinas are oft en located in estuaries. Marina siti ng and design can alter and even 
destroy this important aquati c habitat, but marina owners can make choices in dock and facility 
design to minimize shadows over the water and otherwise protect wetlands, shellfi sh beds, 
and submerged aquati c plants. The EPA provides guidance for marinas about proper habitat 
assessment measures before marina design constructi on and design take place. The Guidance 
Specifying Management Measures for Sources of Nonpoint Polluti on in Coastal Waters; Chapter 
5 is found at htt p://www.epa.gov/owow/NPS/MMGI/Chapter5/ch5-2c.html

The Nati onal Oceanic and Atmospheric Administrati on (NOAA) Habitat Conservati on and 
Restorati on Center provides an overview of planning and implementati on considerati ons for living 



shorelines projects at: htt p://www.habitat.noaa.gov/restorati on/techniques/lsimplementati on.
html.

B-1  FEMA TECHNICAL BULLETIN
When designing a building in fl ood hazard areas, FEMA has provided a guidance document to 
protect the building from structural damage.  The Technical Bulleti n 1-93 is provided as Appendix 
B-1 and provides technical guidance for engineered openings in foundati on walls.

B-2  FEMA TECHNICAL BULLETIN
The selecti on of materials that resist prolonged exposure to high winds and waters can greatly 
extend the useful lifespan of marina structures both over water and on land.  In FEMA’s Technical 
Bulleti n 2-93, FEMA provides guidance on material requirements for Nati onal Flood Insurance 
Program (NFIP)-insured properti es.  It also provides rati ng tables describing the strength and 
water resistance of specifi c fl ooring, framing, walls and ceilings materials.  This Technical Bulleti n 
is available online at the FEMA website and in its enti rety as Appendix B-2. It is recommended 
that all materials for either new or upgraded faciliti es, be selected with the assistance of 
engineers and other experienced marine design professionals.   

B-3  GUIDANCE FOR SMALL CRAFT BERTHING FACILITIES
Site selecti on or site expansion depends on a number of environmental factors. Guidance from 
the U.S. Department of Defense recommends considering:

1.  Protecti on from Winds, Waves and Currents
2.  Suffi  cient Land and Water Area
3.  Proximity to Operati ng Area
4.  Adequate Water Depths
5.  Limited Exposure to Sedimentati on and Shoaling

The Unifi ed Faciliti es Criteria Design Manual for Small Craft  Berthing Faciliti es is provided as 
Appendix B-3 and provides formulas for the engineering calculati ons necessary to consider each 
of these criteria. According to this document, the most desirable sites are those that require the 
least amount of excavati on, dredging, fi lling, breakwater constructi on, disturbance of sensiti ve 
habitat and environmental remediati on. The same criteria would apply to expanding marinas.  
Because it is diffi  cult to fi nd sites for new development or expansion that meet all of these 
criteria, feasibility studies of alternati ve sites can help identi fy the most att racti ve locati on for 
new development or expansion based on an evaluati on of combined engineering, environmental 
and economic considerati ons.

B-4  TEXAS CLEAN MARINA GUIDEBOOK – SITING, DESIGN, AND MAINTENANCE SECTION
The Clean Texas Marina Program developed a guidebook for siti ng new and expanding marinas.  
In additi on, the guidebook addresses design and maintenance of the marinas.  The Guidebook 
is provided as Appendix B-4.
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APPENDIX B-1    

FEDERAL EMERGENCY MANAGEMENT AGENCY.  FEDERAL INSURANCE AGENCY.  
OPENING IN FOUNDATION WALLS AND WALL OF ENCLOSURES BELOW ELEVATED 
BUILDINGS IN SPECIAL FLOOD HAZARD AREAS IN ACCORDANCE WITH THE 
NATIONAL FLOOD INSURANCE PROGRAM.  TECHNICAL BULLETIN 1-08



Openings in Foundation 
Walls and Walls of 
Enclosures
Below Elevated Buildings in Special Flood Hazard Areas  
in accordance with the National Flood Insurance Program

Technical Bulletin 1 / August 2008



Comments on the Technical Bulletins should be directed to:

Department of Homeland Security  
FEMA Mitigation Directorate 
500 C Street, SW. 
Washington, D.C. 20472

Technical Bulletin 1-08 replaces Technical Bulletin 1-93, Openings in Foundation Walls.

Photograph Credits:

Figure 3. Bill Bryant, Anne Arundel County, Maryland

Figure 4. Smart Vent, Inc.

Figure 17. North Carolina Emergency Management/T. Riddle
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1Technical BulleTin 1 – augusT 2008

Introduction 

Protecting buildings that are constructed in special flood hazard areas (SFHAs) from dam-
age caused by flood forces is an important objective of the National Flood Insurance Program 
(NFIP). In support of this objective, the NFIP regulations include minimum building de-
sign criteria that apply to new construction, repair of substantially damaged buildings, and 
substantial improvement of existing buildings in SFHAs. The base flood is used to delineate 
SFHAs on Flood Insurance Rate Maps (FIRMs) prepared by the NFIP. The base flood is the 
flood that has a 1-percent chance of being equaled or exceed-
ed in any given year (commonly called the “100-year” flood). 
Certain terms used in this Technical Bulletin are defined in 
the Glossary.

The NFIP regulations require that residential buildings 
constructed in A zones have the lowest floor (including base-
ment) elevated to or above the base flood elevation (BFE). In 
this Technical Bulletin, the term “A zones” includes all zones 
shown on FIRMs as Zones A, AE, A1-A30, AR, AO, and AH. 

Enclosed areas (enclosures) are permitted under elevated 
buildings provided the enclosed areas meet certain use re-
strictions and construction requirements related to flood 
resistance, including use of flood damage-resistant materials 
and installation of openings to allow for automatic entry and 
exit of floodwaters. Enclosures under buildings in V zones 
(includes all Zones V, VE, and V1-V30) must meet the same en-
closure requirements except that openings are not required 
and walls must be non-supporting breakaway walls, open lat-
tice-work, or insect screening (see Technical Bulletin 9, Design 
and Construction Guidance for Breakaway Walls Below Elevated 
Coastal Buildings).

The NFIP regulations for new construction and substantial 
improvements of existing buildings require that enclosed ar-
eas under elevated non-residential buildings meet the same 
requirements as those for enclosures under elevated residen-
tial buildings. New non-residential buildings constructed in A 
zones, and substantial improvements of existing non-residen-
tial buildings, must either have their lowest floors elevated to 
or above the BFE or be floodproofed (made watertight) to or 
above the BFE. 

Many types of foundations are used to elevate buildings. While 
the main portions of elevated buildings are above the BFE, 
the foundation and any enclosed areas below the BFE will 
be exposed to flood forces. Enclosed areas below the BFE  

Under the NFIP, the “low-
est floor” is the floor of the 
lowest enclosed area of 
a building. An unfinished 
or flood-resistant enclo-
sure that is used solely for 
parking of vehicles, build-
ing access, or storage is 
not the lowest floor, provid-
ed the enclosure is built in 
compliance with applicable 
requirements.

As used by the NFIP, an 
“enclosure” is an area that 
is enclosed on all sides by 
walls. 

The NFIP defines a “base-
ment” as any area that is 
below-grade on all sides. 
The regulations do not allow 
basements to extend below 
the BFE. 

Owners of existing elevated 
buildings with enclosures 
below the BFE may wish 
to retrofit the enclosures. 
Lower NFIP flood insur-
ance rates may apply if the 
retrofit enclosures have 
openings that meet the re-
quirements in this Technical 
Bulletin and also meet other 
requirements for enclosures 
(limited use, flood dam-
age-resistant materials, and 
elevated utilities). 
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(including crawlspaces) are permitted if used only for parking of vehicles, building access, 
and storage. Figure 1 illustrates a typical crawlspace foundation wall and a typical framed wall 
surrounding an enclosed area. 

If enclosure walls are not designed with openings to relieve the 
pressure of standing or slow-moving water against them (called 
hydrostatic loads), the walls can be damaged or fail during a 
flood. If the walls are “load-bearing” walls that support the el-
evated building, failure of the walls may result in damage to, 
or collapse of, the building. To address this concern, the NFIP 
regulations require that enclosure walls contain openings that 
will allow for the automatic entry and exit of floodwaters. These 
openings allow floodwaters to reach equal levels on both sides 
of the walls, thereby lessening the potential for damage caused 
by a difference in hydrostatic loads on opposite sides of the 
walls. In A zones, the requirement for flood openings applies 
to all enclosed areas below new elevated buildings and below 
substantially improved buildings. 

This Technical Bulletin explains the NFIP requirements for flood openings and provides 
guidance for prescriptive (non-engineered) openings and engineered openings. Non-engi-
neered openings are used to meet the NFIP’s prescriptive requirement of 1 square inch of net 
open area for every square foot of enclosed area. As an alternative, engineered openings that 
have characteristics that differ from non-engineered openings may be used provided they are 
designed and certified by a registered design professional as meeting certain performance 
characteristics described in this Technical Bulletin. 

Areas of shallow flood-
ing may be shown as AO 
zones on FIRMs. Rather 
than BFEs, AO zones have 
“flood depths” that range 
from 1 to 3 feet. In these 
zones, all NFIP require-
ments related to BFEs 
apply, including elevation of 
the lowest floor to or above 
the designated flood depth 
and requirements for enclo-
sures with flood openings 
that are located so that 
floodwaters will flow in and 
out. 

Figure 1. Typical enclosures with flood openings 
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This Technical Bulletin also discusses how openings could affect flood insurance premiums, 
provides examples of enclosures that require openings and situations where openings are not 
required, and outlines the requirements for, and provides guidance on, the following:

n Installation of openings, including the minimum number of openings and height of open-
ings above grade,

n Non-engineered openings, and

n Engineered openings. 

Examples are provided to illustrate types of buildings and enclosures that require openings, 
and to address several commonly encountered situations. Other situations may require the ad-
vice of a registered design professional. Questions should be directed to the appropriate local 
official, NFIP State Coordinating Office, or FEMA Regional Office. 

Solid perimeter foundation walls and walls surrounding en-
closed areas below the BFE may be damaged by forces related 
to moving floodwaters and wave impacts (called hydrodynamic 
loads), and debris impacts. The requirement for openings is 
intended to reduce only flood damage associated with hydro-
static – not hydrodynamic – loads. 

Hydrodynamic loads and debris impacts may be significant in 
some flood hazard areas shown as A zones on FIRMs, includ-
ing riverine areas where high flow velocities are likely (e.g., 
faster than 5 feet per second) and areas where wave heights of 
1.5 feet or more are possible. In these areas, it is recommend-
ed that a registered design professional evaluate foundation 
designs. Open foundations without enclosed areas are less vul-
nerable to the type of damage that can be caused by high flow 
velocities and wave action. 

Buildings in V zones (Zones V, VE, and V1-V30) must meet certain design and construction 
requirements that are specified in the NFIP regulations at Section 60.3(e). The area below the 
lowest floors of buildings in V zones must be free of obstruction or, if enclosed, the walls of 
enclosures must be constructed with non-supporting breakaway walls, open wood lattice-work, 
or insect screening. Openings may be provided, but are not required, in breakaway walls un-
der buildings in V zones. For information on V-zone design and construction requirements, 
refer to the NFIP regulations, the Technical Bulletin series (especially Technical Bulletin 
5, Free-of-Obstruction Requirements and Technical Bulletin 9, Design and Construction Guidance 
for Breakaway Walls Below Elevated Coastal Buildings), the Coastal Construction Manual (FEMA 
55CD), Flood Resistant Design and Construction (ASCE 24), and Home Builder’s Guide to Coastal 
Construction (FEMA 499).

This Technical Bulletin dis-
cusses openings in walls 
below the BFE. Readers 
should check with the 
community to determine 
whether a higher eleva-
tion standard is enforced. 
For example, communi-
ties may add freeboard or 
may regulate to the design 
flood elevation (DFE). In 
those cases, references to 
the BFE in this Technical 
Bulletin should be con-
strued as references to 
the community’s elevation 
requirement.
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NFIP Regulations 

The NFIP regulations for enclosures are codified in Title 44 of the Code of Federal Regula-
tions, in Section 60.3(c)(5), which states that a community shall: 

“Require, for all new construction and substantial improvements, that fully enclosed ar-
eas below the lowest floor that are usable solely for parking of vehicles, building access, 
or storage in an area other than a basement and which are subject to flooding shall be 
designed to automatically equalize hydrostatic flood forces on exterior walls by allowing 
for the entry and exit of floodwaters. Designs for meeting this requirement must either be 
certified by a registered professional engineer or architect or meet or exceed the following 
minimum criteria: A minimum of two openings having a total net area of not less than 
one square inch for every square foot of enclosed area subject to flooding shall be provided. 
The bottom of all openings shall be no higher than one foot above grade. Openings may 
be equipped with screens, louvers, valves, or other coverings or devices provided that they 
permit the automatic entry and exit of floodwaters.” 

Proposals for substantial improvement of existing buildings in SFHAs, and proposals to repair 
those that have sustained substantial damage, must comply with the requirements for new 
construction. In A zones, the applicable requirements include openings in the walls surround-
ing enclosed areas below the BFE. As part of issuing permits, community officials must review 
such proposals to determine whether they comply with the requirements. Further informa-
tion on substantial improvement and substantial damage is found in Answers to Questions About 
Substantially Damaged Buildings (FEMA 213). 

How Openings Affect Flood Insurance Rates

Careful attention to compliance with the NFIP regulations for flood openings is important 
during design, plan review, construction, and inspection. Compliance influences both the 
vulnerability to flood damage and the cost of NFIP flood insurance. If openings are not com-
pliant, the floor of the crawlspace or the floor of the enclosure becomes the “lowest floor.” In 
those cases, the result may be significantly higher flood insurance premiums, especially if the 
floor of the crawlspace or enclosure is more than a foot or two below the BFE. 

The NFIP Technical Bulletins provide guidance on the minimum requirements of the NFIP regulations. 
Community or State requirements that exceed those of the NFIP take precedence. Design profes-
sionals should contact the community to determine whether more restrictive provisions apply to the 
building or site in question. All other applicable requirements of the State or local building codes must 
also be met for buildings in flood hazard areas.
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Documenting Elevations and Information About Openings 

Communities are required to collect data from permittees to document the surveyed elevation 
of the lowest floors of new buildings and existing buildings that are substantially improved. 
Although the data may be provided in other formats, the NFIP’s Elevation Certificate (FEMA 
Form 81-31) is designed specifically for this purpose. The current version of the Elevation Cer-
tificate is online at http://www.fema.gov/business/nfip/elvinst.shtm. 

The Elevation Certificate is designed to collect information that facilitates determining com-
pliance of new construction and to provide data necessary for the proper rating of NFIP flood 
insurance. For guidance, see the instructions that accompany the Elevation Certificate and 
the Floodplain Management Bulletin: Elevation Certificate (FEMA 467-1). 

The Elevation Certificate has blanks that are to be completed if there are enclosures under 
elevated buildings, including:

n The square footage of the enclosed area,

n The number of flood openings within 1.0 foot above adjacent grade, and

n The total net area of flood openings.

The Elevation Certificate provides space for comments. As noted above and explained in more 
detail below, the regulations provide two ways to satisfy the requirements for openings. Com-
ments should be provided when engineered openings are used, and when there are other 
aspects of enclosures and openings that comply with the requirements but that, without close 
inspection, may appear to be non-compliant. The documentation required for engineered 
openings should be attached to the Elevation Certificate (described on page 25, Documenta-
tion of engineered openings for flood insurance).  

Enclosed Areas Below Elevated Buildings

The NFIP regulations specify that enclosed areas under elevated buildings may be allowed 
provided the enclosed areas are used solely for:

n Parking of vehicles (attached garages or parking areas be-
low elevated buildings)

n Building access (stairwells, foyers, elevators)

n Storage (low-value items)

Although crawlspaces are not listed explicitly as an allowable 
use, buildings may be elevated using perimeter foundation 
walls that create enclosed areas, typically called crawlspaces or 
under-floor spaces. Crawlspaces provide access to under-floor 
utilities such as pipes, ductwork, and electric conduits. 

Some communities require 
permittees to execute a 
“non-conversion” agreement 
to document their under-
standing that the use of 
enclosures is limited, that 
conversion to other uses is 
not allowed, and that modi-
fication of enclosures may 
result in higher NFIP flood 
insurance rates.
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It is important to understand how an otherwise compliant en-
closed area below the BFE can be rendered non-compliant by 
installing features that are not consistent with the limitations 
on uses. The following are not allowed below the BFE because 
of potential damage and their presence is inconsistent with 
the allowed uses: appliances, heating and cooling equipment, 
plumbing fixtures, more than the minimum electric service 
required to address life safety and electric code requirements 
for building access and storage areas, and materials that are 
not flood damage-resistant.

The NFIP regulations require that enclosed areas surrounded 
by solid walls that extend below the BFE have flood open-
ings. The requirement applies whether the walls are load-bearing walls or non-load-bearing 
walls. Therefore, openings are required in solid perimeter foundation walls that surround 
crawlspaces and openings are required in the walls of fully enclosed areas that meet the use 
limitations (parking of vehicles, building access, or storage). The requirement applies to new 
construction and to buildings that are undergoing substantial improvement, including repair 
of substantial damage. 

Enclosures That Require Openings

Several examples of enclosures that require openings are described below:

n Solid perimeter foundation walls (crawlspaces or under-floor spaces)

n Solid perimeter foundation walls (below-grade crawlspaces)

n Solid perimeter foundation walls (with full-height under-floor spaces) 

n Garages attached to elevated buildings

n Enclosed areas under buildings elevated on open foundations in A zones

n Enclosed areas with breakaway walls under buildings elevated on open foundations in A 
zones

n Solid perimeter foundation walls on which manufactured homes are installed

n Accessory structures (detached garages and storage sheds)

Solid perimeter foundation walls (crawlspaces or under-floor 
spaces)

The crawlspace or under-floor space that is created when a 
building is elevated on a solid perimeter foundation wall is an 
enclosed area below the BFE that must meet all of the require-
ments for enclosed areas (refer to Figure 1). If a brick veneer, 
siding, or other material covers the wall, then the openings 
must completely penetrate into the enclosed area. A crawlspace 
access with a door does not qualify as a flood opening unless 

In many parts of the coun-
try, a common practice is 
to build “conditioned crawl-
spaces” that are sealed and 
have mechanical ventilation. 
In SFHAs, all crawlspaces 
must have flood openings 
that meet the requirements 
of the NFIP and the building 
codes.

The only exception to the 
openings requirement is 
for non-residential build-
ings that are engineered to 
be floodproofed by meeting 
stringent requirements to 
be watertight. For informa-
tion on floodproofing, refer 
to Technical Bulletin 3, Non-
Residential Floodproofing 
– Requirements and 
Certification.
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the door has an opening installed in it or otherwise meets the performance requirement that 
it will allow automatic entry and exit of floodwaters. 

As explained on page 14 (Height of Openings Above Grade), the bottom of each opening is 
to be located no higher than 1 foot above the higher of the final interior or exterior grades 
under the opening. Therefore, placement of the openings in the foundation wall requires 
knowledge of the expected finished exterior grade and the final interior grade of the crawl-
space.

Building code requirements may call for ventilation of certain under-floor spaces. Ventilation 
openings typically are positioned near the top of the foundation wall to facilitate air flow. In 
most cases, ventilation openings will be too high above grade to satisfy the requirements for 
flood openings.

Solid perimeter foundation walls (below-grade crawlspaces)

The NFIP regulations do not allow buildings to be constructed 
with areas that are below grade on all sides (basements), ex-
cept for certain engineered non-residential buildings that are 
designed and certified to be floodproofed. Therefore, crawl-
spaces that are below-grade on all sides are not allowed because 
they are basements. An exception is available only in shallow 
floodplains, and then only if certain other requirements and 
limitations are met. Those requirements and limitations are 
detailed in Technical Bulletin 11, Crawlspace Construction for Buildings Located in Special Flood 
Hazard Areas: National Flood In-
surance Program Interim Guidance. 
According to this guidance, be-
low-grade crawlspaces may be 
allowed provided the wall height 
is less than 4 feet when measured 
from bottom of the floor joist/
truss to the top of footing, which 
must be no more than 2 feet be-
low-grade (see Figure 2). Flood 
openings are required in the 
foundation walls surrounding 
these crawlspaces and, as noted 
above, air ventilation may be re-
quired.

Although crawlspaces that satisfy 
the limitations in TB 11 are not 
considered basements for flood-
plain management purposes, it 
is important to note that they 
are basements for NFIP flood  

Communities are required 
to adopt specific provi-
sions in their ordinances 
to be consistent with the 
limitations in TB 11 in or-
der to permit below-grade 
crawlspaces.

Figure 2. Limitations on below-grade crawlspaces in shallow 
flood hazard areas (TB 11) 
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insurance purposes. Therefore, NFIP flood insurance will be more expensive if the grade inside 
the crawlspace is below the exterior grade on all sides. In addition, below-grade crawlspaces 
may contribute to increased humidity and mold growth. TB 11 requires that an adequate 
drainage system be provided in order to minimize floodwater contact with crawlspace materi-
als and related moisture damage.

Solid perimeter foundation walls (with full-height under-floor spaces)

In SFHAs where the BFE is more than 4 or 5 feet above grade, or where owners want enough 
head room to allow for parking of vehicles and storage, solid perimeter foundation walls may 
be used to create full-height under-floor spaces (see Figure 3). The walls surrounding the un-
der-floor space must meet all of the opening requirements. 

It is important that full-height under-floor spaces also meet all other NFIP requirements to 
minimize the likelihood of future conversion to uses other than the allowed uses (parking 
of vehicles, building access, or storage). As noted in the discussion of limitations on uses of 
enclosures, the following are not allowed below the BFE in full-height enclosures because of 
potential damage and their presence is inconsistent with the allowed uses: appliances, heating 
and cooling equipment, plumbing fixtures, more than the minimum electric service required 
to address life safety and electric code requirements for building access and storage areas, and 
materials that are not flood damage-resistant.

Garages attached to elevated buildings

Many buildings, especially homes, are designed with attached garages. An attached garage 
may have its floor below the BFE provided the garage meets all of the requirements for an en-
closed area below the BFE. The use of the garage space must be limited to parking of vehicles, 
building access, and storage. 

Figure 3. Full-height 
solid perimeter walls 
surrounding garage and 
storage area (only two 
openings visible)

Flood openings
(only 2 shown)
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Openings are required in the exterior walls of the garage, and openings may be installed in 
exit doors and garage doors (see Figure 4). It is important to note that garage doors them-
selves do not meet the requirements for openings. Human intervention would be necessary 
to open garage doors when flooding is expected, which is inconsistent with the requirement 
that openings allow for the automatic entry and exit of floodwaters. Similarly, gaps that may 
be present between the garage door and the door jamb or walls do not guarantee automatic 
entry and exit of floodwaters and do not count towards the net open area requirement. 

If an attached garage is built with its floor below the BFE and it does not have compliant 
openings, the garage floor becomes the lowest floor. Flood insurance premiums may be sig-
nificantly higher than if the garage complies with the requirements for openings and other 
requirements, such as flood damage-resistant materials and elevated utilities.

Enclosed areas under buildings elevated on open foundations in A zones 

A building that is elevated on an open foundation (e.g., piers, posts, columns, or pilings) in an 
A zone may have enclosed areas below the elevated floor (see Figure 5). Sometimes only part 
of the footprint is enclosed, such as for a stairwell or storage room. All of the requirements for 
enclosed areas apply, including openings, elevated utilities, flood damage-resistant materials, 
and limitations on use (parking of vehicles, building access, 
and storage). 

Open foundations are recommended in riverine flood haz-
ard areas where flow velocities are expected to exceed 5 feet 
per second because of the anticipated hydrodynamic loads 
and potential for debris impact and scour. These loads may 
be sufficient to damage typical solid perimeter foundation 
walls, even though flood openings are provided. 

Figure 4. Attached 
garage, with engineered 
openings installed in the 
garage door 

Flood openings

ASCE 24 and several of 
the fact sheets included in 
the Home Builder’s Guide 
to Coastal Construction 
(FEMA 499) are excellent 
resources for flood-resistant 
building methods in coastal 
A hazard areas.
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If a waterway was studied using detailed methods and a floodway is shown on a FIRM, then 
the Floodway Data Table in the Flood Insurance Study should be reviewed for data that can 
be used to estimate velocities. For each cross section, the table provides the mean velocity that 
can be used to approximate velocities in the floodplain outside of the floodway. For other wa-
terways in areas known to have fast-moving water, standard methods can be used to compute 
an approximate velocity. Examples of other sources of information that should be reviewed 
include local observations and studies prepared by State and local agencies.

Enclosed areas with breakaway walls under buildings elevated on open foundations in A zones

Open foundations are also recommended in A zones in coastal areas where breaking wave 
heights can be between 1.5 and 3.0 feet (called Coastal A Zones). In these areas, it is recom-
mended that walls surrounding enclosed areas be designed as breakaway walls. Flood openings 
are required in breakaway walls in A zones in order to comply with the NFIP requirements. 
ASCE 24 includes specific provisions for openings in breakaway walls.

Solid perimeter foundation walls on which manufactured homes are installed 

Manufactured homes may be installed on solid perimeter foun-
dation walls that enclose space below the homes (see Figure 6). 
Even if it is not part of the load-bearing foundation, a solid 
perimeter wall is required to have openings, otherwise hydro-
static loads may damage the perimeter wall, which could, in 
turn, damage the home’s supporting foundation and anchor 
system.

Figure 7 shows an example of a framed enclosure below an ele-
vated manufactured home. In this case, the full-height enclosed 

Openings are required in 
rigid skirting that is attached 
to frames or foundations of 
manufactured homes to re-
lieve hydrostatic loads and 
minimize transferring loads 
that can damage homes 
and their supporting foun-
dation systems.

Figure 5. Enclosure with flood 
openings, under house elevated on 
pilings
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area is used for parking and storage. Openings are required because the walls surrounding 
the enclosed area are solid walls. As indicated by the driveway on the left, the interior slab is 
higher than the exterior grade along the side of the building. The openings shall be located 
within 1 foot of the interior grade. 

Figure 6.  Manufactured home 
supported on piers; masonry perimeter 
wall with flood openings (ground 
anchors not shown)

Figure 7. Manufactured 
home installed above 
a full-height framed 
garage (note elevation 
of driveway slab on left; 
the openings are within 
1 foot of interior grade of 
the slab)
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Accessory structures: detached garages and storage sheds

Detached garages and detached storage buildings in A zones may be permitted without requir-
ing them to be elevated if they comply with all of the requirements for enclosures. Garages 
and other accessory buildings must be used only for parking of vehicles and storage, utilities 
must be elevated, flood damage-resistant materials must be used below the BFE, the require-
ments for flood openings must be satisfied, and they must be anchored to resist flotation, 
collapse, or lateral movement under flood conditions.

Communities are required to regulate all development in SFHAs, including the placement of 
small storage sheds. Storage sheds in A zones are not required to be elevated if they comply 
with all of the requirements for enclosures. They must be used only for storage, utilities must 
be elevated, flood damage-resistant materials must be used below the BFE, and the require-
ments for flood openings must be satisfied. In addition, sheds are to be anchored to prevent 
flotation, collapse, or lateral movement under flood conditions.

Situations That Do Not Require Openings

Two situations that do not require openings are described below:

n Manufactured home with skirting 

n Back-filled stem wall foundation 

Manufactured home with flexible skirting

Skirting used to enclose the area under manufactured homes 
typically is made of weather-resistant material and extends 
from the bottom of the home down to grade. Flexible skirt-
ing and rigid skirting that are not attached to the frame or 
foundation of a manufactured home are not required to 
have openings. However, where floodwaters are expected to 
rise rapidly, there may be concerns about the skirting being 
pushed against foundation systems. In these areas, open lat-
tice may be more appropriate to minimize the potential for 
flood damage.

Filled stem wall foundation 

A filled stem wall foundation (also called a chain wall) can 
look like a solid perimeter foundation wall from the outside, 
but this type of foundation is backfilled with compacted struc-
tural fill that supports the floor slab (see Figure 8). Because of the fill, unbalanced lateral 
loads against the walls will be minimized as floodwaters, and thus openings are not required.

It is important that the final Elevation Certificate, or other documentation of elevations, in-
clude an explanation when stem wall foundations are used to avoid the assumption that it 
is a crawlspace that lacks the required openings. The Elevation Certificate diagrams do not 
illustrate filled stem wall foundations. A note in the comment section should describe the 
foundation so that insurance agents are alerted as to why there are no openings.

The National Fire Protection 
Association’s standard, 
Model Manufactured Home 
Installation Standard (NFPA 
225), specifies that instal-
lation of skirting does not 
trigger the requirement for 
flood openings provided 
the skirting does not pro-
vide structural support and 
will collapse under wind and 
water loads that are less 
than those expected during 
the base flood event without 
causing structural damage 
to the elevated home or the 
foundation.  
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Requirements and Guidance for Installation of Openings

The NFIP regulations specify certain installation requirements that must be met by all flood 
openings, whether non-engineered openings or engineered openings, which are described 
starting on page 18. The installation requirements address the minimum number of openings 
and the maximum height of openings above grade. Additional guidance and explanations for 
various situations are described below.

Minimum Number of Openings

Each enclosed area is required to have a minimum of two openings on exterior walls to allow 
floodwaters to enter directly. In order to meet the requirement, the openings must be located 
so that the portion of the opening intended to allow for inflow and outflow is below the BFE. 
Openings that are entirely above the BFE (or any portion of an opening that is above the BFE) 
will not serve the intended purpose during base flood conditions and thus are not counted 
towards the compliance with the flood opening requirements. 

The openings should be installed on at least two sides of each 
enclosed area to decrease the chances that all openings could 
be blocked with floating debris and to allow for more even 
filling by floodwater and draining of the enclosed area. It is 
recommended that openings be reasonably distributed around 
the perimeter of the enclosed area unless there is clear justifi-
cation for putting all openings on just one or two sides (such 
as in townhouses or buildings set into sloping sites).

Figure 8. Back-filled stem wall 
foundation (openings not required)

The International 
Residential Code® and the 
International Building Code® 
(by reference to ASCE 24) 
both require a “minimum 
of two openings on differ-
ent sides of each enclosed 
area.”  
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Figure 9 shows a sketch illustrating where openings could be located when an elevated build-
ing has multiple enclosed areas. [Note: the number of openings shown in Figure 9 is for 
illustration only; the total number of openings and the adequacy of the net open area of those 
openings depend on the type of opening, covering, and whether vent devices or engineered 
openings are installed.]

Height of Openings Above Grade

The bottom of each opening is to be located no higher than 1 foot above the grade that is 
immediately under each opening. The purpose of this requirement is to satisfy the perfor-
mance expectation that the difference in water levels between the interior and exterior will 
not exceed 1 foot as water begins to rise and as floodwaters recede from the site. Note that the 
openings (or those portions that count towards the required net open area) must be located 
below the BFE. In areas with shallow flood depths, this may require positioning the openings 
closer to grade than the maximum 1 foot allowed. 

Given the requirement that the bottom of openings shall not be higher than 1 foot above 
grade, a question arises if the interior and exterior grades are different: which grade should 
be used to determine placement of flood openings? The higher of the final interior grade 
and the finished exterior grade that is immediately under each opening is used to make this 
determination: 

n Finished exterior grade. Care should be taken when placing backfill, topsoil, and land-
scaping materials around the outside of enclosures, especially solid perimeter foundation 

Figure 9. Sketch of foundation plan of home with multiple enclosed areas, each with flood openings 
(number of openings for illustration purposes only)
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walls. If the finished exterior grade is higher than the interior grade on all sides of the 
building, then the enclosed area becomes a basement as defined by the NFIP. 

n Final interior grade. The trench that is excavated to construct footings and foundation 
walls must be backfilled completely, otherwise a basement is created. If the interior grade 
is higher than the exterior grade, the openings are to be no higher than 1-foot above the 
interior grade.

Installation Examples 

Interior grade higher than exterior grade

Consider a crawlspace enclosure that has its interior grade higher than the exterior grade. As 
water rises against the outside of the foundation, the ground or fill on the interior balances 
the hydrostatic load (see Figure 10). It is only when the water rises above the interior grade 
that the lateral load becomes unbalanced and therefore must be equalized by openings.

When viewed from the outside, a solid perimeter foundation wall or wall surrounding an en-
closed area with the interior grade higher than the exterior grade will appear to not meet the 
installation requirements for openings. The openings will appear to be too high above the ex-
terior grade (illustrated in Figure 7). Therefore, it is important that the final documentation 
of as-built elevations note the difference in interior and exterior grades. For example, if the 
NFIP Elevation Certificate is used, comments should explain that the interior grade is higher 
than the exterior grade and it should be noted whether the openings are (or are not) within 
1 foot of the higher of the two grades. 

Figure 10 . Illustration of flood 
openings installed within 1 foot of the 
higher of interior or exterior grade
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Sloping sites

Buildings on solid perimeter foundation walls that are set into a sloping site present another 
special situation with respect to installation of openings. Careful attention must be paid to the 
following:

n The interior floor along the lower side of a building that is set into a sloping site must be 
at or above the exterior grade across the entire length of that side of the building, other-
wise the enclosure becomes a basement. 

n The bottom of each opening shall be located no higher than 1 foot above the exterior or 
interior grade immediately below the opening, whichever is higher (see Figure 11).

n For openings to perform their intended function, sufficient open area must be below the 
BFE.

Townhouses with limited exterior walls

Townhouses are single-family dwelling units constructed in a group of three or more attached 
units in which each unit extends from foundation to roof and with exterior walls on at least 
two sides. Openings are required if townhouses in SFHAs are constructed with solid perimeter 
foundation walls or with solid walls surrounding enclosed areas under the elevated portion of 
the building. 

Because the interior townhouse units have less linear exterior wall length than the end units, 
it can be a challenge to meet all of the requirements, especially the requirement for adequate 
net open area and the requirement that each enclosed area have openings. If openings can-
not be provided in at least two walls, the NFIP allows all openings to be installed in one wall. 

Figure 11. Openings in enclosure 
walls, sloping site
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Design of interior townhouse units can satisfy the guidance that openings should be on differ-
ent sides if the walls inside the enclosed area have openings to connect enclosed spaces from 
front to back. Figure 12 shows suggested locations for openings. [Note: the number of open-
ings shown in Figure 12 is for illustration only; the total number of openings and the adequacy 
of the net open area depend on the type of opening, covering, and whether a vent device is 
installed in the openings.] 

It may be even more challenging to provide adequate openings in enclosures under interior 
townhouse units if the multi-unit building is set into a sloping site, in which case it may be ap-
propriate to consider using a filled stem wall foundation or an open foundation. Use of fill 
across one side of elevated townhouses may create a similar complication.

Openings that extend above the BFE

Only those portions of openings that are below the BFE can be counted towards the required 
net open area. Stacked vent devices may be installed or large-dimension openings may be pro-
vided (Figure 13). In both cases, if the BFE does not reach the top of the opening, only the 
portion that is below the BFE will count as contributing to the required net open area. Simi-
larly, if the floor of a mechanical room is below the BFE (with elevated equipment inside) and 
a louvered door provides ventilation, only the open portion of the louvered door that is below 
the BFE will count towards the required net area of flood openings. 

Figure 12. Illustration of suggested flood openings in enclosures under elevated townhouses (number of 
openings for illustration purposes only)
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Depth of water 1 foot or less

Some FIRMs show mapped SFHAs where the depth of water will be 1-foot deep or shallower. 
Although the difference in water depth between the outside and inside of the enclosure un-
der a building in these areas will not exceed 1 foot during the base flood, the NFIP regulations 
require openings. 

There are at least two solutions to this situation. The first is to elevate the floor of the enclo-
sure the necessary height so that it is at or above the BFE and there is no need for openings. 
The second solution is to install openings, taking care to ensure that all of the necessary open 
area is below the BFE (otherwise the openings will not function as intended). This can be ac-
complished by positioning the bottom of the openings at or very close to grade, rather than 
the maximum of 1 foot above grade. In addition to complying with the regulations, the walls 
will not experience excessive differential hydrostatic pressure when floodwaters rise higher 
than the BFE.

Non-Engineered Openings and Engineered Openings

The NFIP regulations identify alternatives to provide sufficient size and number of openings 
to allow for the automatic entry and exit of floodwaters. This section describes how this level 
of performance can be satisfied by use of:

n Non-engineered openings (or covers and devices) that meet the prescriptive require-
ment to provide 1 square inch of net open area for each square foot of enclosed area (as  

Figure 13. Stacked vents inserted in 
large openings must be below the BFE

BFE
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described below, a variety of options and devices can serve 
as non-engineered openings). 

n Engineered openings (or covers and devices) that are 
specifically designed and certified by a registered design 
professional as meeting the required performance and 
design requirements outlined below (and, if applicable, 
the community’s building code).

n Engineered openings (or covers and devices) for which 
an Evaluation Report has been issued by the Internation-
al Code Council (ICC) Evaluation Service, Inc. (ICC-ES), 
a subsidiary of the International Code Council, Inc.  
(http://www.iccsafe.org).

The following requirements for installation apply regardless of whether engineered openings 
or non-engineered openings are used to satisfy the NFIP requirements (also see page 13, Re-
quirements and Guidance for Installation of Openings):

n Each enclosed area must have a minimum of two openings; if there are multiple enclosed 
areas, each area must have openings in its exterior walls,

n The bottom of each opening must be no more than 1 foot above the higher of the interior 
or exterior grade immediately under the opening, and

n Any screens, grates, grilles, fixed louvers, or other covers or devices must not block or im-
pede the automatic flow of floodwaters into and out of the enclosed area.

Unacceptable Measures

It is important to note that FEMA has determined that certain measures are not acceptable as 
flood openings, including:

n Standard foundation air ventilation devices that can be closed manually, because they do 
not allow for the automatic entry and exit of floodwaters unless they are permanently dis-
abled in the open position.

n Standard foundation air ventilation devices that have detachable solid covers that are in-
tended to be manually installed over the opening in cold weather, because they do not 
allow for the automatic entry and exit of floodwaters when the cover is in place.

n Standard foundation air ventilation devices that are designed to open and close based on 
temperature (unless they also are designed to allow for the automatic entry and exit of 
floodwaters).

n Windows below the BFE, because the automatic entry and exit of floodwaters cannot be 
satisfied by the expectation that windows will break under rising floodwaters.

n Garage doors without openings installed in them, because human intervention is required 
to open the doors when flooding is expected. Gaps between the garage door and the door 
jamb or walls do not count towards the net open area requirement.

n Standard exterior doors without openings installed in them. 

The International 
Residential Code® includes 
both the prescriptive (non-
engineered) alternative and 
the engineered openings 
alternative. 

The International Building 
Code® also includes both 
alternatives by reference to 
ASCE 24.
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Non-Engineered Openings

Non-engineered openings are openings that are used to satisfy the prescriptive requirement 
that calls for 1 square inch of net open area for each square foot of enclosed area. A wide va-
riety of options is available to satisfy the prescriptive requirements. 

The term “net open area” refers to the permanently open area of a non-engineered opening. 
The NFIP regulations indicate that flood openings may be equipped with coverings or devic-
es provided that they permit the automatic entry and exit of floodwaters. The measurement 
of the net open area must take into consideration any coverings that have solid obstructions, 
such as grilles, fixed louvers, or faceplates. Figure 14 shows a typical standard air vent faceplate 
and measurements of the net open area. 

Manufacturers of devices intended for use as standard air vents typically indicate the number 
of square inches that each device provides for air flow (either stamped into the metal frame or 
noted on the packaging). The same number should be used for the net open area calculation 
when these devices are installed as non-engineered openings. However, in order to qualify as 
flood openings that permit automatic entry and exit of floodwaters, openings must not have 
solid covers that are installed during cold weather. Similarly, typical air vent devices that are 
designed to be opened and closed manually must be disabled permanently in the open posi-
tion.

Insect screens that do not impede the entry and exit of floodwaters are allowed and do not 
affect the determination of the net open area. Communities that administer the International 
Building Code® (IBC®) or the International Residential Code® (IRC®) should note the require-
ment to cover ventilation openings to keep animals and insects from entering. These codes 
provide a list of acceptable covering materials. The commentaries that accompany those codes 
note that some covering materials may reduce the gross open area of the vent by as much as 
50 percent. In areas where floodwaters are expected to carry debris such as grass clippings and 
leaves, it is notable that screens tend to clog (Figure 15). Local officials may determine that 
additional openings are required to increase the likelihood that openings will perform as ex-
pected, even if some become clogged with debris.

Figure 14. Typical standard air vent 
faceplate (this example provides 42 
square inches of net open area)
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Examples of several commonly used non-engineered openings are described below and shown 
in Figures 16 through 21:  

n Figures 16 and 17 show typical standard air ventilation devices that are intended for instal-
lation in crawlspace foundation walls. If installed as flood openings, they must be disabled 
permanently in the open position to satisfy the requirement 
for automatic entry and exit of floodwaters (note that the 
device shown in Figure 17 is not compliant because it is not 
disabled in the open position). 

n Figure 18 shows two examples where the builder provided 
decorative treatment for open holes; in each case, only the 
net open area is counted, and the area covered by the deco-
rative treatment is not counted. 

n Figure 19 shows a common practice for solid perimeter 
foundation walls constructed of standard 16” x 8” concrete 
masonry blocks. If a block is omitted as shown, the result-
ing void provides 128 square inches of net open area. 

n Figure 20 shows where standard blocks are turned sideways. 
The voids in the blocks are measured to determine the net 
open area.

n Figure 21 shows a foundation in which a hole was created 
when the concrete was poured; a wood frame covered with 
screening is inserted in the hole. The framed void is mea-
sured to determine the net open area.

Figure 15. Typical air 
vent clogged by flood 
debris

The IRC and IBC (through 
reference to ASCE 24) re-
quire that flood openings 
are to be not less than 3 
inches in any direction in 
the plane of the wall. This 
requirement applies to the 
hole in the wall, exclud-
ing any device that may be 
inserted such as typical 
foundation air vent device. 

Communities usually re-
quire screens over voids 
(open holes) that are creat-
ed in walls to serve as flood 
openings, to limit the entry 
of insects and rodents pro-
vided the screens do not 
impede the inflow and out-
flow of floodwaters.
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Figure 16. Examples of typical air vents used as flood openings (net open area varies)

Figure 17. Although this standard air vent was intended as flood openings, it is not acceptable because it is not 
disabled in the open position and does not allow automatic inflow and outflow of floodwaters.
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Figure 18. Decorative treatments using fixed louvers and brickwork (count the "net open area" or have 
certified as engineered openings)

Figure 19. Foundation 
wall with omitted blocks 
as flood openings (insect 
screen not visible)
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Figure 20. Concrete block turned sideways (insect 
screening shown)

Figure 21. Wood frame with insect screen inserted in 
opening in poured concrete foundation wall 

Engineered Openings

Openings that are designed and certified by a registered design professional as meeting the 
performance required by the regulations are called “engineered openings.” This section 
describes certification and documentation requirements for engineered openings and the 
specific design requirements.

Engineered openings with individual certification

For architectural or other reasons, building designers or owners may prefer to use unique 
or individually designed openings or devices. In these cases, a registered design professional 
must submit a certification. As a general rule, States require a designer to be licensed to prac-
tice in the State in which building is located.

The original certification of the engineered openings must include the design professional’s 
name, title, address, signature, type of license, license number, the State in which the license 
was issued, and the signature and applied seal of the certifying registered design professional. 
The certification shall identify the building in which the engineered openings will be in-
stalled. The language of the certification shall address the following:  

n A statement certifying that the openings are designed to automatically equalize hydrostat-
ic flood loads on exterior walls by allowing the automatic entry and exit of floodwaters in 
accordance with the Engineered openings, design requirements on page 26, 

n Description of the range of flood characteristics tested or computed for which the certifi-
cation is valid, such as rates of rise and fall of floodwaters, and 

n Description of the installation requirements or limitations that, if not followed, will void 
the certification.
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Engineered openings with ICC-ES Evaluation Reports

Engineered openings or devices may be accepted by local 
officials as an alternative to non-engineered openings (pre-
scriptive) provided the designs are certified. The certification 
may take the form of the individual certification described 
above, or it can be an Evaluation Report issued by the ICC-ES. 
The ICC-ES issues such reports for a variety of building prod-
ucts, methods, and materials. Evaluation Reports are issued 
only after the ICC-ES performs technical evaluations of docu-
mentation submitted by a manufacturer, including technical 
design reports, certifications, and testing that demonstrate 
code compliance and performance. 

Evaluation Reports are supported by certifications that in-
clude appropriate language describing performance of the 
openings and the name, title, address, type of license, license 
number, the State in which the license was issued, and the sig-
nature and seal of the certifying registered design professional. 
The specific provisions that are addressed in the certification 
must include:  

n A statement certifying that the openings are designed to automatically equalize hydrostat-
ic flood loads on exterior walls by allowing the automatic entry and exit of floodwaters in 
accordance with the Engineered openings, design requirements below, 

n Description of the range of flood characteristics tested or computed for which the certifi-
cation is valid, such as rates of rise and fall of floodwaters, and 

n Description of the installation requirements or limitations that, if not followed, will void 
the certification.

Documentation of engineered openings for compliance

An important part of the evidence necessary to document compliance is the certification of 
engineered openings or the Evaluation Report. A copy of the individual certification or the 
Evaluation Report is required to be kept in the community’s permanent permit files, along 
with inspection reports. The documentation can be submitted as part of the permit applica-
tion and design drawings, or submitted separately. Owners should retain the certification or a 
copy of the Evaluation Report to submit along with applications for NFIP flood insurance.

Documentation of engineered openings for flood insurance

Insurance agents will request that property owners provide documentation as part of appli-
cations for NFIP flood insurance. The documentation should be attached to the Elevation 
Certificate. The following are acceptable forms of documentation:

n For engineered openings with individual certification, the certification described above 
that is signed and sealed by a registered design professional who is licensed in the State 
where the building in which the engineered openings are used is located; or 

ICC-ES has issued 
Acceptance Criteria for 
Automatic Foundation Flood 
Vents (AC364) for one type 
of engineered opening. The 
ICC-ES will develop ac-
ceptance criteria for other 
types, upon request. 

Local officials in communi-
ties that do not administer 
the International Code 
Series determine whether 
to accept building prod-
ucts that have received 
Evaluation Reports issued 
by the ICC-ES.
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n For engineered openings with ICC-ES Evaluation Reports, a copy of the Evaluation Report 
that documents that the engineered openings meet the performance requirements of the 
NFIP and the building code, and that specifies the number of such openings that are re-
quired for a specified square footage of enclosed area below the BFE; or

n For engineered openings with ICC-ES Evaluation Reports, a letter or other written evi-
dence from the local official that use of engineered openings in a specific building is 
acceptable.

Engineered openings, design requirements

The American Society of Civil Engineers (ASCE) developed the standard Flood Resistant Design 
and Construction (ASCE 24). This standard applies to buildings and site developments pro-
posed in flood hazard areas; it is referenced by the International Building Code. ASCE 24 Section 
2.6.2.2 contains installation and design criteria for engineered openings. ASCE 24 provides 
the equation below to determine the total net area of engineered openings that are installed 
in foundation walls or enclosure walls. The equation includes a coefficient that corresponds 
to a factor of safety of 5, which is consistent with design practices related to protection of life 
and property. This factor of safety also helps to account for the likelihood that insect screens 
may clog with flood-borne debris. The ASCE 24 commentary provides additional background 
on the derivation of the equation.

As with non-engineered openings, engineered openings must be designed to allow automatic 
entry and exit of floodwaters.

Three design and performance criteria for engineered openings are specified in ASCE 24 but 
are not explicitly identified in the NFIP regulations:

n Engineered openings are to perform such that difference between the exterior and inte-
rior water levels shall not exceed 1 foot during base flood conditions.

n Engineered openings are to be not less than 3 inches in any direction in the plane of the 
wall. This requirement applies to the hole in the wall, excluding any screen, grate, grille, 
louvers, or devices that may be placed in or over the opening. 

n In the absence of reliable data on the rates of rise and fall, engineered openings are to be 
designed based on the assumption that the minimum rate of rise and fall will be 5 feet per 
hour. Where data or analyses indicate more rapid rates of rise and fall, the required num-
ber of openings is to be increased to account for those different conditions. The number 
or size of the openings may be decreased if data or analyses indicate rates of rise and fall 
are less than 5 feet per hour.
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From ASCE 24, the equation to determine area of engineered openings:

Ao = 0.033 [1/c] R Ae

Where:  Ao  =  total net area of openings required (in²)

 0.033  =  coefficient corresponding to a factor of safety of 5.0 (in² • hr/ft³)

 c  =  opening coefficient (non-dimensional; see ASCE 24,Table 2-2)

 R  =  worst case rate of rise and fall (ft/hr)

 Ae =  total enclosed area (ft²)

[ASCE 24] Table 2-2

Flood Opening Coefficient of Discharge

Opening Shape and Condition c

circular, unobstructed during design flood 0.60

rectangular, long axis horizontal, short axis  
vertical, unobstructed during design flood 0.40a

square, unobstructed during design flood 0.35

rectangular, short axis horizontal, long axis  
vertical, unobstructed during design flood 0.25b

other shapes, unobstructed during design flood 0.30

Notes:

a.  When the horizontal dimension is twice or more the vertical dimension, use 
0.4; as the dimensions approach a square, interpolate from 0.4 to 0.35.

b.  When the horizontal dimension is half or less the vertical dimension, use 0.25; 
as the dimensions approach a square, interpolate from 0.25 to 0.35.

Used with permission from ASCE.
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The NFIP

The U.S. Congress established the NFIP with the passage of the National Flood Insurance 
Act of 1968. The NFIP is a Federal program enabling property owners in participating com-
munities to purchase insurance as protection against flood losses, in exchange for State and 
community floodplain management regulations that reduce future flood damages. Participa-
tion in the NFIP is based on an agreement between communities and the Federal Government. 
If a community adopts and enforces adequate floodplain management regulations, FEMA will 
make flood insurance available within the community. 

Title 44 of the U.S Code of Federal Regulations contains the NFIP criteria for floodplain man-
agement, including design and construction standards for new and substantially improved 
buildings located in SFHAs identified on the NFIP’s Flood Insurance Rate Maps. FEMA en-
courages communities to adopt floodplain management regulations that exceed the NFIP 
criteria. As an insurance alternative to disaster assistance, the NFIP reduces the escalating 
costs of repairing damage to buildings and their contents caused by floods.

NFIP Technical Bulletins 

This is one of a series of Technical Bulletins that FEMA has produced to provide guidance 
concerning the building performance requirements of the NFIP. These requirements are con-
tained in Title 44 of the U.S. Code of Federal Regulations at Section 60.3. The bulletins are 
intended for use by State and local officials responsible for interpreting and enforcing the re-
quirements in their floodplain management regulations and building codes, and by members 
of the development community, such as design professionals and builders. New bulletins, as 
well as updates of existing bulletins, are issued periodically, as necessary. The bulletins do not 
create regulations; rather, they provide specific guidance for complying with the requirements 
of existing NFIP regulations. Users of the Technical Bulletins who need additional guidance 
should contact their NFIP State Coordinator or the appropriate FEMA regional office. The 
User’s Guide to Technical Bulletins (http://www.fema.gov/pdf/final/guide01.pdf) lists the bul-
letins issued to date.

Ordering Technical Bulletins  

The quickest and easiest way to acquire copies of FEMA’s Technical Bulletins is to down-
load them from the FEMA website (http://www.fema.gov/plan/prevent/floodplain/techbul.
shtm).

Technical Bulletins also may be ordered free of charge from the FEMA Publications Ware-
house by calling 1-800-480-2520, or by faxing a request to 301-362-5355, Monday through 
Friday between 8 a.m. and 5 p.m. EST. Please provide the FEMA publication number, title, 
and quantity of each publication requested, along with your name, address, zip code, and day-
time telephone number. Written requests may be also be submitted by mail to the following 
address:
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FEMA Publications 
P.O. Box 2012 
Jessup, MD 20794

Further Information 

The following sources provide further information concerning openings in foundation walls 
and walls of enclosures.

American Society of Civil Engineers, Structural Engineering Institute. 2005. Flood Resistant De-
sign and Construction, ASCE/SEI 24-05.

American Society of Civil Engineers, Structural Engineering Institute. 2005. Minimum Design 
Loads for Buildings and Other Structures, ASCE/SEI 7-05.

FEMA. 1991. Answers to Questions About Substantially Damaged Buildings, FEMA 213. 

FEMA. 2000. Coastal Construction Manual, FEMA 55CD (3rd edition).

FEMA. 2004. Floodplain Management Bulletin: Elevation Certificate, FEMA 467-1 (http://www.
fema.gov/pdf/fima/fema467-6-10-04.pdf).

FEMA. 2005. Home Builder’s Guide to Coastal Construction: Technical Fact Sheet Series, FEMA 499. 

FEMA. 2006. Elevation Certificate (FEMA Form 81-31, http://www.fema.gov/pdf/nfip/elvcert.
shtm).

ICC Evaluation Service, Inc. 2007. Acceptance Criteria for Automatic Foundation Flood Vents (AC364, 
http://www.icc-es.org/criteria/pdf_files/ac364.pdf). 

International Code Council, Inc. 2006. International Building Code®, IBC® 2006.

International Code Council, Inc. 2006. International Residential Code®, IRC® 2006.

National Fire Protection Association. 2005. Model Manufactured Home Installation Standard©, 
NFPA 225.

National Fire Protection Association. 2006. Building Construction and Safety Code®, NFPA 5000.
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Glossary 

Accessory structure − A structure that is on the same parcel of property as a principal struc-
ture, the use of which is incidental to the use of the principal structure.

Base flood − The flood having a 1-percent chance of being equaled or exceeded in any given 
year, commonly referred to as the “100-year flood.” The base flood is the national standard 
used by the NFIP and all Federal agencies for the purposes of requiring the purchase of flood 
insurance and regulating new development. 

Base flood elevation (BFE) − The height of the base (1-percent annual chance or 100-year) 
flood in relation to a specified datum, usually the National Geodetic Vertical Datum of 1929 
(NGVD), or the North American Vertical Datum of 1988 (NAVD). 

Basement − Any area of a building having its floor subgrade (below ground level) on all 
sides. 

Elevation certificate − A form developed by FEMA to collect surveyed elevations and other− A form developed by FEMA to collect surveyed elevations and other A form developed by FEMA to collect surveyed elevations and other 
information about a building that is necessary to obtain flood insurance.

Enclosure or enclosed area − Areas created by a crawlspace or solid walls that fully enclose− Areas created by a crawlspace or solid walls that fully enclose Areas created by a crawlspace or solid walls that fully enclose 
areas below the BFE.

Federal Emergency Management Agency (FEMA) − The Federal agency that, in addition to The Federal agency that, in addition to 
carrying out other activities, administers the National Flood Insurance Program. 

Flood Insurance Rate Map (FIRM) − The official map of a community on which FEMA has The official map of a community on which FEMA has 
delineated both the special flood hazard areas (SFHAs) and the risk premium zones applica-
ble to the community.

Hydrodynamic load − The load imposed on an immersed object, such as a foundation element− The load imposed on an immersed object, such as a foundation element The load imposed on an immersed object, such as a foundation element 
or enclosure wall, by water flowing against and around it. The magnitude of the hydrodynam-
ic load varies as a function of velocity and other factors.

Hydrostatic load − The load imposed on an immersed object such as an enclosure wall, by− The load imposed on an immersed object such as an enclosure wall, by The load imposed on an immersed object such as an enclosure wall, by 
standing or slowly moving water. The magnitude of the hydrostatic load increases linearly with 
water depth.

Lowest floor − The lowest floor of the lowest enclosed area of a building, including a basement.− The lowest floor of the lowest enclosed area of a building, including a basement. The lowest floor of the lowest enclosed area of a building, including a basement. 
Any NFIP-compliant unfinished or flood-resistant enclosure usable used solely for parking of 
vehicles, building access, or storage (in an area other than a basement) is not considered a 
building’s lowest floor, provided the enclosure does not render the structure in violation of 
the applicable design requirements of the NFIP. 

Mitigation Directorate − The component of FEMA directly responsible for administering the 
flood hazard identification and floodplain management aspects of the NFIP. 
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Net open area − The permanently open area of a non-engineered opening intended to pro- The permanently open area of a non-engineered opening intended to pro-
vide automatic entry and exit of floodwaters.

Opening, engineered − An engineered opening is an opening that is designed and certified− An engineered opening is an opening that is designed and certified An engineered opening is an opening that is designed and certified 
by a registered design professional as meeting certain performance characteristics related to 
providing automatic entry and exit of floodwaters; the certification requirement may be satis-
fied by an individual certification or issuance of an Evaluation Report by the ICC Evaluation 
Service, Inc.

Opening, non-engineered − A non-engineered opening is an opening that is used to meet− A non-engineered opening is an opening that is used to meet A non-engineered opening is an opening that is used to meet 
the NFIP’s prescriptive requirement of 1 square inch of net open area for every square foot of 
enclosed area. 

Registered Design Professional − An individual who is registered or licensed to practice their An individual who is registered or licensed to practice their 
respective design profession as defined by the statutory requirements of the professional reg-
istration laws of the State or jurisdiction in which the project is to be constructed.

Special Flood Hazard Area (SFHA) − An area delineated on a FIRM as being subject to in- An area delineated on a FIRM as being subject to in-
undation by the base flood and designated as Zone A, AE, A1-A30, AR, AO, AH, A99, V, VE, 
or V1-V30. 

Substantial damage − Damage of any origin sustained by a structure whereby the cost of re-− Damage of any origin sustained by a structure whereby the cost of re- Damage of any origin sustained by a structure whereby the cost of re-
storing the structure to its before-damaged condition would equal or exceed 50 percent of 
the market value of the structure before the damage occurred. Structures that are determined 
to be substantially damaged are considered to be substantial improvements, regardless of the 
actual repair work performed. 

Substantial improvement − Any reconstruction, rehabilitation, addition, or other improve- Any reconstruction, rehabilitation, addition, or other improve-
ment of a structure, the cost of which equals or exceeds 50 percent of the market value of 
the structure (or smaller percentage if established by the community) before the “start of  
construction” of the improvement. This term includes structures that have incurred “substan-
tial damage,” regardless of the actual repair work performed.





155

APPENDIX B-2    

FEDERAL EMERGENCY MANAGEMENT AGENCY.  FEDERAL INSURANCE AGENCY. 
FLOOD DAMAGE-RESISTANT MATERIALS REQUIREMENT FOR BUILDINGS LOCATED 
IN SPECIAL FLOOD HAZARD AREAS IN ACCORDANCE WITH THE NATIONAL FLOOD 
INSURANCE PROGRAM. TECHNICAL BULLETIN 2-93



Flood Damage-Resistant 
Materials Requirements 
for Buildings Located in Special Flood Hazard Areas in 
accordance with the National Flood Insurance Program

Technical Bulletin 2 / August 2008



Comments on the Technical Bulletins should be directed to:

Department of Homeland Security  
FEMA Federal Insurance and Mitigation Administration 
500 C Street, SW. 
Washington, D.C. 20472

Technical Bulletin 2-08 replaces Technical Bulletin 2-93, Flood-Resistant Materials Requirements for 
Buildings Located in Special Flood Hazard Areas in accordance with the National Flood Insurance 
Program. 

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

NFIP Regulations ...........................................................................................................................2

Required Use of Flood Damage-Resistant Materials ....................................................................2

Flood Damage-Resistant Material .....................................................................................2

How Flood Damage-Resistant Materials Affect Flood Insurance Rates ..........................3

Classification of Flood Damage-Resistant Materials ....................................................................3

Notes Regarding Classification of Materials .....................................................................5

Fasteners and Connectors ...........................................................................................................12

Construction Examples ...............................................................................................................13

Buildings in Zones A, AE, A1-A30, AR, AO, and AH .....................................................13

Buildings in Zones V, VE, and V1-V30 ............................................................................14

Additional Uses of Flood Damage-Resistant Materials ..............................................................14

Accessory Structures ........................................................................................................14

Wet Floodproofing ...........................................................................................................15

Buildings Outside of SFHAs ............................................................................................16

The NFIP ......................................................................................................................................17

NFIP Technical Bulletins .............................................................................................................17

Ordering Technical Bulletins ......................................................................................................17

Further Information ....................................................................................................................18

Glossary .........................................................................................................................................19

Revision to Table 2 footnote (*) made in October 2010.



1Technical BulleTin 2 – auGuST 2008

Introduction

Protecting buildings that are constructed in special flood hazard areas (SFHAs) from dam-
age caused by flood forces is an important objective of the National Flood Insurance Program 
(NFIP). In support of this objective, the NFIP regulations include minimum building de-
sign criteria that apply to new construction, repair of substantially damaged buildings, and 
substantial improvement of existing buildings in SFHAs. The 
base flood is used to delineate SFHAs on Flood Insurance Rate 
Maps (FIRMs) prepared by the NFIP. The base flood is the 
flood that has a 1-percent chance of being equaled or exceed-
ed in any given year (commonly called the “100-year” flood). 
Certain terms used in this Technical Bulletin are defined in 
the Glossary.

The NFIP regulations require the use of construction mate-
rials that are resistant to flood damage. The lowest floor of 
a residential building must be elevated to or above the base 
flood elevation (BFE), while the lowest floor of a non-resi-
dential building must be elevated to or above the BFE or dry 
floodproofed to the BFE.

All construction below the BFE is susceptible to flooding and 
must consist of flood damage-resistant building materials. The 
purpose of this Technical Bulletin is to provide current guid-
ance on what constitute “materials resistant to flood damage” 
and how and when these materials must be used to improve a 
building’s ability to withstand flooding.

Table 1 describes five classes of materials ranging from those 
that are highly resistant to floodwater damage, to those that 
have no resistance to flooding. Materials are broadly described 
as structural materials and finish materials based on how they 
are used in normal construction practices. Table 2 lists materials by generic names, and notes 
whether the materials are acceptable or unacceptable for use below the BFE. All building ma-
terials are in some way fastened or connected to the structure. Fasteners and connectors, as 
described in this Technical Bulletin, also must be resistant to flood damage. 

A brief description of the process used to identify or determine whether the materials listed 
are flood damage-resistant is provided, followed by some simplified examples with diagrams 
to illustrate the use of these materials below the BFE. Three additional circumstances where 
flood damage-resistant materials are used or recommended are described: accessory struc-
tures, limited use of wet floodproofing, and buildings outside of SFHAs.

Questions about use of flood damage-resistant materials should be directed to the appropriate 
local official, NFIP State Coordinating Office, or one of the Federal Emergency Management 
Agency’s (FEMA’s) Regional Offices.

Under the NFIP, the “low-
est floor” is the floor of the 
lowest enclosed area of a 
building. An unfin ished or 
flood-resistant en closure 
that is used solely for park-
ing of vehicles, build ing 
access, or stor age is not 
the lowest floor, pro vided 
the en closure is built in 
compliance with applicable 
requirements.

As used by the NFIP, an 
“enclosure” is an area that 
is enclosed on all sides by 
walls. 

The NFIP defines a “base-
ment” as any area that is 
below-grade on all sides. 
The regulations do not allow 
basements to extend below  
the BFE. 
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NFIP Regulations

The NFIP regulations for flood damage-resistant materials are codified in Title 44 of the Code 
of Federal Regulations, in Section 60.3(a)(3), which states that a community shall:

“Review all permit applications to determine whether proposed building sites will be rea-
sonably safe from flooding. If a proposed building site is in a floodprone area, all new 
construction and substantial improvements shall...(ii) be constructed with materials resis-
tant to flood damage...”

Proposals for substantial improvement of existing buildings in SFHAs, and proposals to repair 
those that have sustained substantial damage, must comply with the requirements for new 
construction. As part of issuing permits, community officials must review such proposals to 
determine whether they comply with the requirements, including the use of flood damage-re-
sistant materials. Refer to the “Classification of Flood Damage-Resistant Materials” section of 
this Technical Bulletin for additional details. Further information on substantial improvement 
and substantial damage is found in Answers to Questions About Substantially Damaged Buildings 
(FEMA 213). 

Required Use of Flood Damage-Resistant Materials

Flood Damage-Resistant Material

“Flood [damage]-resistant material” is defined by the NFIP 
as “any building product [material, component or system] 
capable of withstanding direct and prolonged contact with 
floodwaters without sustaining significant damage.” The 
term “prolonged contact” means at least 72 hours, and the 
term “significant damage” means any damage requiring more 
than cosmetic repair. “Cosmetic repair” includes cleaning, 
sanitizing, and resurfacing (e.g., sanding, repair of joints, re-
painting) of the material. The cost of cosmetic repair should 
also be less than the cost of replacement of affected materials 
and systems.  In addition to these requirements, individual materials that are considered flood 
damage-resistant must not cause degradation of adjacent materials or the systems of which the 
material is a part.

The NFIP Technical Bulletins provide guidance on the minimum requirements of the NFIP regulations. 
Community or State requirements that exceed those of the NFIP take precedence. Design profes-
sionals should contact the community to determine whether more restrictive provisions apply to the 
building or site in question. All other applicable requirements of the State or local building codes must 
also be met for buildings in all flood hazard areas.

The International Building 
Code® (IBC®), by reference 
to ASCE 24 Flood Resistant 
Design and Construction, 
and the International 
Residential Code® (IRC®), 
require the use of flood 
damage-resistant materials. 
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All building materials below the BFE must be flood damage-resistant, regardless of the ex-
pected or historic flood duration. For example, buildings in coastal areas that experience 
relatively short-duration flooding (generally, flooding with a duration of less than 24 hours) 
must be constructed with flood damage-resistant materials below the BFE. As noted in Table 
2, only Class 4 and Class 5 materials are acceptable for areas below the BFE in buildings in 
SFHAs.

In some instances, materials that are not flood damage-resistant materials, such as wiring for 
fire alarms and emergency lighting, are allowed below the BFE if specifically required to ad-
dress life safety and electric code requirements for building access and storage areas.

How Flood Damage-Resistant Materials Affect Flood Insurance Rates

Careful attention to compliance with the NFIP regulations for flood damage-resistant materials 
is important during design, plan review, construction, and inspection. Compliance influences 
both the building’s vulnerability to flood damage and the cost of NFIP flood insurance. Flood 
insurance will not pay a claim for finish materials located in basements or in enclosed areas 
below the lowest floor of elevated buildings, even if such materials are considered to be flood 
damage-resistant. NFIP claims for damage below the BFE are limited to utilities and equip-
ment, such as furnaces and water heaters.

Classification of Flood Damage-Resistant Materials

The information in this Technical Bulletin was initially developed based on information in the 
U.S. Army Corps of Engineers’ Flood Proofing Regulations (1995), and has been updated based 
on additional information from FEMA-funded studies and reports, technical experts, and in-
dustry and trade groups. Table 1 classifies building materials according to their ability to resist 
flood damage.
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Table 1. Class Descriptions of Materials

Class Class Description

5

Highly resistant to floodwater1 damage, including damage caused by moving water.2 
These materials can survive wetting and drying and may be successfully cleaned af-
ter a flood to render them free of most harmful pollutants.3 Materials in this class are 
permitted for partially enclosed or outside uses with essentially unmitigated flood 
exposure.

4

Resistant to floodwater1 damage from wetting and drying, but less durable when ex-
posed to moving water.2 These materials can survive wetting and drying and may 
be successfully cleaned after a flood to render them free of most harmful pollutants.3 
Materials in this class may be exposed to and/or submerged in floodwaters in interior 
spaces and do not require special waterproofing protection.

3

Resistant to clean water4 damage, but not floodwater damage. Materials in this class 
may be submerged in clean water during periods of flooding. These materials can  
survive wetting and drying, but may not be able to be successfully cleaned after floods 
to render them free of most3 harmful pollutants.

2

Not resistant to clean water4 damage. Materials in this class are used in predominant-
ly dry spaces that may be subject to occasional water vapor and/or slight seepage. 
These materials cannot survive the wetting and drying associated with floods.

1

Not resistant to clean water4 damage or moisture damage. Materials in this class are 
used in spaces with conditions of complete dryness. These materials cannot survive 
the wetting and drying associated with floods.

Notes:

1. Floodwater is assumed to be considered “black” water; black water contains pollutants such as sewage, chemicals, heavy metals, 
or other toxic substances that are potentially hazardous to humans. 

2. Moving water is defined as water moving at low velocities of 5 feet per second (fps) or less. Water moving at velocities greater 
than 5 fps may cause structural damage to building materials. 

3. Some materials can be successfully cleaned of most of the pollutants typically found in floodwater. However, some individual 
pollutants such as heating oil can be extremely difficult to remove from uncoated concrete. These materials are flood damage-
resistant except when exposed to individual pollutants that cannot be successfully cleaned.

4. Clean water includes potable water as well as “gray” water; gray water is wastewater collected from normal uses (laundry, bathing, 
food preparation, etc.).

MODIFIED FROM: USACE 1995 Flood Proofing Regulations

Table 2 lists structural materials and finish materials commonly used in construction of floors, 
walls, and ceilings. For the purpose of this Technical Bulletin, structural materials and finish 
materials are defined as follows:

n Structural materials include all elements necessary to provide structural support, rigid-
ity, and integrity to a building or building component. Structural materials include floor 
slabs, beams, subfloors, framing, and structural building components such as trusses, wall 
panels, I-joists and headers, and interior/exterior sheathing.

N
F

IP
A

C
C

E
P

TA
B

L
E

U
N

A
C

C
E

P
TA

B
L

E
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n Finish materials include all coverings, finishes, and elements that do not provide structur-
al support or rigidity to a building or building component. Finish materials include floor 
coverings, wall and ceiling surface treatments, insulation, cabinets, doors, partitions, and 
windows.

Notes Regarding Classification of Materials

The classifications in Table 2 are based on the best information available at the time of publi-
cation. However, flood damage-resistance is determined by factors that may be a function of 
the specific application and by the characteristics of the floodwaters. Each situation requires 
sound judgment and knowledge of probable contaminants in local floodwaters to select ma-
terials that are required to resist flood damage. For materials and products that are listed in 
Table 2, manufacturers’ use and installation instructions must be followed to ensure maxi-
mum performance. Masonry and wood products used below the BFE must comply with the 
applicable standards published by the American Society for Testing and Materials (ASTM), 
the American Concrete Institute (ACI), the Truss Plate Institute (TPI), the American Forest 
& Paper Association (AF&PA), and other appropriate organizations. 

1. Materials Not Listed: Table 2 does not list all available structural materials and finish ma-
terials. For materials and products not listed, manufacturers’ literature (i.e., specifications, 
materials safety data sheets, test reports) should be evaluated to determine if the product 
meets flood damage-resistance requirements. Materials and products that are not listed in 
Table 2 may be used if accepted by the local official. Acceptance should be based on suffi-
cient evidence, provided by the applicant, that the materials proposed to be used below the 
BFE will resist flood damage without requiring more than cosmetic repair and cleaning.

2. Unacceptable Materials: Class 1, 2, and 3 materials are unacceptable for below-BFE ap-
plications for one or more of the following reasons:

Normal adhesives specified for above-grade use are water soluble or are not resistant to  n

alkali or acid in water, including groundwater seepage and vapor.

The materials contain wood or paper products, or other materials that dissolve or de- n

teriorate, lose structural integrity, or are adversely affected by water.

Sheet-type floor coverings (linoleum, rubber tile) or wall coverings (wallpaper) restrict  n

drying of the materials they cover.

Materials are dimensionally unstable. n

Materials absorb or retain excessive water after submergence. n

3. Impact of Material Combinations: In some cases, the combination of acceptable structural 
and finish materials can negatively impact the classification of individual materials. This is 
illustrated by the following examples:
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Vinyl tile with chemical-set adhesives is an acceptable finish flooring material when  n

placed on a concrete structural floor. However, when the same vinyl tile is applied over 
a plywood structural floor, it is no longer considered acceptable because the vinyl tile 
must be removed to allow the plywood to dry.

Polyester-epoxy or oil-based paints are acceptable wall finishes when applied to a concrete  n

structural wall. However, when the same paint is applied to a wood wall, it is no longer 
considered acceptable. Recent FEMA-supported studies by Oak Ridge National Labora-
tory have found that low-permeability paint can inhibit drying of the wood wall.

4. Impact of Long-Duration Exposure and/or Contaminants: The classifications of materials 
listed in Table 2 do not take into account the effects of long-duration exposure to floodwa-
ters or contaminants carried by floodwaters. This is illustrated by the following examples:

Following Hurricane Katrina, FEMA deployed a Mitigation Assessment Team (MAT) to  n

examine how building materials performed after long-duration exposure (2 to 3 weeks) 
to floodwaters (FEMA 549). The field survey revealed that some materials absorbed 
floodborne biological and chemical contaminants. However, it is not known at this time 
if a shorter duration flood event would have significantly altered the absorption rates 
of those contaminants. 

Building owners, design professionals, and local officials should consider potential ex- n

posure to floodborne contaminants when selecting flood damage-resistant materials.  
For example, Table 2 lists cast-in-place concrete, concrete block, and solid structural 
wood (2x4s, etc.), as acceptable flood damage-resistant materials. However, experience 
has shown that buildings with those materials can be rendered unacceptable for habita-
tion after being subjected to floodwaters with significant quantities of petroleum-based 
products such as home heating oil. Commonly used cleaning and remediation practices 
do not reduce the “off-gassing” of volatile hydrocarbons from embedded oil residues 
to acceptable levels that are established by the U.S. Environmental Protection Agency. 
Other materials, when exposed to these types of contaminants, may also not perform 
acceptably as flood damage-resistant materials. 
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Table 2.  Types, Uses, and Classifications of Materials

Types of Building Materials

Uses of Building 
Materials

Classes of Building Materials

Acceptable Unacceptable

Floors
Walls/

Ceilings
5 4 3 2 1

Structural Materials (floor slabs, 
beams, subfloors, framing, and  
interior/exterior sheathing)

Asbestos-cement board n n

Brick

Face or glazed n n

Common (clay) n n

Cast stone (in waterproof mortar) n n

Cement board/fiber-cement board n n

Cement/latex, formed-in-place n n

Clay tile, structural glazed n n

Concrete, precast or cast-in-place n n n

Concrete block1 n n

Gypsum products

Paper-faced gypsum board n n

Non-paper-faced gypsum board n n

Greenboard n n

Keene’s cement or plaster n n

Plaster, otherwise, including acoustical n n

Sheathing panels, exterior grade n n

Water-resistant, fiber-reinforced  
gypsum exterior sheathing n n

Hardboard (high-density fiberboard)

Tempered, enamel or plastic coated n n

All other types n n

Mineral fiberboard n n

Oriented-strand board (OSB)

Exterior grade n n n

Edge swell-resistant OSB n n n

All other types n n n

Particle board n n

Plywood

Marine grade n n n

Preservative-treated,  alkaline cop-
per quaternary (ACQ) or copper azole 
(C-A)

n n n
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Types of Building Materials

Uses of Building 
Materials

Classes of Building Materials

Acceptable Unacceptable

Floors
Walls/

Ceilings
5 4 3 2 1

Structural Materials (floor slabs, 
beams, subfloors, framing, and  
interior/exterior sheathing)

Table 2.  Types, Uses, and Classifications of Materials (continued)

Preservative-treated, Borate2 n n n

Exterior grade/Exposure1 (WBP –  
weather and boil proof) n n n

All other types n n n

Recycled plastic lumber (RPL)

Commingled, with 80-90%  
polyethylene (PE) n n

Fiber-reinforced, with glass fiber 
strands n n

High-density polyethylene (HDPE), up 
to 95% n n

Wood-filled, with 50% sawdust or wood 
fiber n n

Stone

Natural or artificial non-absorbent solid 
or veneer, waterproof grout n n n

All other applications n n

Structural Building Components

Floor trusses, wood, solid (2x4s), de-
cay-resistant or preservative-treated n n n

Floor trusses, steel3 n n

Headers and beams, solid (2x4s) 
or plywood, exterior grade or 
preservative-treated

n n

Headers and beams, OSB, exterior 
grade or edge-swell resistant n n

Headers and beams, steel3 n n

I-joists n n

Wall panels, plywood, exterior grade or 
preservative-treated n n

Wall panels, OSB, exterior grade or 
edge-swell resistant n n

Wall panels, steel3 n n
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Table 2.  Types, Uses, and Classifications of Materials (continued)

Types of Building Materials

Uses of Building 
Materials

Classes of Building Materials

Acceptable Unacceptable

Floors
Walls/

Ceilings
5 4 3 2 1

Structural Materials (floor slabs, 
beams, subfloors, framing, and  
interior/exterior sheathing)

Wood

Solid, standard, structural (2x4s) n n

Solid, standard, finish/trim n n

Solid, decay-resistant4 n n n

Solid, preservative-treated, ACQ or C-A n n

Solid, preservative-treated, Borate2 n n

Finish Materials (floor coverings, wall 
and ceiling finishes, insulation, cabi-
nets, doors, partitions, and windows)

Asphalt tile5

With asphaltic adhesives n n

All other types n n

Cabinets, built-in

Wood n n

Particle board n n

Metal3 n n

Carpeting n n

Ceramic and porcelain tile

With mortar set n n n

With organic adhesives n n n

Concrete tile, with mortar set n n

Corkboard n n

Doors

Wood, hollow n n

Wood, lightweight panel construction n n

Wood, solid n n

Metal, hollow3 n n

Metal, wood core3 n n

Metal, foam-filled core3 n n

Fiberglass, wood core n n

Epoxy, formed-in-place n n



10 Technical BulleTin 2 – auGuST 2008

Types of Building Materials

Uses of Building 
Materials

Classes of Building Materials

Acceptable Unacceptable

Floors
Walls/

Ceilings
5 4 3 2 1

Finish Materials (floor coverings, wall 
and ceiling finishes, insulation, cabi-
nets, doors, partitions, and windows)

Table 2. Types, Uses, and Classifications of Materials (continued)

Glass (sheets, colored tiles, panels) n n

Glass blocks n n

Insulation

Sprayed polyurethane foam (SPUF) or 
closed-cell plastic foams n n n

Inorganic – fiberglass, mineral wool: 
batts, blankets, or blown n n n

All other types (cellulose, cotton, open-
cell plastic foams, etc.) n n n

Linoleum n n

Magnesite (magnesium oxychloride) n n

Mastic felt-base floor covering n n

Mastic flooring, formed-in-place n n

Metals, non-ferrous (aluminum, copper, 
or zinc tiles) n n

Metals

Non-ferrous (aluminum, copper, or 
zinc tiles) n n

Metals, ferrous3 n n

Paint

Polyester-epoxy and other oil-based  
waterproof types n n

Latex n n

Partitions, folding

Wood n n

Metal3 n n

Fabric-covered n n

Partitions, stationary (free-standing)

Wood frame n n

Metal3 n n

Glass, unreinforced n n

Glass, reinforced n n

Gypsum, solid or block n n



11Technical BulleTin 2 – auGuST 2008

Types of Building Materials

Uses of Building 
Materials

Classes of Building Materials

Acceptable Unacceptable

Floors
Walls/

Ceilings
5 4 3 2 1

Finish Materials (floor coverings, wall 
and ceiling finishes, insulation, cabi-
nets, doors, partitions, and windows)

Polyurethane, formed-in-place n n

Polyvinyl acetate (PVA) emulsion cement n n

Rubber

Moldings and trim with epoxy poly-
amide adhesive or latex-hydraulic 
cement

n n

All other applications n n

Rubber sheets or tiles5

With chemical-set adhesives6 n n

All other applications n n

Silicone floor, formed-in-place n n

Steel (panels, trim, tile) 

With waterproof adhesives3 n n

With non-waterproof adhesives n n

Terrazo n n

Vinyl asbestos tile (semi-flexible vinyl)5

With asphaltic adhesives n n

All other applications n n

Vinyl sheets or tiles (coated on cork or 
wood product backings) n n

Vinyl sheets or tiles (homogeneous)5

With chemical-set adhesives6 n n

All other applications n n

Wall coverings

Paper, burlap, cloth types n n

Vinyl, plastic, wall paper n n

Wood floor coverings

Wood (solid) n n

Engineered wood flooring n n

Plastic laminate flooring n n

Wood composition blocks, laid in  
cement mortar n n

Wood composition blocks, dipped and 
laid in hot pitch or bitumen n n

Table 2. Types, Uses, and Classifications of Materials (continued)
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Notes*:

1  Unfilled concrete block cells can create a reservoir that can hold water following a flood, which can make the blocks difficult or 
impossible to clean if the floodwaters are contaminated.

2  Borate preservative-treated wood meets the NFIP requirements for flood damge-resistantce; however, the borate can leach out 
of the wood if the material is continuously exposed to standing or moving water.

3  Not recommended in areas subject to salt-water flooding.

4  Examples of decay-resistant lumber include heart wood of redwood, cedar, and black locust. Refer to Section 2302 of the 
International Building Code® (IBC®) and Section R202 of the International Residential Code® (IRC®) for guidance.

5 Using normally specified suspended flooring (i.e., above-grade) adhesives, including sulfite liquor (lignin or "linoleum paste"), 
rubber/asphaltic dispersions, or "alcohol" type resinous adhesives (culmar, oleoresin).

6  Examples include epoxy-polyamide adhesives or latex-hydraulic cement.

* In addition to the requirements of TB 2 for flood damage resistance, building materials must also comply with any additional 
requirements of applicable building codes. For example, for wood products such as solid 2x4s and plywood, applicable building 
code requirements typically include protection against decay and termites and will specify use of preservative-treated or decay-
resistant wood for certain applications. Applications that require preservative-treated or decay-resistant species include wood in 
contact with the ground, wood exposed to weather, wood on exterior foundation walls, or wood members close to the exposed 
ground. In some cases, applicable building code requirements (such as those in ASCE 24-05 and IRC 2006) do not reflect 
updated guidance in TB 2 and specify that all wood used below the design flood elevation be preservative-treated or naturally 
decay-resistant regardless of proximity to ground or exposure to weather. (Revision made in October 2010)

Fasteners and Connectors

The term “fasteners” typically refers to nails, screws, bolts, 
and anchors. The term “connectors” typically refers to man-
ufactured devices used to connect two or more building 
components. Joist hangers, post bases, hurricane ties and 
clips, and mud-sill anchors are examples of connectors. Fas-
teners and connectors are materials and thus must be made of 
flood damage-resistant materials in order to comply with the 
NFIP requirements. 

Table 2 does not specifically address fasteners and connectors. 
However, it is clear that the performance of buildings that are 
exposed to flooding is, at least in part, a function of the fas-
teners and connectors used to put the components together.  
When preservative-treated woods are used, particular attention is required for fasteners and 
connectors because some treatments are more corrosive than others, which could shorten the 
service life of the fasteners and connectors. For example, alkaline copper quaternary (ACQ) 
treatments are more corrosive than traditional acid copper chromate (ACC) treatments.  If 
corrosion occurs, buildings are less likely to withstand flood loads and other loads. Fasten-
ers and connectors made of stainless steel, hot-dipped zinc-coated galvanized steel, silicon 
bronze, or copper are recommended for use with preservative-treated wood.

This Technical Bulletin, consistent with ASCE 24 and the International Code Series, recom-
mends that stainless steel or hot-dip galvanized fasteners and connectors be used below the 
BFE in both inland (noncorrosive) and coastal (corrosive) areas. In coastal environments 
where airborne salts contribute to corrosion, it is recommended that corrosion-resistant fas-
teners and connectors be used throughout the building where they may be exposed. For 

Specifications for fasten-
ers and connectors used in 
buildings in SFHAs are in 
ASCE 24, a standard refer-
enced by the IBC.  Chapter 
23 of the IBC has specific 
requirements for connec-
tions and fasteners used 
with wood, including pre-
servative-treated wood. 
Similar specifications are in 
Chapter 3 of the IRC.
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additional guidance, see Technical Bulletin 8, Corrosion Protection for Metal Connectors in Coast-
al Areas. Also see TPI/WTCA Guidelines for Use of Alternative Preservative Treatments with Metal  
Connector Plates for further guidance on metal plate connected wood trusses manufactured with 
preservative treated lumber (http://www.sbcindustry.com/images/PTWGuidelines.pdf).

Construction Examples

Buildings in Zones A, AE, A1-A30, AR, AO, and AH

Figure 1 illustrates a solid foundation wall (crawlspace) elevated to meet the minimum re-
quirement that the lowest floor be at the BFE. Figure 2 illustrates framed walls that may be 
used for enclosures below the BFE that are used for parking of vehicles, building access, and 
storage. 

To maximize allowable use of enclosures below the BFE, it is a common practice to extend 
the foundation a full story, even though that puts the lowest floor well above the BFE. In such 
cases, while the NFIP requirement is that flood damage-resistant materials be used only below 
the BFE, it is strongly recommended that such materials be used for all construction below the 
lowest floor. This will reduce flood damage to the enclosed area in the event flooding exceeds 
the BFE. For additional guidance on enclosures in A zones, see Technical Bulletin 1, Openings 
in Foundation Walls and Walls of Enclosures Below Elevated Buildings in Special Flood Hazard Areas. 

Figure 1.  Building elevated on solid 
foundation walls meeting the minimum 
NFIP requirements for Zones A, AE, A1-
A30, AR, AO, and AH
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Buildings in Zones V, VE, and V1-V30

The NFIP regulations require that the bottom of the lowest horizontal structural member of 
the lowest floor (usually the floor beam or girder) of buildings in Zones V, VE, and Vl-V30 
be at or above the BFE. Therefore, all materials below the bottom of those members must be 
flood damage-resistant materials. This requirement applies to lattice work and screening, and 
also to materials used to construct breakaway walls that enclose areas below the lowest floor. 
Depending on the design parameters selected, breakaway walls may remain in place during 
low-level floods and must be flood damage-resistant so that they can be readily cleaned and 
not deteriorate over time due to wetting. Figure 3 illustrates the requirement. For additional 
guidance on breakaway walls used to enclose areas under buildings in V zones, see Technical 
Bulletin 9, Design and Construction Guidance for Breakaway Walls Below Elevated Coastal Build-
ings.

Additional Uses of Flood Damage-Resistant Materials

Accessory Structures

Accessory structures may be allowed in SFHAs provided they are located, installed, and con-
structed in ways that comply with NFIP requirements. Some communities allow accessory 
structures that are limited to the uses specified for enclosures below the BFE: parking of ve-
hicles and storage. As with other buildings, accessory structures below the BFE are required to 
be constructed with flood damage-resistant materials. In addition, accessory structures must 
be anchored to resist flotation, collapse, and lateral movement and comply with other require-
ments based on the flood zone. For additional information and requirements, contact the 
appropriate community permitting office.  

Figure 2.  Framed enclosure under 
building elevated in accordance with 
NFIP requirements for Zones A, AE,  
A1-A30, AO, and AH
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Wet Floodproofing

Wet floodproofing is a method to reduce damage that typically involves three elements: allow-
ing floodwaters to enter and exit to minimize structural damage, using flood damage-resistant 
materials, and elevating utility service and equipment. When a building is retrofitted to be 
wet floodproofed, non-flood damage-resistant materials that are below the BFE should be re-
moved and replaced with flood damage-resistant materials. This will reduce the costs of repair 
and facilitate faster recovery. 

Wet floodproofing is not allowed in lieu of complying with the lowest floor elevation require-
ments for new residential buildings (or dry floodproofing of nonresidential buildings in 
A zones). The exception is accessory structures, as noted on the previous page. Wet flood-
proofing may also be used to voluntarily retrofit buildings that are older than the date of the 
community’s first FIRM (commonly referred to as “pre-FIRM”), provided the requirement to 

Figure 3. Flood damage-resistant building material requirements for buildings elevated in accordance with 
NFIP requirements for Zones V, VE, and V1-V30
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bring such buildings into compliance is not triggered (called “substantial improvement”). Fig-
ure 4 illustrates some suggested retrofitting of interior walls in a pre-FIRM building. However, 
please note that the techniques illustrated in Figure 4 cannot be used to bring a substantially 
damaged or substantially improved building into compliance with the NFIP. For additional in-
formation on wet floodproofing, see Technical Bulletin 7, Wet Floodproofing Requirements.

Buildings Outside of SFHAs

FEMA reports that up to 25 percent of NFIP flood insurance claims are paid on buildings that 
are outside of the mapped SFHA. This occurs for many reasons, including out-of-date maps 
and local drainage problems. In areas known to be prone to flooding that are not subject to 
the NFIP requirements, it is recommended that flood damage-resistant materials be used for 
construction of new buildings and for repair or renovation of existing buildings. Figure 4 il-
lustrates some options. 

Figure 4.  Partial wet floodproofing technique using flood damage-resistant materials for finished wall 
construction.
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The NFIP

The U.S. Congress established the NFIP with the passage of the National Flood Insurance 
Act of 1968. The NFIP is a Federal program enabling property owners in participating com-
munities to purchase insurance as protection against flood losses, in exchange for State and 
community floodplain management regulations that reduce future flood damages. Participa-
tion in the NFIP is based on an agreement between communities and the Federal Government. 
If a community adopts and enforces adequate floodplain management regulations, FEMA will 
make flood insurance available within the community.

Title 44 of the U.S. Code of Federal Regulations contains the NFIP criteria for floodplain man-
agement, including design and construction standards for new and substantially improved 
buildings located in SFHAs identified on the NFIP’s FIRMs. FEMA encourages communities 
to adopt floodplain management regulations that exceed the NFIP criteria. As an insurance 
alternative to disaster assistance, the NFIP reduces the escalating costs of repairing damage to 
buildings and their contents caused by floods.

NFIP Technical Bulletins

This is one of a series of Technical Bulletins that FEMA has produced to provide guidance 
concerning the building performance requirements of the NFIP. These requirements are con-
tained in Title 44 of the U.S. Code of Federal Regulations at Section 60.3. The bulletins are 
intended for use by State and local officials responsible for interpreting and enforcing the re-
quirements in their floodplain management regulations and building codes, and by members 
of the development community, such as design professionals and builders. New bulletins, as 
well as updates of existing bulletins, are issued periodically, as necessary. The bulletins do not 
create regulations; rather, they provide specific guidance for complying with the requirements 
of existing NFIP regulations. Users of the Technical Bulletins who need additional guidance 
should contact their NFIP State Coordinator or the appropriate FEMA regional office. The 
User’s Guide to Technical Bulletins (http://www.fema.gov/pdf/fima/guide01.pdf) lists the bul-
letins issued to date.

Ordering Technical Bulletins

The quickest and easiest way to acquire copies of FEMA’s Technical Bulletins is to down-
load them from the FEMA website (http://www.fema.gov/plan/prevent/floodplain/techbul.
shtm).

Technical Bulletins also may be ordered free of charge from the FEMA Distribution Cen-
ter by calling 1-800-480-2520, or by faxing a request to 1-240-699-0525, Monday through 
Friday between 8 a.m. and 5 p.m. EST. Please provide the FEMA publication num-
ber, title, and quantity of each publication requested, along with your name, address, zip 
code, and daytime telephone number. Written requests may be submitted by email to:  
FEMA-Publications-Warehouse@dhs.gov
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Further Information

The following publications provide further information concerning the use of flood damage-
resistant materials.

Algan, H. and Wendt, R. 2005. Pre-Standard Development for the Testing of Flood-Damage-Resistant 
Residential Envelope Systems, Comparison of Field and Laboratory Results - Summary Report, Oak 
Ridge National Laboratory, June 2005.

American Red Cross, FEMA. 1992. Repairing Your Flooded Home, FEMA 232, ARC 4477.

American Society of Civil Engineers, Structural Engineering Institute. 2005. Flood Resistant De-
sign and Construction, ASCE/SEI 24-05.

American Society of Civil Engineers, Structural Engineering Institute. 2005. Minimum Design 
Loads for Buildings and Other Structures, ASCE/SEI 7-05.

Brick Institute of America, n.d. Technical Notes for Brick Construction, Brick Institute of America, 
McLean, Virginia.

California Integrated Waste Management Board. 2004. “Recycled Plastic Lumber,” Cal-
ifornia Integrated Waste Management Board, web page, last updated June 22, 2004  
(http://www.ciwmb.ca.gov/Plastic/Recycled/Lumber).

Department of Energy. 2005. Energy-Efficient Flood-Damage-Resistant Home Reconstruction,  
(http://www.ornl.gov/sci/res_buildings/FEMA-attachments/Flood_damage-reconstruction.
pdf).

FEMA. 1991. Answers to Questions About Substantially Damaged Buildings, FEMA 213.

FEMA. 1993. Wet Floodproofing Requirements, Technical Bulletin 7-93, FIA-TB-7.

FEMA. 1996. Corrosion Protection for Metal Connectors in Coastal Areas, Technical Bulletin 8-96, 
FIA-TB-8.

FEMA. 2000. Coastal Construction Manual, FEMA 55CD (3rd edition).

FEMA. 2005. Home Builder’s Guide to Coastal Construction: Technical Fact Sheet Series, FEMA 499.

FEMA. 2006. Mitigation Assessment Team Report: Hurricane Katrina in the Gulf Coast, FEMA 549.

FEMA. 2007. National Flood Insurance Program: Flood Insurance Manual, Revised October 2007.

International Code Council, Inc. 2006. International Building Code®, IBC® 2006.

International Code Council, Inc. 2006. International Residential Code®, IRC® 2006.
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Simpson Strong-Tie. 2008. Technical Bulletin: Preservative-Treated Wood, Simpson Strong-Tie 
T-PTWOOD08-R, July 2008 (http://www.strongtie.com/ftp/bulletins/T-PTWOOD08-R.pdf). 

TPI/WTCA. 2004. TPI/WTCA Guidelines for Use of Alternative Preservative Treatments with Metal 
Connector Plates, updated June 4, 2007, (http://www.sbcindustry.com/images/PTWGuide-
lines.pdf).

U.S. Army Corps of Engineers. 1984. Flood Proofing Systems and Techniques, U.S. Army Corps of 
Engineers, December 1984.

U.S. Army Corps of Engineers. 1995. Flood Proofing Regulations, Chapters 9 and 10, U.S. Army 
Corps of Engineers, EP 1165-2-314.

Wood Truss Council of America (WTCA). 2005. The Load Guide: Guide to Good Practice for 
Specifying and Applying Loads to Structural Building Components, (http://www.sbcindustry.com/
loads.php).

World Floor Covering Association (WFCA). n.d., Anaheim, California  
(http://www.wfca.org/index.html).

Glossary

Accessory structure — A structure that is on the same parcel of property as a principal struc-
ture, the use of which is incidental to the use of the principal structure.

Base flood — The flood having a 1-percent chance of being equaled or exceeded in any given 
year, commonly referred to as the “100-year flood.” The base flood is the national standard 
used by the NFIP and all Federal agencies for the purposes of requiring the purchase of flood 
insurance and regulating new development. 

Base flood elevation (BFE) — The height of the base (1-percent annual chance or 100-year) 
flood in relation to a specified datum, usually the National Geodetic Vertical Datum of 1929, 
or the North American Vertical Datum of 1988.

Basement — Any area of a building having its floor subgrade (below ground level) on all 
sides. 

Enclosure or enclosed area — Areas created by a crawlspace or solid walls that fully enclose 
areas below the BFE.

Federal Emergency Management Agency (FEMA) — The Federal agency that, in addition to 
carrying out other activities, administers the National Flood Insurance Program.

Federal Insurance and Mitigation Administration (FIMA) — The component of FEMA 
directly responsible for administering the flood hazard identification and floodplain manage-
ment aspects of the NFIP. 
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Flood Insurance Rate Map (FIRM) — The official map of a community on which FEMA has 
delineated both the special flood hazard areas (SFHAs) and the risk premium zones appli-
cable to the community.

Floodprone area — Any land area susceptible to being inundated by floodwater from any 
source. 

Lowest floor — The lowest floor of the lowest enclosed area of a building, including a base-
ment. Any NFIP-compliant unfinished or flood-resistant enclosure usable solely for parking 
of vehicles, building access, or storage (in an area other than a basement) is not considered 
a building’s lowest floor, provided the enclosure does not render the structure in violation of 
the applicable design requirements of the NFIP.

Registered Design Professional — An individual who is registered or licensed to practice 
their respective design profession as defined by the statutory requirements of the professional 
registration laws of the State or jurisdiction in which the project is to be constructed.

Special Flood Hazard Area (SFHA) — An area delineated on a FIRM as being subject to in-
undation by the base flood and designated as Zone A, AE, A1-A30, AR, AO, AH, A99, V, VE, 
or V1-V30.

Substantial damage — Damage of any origin sustained by a structure whereby the cost of re-
storing the structure to its before-damaged condition would equal or exceed 50 percent of 
the market value of the structure before the damage occurred. Structures that are determined 
to be substantially damaged are considered to be substantial improvements, regardless of the 
actual repair work performed.

Substantial improvement — Any reconstruction, rehabilitation, addition, or other improve-
ment of a structure, the cost of which equals or exceeds 50 percent of the market value of the 
structure (or smaller percentage if established by the community) before the “start of con-
struction” of the improvement. This term includes structures that have incurred “substantial 
damage,” regardless of the actual repair work performed.
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CHAPTER 1 
 

INTRODUCTION 
 

1-1 PURPOSE AND SCOPE 
 
This UFC provides general criteria for the design of small craft berthing facilities. 
 
1-2  APPLICABILITY 
 
This UFC applies to all DOD small craft berthing facilities. 
 
1-3  GENERAL BUILDING REQUIREMENTS 
 
All DoD facilities must comply with UFC 1-200-01, General Building Requirements. If 
any conflict occurs between this UFC and UFC 1-200-01, the requirements of UFC 1-
200-01 take precedence. 
 
1-4  SAFETY 
 
All DoD facilities must comply with DODINST 6055.1 and applicable Occupational 
Safety and Health Administration (OSHA) safety and health standards. NOTE: All 
NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy Safety and 
Occupational Health Program Manual. The most recent publication in this series can be 
accessed at the NAVFAC Safety web site: www.navfac.navy.mil/safety/pub.htm. If any 
conflict occurs between this UFC and OPNAVINST 5100.23, the requirements of 
OPNAVINST 5100.23 take precedence. 
 
1-5  FIRE PROTECTION 
 
All DoD facilities must comply with UFC 3-600-01, Fire Protection Engineering for 
Facilities. If any conflict occurs between this UFC and UFC 3-600-01, the requirements 
of UFC 3-600-01 take precedence. 
 
1-6  ANTITERRORISM AND PHYSICAL SECURITY 
 
Installations must focus on threats at the first line of defense – the installation 
perimeter.  Antiterrorism and physical security at the waterfront is extremely important 
for the protection of waterfront assets and to Installation’s security.  At a minimum, 
small craft berthing require landside security, pier access control, and identification of 
restricted area waterways.  Coordinate antiterrorism and physical security requirements 
with Service and Combatant Commander policies and regulations.   
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Project documents must provide only the minimum amount of information necessary for 
the installation of all elements required for force protection and must not contain 
information on force protection methods, philosophy, or information on design threats, 
as this information is considered sensitive and for official use only. For further guidance, 
contact the government reviewer. 
 
1-7   REFERENCES 
 
A complete list of references is contained in Appendix A 
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CHAPTER 2 
 

APPLICABLE CLASSES AND CHARACTERISTICS OF SMALL CRAFT 
 
Small craft berthing facilities will be designed, constructed and operated according to 
the type of small craft (boats) to be accommodated and the specific needs of those 
boats. The primary subject of this manual is the berthing of small craft that are owned 
and operated by the Armed Forces of the United States (U.S).  Accordingly, the first 
portion of this chapter discusses the characteristics of these vessels currently in use.   
Following is a general overview of the types of vessels accommodated at a typical 
boating marina, which reflects the recreational segment of small craft operated and 
berthed in the U.S. 

 
2-1  MILITARY SMALL BOATS AND CRAFT 
 
A summary of the largest branches of the armed forces and the approximate number of 
small craft they own and operate is presented in Figure 2-1. The distinction between a 
ship, boat or small craft is subjective and varies between the branches: some 
distinctions are by use (warship and service craft by the Navy) and others are by length 
(small boat is defined as less than 65 feet by the Coast Guard). For this document, 
small craft are those vessels less than 150 ft in length.  
 

Figure 2-1—Summary of U.S. Military Small Boats and Craft in Use 
 

Branch of Military 
Armed Forces  

Branch  
Abbreviation  

Number 
of  

Vessels  
Navy  USN  4,760  
Coast Guard  USCG  1,445  
Marine Corps  USMC  538  
Army  USA  334  
Military Sealift Command  MSC  57  
Air Force  USAF  36  
TOTAL =  7,170  

 
 
The types of small craft owned and operated by the armed forces vary according to the 
mission of each branch.  The following section provides an overview of the classes and 
general characteristics of these small craft.  Figure 2-2 summarizes the primary vessel 
characteristics including length, displacement, and mission for each vessel 
classification. 
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Figure 2-2 U.S. Military Small Craft Characteristics 
Vessel  
Classification 

Ship 
Class 

Number  
Active 

Class  
Length  

(ft) 

Displacement  
fully loaded  

(tons) 

Mission 

USN 
Small Boats 
and Service 
Craft  

YTB 760  68  109  356 Provide a variety of services. 
Includes: patrol training craft 
(YP), tug boats (YTB), torpedo 
trials craft (YTT),  landing craft, 
barges, transport  
boats, personnel boats, harbor 
patrol boats, work boats, utility 
boats, floating drydocks, and rigid 
inflatable boats  

YTB 756  3  109  409 
YTB 752  1  101  375 
YTT 9  3  187  1,200 
YP 654  1  -- -- 
YP 676  27  -- -- 
Various 
others 

4,089  12-192   

USCG 
Small Boats 
and Craft 

Various  1,217  22-58  2-32  Used in harbors (drug  
interdiction, port security, cable 
repair, harbors and inland waters, 
navigation aids, illegal dumping, 
search and rescue,  
etc.), in rough surf for rescue, for 
inland river and lake patrol, as 
transports, and for firefighting  

USMC 

RRC  
Rigid 
Raiding 
Craft  

120  18  -- 
Perform offensive  
amphibious operations  CRRC  Zodiak 

(replacing 
RRCs)  

418  15  2 

USA 
Floating Utility  BC  37  120  760  

Perform port terminal  
operations  

BD  10  140  1630  
BG  8  120  763  
BK  7  45  33  
CHI  1  25  -- 
FB  2  75  64  
HF  1  65  -- 

J-Boat  4  46  12  
LT-128  6  128  1,057  
LT-100  16  107  390  

PB  10  25  -- 
Q-Boat  1  65  37  
SLWT  4  -- -- 
ST-65  11  71  122  
ST-45  2  45  29  
T-Boat  1  65  -- 

Workboat
s  47  -- -- 

Patrol Ships  ABT  7  190-194  1500-1,900  Perform drug interdiction in the 
Caribbean Sea  
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2-1.1  U.S. Navy.  The Navy distinguishes between ships, crafts, and boats 
(SECNAVINST 5030.1L, 22 Jan 93; OPNAVINST 4780.6E, 24 Jan 06).  Vessels 
applicable to this document would be craft and boats.  Characteristics and additional 
information for service craft can be obtained from both the Craft & Boat Support System 
(CBSS) http://www.boats.dt.navy.mil/  and the Naval Vessel Register (NVR) 
http://www.nvr.navy.mil/.   Characteristics and additional information for boats can also 
be obtained from the Craft & Boat Support System (CBSS) 
http://www.boats.dt.navy.mil/  and S9086-TX-STM-010/CH-583R3, NAVAL SHIP’S 
TECHNICAL MANUAL CHAPTER 583 BOATS AND SMALL CRAFT. 
 
The Navy owns and operates approximately 4,760 small boats and service craft.  The 
Navy classifies these boats according to the type of service they perform.  Types 
include harbor security and escort boats (HSB or sometimes PB), transport boats, work 
boats (WB), and utility boats (UB).  
 
In 2006 the Navy established the Navy Expeditionary Combat Command (NECC).  
NECC has become one of the Navy’s largest employers of boats as it conducts 
Explosive Ordnance Disposal, Maritime Expeditionary Security, and Riverine type 
missions.  Types include riverine patrol boats (RPB), riverine assault boats (RAB) and 
riverine command boats (RCB). 
 
Many of the service craft are non-self-propelled “lighters,” or barges (YC, YFN, YON, 
and YRBM), used for berthing, office, messing, or repair functions or to carry fuel or 
equipment. Other boats and service craft include: tugboats of various sizes (YTB, YTM, 
and YTL), training patrol craft (YP), landing craft (LCU, LCM, CM, and PL), torpedo 
retrievers (TWR, TRB, and TR), floating drydocks (AFDB, AFDL, AFDM, ARD, and 
ARDM), and rigid inflatable boats (designated RB or RIB). Boats are often out of the 
water when not in use to increase the vessels’ longevity, for storage or for transiting to 
operational areas. 
 
Figures 2-3 to 2-5 shows the dimensional characteristics of Navy Boats and Service 
Craft as a function of their length, as well as a comparison to guidelines for recreational 
vessels. 

http://www.boats.dt.navy.mil/
http://www.nvr.navy.mil/
http://www.boats.dt.navy.mil/
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Figure 2-3 Vessel Beam vs. Length 

 
 

Figure 2-4 Vessel Height vs. Length 
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Figure 2-5 Vessel Draft vs. Length 

 
 

2-1.2  U.S. Coast Guard.  Small boats and craft are used for various harbor 
duties, search and rescue, rough surf rescues, inland river and lake patrols, 
transporting equipment, and firefighting. Some of these vessels can be transported by 
trailer and used on inland waterways. 
 
2-1.3  U.S. Army.  The Army’s fleet is divided into three sections: the 
Transportation Corps, the Intelligence and Security (I&S) Command, and the Corps of 
Engineers (COE).  The I&S command operates patrol vessels in the Caribbean sea.  
The Army Transportation Corps operates lighterage and floating utility vessels. 
Lighterage are craft used to transport equipment, cargo, and personnel between ships, 
from ship to-shore, and for operational mission support, and include logistics support 
vessels, landing craft, and modular powered causeway ferries. Floating utility craft are 
used to perform port terminal operations and include ocean and harbor tugs, floating 
cranes, barges, and floating causeways. 
 
The COE operates survey and construction craft, tugs, barges, and other utility craft; 
these craft are not included in the tables presented herein. 
 
2-1.4  U.S. Marine Corps.  The Marine Corps operates a large number of 
watercraft and amphibious craft used during special operations. The watercraft consists 
of inflatable combat rubber raiding craft (CRRC) and fiberglass rigid raiding craft (RRC). 
The CRRCs are used for in-port, river, lake, and coastal operations. The RRCs are 
normally deployed aboard Navy transport dock ships (i.e., LPDs) for transport to the 

Service Craft Draft Vs Length

0

2

4

6

8

10

12

14

16

0 50 100 150 200 250

Length (feet)

Dr
af

t (
fe

et
)

Sailboat* 

Powerboat* 



UFC-4-152-07 
14 JULY 2009 

Change 1, 1 September 2012 
 

8 
 

combat area. The CRRCs and RRCs operate exclusively in coastal waters.  
  
2-2  RECREATIONAL BOATS. The two primary types of recreational vessels 
are power boats and sail boats.  Power boats can be further classified by the type of 
use: sport fishing, racing, waterskiing, cruising, etc.  In recent years, recreational boats 
have been outfitted with more electronics and amenities such as refrigeration, complete 
living facilities and as a result have increased in length and beam.  Slip dimensions in 
marinas have increased to accommodate these larger vessels.  Some military boats are 
of a similar hull design and may be made by the same manufacturer as recreational 
power boats.  Accordingly, manufacturer’s data may be applicable for the design of 
small craft berthing facilities for military vessels. 
 
Other than for Morale/Recreational Facilities provided by the military, recreational 
marina berthing guidelines should be carefully considered for applicability when 
designing for military craft.  



UFC-4-152-07 
14 JULY 2009 

Change 1, 1 September 2012 
 

9 

CHAPTER 3 
 

SMALL CRAFT HARBOR PLANNING CRITERIA 
 

3-1  BASIN SITING CONSIDERATIONS 
 
3-1.1  Siting Considerations.  Small craft berthing facilities should be located in 
a sheltered harbor.  The following key considerations apply for planning the location of 
the facility: 
 

1. Protection from Winds, Waves and Currents 
2. Sufficient Land and Water Area  
3. Proximity to Operating Area 
4. Adequate Water Depths   
5. Limited Exposure to Sedimentation and Shoaling 
6. Few Potential Environmental Concerns 

 
Additional considerations include waterside access to the area where the small craft 
fulfill their mission, and convenient landside access for boat crews and support 
personnel. The most desirable sites are those that require the least amount of 
excavation, dredging, filling, breakwater construction, disturbance of sensitive habitat 
and environmental remediation.  Since new sites meeting all criteria are rarely found, 
feasibility studies of alternative sites to compare the pros and cons of each are often 
required to identify the most attractive site based on an evaluation of combined 
engineering, environmental and economic considerations. 
 
3-1.1.1 Wave Protection.  The wave protection for the small craft facility is a 
function of land mass that surrounds the harbor basin to provide a barrier to the 
incoming waves.  Figure 3-1 shows various configurations of landmass and 
classifications which make up these types of harbors.  The source of waves that must 
be considered are both wind generated waves and vessel generated waves (or wakes). 
 Wind generated waves can be locally generated short period waves (or chop) and 
longer period waves that are generated far offshore.  Protection from waves is more 
difficult to provide and is a greater concern for small harbors on the coast that are 
exposed to long fetches than for harbors on inland waterways. When suitable protection 
is not provided by surrounding land mass, then some means of constructed wave 
protection must be considered. 
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Figure 3-1 Small Craft Harbor Site Classifications 

 
 
3-1.1.2 Water Area.  The harbor must be of sufficient area to accommodate the 
berthing facilities, described further in Chapter 5, as well as to provide space for safe 
maneuvering.  There are existing guidelines for the number of boats that can be 
accommodated per acre of water area for recreational marinas (ASCE Manual of 
Practice 50).  Recreational marinas berth relatively large numbers of small craft which 
leads to large boat/area ratios.  In contrast, most military small craft harbors 
accommodate a much smaller number of craft and the harbor still needs to provide 
channels and turning areas resulting in smaller boat area ratios than a recreational 
marina.  Figure 3-2 represents a typical layout of a small craft harbor at a DOD 
installation with associated shore support facilities. 
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Figure 3-2 Example Military Small Craft Harbor and Shore Facility 

 
 

3-1.1.3 Minimum Depths.  In sheltered harbors, the minimum water depth should 
extend at least 2 ft (.61 m) for a soft harbor bottom, and 3 ft (.91 m) for a hard bottom 
below the keel of the deepest draft boat at the design low water level.  In tidal waters, 
the design low water level is typically taken as the Mean Lower Low Water (MLLW) tidal 
datum.  In harbors where wave action causes vessel motion and sedimentation reduces 
water depths over time, additional under keel clearance should be provided.  
 
3-1.1.4 Location.  The facility should be located as close as practical to the area 
where the small craft are intended to operate, depending upon the mission of the craft.  
For security response or search and rescue missions, time from when the vessel leaves 
the dock to when it arrives on scene can be critical. For vessels that perform longer 
term patrols of several days, distance from the facility will be less critical.  Where the 
distance from the facility to the area of operation is great, boats can be trailered from 
the facility to a boat launching facility close to the area of operation.   
 
3-1.1.5 Dredging.  Most small craft harbors require dredging to maintain water 
depths at the facility.  Harbors located on the coast often have sediment deposited near 
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the entrance (see Figure 3-3) from alongshore sediment transport (or littoral drift); 
similarly, harbors on a river often have sediment deposited near the entrance due to 
sediment transport processes in the river.  In addition, suspended sediment can reach 
far into the harbor as water exchange occurs due to tidal action or river stage 
fluctuations, and contribute to sediment accumulation within the basin.  The extent of 
this sedimentation can be estimated for a site with the aid of hydraulic models, and the 
sedimentation rate that will be experienced once a harbor is constructed evaluated for 
various configurations.  Maintenance dredging can be a significant recurring cost due to 
the environmental concerns that often require disposal of dredged material in distant 
upland or offshore locations.  When considering the minimum required water depth, 
include over depth to allow for sediment accumulation between maintenance dredging 
and for a dredging tolerance. 

 
Figure 3-3 Maintenance of Entrance to Off-River Basin with Land-Based 

Equipment 
 

 
3-1.2  Recreational Marina Differences.  There are a number of design 
guidelines for recreational marinas such as ASCE Manual of Practice 50.  However, 
there are important considerations in the layout of a recreational marina that would not 
apply directly to the design of a military harbor, some of these considerations are: 
 

1. Economic Feasibility 
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2. Number and Dimensions of Vessels 
3. Seasonal and Daily Boat Usage Patterns 
4. Walking Distance to Car 

 
Since most recreational marinas are financed by the fees that the boat owners pay to 
berth their boats in the harbor, cost efficiencies must be realized to make the fees that 
boaters pay competitive in the market with other marinas.  Therefore, one of the 
primary objectives of the marina design is to accommodate the maximum number of 
vessels within the minimum water area.   
 
Boat use by the recreational boater is mostly on an occasional basis that tends to occur 
at regular times:  during daylight hours on weekends and holidays in season.  In 
contrast, military small craft will be utilized by personnel who likely live or regularly work 
at the small craft facility.  The military craft will be utilized according to the mission 
assigned which will likely be at any time and in any weather.  Accordingly, layout of the 
berthing facility must be done to accommodate the unique function of a military facility. 
 
3-2  BERTHING FACILITY LAYOUT 
 
3-2.1  Berth Location and Orientation.  Within the harbor, vessels that are more 
difficult to maneuver, usually the larger craft, should be berthed closer to the entrance 
to the facility.  The boat slips should be oriented such that the boats are heading into 
the prevailing wind when entering the berth (“upwind slip”).  When the slip is oriented at 
90 degrees to the wind direction (“cross wind slip”), berthing is more difficult. 
 
3-2.2  Launch Ramps.   Where trailered craft are used, a launch ramp is a 
convenient method to launch and retrieve the boat.  Further, a launch ramp allows 
water access at a location for a large number of trailerable boats. If a launch ramp is 
located at a facility where vessels are also berthed, then the launch ramp should be 
located with sufficient separation from the berths to avoid vessel traffic conflicts.  
Adequate area must be provided at the top of the launch ramp to allow maneuvering 
room for the trailer and tow vehicle to align with the ramp.  Most guidelines for 
recreational launch ramp facilities reflect the need to accommodate high volume usage 
by the public at peak times. As a result, the parking and maneuvering areas for vehicle 
traffic on the shore, and courtesy docks for boats waiting to be boarded or to be 
retrieved from the water, may be scaled back at a military facility.  Launch ramp layout 
and design are discussed in greater detail in Chapter 11. 
 
3-2.3  Marine Fueling.  Where marine fueling facilities are provided, the fuel tanks 
should be located on shore and the delivery piping and dispensing equipment should 
be located on a dedicated pier or dock close to the harbor entrance.  The dispenser 
should be located to minimize the length of fuel piping supported on the pier or dock.  
The fuel tanks should be located to facilitate fuel delivery truck access. 
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3-2.4  Dry Boat Storage, Boat Hoists and Lifts.  When necessary to retrieve small 
craft from the water to address concerns such as reducing saltwater corrosion or 
marine fouling on the craft, or avoiding ice on the water body, or to perform 
maintenance and repair on the vessels, a boat hoist or lift should be provided.  The 
main types of retrieval mechanisms are: 
 

1. Straddle Carrier 
2. Fork Lift 
3. Hoist-jib Crane 
4. Floating Lift 

 
The straddle carrier is the most versatile for the larger vessels (over about 33 ft. (10 m) 
in length).  It requires a set of fixed piers over the water upon which a rubber tired 
straddle carrier with slings drives to retrieve the craft from the water.  Once the carrier 
has lifted the craft in the slings, it can drive and move the craft overland within a fairly 
level area with suitable surface and then place the craft within a cradle or stands for 
storage or for work to be performed. 
 
The fork lift is used primarily for placing and retrieving vessels within a dry storage rack 
system.  It will not accommodate as wide a range of vessels as the straddle carrier and 
requires greater maneuvering area.   Fork lifts with “negative” lift are available to enable 
launching and retrieving small craft, typically over a bulkhead. 
 
A hoist-jib crane is often the simplest and least costly method of launching and 
retrieving small craft.  It is a fixed crane located on a pier or adjacent to a bulkhead over 
which it lifts the craft from the water.  The boats may have lift points built into the hull for 
slings that attach to the crane hook, though under hull slings can be used when lift 
points are not provided. Once the craft is lifted, the crane boom revolves in a horizontal 
plane and lowers the boat onto an awaiting trailer on the shore which is usually towed 
to a storage area.  This method can be adapted for larger craft by using a mobile crane 
with a spreader and slings sized for the vessel. 
 
Floating lifts and drive-on dry docking are becoming more common to store boats out of 
the water, but in a slip.  Both systems employ pontoons that submerge to permit a boat 
to enter or leave the slip.  The pontoons are equipped with a cradle to retain the boat as 
the pontoon is filled with air, its buoyancy increased, and the vessel lifted to its dry 
storage position. 
 
These methods of retrieval are discussed in greater detail in Chapter 10. 
 
3-2.5  Boat Repair and Maintenance.  Boat repair and maintenance yards should 
be located close to the area where craft are retrieved from the water.  An enclosed work 
area or high bay building with an overhead crane is desirable if full service to the craft is 
to be performed at the facility.  This facility is usually located as close to the docks as 
possible at a military facility.  Repair and maintenance facilities are discussed in greater 
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detail in Chapter 9. 
 
3-2.6  Harbor Administration / Command Center.  At most military facilities, there 
is a shore side component that coordinates the waterfront operations—often a dispatch 
or command center.  This is typically located to provide visual contact with the berthing 
area and ready boat crew access to the command center once their mission is 
completed for any follow up briefings or reports. 
 
3-2.7  Vehicular Parking.  Vehicle parking for the boat crew should be conveniently 
located no more than 500 ft (152.4m) from the furthermost berth on the pier or dock.  If 
the craft are to be launched from the land at the facility, parking must include spaces for 
a tow vehicle with boat trailer. 
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CHAPTER 4 

 
BERTHING SYSTEM SITING CONSIDERATIONS 

 
4-1  ENVIRONMENTAL 
 
4-1.1  Weather 
 
4-1.1.1 Precipitation.  Frequency of occurrence and intensity of precipitation 
should be taken into consideration when siting a facility.  They should be evaluated to 
determine the need for protective structures, such as dock covers, for maintenance 
activities and may also affect the determination of structure loads.  Data on the 
frequency and intensity of precipitation is readily available from several sources, 
National Oceanic and Atmospheric Administration’s (NOAA) National Climatic Data 
Center (NCDC) and United States Geodetic Survey (USGS).   
 
4-1.1.2 Wind.  Wind is a major factor affecting the design of small craft harbors 
as it generates waves and loading (pressure) on the berthed craft and structures. The 
frequency of occurrence of wind direction and speed should be determined. This 
information is available from the NCDC for most areas around the U.S.  If information is 
not available, data collection should be carried out to determine the wind conditions.     
 
Ideally, berths are oriented upwind to the prevailing wind direction so that vessels enter 
berths into the wind.  If this configuration is impractical then the following configurations 
may be used in order of priority:  downwind and crosswind.  The direction of prevailing 
winds is also to be used to define entrance channel orientation.  To the extent possible, 
vessels should enter the basin upwind. Orienting the entrance with a cross wind 
condition complicates entrance navigation, and should be avoided to the extent 
possible. 
 
\1\ Perform a wind wave analysis study to determine design criteria requirements for 
small craft harbors. /1/ 
 
4-1.1.3 Fog.  Determine the frequency of occurrence of fog and to the extent 
possible avoid areas of dense fog.  Entrance and interior channels in facilities should be 
as straight as possible so boaters can more easily follow channel-marking devices. 
 
4-1.1.4  Ice.  Determine the frequency of occurrence of ice formation in the basin 
and to the extent possible avoid areas where the basin would become ice locked.  If the 
occurrence of ice in the basin is unavoidable, consider boat removal to dry storage 
during the winter months.  If ice formation in the basin is not heavy, the use of bubblers 
or current inducers can help to keep the berthing area free of ice.  Deflecting booms 
should be used to protect the berthing area from ice flows when there is no breakwater 
or other structure to provide protection from drifting ice.  A more complete discussion of 
ice and cold weather impact on small craft berthing facilities is given in ASCE Manual of 
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Practice 50. 
 
4-1.2  Water Level Fluctuations   
 
4-1.2.1  Astronomical Tides.  Astronomical tides can affect access during low 
tides, and create strong currents in and around berthing areas.  Tidal predictions for 
most areas are published.   Coastal Engineering Manual II-5-3 provides a 
comprehensive discussion of astronomical tides and the appropriate tidal datum for 
waterfront facility design, usually Mean Lower Low Water (MLLW). 
 
4-1.2.2  Storm Surge.  Storm surge should be incorporated in the determination 
of the extreme water level fluctuation and can be significant for sites located on large 
inland lakes and coastal areas with broad, shallow continental margins.  Coastal 
Engineering Manual II-5-5 provides a comprehensive discussion of storm surge and the 
calculation methodology. 
 
4-1.2.3  Wave Action.  The berthing facility should be sheltered from waves.  
Consider the prevailing and storm wave directions and select a site with natural 
sheltering, if possible.  For sites exposed to active shipping channels, consider ship 
wake as well.  If natural shelter is not available, limit wave height by means of 
structures, such as breakwaters or wave attenuators.  The berthing area should meet 
the wave climate criteria shown in Figure 4-1 adapted from Design Wave Climate in 
Small Craft Harbors to provide generally acceptable levels of dock system performance, 
vessel wear and tear, and comfort for crew that remain on board (or perform vessel 
maintenance) while at the berth.  The criteria requires a smaller wave height for the 
more frequent events in the 3rd column of table 4-1, and allows a larger wave for 
infrequent events in the 2nd column (50 yr exceedence—a wave that occurs only once 
every 50 years on average).  Further, the criteria provides subjective latitude by 
reducing the height of the allowable waves by 25% (multiple by 0.75) to provide an 
“excellent” climate, or increasing the wave height by 25% to provide a “moderate” 
climate. 
 

Figure 4-1: Criteria for a “good” wave climate in small craft harbors 
 

Direction and peak period of 
significant wave 

Significant wave height (Hs) Exceedance 
50 yrs. 1 yr. 

Head seas less than 2 sec Conditions not likely to 
occur during this event 

Less than 1 ft wave 

Head seas greater than 2 sec Less than 2 ft wave Less than 1 ft wave 
Beam seas less than 2sec Conditions not likely to 

occur during this event 
Less than 0.5 ft wave 

Beam seas greater than 2 sec Less than 0.8 ft wave Less than 0.5 ft wave 
Note: Criteria for an “excellent” wave climate multiply wave height by 0.75, and for moderate wave 
climate multiply wave height by 1.25.  

 
Wave climate information should be obtained for the berthing area.  Determination of 
wave conditions will depend on the local bathymetry and exposure to the sources of 
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waves noted above.  Facilities should be located to provide protection for vessels 
entering and exiting the facility and avoid beam seas where possible.  Wave 
transformation due to shoaling, refraction and diffraction within the harbor, and the 
determination of the potential for wave breaking must be considered as well.  For 
further information on wave mechanics see the Coastal Engineering Manual II.   
 
4-1.2.4  Seiche.  Seiche is a phenomenon in harbors typically associated with 
long period, low amplitude incident waves, in which the basin geometry and incident 
wave combine to produce a resonant condition with basin wave heights and oscillatory 
velocities  that are significantly greater than those of the incident wave.  Coastal 
Engineering Manual II-5-6 provides a comprehensive discussion of seiche, calculation 
methodology, and long waves. 
 
4-1.2.5 Tsunamis.  Tsunamis are very long period waves generated by an 
impulsive disturbance that can cause large water level fluctuations and high velocity 
currents though the source the disturbance may be thousands of miles away.  Reports 
on the probability of occurrence for the tsunamis for many coastal locations have been 
prepared by the U.S. Army Corps of Engineers (USACE).   
 
4-1.2.6  River Stage.  For facilities located on rivers, river stage data is required 
for the determination of water level fluctuations. Flood stage recurrence intervals should 
be obtained from the stage data but extreme low river stages should be considered as 
well because of the impact on minimum water depths. Coastal Engineering Manual II-5-
5 and II-8-6.f discuss the importance of river stage and the calculation methodology 
used to determine the extreme water levels. 
 
4-1.3   Sediment Movement and Shoaling 
 
4-1.3.1  Sediment Transport Processes.  Sediment transport and related 
deposition and erosion occur on open coasts, in tidal inlets, estuaries, harbors, and 
rivers,  and play an important role in siting a facility.  An understanding of sediment 
transport process at the site is necessary to determine potential for shoreline erosion, 
sediment deposition and to address needs for dredging over the lifetime of the facility.  
Coastal Engineering Manual III-2, III-3 and IV provide a comprehensive discussion of 
sediment transport processes, methods for analysis and sources of coastal data. 
 
4-1.3.2 Effects of Structures on Sediment Transport.  Structures that interfere 
with the path of sediment transport typically cause deposition and erosion of sediment 
around the structure.  Potential impacts of a structure can be evaluated through 
modeling or analysis of historical data.  Bypassing trapped sediment, or other forms of 
sediment renourishment are often needed to maintain the natural sediment supply and 
avoid adverse impacts.  
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4-1.3.3  Sedimentation Within Basins.  Protected basins typically experience 
sedimentation, which should be determined to estimate maintenance dredging 
requirements in order to avoid access problems related to reduced water depths in the 
basin.  Regular maintenance dredging of the basin or channel is usually required.  
Sedimentation within existing basins can be determined from analysis of historical 
dredging records and/or hydrographic data.   

 
4-1.4   Regulatory Requirements.  Regulatory requirements relate to 
navigational, environmental and safety issues. The United States Army Corps of 
Engineers (USACE) and the United States Environmental Protection Agency (EPA) 
regulate construction activities and dredging in the navigable waters of the United 
States and its territories and possessions.  Facilities within the coastal zone will often 
require a state water quality certificate and/or a consistency determination for federal 
projects in order to comply with the state’s Coastal Zone Management Act (CZMA) 
Plan.   ASCE Manual of Practice 50 and UFC 4-150-06  provide a comprehensive 
discussion of regulatory requirements in the United States. 

 
4-1.5   Geotechnical Factors 
 
4-1.5.1  Geotechnical Investigations.  Geotechnical investigations determine the 
soil characteristics both physical and chemical, at the site.  These investigations should 
include soil borings and soil testing to determine the engineering properties of the soil 
necessary for the proposed use and constructability of the project.  Coastal Engineering 
Manual V-2-14 and ASCE Manual of Practice 50 provide a comprehensive discussion 
of geotechnical investigations.  
  
4-1.6   Dredging Projects.  Dredging is often necessary for the construction and 
maintenance of navigation channels and berthing areas to obtain sufficient water depth. 
Dredge material must be tested for contaminants to identify proper material handling 
and disposal methods.   ASCE Manual of Practice 50 provides further information on 
dredging. 
 
4-2   HARBOR ENTRANCE CHANNEL 
 
4-2.1  Channel Alignment.  Alignment of the harbor entrance channel, outside 
of the protective breakwater, should consider the initial construction, long-term 
maintenance, and safe navigation and utilize natural conditions to the extent possible to 
minimize shoaling and wave penetration into the harbor.  Channels are often aligned to 
provide the shortest path from the harbor to open water or to utilize an existing natural 
channel.  Other considerations include aligning the channel to account for prevailing 
winds, waves, and currents.   
 
Appropriate channel alignment allows vessels to transit channels upwind or downwind 
under the prevailing wind direction, and should not expose vessels to beam seas while 
in the channel.  Channel alignment should also consider prevailing currents.  The 
channel alignment may utilize existing currents to help minimize channel shoaling, but 
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must avoid creating hazardous conditions for small craft.  Channel stabilizing structures 
that constrict the channel area may induce higher current conditions for vessels in the 
channel. High current speeds can be reduced through channel enlargement.   
 
Longshore sediment transport patterns should be considered in determining channel 
location because of potential impact on maintenance dredging and the shoreline 
adjacent to channel.  If channel stabilizing structures are used, erosion of the 
downcoast shoreline may result.  Sand bypassing around the channel to nourish the 
eroding shoreline should be planned using the material dredged from the channel, or 
from a sand trap provided on the up coast side of the channel.  
 
4-2.2  Channel Width.  Channel width is defined as the clear width at the design 
depth, and does not include the channel side slope.  Channel width is dependent on the 
expected vessel types and volume of traffic.  Minimum channel widths for 2-way traffic 
should be the greater of: 
 

• 100 ft (30 m); 
 
• 5B, where B= Beam of the largest vessel expected to use the channel;  
 

Additional width may be warranted to provide allowances for: 
 

• Wind, wave and current exposure that affect vessel maneuverability 

• Traffic volume 

Widening of the channel may be necessary at channel bends or if immediate turns exist 
inside the entrance channel.  In order to improve the wave climate within the harbor, the 
channel at the breakwater opening may be narrowed to the greater of 75 ft (23 m) or 
3B, where B is as defined above.  This criteria includes the restriction to one-way traffic 
at the opening. 
 
\1\ 
4-2.3   Channel Depth and Berthing Basin.  The required channel depth at 
design low water should be determined by combining the following factors: /1/ 
 

• Maximum draft of vessels  

• Allowance for under keel clearance 

• Wave height (as it relates to vessel motions) outside the breakwater   

The maximum draft of vessels should be determined for the type of craft to be berthed 
regularly at the facility.  Where this information is unavailable, see Chapter 2 for typical 
vessel dimensions.   
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The “squat” of a vessel is the “drawdown” of the vessel when underway in shallow water 
when compared to the vessel draft at rest. This is generally a concern for larger vessels 
but not for small craft.  

 
The minimum allowance for under keel clearance should be 2 ft (0.61m) for soft 
bottoms and 3 ft (0.91m) for hard bottoms.  The overdepth applied for the wave motions 
outside of the breakwater is a minimum of one-half the significant wave height in the 
channel.  These values should be applied to the design low water elevation. 
 
Additionally, where the area outside of the breakwater is exposed to open sea 
conditions, the channel should be deep enough for the largest vessels to enter at 
extreme low tide.  If the area outside is sheltered from the open sea, then the channel 
should be deep enough for the largest vessels to enter at the design low tides, 
excluding the largest vessels from entering at extreme low tide.   
  
Additional overdepth may be provided in areas where a high rate of sedimentation is 
experienced to permit shoaling and reduce the frequency of maintenance dredging. 
 
\1\ Either obtain or perform a bathymetric survey to determine design criteria 
requirements and suitability of site as a small craft harbor or marina. /1/ 
 
4-3   PROTECTIVE STRUCTURES 
 
4-3.1  Jetties.  Jetties stabilize tidal inlets by confining river and tidal currents, 
and help provide protection for the entrance channel from waves and shoaling.  Coastal 
Engineering Manual VI-2 provides a comprehensive discussion of Jetties and their 
application. 

 
4-3.2  Breakwaters.  Breakwaters provide protection from wave action.  Coastal 
Engineering Manual VI-2 and Planning and ASCE Manual of Practice 50 provide a 
comprehensive discussion of breakwaters, their application and design. 

 
4-3.3  River Current Diverters.  River current diverters provide protection from 
river currents at an entrance channel and can aid in reducing entrance channel 
shoaling.    
 
4-3.4   Bank Protection.  Bank protection stabilizes the berthing basin bank from 
erosion.  Coastal Engineering Manual VI-2 provides a comprehensive discussion on 
bank protection systems. Figure 4-2 shows typical structures used for bank or shore 
protection. 
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Figure 4-2 Typical Bank Protection Structures 

 
4-3.5  Wave Attenuators.  Wave attenuators typically consist of floating 
breakwaters or fixed wave screens and may be used to help protect areas from short 
period waves (wind waves with a limited fetch, or ship wake).  Coastal Engineering 
Manual VI-7-5 and ASCE Manual of Practice 50 provide a comprehensive discussion of 
wave attenuators and their application.  \1\ There have been numerous recent problems 
associated with wave attenuators and floating structures.  It is imperative that a 
competent coastal engineer perform a wind wave analysis study to properly ascertain 
design criteria for such floating structures. /1/ 
 
4-4   AIDS TO NAVIGATION 
 
4-4.1   Purpose.  The U.S. Coast Guard operates and administers the United 
States Aids to Navigation System.  The principal purpose of the Aids to Navigation 
System is to mark channels and other areas of "safe water."  In addition, aids to 
navigation are used to mark hazards to navigation, wrecks and obstructions.  To 
accomplish this, the Coast Guard establishes, operates, and maintains the system in 
the Federal Channel and major areas of maritime activity in the U.S.  In areas of less 
activity that serve less mariners, private aids are operated and maintained by private 
parties upon approval from the Coast Guard.  The system utilizes audio, visual, radar, 
or radio methods to mark safe water for navigation.  The U.S. marking system is a 
predominantly lateral system. 
 
4-4.2    Types of Marks 
 
4-4.2.1  Lateral.  Lateral marks define the port and starboard sides of a route to 
be followed, usually the sides of channels.  Port marks are green in color and indicate 
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the left side of channels when proceeding in the conventional direction of buoyage 
(returning from seaward). Marks may consist of beacons, buoys or lights. Beacons have 
green square daymarks, while buoys are green can or pillar buoys. Green lights of 
various rhythms are used on port hand marks.  Starboard marks are red in color and 
indicate the right side of channels and consist of the same types of marks as port marks 
 
4-4.2.2  Isolated Danger.  These marks are erected on, moored over, or placed 
immediately adjacent to an isolated danger that may be passed on all sides by system 
users. They are black with one or more broad horizontal red bands and will be equipped 
with a topmark of two black spheres, one above the other. If lighted, they display a 
white group flashing two light with a period of five seconds.  
 
4-4.2.3  Safe Water Marks.  Safe water marks indicate that there is navigable 
water all around the mark. Safe water marks have red and white vertical stripes.  
 
4-4.2.4  Special.  Special marks are not primarily intended to assist safe 
navigation, but to indicate special areas or features referred to in charts or other 
nautical publications. They may be used, for example, to mark anchorages, cable or 
pipeline areas, traffic separation schemes, military exercise zones, ocean data 
acquisition systems, etc. Special marks are colored solid yellow, and show yellow lights 
with a slow-flashing rhythm preferred.  
 
4-4.2.5  Information and Regulatory.  Information and Regulatory Marks are 
used to alert the mariner to various warnings or regulatory matters. These marks have 
orange geometric shapes against a white background.  
 
A complete description of the aids to navigation system is described in Commandant 
Instruction M16500.7 
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CHAPTER 5 
 

BERTHING SYSTEM LAYOUT 
 

5-1  BERTHING SYSTEM ARRANGEMENTS 
 
When determining the berthing arrangement, berth orientation should take into 
consideration the local wind and current conditions to facilitate safe berthing and vessel 
movements.  Common berth arrangements are: 
 

• A series of main walks extending perpendicular from the marginal wharf or dock, 
with finger piers or floats extending at right angles from the main walks on either 
side 

 
• Larger vessels should be berthed closer to the entrance channel 
 
• Smaller vessels should be berthed closer to the shore 
 
• Launch and haul out facilities should be located away from other marina 

activities in quiet water 
 
• Fuel service should be located near the entrance channel to facilitate access for 

larger vessels and separated from the berthing area. 
 

• Seaward orientation to allow quick response 
 

5-2   BERTHING SYSTEM DIMENSIONAL REQUIREMENTS 
 
Figure 5-1 shows typical features and terms of a berthing system for small craft. 
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Figure 5-1 Typical Berthing Arrangement 

 
 
5-2.1  Interior Channels.  Interior channels connect the entrance channels with 
the berth fairways. 
 
The minimum clear width of interior channels should be the greater of: 
 

• 1.5 L , where L is the overall length of the longest boat using the channel or  
 
• 75 ft.  (23 m) 

 
The preferred width of interior channels should be the greater of: 
 

• 1.75 L, or 
 
• 100 ft. (30 m) 
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Interior channel depths should be determined using the same considerations as 
entrance channels.  The overdepth allowances for wave height and sedimentation 
should be included based on the wave and sedimentation patterns within the facility.   
 
Since the minimum interior channel widths in the typical small craft harbor are based on 
vessel length, turning the vessel within, or at the end of the channel is accommodated 
without the need for an enlarged turning basin.  However, if a situation arises in which a 
substandard channel width exists, a turning basin should be provided at an appropriate 
point in the channel; the basin should provide a clear turning circle whose minimum 
diameter is 1.5 L, where L is as defined above.  Where channel currents or winds make 
turning difficult, this minimum should be increased to 2.0 L. 
 
5-2.2  Fairways.  Fairways provide vessel access from interior channels to 
individual berths. 
 
The minimum clear width of fairways should be: 
  

• 1.5 Lb (finger slips) \1\ for power boats and 1.75 Lb for sailboats /1/, where Lb is 
the length of the longest berth perpendicular to the fairway where vessel are not 
allowed to overhang the berth. 

 
• 1.5 Lb (with side/end-ties) \1\ for power boats and 1.75 Lb for sailboats /1/, where 

Lb is the length of the longest berth parallel to the fairway where the fairway width 
does not include the side-tie berth width.  A side/end tie is a berth at the end of 
the main walkway adjacent to the interior channel (See Figure 5-1). 

 
The preferred clear width of fairways should be: 
 

• 1.75 L, where L is the overall length of the longest boat using the fairway. 
 
Fairway depths should be determined using the same considerations as interior 
channels.   
 
5-2.3  Berths.  Berth widths should be based on the particulars of the vessels to 
be berthed.  When this information is not available, see Chapter 2 for typical vessel 
dimensions.  The minimum width of a berth should be: 
  

• Double berth: 2  x Beam of the wider vessels served + clearance for 
environmental conditions, boater experience, and fendering system 

 
• Single Berth: Beam of the widest vessel served + clearance for environmental 

conditions, user experience, and fendering system 
 
Typical clearances range from 3 ft (.9 m) to 7 ft (2.1 m), being greater for double berths, 
for longer berths, and where winds and currents make berthing difficult. 
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Berth depths should be the same as the fairway depth.  
 
5-2.4  Walkways.  The minimum clear width of main walkways should be 6 ft. 
(1.8 m).  Depending on the need for dock carts passing each other and emergency 
access and egress, additional width may be necessary.  Main walkways on floating 
docks should also be increased in width if they are not balanced by fingers on both 
sides.  The width defined above is clear width between obstructions on the pier or dock 
such as cleats, piles, etc.  The minimum clear width of marginal walkways is 8 ft. (2.4 
m) to allow for increased pedestrian traffic resulting from the connection to main more 
than one walkway.   
 
Walkway lengths should be limited to 700 feet for main walkways and 1000 ft for 
marginal walkways in consideration of: 
 

• Walking distance between berths, parking, and restrooms 
• Utility size increases due to distance 
• Hauling distance for equipment, supplies and gear 

 
5-2.5  Fingers.  Finger width should support safe pedestrian use.  The minimum 
clear width of the finger should be the greater of: 
 

• 0.1 L, where L is the length of the slip served by the finger or 

• 3 ft 

The preferred minimum width to enhance stability of the finger is 5 ft. 
   
Finger length should be sufficient to facilitate the loading and unloading of the vessel, 
and should not be less than 0.8 times the nominal length of the slip.  Typically finger 
lengths are equal to the slip length and to the length of the boat allowed to occupy the 
berth.  Under certain conditions overlength vessels may be permitted to “overhang” the 
slip into the fairway, but this practice encroaches on the required clear width of the 
fairway, and places a greater load on the pier or dock. 
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CHAPTER 6 
 

BERTHING STRUCTURES 
 
6-1  FIXED VS. FLOATING BERTHING SYSTEMS 
 
6-1.1  Selecting a Fixed or Floating Berthing System.  The selection of a 
fixed or floating Berthing System is primarily determined by the water level fluctuation at 
the site.  The basis for the selection is the requirement that the fixed pier or float deck 
elevation match as closely as practical the deck freeboard of vessels that use the pier 
or float, both to facilitate boarding and to reduce the need for mooring line adjustment. 
 
A secondary consideration is wave height at exposed berths; where waves greater than 
2 feet can occur and problems due to floating dock motions would over-ride the benefits 
provided by the floating dock, a fixed system is preferred. 
 
At sites where a fixed pier exists and the water level fluctuation and wave height criteria 
for a floating system are met, a floating dock with a variable slope gangway to transition 
from the pier to the float should be provided. 
 
6-1.1.1 Fixed systems.  Fixed systems are generally selected where the tidal 
range for coastal sites or the seasonal water level range for inland rivers or lakes is less 
than 3 feet (0.91m). Figure 6-1 shows a typical fixed pier system. 
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Figure 6-1 Typical Fixed Finger Pier 
 

 
         
 
6-1.1.2 Floating systems.  Floating systems are generally preferred where the 
tidal range or seasonal water level range is 3 feet (0.91m) or more. Figure 6-2 shows a 
typical floating pier system. 
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Figure 6-2 Typical Floating Finger Pier System 
 

 
 
 
6-2  COVERED VS. UNCOVERED BERTHS 
 
6-2.1  Selecting Covered or Uncovered Berths.  Berthing systems are 
generally uncovered unless adverse weather, in particular precipitation, can be shown 
to interfere with boat operations, including boarding or essential dockside maintenance. 
Generally, covers to protect military vessels from exposure to the elements and retard 
weathering (though common in recreational marinas) are not provided. 
 
Covers for fixed berthing systems are supported on the fixed piers.  Covers for floating 
berthing systems may be supported on the floating dock where wave conditions permit 
or on fixed pile supports.  Berth covers contribute significant additional dead and live 
loads on the fixed pier or floating dock.  Besides the additional dead weight, winds can 
produce substantial lateral and uplift forces on the dock structure. 
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Fixed piers or floating docks should not be retrofitted with covers unless the structure 
(including flotation) was designed for the additional loads produced by the covers, or 
the berthing structure itself is retrofitted to withstand the additional loads. 
 
6-3   BERTHING SYSTEM LOADING CRITERIA 
 
6-3.1  Dead Loads.  The dead load should include the self weight of the 
structure and all permanent attachments such as cleats, fenders, dock boxes, utility 
pedestals with associated electrical and water lines, fire suppression standpipes and 
fire lines, light stanchions, power centers, and where fitted, storage lockers, fuel 
dispensers and fuel lines, sewage pumpout units and sewage lines, etc. The water, fire, 
fuel and sewage lines should be considered full of liquid.  If the berths will be covered, 
include the superimposed dead load of the cover structure.   
 
The deadload for floating docks should also include the weight of pile guides or 
anchoring hardware, the superimposed dead load of the gangway reaction on the dock, 
and an allowance for weight gain due to water absorption in the dock flotation. 
 
6-3.2  Vertical Live Loads.  The vertical live load may be uniformly distributed 
or a concentrated point load; both cases should be checked to identify the governing 
case for design (See Figure 6-3).  The restricted access pedestrian application may be 
used when dock access is controlled and the number of persons on the pier or dock at 
any one time can be limited to typical recreational marina densities.  When it is possible 
for a large number of persons to congregate on the pier or dock, the unrestricted 
access pedestrian application should be used.  In the case of floating docks, this will 
impose substantial additional demand on the dock to satisfy freeboard and stability 
criteria. 
 

Figure 6-3 Vertical Live Loads on Berthing Systems 
 

APPLICATION UNIFORMLY 
DISTRIBUTED LOAD 

CONCENTRATED 
POINT LOAD 

Fixed Pier – 
Pedestrian 

 Restricted 
Access 

 Unrestricted 
Access 

Vehicular 

 
 
40 psf (8 kPa) 
 
100 psf (20 kPa) 
 
Per UFC 4-152-01 

 
 
400 lbs at any point on 
the pier per  
 
 
UFC 4-152-01 

Floating Dock –  
Pedestrian 
 Restricted Access 
 Unrestricted 

Access 

 
25 psf. (5 kPa) 
 
100 psf (20 kPa) 

400 lbs at any point on 
the dock at least 1 ft 
from the dock edge 

  
 
6-3.3   Floating Dock Freeboard and Stability. 
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6-3.3.1   Freeboard.   Floating docks under dead load only should have a minimum 
freeboard to the deck of 16 inches (40 cm) and a maximum of 24 (60 cm) inches.  For a 
safe and visually pleasing dock system, the deck cross slope on walkways or fingers 
should not exceed 2% and the freeboard overall should not depart from the average by 
more than 1 inch (2.5 cm). 
 
Under full live load plus dead load, floating docks should have a minimum freeboard of 
10 in (25 cm).  
 
In the event that a uniform live load of 100 psf (20 kPa) is required, additional dead load 
freeboard of at least 15 in (38 cm) would be needed to meet the fully loaded minimum 
freeboard of 10 in (25 cm).  As a result, the dock may ride too high under dead load 
only to satisfy functional requirements.  If this occurs, consideration may be given to 
reducing the fully loaded minimum freeboard if the fully loaded condition is a rare 
occurrence, provided that the stability requirements can still be satisfied. 
 
The dock freeboard and stiffness requirements (to limit deck slopes) may control the 
structural and flotation design rather than the minimum live loads, and should be 
checked. 
 
6-3.3.2 Stability.  The dock should have a minimum freeboard of 2 in (5.1 cm) to 
the top of the buoyancy pontoon to provide reserve buoyancy under full live load plus 
dead load. If the buoyancy pontoons provide full flotation to the top of the deck, the 
minimum dock freeboard noted above is sufficient to satisfy this requirement. If the 
width of the pontoon varies (pipe pontoons for instance) with submergence, then the 
minimum freeboard of the pontoon should be increased to provide reserve buoyancy 
equivalent to the 2 inch (5.1 cm) requirement. 

The dock must also be able to withstand overturning forces and return to a normal 
freeboard and level condition upon removal of any unbalanced forces. Floating dock 
systems that consist of interconnected walkway and finger docks will generally satisfy 
this requirement. However, long and narrow dock modules may not, in which case a 
metacentric method calculation of stability should be performed. A floating dock is 
stable if under all conditions of loading, the metacenter is located a safe distance above 
the center of gravity of the structure.  
 
6-3.4  Environmental Loads.  The principal environmental loads to consider 
(not all may apply at a particular site): 
 

• Wind, on berthed vessels as well as the pier or dock structure 

• Snow and ice due to accumulation on or against the structure 

• Floods, surges and tsunamis that produce both extreme water levels and 
currents 

• Floating debris due to impact or accumulation against the structure 
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• Waves due to locally generated wind waves and boat wake, or swell arriving 
from offshore storms 

• Currents due to tidal and/or river flows 

• Seismic, generally of concern on fixed piers only 
 
6-3.4.1.  Wind Load.  Wind load is based on a wind velocity pressure for steady 
conditions (neglecting gusts) acting on the above water profile of the berthed vessels 
and dock system 
 
6-3.4.1.1 For wind velocities at various geographical locations consult \1\ UFC 3-
301-01 /1/. 
 
6-3.4.1.2 Convert the design wind velocity (in miles per hour) to velocity pressure 
using Figure 6-4 or other rational method. 
 

Figure 6-4 Wind Load on Small Craft 
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6-3.4.1.3 Determine the average profile height for the berthed vessels, generally 
taken as 15% of the berth length, but other rational method based on the berthed 
vessel dimensions may be used. 
 
6-3.4.1.4 Compute the wind load, checking both parallel and perpendicular 
directions to the main axis of the pier or dock. Figure 6-5 shows a sample calculation for 
total wind load. Assume 100% berth occupancy. For vessels berthed in close proximity 
to each other, say on either side of a walkway or finger dock, the total force on the 
structure for each direction should be based on the full wind load applied to the 
windward (unshielded) vessels, and 20% of the full wind load applied to all leeward 
(shielded) vessels.  
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Figure 6-5 Sample Calculation for Windloading on a Floating Pier System 
 

 
 

In the case where one of the berthed vessels is larger than the rest, the unscreened 
part of its profile area should be taken into account.  Further, when the above water 
area of the structure is unshielded, the force on the profile area exposed to the wind 
should be included in the total. 

 
Individual fingers, however, should be designed to accommodate the full wind load on 
the berthed craft since the presence of a shielding boat cannot be assured. 

 
6-3.4.2 Snow and Ice.  Snow and ice loads appropriate to the site as spelled out 
in local building codes should be considered.  Vertical snow and ice loads, resulting 
from precipitation or wind driven spray, can destabilize a floating dock.  Non-moving ice 
formed on the water surface, or ice drifting against a pier or dock can exert tremendous 
forces and damage the structure unless counter measures are taken to limit ice 
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formation or accumulation. Ice problems and solutions are discussed in the ASCE 
Manual of Practice 50. 

6-3.4.3 Currents.  Currents in rivers and tidal areas can produce high loads on 
piers and docks and the berthed vessels through their underwater profile areas.  This 
condition is at its worst when vessels are berthed perpendicular to the current direction, 
and least when the vessels are aligned with the current direction.  Generally, when the 
current exceeds 3 ft/sec (1 m/s), it could be a significant factor in design, and a rational 
method should be used to determine the current forces that include consideration of: 

• Peak velocities (speed and direction) 
• Drag coefficients to determine velocity pressure 
• Underwater profile area 

 
Even moderate current velocities passing under floating docks can produce a 
downward suction on the leading edge of the dock and cause the edge to submerge 
unless counter measures are taken to reduce the suction force. 
 
6-3.4.4 Hurricanes (Typhoons), Flood Flows and Tsunamis.  Hurricanes, flood 
flows and tsunamis are similar in that each can produce dramatic water level rises and 
destructive waves and currents.  If the pier or dock cannot reasonably be designed to 
withstand such extreme conditions, the berthing system must be relocated to a more 
protected site, or the consequences of catastrophic failure accepted. 

6-3.4.5 Floating Debris.   Debris mats can form against piers or docks on river or 
reservoir sites and exert significant loads. The structure should be designed for the drag 
load produced by a debris mat at least 3 ft. thick (or twice the draft of the flotation for 
floating docks), or the load controlled by installing a fixed or floating debris boom to 
deflect the debris around the structure. 

6-3.4.6 Seismic.  Seismic loads appropriate to the site as spelled out in local 
building codes should be considered in the design of fixed piers.  Generally, seismic 
loads are not significant in the design of floating docks, though seismic events may 
trigger marina basin oscillations, and the resulting current loads and water level 
fluctuations can be significant, and should be considered. 

6-3.4.7 Waves and Boat Wake.  Wave heights should be limited by locating the 
berthing system in a sheltered area. If necessary, additional wave protection may be 
provided by means of a fixed or floating wave attenuator incorporated in the berthing 
system design.  Areas sheltered from wind waves may still be subject to boat wake, 
since even “no wake” zones may not succeed in preventing passing vessels from 
generating large wakes. 
 
6-3.4.7.1. When describing the wave climate, the terms significant wave height (Hs) 
and maximum wave height (H1) are generally used.  Structural designers often use the 
maximum wave height to size members and connections, while the significant 
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waveheight is used to estimate floating dock motions and cyclic loads for fatigue 
analyses. 
 
6-3.4.7.2. Generally, when the design wave height exceeds 1 foot, it could be a 
significant factor in design and a rational method should be used to determine the wave 
forces that include consideration of: 

 
• Vertical wave load on a floating dock resulting from hogging (and sagging) of 

the dock. 
 

• Horizontal and vertical wave forces on the submerged portion of a fixed pier 
(piling and bracing), or on a floating dock pontoon. 

 
6-3.4.7.3 Wave forces are dependent upon the direction of wave approach to the 
structure.  In particular for floating docks, the vertical loads are greatest when the wave 
approach is parallel to the long axis of the dock, and the horizontal loads are greatest 
when the wave approach is perpendicular to the long axis.  If the direction of wave 
approach is limited, then the wave loads may also be limited by appropriate orientation 
of the floating dock. 
 
For larger vessels dynamic mooring forces under the action of waves can be significant 
and should be considered if the vessel is to remain at its berth during extreme wave 
conditions. 
 
6-3.4.8 Anchorage.  Anchorage forces for floating docks are dependent on the 
type of anchorage, which can take many forms: 

 
• Piles 

 
• Spuds  

 
• Cable/Winch/Anchor 

 
• Chain/ Anchor 

 
• Strut-to-Shore 

 
Cable anchor systems are often utilized when water depths are large, or water level 
fluctuations are large and bottom slope is shallow, requiring the docks to move 
horizontally to remain floating. Figure 6-6 shows a cable anchorage system that allows 
horizontal movement. 
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Figure 6-6 Cable Anchorage System 
 

 
 
Specific site conditions should determine the most appropriate option, the principal site 
considerations being water depth, water level fluctuation, exposure to waves and 
condition of the submarine bed. An additional consideration is the permanence of the 
floating dock, as some situations require a system that can be relocated, with an 
anchorage that can be easily removed and reused. 
 
Anchor loads for floating docks are generally determined by the horizontal live loads, 
which are additive in many cases. Specific site conditions will vary, but generally wind, 
wave and current loads are combined to get total loads when they can all arrive 
simultaneously. The type, number, location and size of the anchorage component are 
critical aspects of floating dock design. Inadequate anchorage is probably the most 
frequent cause of failure in floating dock systems. A discussion of anchorage design is 
presented in ASCE Manual of Practice 50. 

 
6-3.5 Berthing Loads 
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6-3.5.1      Berthing.  Berthing loads due to vessel impact on a pier or dock result 
from the kinetic energy of the vessel, which is a function of the design vessel’s docking 
(laden) weight and approach velocity generally taken normal to the dock face.  For 
small craft, no allowance is made for the bumpers typically provided on the dock face.  
However, deflection of the dock system anchorage for floating docks is generally 
considered to reduce the impact force. 
 
6-3.5.1.1 The docking weight in lbs (w) of recreational craft may be estimated by 
W=12L2, where L is the vessel length in feet. For military craft, the weight can be 
considerably greater, and vessel particulars should be obtained. 
 
6-3.5.1.2 The approach velocity (v) generally varies with the vessel size, but the 
minimum should be: 
 

• v=0.6 ft/sec for L > 60 ft. (0.2 m/s for L > 18 m) 
• v=1.0 ft/sec for L < 60 ft. (0.3 m/s for L < 18 m) 

 
The larger value should also be used regardless of length where adverse wind and 
current conditions create difficulty for pilots maneuvering into the berth. 
 
6-4 BERTHING SYSTEM TYPICAL CONSTRUCTION 
 
6-4.1  Fixed Piers.  Fixed Piers may be constructed of many types of materials: 
 

• Steel 
 

• Concrete 
 

• Aluminum 
\1\ 
• Timber 
/1/ 
• Combinations of the Above 

 
The basic pier structure consists of piling with caps spanning pairs of piles, and a deck 
structure spanning between caps. In addition to the basic structure, bumpers, mooring 
hardware and utility systems (generally power, potable water, fire suppression and 
communications) are provided. Further, piers may include wastewater reception 
(pumpout), fuel dispensing and lockers for gear storage. Important safety features 
include a slip-resistant walking surface, lighting for night operations, guard rails where 
they do not interfere with vessel berthing requirements, boarding ladders if the deck 
freeboard exceeds 3 ft (0.9 m) at design low water, and flotation devices for emergency 
use. 
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6-4.1.1  Finished Deck Elevation should be a minimum 1 ft (0.3) above design 
high water, or a height sufficient to prevent deck structure submergence at design high 
water, including allowance for wave crests, whichever is greater. 
 
6-4.1.2  Provide bow and stern mooring points appropriately located and sized for 
the berth length. 
 
6-4.1.3  Provide a bumper system able to accommodate vessels with a low rub rail 
without ‘hanging up’ on any structural components of the pier, for the full range of 
design water levels, and to accommodate vessels with a high gunwale.  

 
6-4.1.4  For other design requirements, refer to UFC 4-152-01.  
 
6-4.2  Anchoring Floating Docks.  Floating Docks may be constructed of many 
types of materials, similar to fixed docks.  In addition, plastic and fiberglass materials 
are finding increased use in floating dock construction. Modular factory fabricated 
floating dock systems are now in common use. Figure 6-7 shows some typical 
fabricated floating dock systems. Consideration should be given to using an appropriate 
commercial product, preferably one with a proven track record over many years of 
experience. The basic dock structure consists of the flotation pontoon, the structural 
frame, the deck, and the anchorage. In some proprietary systems the flotation, frame 
and deck are unitized so that system assembly consists essentially of bolting the 
modular pontoon units together. The basic dock structure should be finished with all of 
the appurtenances noted previously for fixed piers. 
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Figure 6-7 Various Types of Floating Docks 

 
 
6-4.2.1 Flotation Pontoons.  Flotation pontoons should consist of a foam core 
completely encapsulated in a protective shell to prevent contact with water or other 
deleterious elements. The foam generally consists of expanded polystyrene (EPS) 
closed cell blocks, but other types of foam may be used. Although the foam should be 
protected by the shell from water contact; certain materials may lose their water-
tightness over time. However, a quality foam core will prevent significant loss of 
buoyancy. This should be acceptable if the maximum water absorption of the EPS core 
is limited to less than 3% as determined by \1\ ASTM C272/C272M /1/, Method C, the 
amount of reground material is limited to less than 10%, and the form core is preformed 
to the interior configuration of the pontoon as a solid block. 
 
6-4.2.2 Deck Surface.  Deck surface should withstand prolonged exposure to the 
elements (sunlight, wetting/drying, freezing/thawing etc., unless the berth is covered), 
severe abrasion by scuffing and dropped objects, and fatigue due to dock motions and 
flexing. Further, the surface should be non-skid, and resistant to staining by spills and 
dirt. 
 
6-4.2.3 Floating Docks.  Floating docks should be anchored against lateral 
forces. 
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6-4.2.3.1 Cantilever Anchor Piles.  Cantilever anchor piles are simple and the 
most commonly used anchorage. Generally they are preferred when the water depth at 
the design high water level is less than 30 ft (9 m). The pile should be high enough so 
that the dock will not float off the top, so allowance must be made for the dock 
freeboard and motions due to waves and surge in addition to the extreme high water 
level. Where piles are used, pile guides should be incorporated in the dock structure. 
Guides generally consist of collars faced with Ultra High Molecular Weight (UHMW) 
polyethylene rub blocks, which wear and are replaced periodically. In well protected 
basins, pile guide rollers may be used in lieu of the rub blocks. The anchor piles are 
generally prestressed concrete or steel pipe; timber marine piles are rarely specified 
due to concerns over preservative chemicals used to treat softwood piles, or tropical 
rain forest protection for the naturally resistant species. In situations where dock loads 
and water depths exceed the capability of simple cantilever anchor piles, multi-pile 
dolphins may be considered, with the braced vertical pile serving as the guide pile. 
 
6-4.2.3.2 Anchor Lines.  Anchor lines are generally used where the dock system is 
constructed in deep water, or where large water level fluctuations occur.  For situations 
where the extreme wave exposure favors a more compliant anchorage to reduce peak 
loads, anchor lines are often used as well. The anchor lines consist of wire rope, steel 
cables or chains. Where the floating dock system requires movement through 
considerable horizontal distance with water level changes, or where large loads are 
involved, winch systems are used to adjust line tension and control dock position. In 
most cases the winches are located on the floating dock and the dead load of the winch 
and anchor line pull must be factored into the design of the dock floatation. A cable 
guide should extend a sufficient depth below the winch so that the cable leading away 
from the dock to the anchors will not interfere with the deepest part of the vessels likely 
to use the dock. Design of cable anchor systems involves complex non-linear analyses 
to determine cable behavior and the resultant loads on the ground anchors, particularly 
as the number of cables increase. Design requirements for mooring systems are 
described in UFC 4-159-03. 
 
6-5  MOORING FITTINGS AND BUMPERS 
 
6-5.1  Cleats.  Vessel to pier or dock tie up generally utilizes cleats attached to 
the structure. Since cleat manufacturers do not specify guaranteed minimum holding 
strengths, the sizing of cleats and their attachment is largely driven by experience. 
 
6-5.1.1 Number and Location.  Provide a minimum of 3 equally spaced cleats 
per berth for vessels over 20 ft (6 m) in length and less than 60 ft (18 m); larger vessels 
will require additional cleats. Single berths (with a finger dock on each side) should 
have the minimum number of cleats on each side of the berth; double berths (with a 
finger dock on only one side of the vessel) should have an additional cleat for each 
berth on the main walk near the center of the slip. The cleats should be located along 
the edge of the pier or dock to minimize tripping hazard. 
 
6-5.1.2 Size.  Piers or docks required to hold vessels under extreme wind and 
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wave conditions should receive a rational analyses of peak mooring loads, and an 
attempt made to obtain data from manufacturers on maximum cleat capacities in order 
to size the cleats. Generally, however, the following sizes have proven adequate for 
most situations: 
    
  Berth Length L – ft. (m) Cleat Size – in. (cm) 
   L< 40 (12)   10 (25) 
        40 ≤ L < 60 (18)   15 (38) 
        60 ≤ L < 80 (24)   18 (46) 
   L ≥ 80    24 (61) 
 
6-5.1.3 Attachment.  Attach cleats with a minimum of two through bolts into the 
structural frame of the pier or dock.  Plate washers should be used to distribute cleat 
pull out forces without crushing the structural support. Bolt heads should be recessed 
into the cleat so lines do not chafe on them; the recess should be filled to prevent water 
ponding and corrosion. 
 
6-5.2  Bumpers.  Vessels and piers or docks need protection from each other 
because of impact and chafing. Hardware used to fasten the various types of bumpers 
to the pier or dock structural frame should have all exposed heads on the berth face 
recessed to prevent hull damage. The solutions described below are considered part of 
the pier or dock, and would be in addition to the portable fenders typically deployed on 
the vessel itself. 
 
6-5.2.1 Horizontal Rub Rails.  Generally a continuous recycled plastic lumber, 
rub rail running the full length of the berth is attached wherever a vessel can contact the 
pier or dock. Additional protection may be provided by means of a continuous vinyl 
bumper strip attached to the top edge of the rub rail, largely to reduce marring of the 
vessel hull, but also to provide some cushioning. 
 
6-5.2.2 Vertical Rub Strakes.  Generally rub strakes extend below the deck to 
contact the lowest vessel rub rail at design low water, and prevent the rail from ‘hanging 
up’ on the horizontal member at the face of the dock or pier. The top of the rub strakes 
should extend above the deck far enough to contact the highest vessel rub rail at 
design high water for the same purpose. Rub strakes are generally fitted to fixed piers 
as the freeboard variations tend to be greater and the hull rub rail problem arises more 
often than with floating docks, whose freeboard remains relatively constant. If the 
berthed vessels are not fitted with rub rails, rub strakes should be avoided on floating 
docks in particular. 
 
6-5.2.2.1 Rub strakes should be placed at 1/3 points on the berths, starting at the 
outer end and omitting the strake on the inner end: Do not omit strakes for continuous 
side tie berthing. Generally, recessed horizontal rub rails are still used between the 
strakes. 
 
6-5.2.2.2 Rub strakes should be attached to the structural frame of the pier or dock. 
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Generally, the vessel (due to hull curvature) will lay up against only 2 strakes, and 
vessel loads are applied to the structure at the level of the vessel rub rail rather than the 
dock frame, creating a torsional load on the frame. 
 
6-5.2.2.3 Vertical rub strakes may also be fitted with vinyl bumper strips attached on 
the berth face, similar to the horizontal rub rail. 
 
6-6  ACCESS PIERS AND GANGWAYS 
 
6-6.1  Accessing Fixed Piers.  Access to a fixed pier berthing system is 
relatively straight forward, and may be provided by an extension of the berthing system 
main walkway. For situations where the elevation of the point of access on the shoreline 
bulkhead or landing is greater than the deck elevation on the fixed pier, a ramp should 
be provided that conforms to code requirements.  
 
6-6.2 Accessing Floating Docks.   Access to a floating dock system typically 
requires a hinged gangway with a variable slope ramp to span between the fixed 
access point on shore and the floating dock.  Design Criteria for the variable slope 
gangway ramp are discussed in DBW Layout and Design Guidelines.  
 
6-6.2.1 Gangway Ramp Upper Support.  The upper end of the gangway ramp 
should be supported on the shoreline bulkhead, or on a fixed pier to provide access to a 
floating dock system that is located a considerable distance from shore. The support 
should be in the form of a “hinge” that accommodates the vertical swing of the gangway 
in response to changing water level as well as the horizontal sway in response to 
floating dock drift. 
 
6-6.2.2 Gangway Ramp Lower Support.  The lower end of the gangway ramp 
should be supported on the floating dock, which must be provided with additional 
flotation to offset the superimposed dead load of the ramp plus 50% of the live load 
reaction and maintain the required dock dead load freeboard. The remaining 50% of 
the live load reaction is distributed to the dock system flotation by the dock structure on 
demand.  Experience has shown that providing sufficient flotation for 100% of the live 
load results in excessive dead load freeboard.  The ramp support on the dock consists 
of HDPE skidplates or rollers to carry the loads and reduce wear on the deck as the 
ramp adjusts to changing water levels. 
 
6-6.2.3 Gangway Ramp Structure.  The gangway ramp construction may be of 
steel or aluminum, with aluminum being the most common because of weight savings. 
Standardized factory designed aluminum ramps are now in common use to cover a 
wide range of load requirements, widths and lengths. 
 
6-6.2.3.1 The ramp should have a minimum of 3 ft (0.9 m) clear width. 
 
6-6.2.3.2 The maximum slope at design low water should be 3 (horizontal) to 1 
(vertical). The length of the ramp should be the minimum to achieve the slope 
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requirement at design low water. Generally gangway lengths greater than 80 ft are not 
used; either steeper slopes (2.5 to 1 absolute maximum) or special stair-ramp 
structures that convert to stair steps at steeper slopes may be used instead. 
 
6-6.2.3.3 The vertical live load on the ramp should be a minimum of 50 psf (10 kPa) 
if dock access is restricted; use 100 psf (20 kPa) if dock access is unrestricted or public 
assembly use is permitted. 
 
6-6.2.3.4 The ramps should have guardrails and handrails on both sides in 
conformance with occupational safety requirements, and an aggressively non-slip 
walking surface when dry or wet. Raised treads placed transversely are sometimes 
used for this purpose, but are a potential tripping hazard and are not the preferred 
solution. 
 
6-6.2.3.5 Generally ramps also support utility feeders for the dock systems, and the 
added dead load of the utility lines must be considered. 
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CHAPTER 7 

HOTEL SERVICES (UTILITIES) 

7-1 POTABLE WATER 
 
Potable water service is typically provided to individual berths by means of a ¾” hose 
bibb mounted next to the berth.  The hose bibb is supplied by a line on the main 
walkway.  Water demand is estimated to be about 25 gallons (95 L) per berth per day.  
When potable water is supplied from the public mains system it should be in 
accordance with the requirements of the local water authority.  Piping should be non-
corrodible and ultraviolet-stabilized.  Flexible hose shall be used when making dock-to-
shore connections to allow movements.  Rigid lines may be used on piers and docks 
with the consideration of the expansion and contraction of the material, special 
consideration of line flexibility should be taken on floating dock systems. 
 
7-2 SEWAGE AND OILY WASTEWATER 
 
7-2.1 Holding Tanks.  Pumpout facilities should be provided for the emptying of 
sewage holding tanks to meet the requirements of the local wastewater authority for 
proper disposal of sewage.  Typical small craft sewage pumpout facilities consist of a 
central pump station with a flex hose that can vacuum out the vessel’s holding tank 
contents by means of a flex hose connection between the pumpout hydrant on the dock 
and the holding tank fitting on the vessel.  Pumpout hydrants may be located at 
intervals throughout the marina so boats can be serviced at their berths, or located on a 
“public” dock for vessels to pull-up for service.  Pumpout facilities are typically rated 
about 40 gals/min (150 L/min).  The pumpout facility should include a water hose bibb 
to permit flushing of the holding tank; the hose bibb should be marked “non-potable 
water”.  If the pumpout station is located near a fueling station, allow space sufficient 
between the two facilities so that vessels may utilize either facility without interfering 
with the operation of the other.    
 
7-2.2 Pump Station.  The pumpout station is connected to a landside sewer 
system via force main with a sewage pump. 
 
The sewage pump is typically rated at about 40 gals/min (3.79 liter/min) and is a 
peristaltic or diaphragm type of pump, to reduce clogging from solids being pumped. 
 
7-2.3 Bilges.  Bilge water if contaminated with oil should be collected and 
disposed to the oily Waste system.   Some marinas now offer bilge water pumpout 
facilities separate from the sewage pumpout to receive and treat oily wastes. 
 
7-3 ELECTRICAL 
 
Electrical service is provided to individual berths for vessel usage by means of 
weatherproof receptacles, mounted \1\ in a pedestal /1/ (as with potable water) or with 
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lighting in pedestals. Electrical service is commonly provided at 120/240 vac single 
phase or 208 vac 3 phase, at currents of 20-100 amps, typically.  ASCE Manual of 
Practice 50 provides a detailed discussion of small craft berthing facility electrical 
systems. 
 
7-4 COMMUNICATION 
 
Communication systems include an intercommunication system, such as a public 
address or paging system with speakers located within easy hearing distance of every 
berth.  Telephone service, though not commonly provided at Naval facilities, may be 
provided at each slip if desired, often located with lighting and electrical service in one 
pedestal.  Fiber optic and high speed internet service can be included as well.  
Typically, the service provided installs the required equipment in raceways and cabinets 
provided for that purpose.  ASCE Manual of Practice 50 provides a detailed discussion 
of small craft berthing facility telephone service. 
 
7-5 FUEL 
 
Marine fueling stations are often provided in small craft berthing facilities and shall 
comply with the requirements of NFPA 30A, “Code for Motor Fuel Dispensing Facilities 
and Repair Garages", unless it is anticipated that some berthing facilities will not be 
constructed on government property.  If berthing facilities will be constructed on private 
property, then comply with the requirements of the authority having jurisdiction.  
Determine the fueling requirements (types of fueling, fill rate and quantity) for the 
classes of vessels to be berthed.  Fueling systems should be separated from the berths 
and landside facilities by required fire separation distances in accordance with UFC 3-
600-01.  The fueling station is typically located near the harbor entrance in an area that 
is protected from waves and is often near the sewage pumpout station.  The adjacent 
land area must be suitable for fuel storage tanks and accessible for fuel delivery 
vehicles and fire fighting equipment.  Provide spill containment equipment as required 
by the local environmental authority.  
 
7-6 LIGHTING 
 
Waterfront areas consist of a defined perimeter (landside and waterside), restricted 
area, entry control facilities at the entrance into the waterfront area, access control 
points located at each pier, and pedestrian access control points along the perimeter.  
In waterfront areas, utilize high mast lighting to reduce the number of poles minimizing 
obstructions to waterfront operations and maintaining clear paths for equipment and 
vehicles.  Provide full cutoff or fully shielded fixtures mounted in the horizontal plane to 
limit direct and reflected glare.  Lamps should be metal halide (MH) to improve color 
rendering and nighttime visibility.  Refer to UFC 4-152-01 for Pier and Wharf 
operational lighting requirements and UFC 3-530-01 for lighting design.  Note, in some 
regions, white light sources may interfere with the marine environment.  Coordinate 
marine issues with the local environmental authority.  
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\1\ For recreational marinas pedestals are provided with lights integral to the units at 
each slip.  If additional lighting is required, low profile bollards or lighting designed more 
to a pedestrian scale, no taller than 12 ft (4 m) with down lighting is recommended. /1/ 
 
7-7 FIRE FIGHTING 
 
Fire protection should be provided through appropriate design and placement of 
firefighting equipment on the piers and docks in accordance with NFPA 303, “Fire 
Protection Standard for Marinas and Boatyards” and UFC 3-600-01.  If any conflict 
occurs between this UFC, the NFPA 303 and UFC 3-600-01, the requirements of UFC 
3-600-01 take precedence. 
 
All firefighting equipment shall comply with the requirements of NFPA 303 and UFC 3-
600-01.  Firefighting equipment includes, but is not be limited to: 
 

• Portable chemical extinguishers placed at 200 ft (60 m) intervals along each 
main walkway housed in cabinets painted red.  \1\ For recreational marinas, 
place at 75 ft (23 m). /1/ 

• Fire-alarm boxes placed at convenient locations on or near piers.  
• Fire hydrants or stand pipes located along the shoreline near where the 

dock/berthing slip meets the shoreline.  \1\ For recreational marinas, provide 
a Class I dry stand pipe system and all related items on the pier. /1/ 

 
Firefighting equipment should be maintained and inspected in accordance with \1\ UFC 
3-601-02 /1/. 
 
7-8 LOCKER BOXES 

Locker boxes provide a place for gear storage on the pier or dock, convenient to the 
berth.  They are typically made of sheet metal, or fiberglass.  Locker boxes are typically 
located in the knee brace of floating dock systems or other similar out-of-the-traveled-
way place. 
 
\1\ 
 
7-9 ALL-PURPOSE PEDESTAL  
 
All-purpose pedestals may be provided for recreational marine use.  The unit housing 
shall have a white heavy resin housing with a two-part polyurethane coating which is 
UV resistant.  The unit shall have the following features: 
 

• Lockable weatherproof doors 
• Bus Bar Rating 
• Photocell controlled 13 watt lighting with amber lens 
• Dual or single hose bibs and stainless steel handles 
• Electrical 
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o Slips up to 28 feet long – one 20 Amp, 125 VAC outlet and one 30 
  Amp, 125  VAC twist-lock outlet 

o Slips greater than 28 feet long – one 20 Amp, 125 VAC outlet, one 
    30 Amp, 125 VAC twist-lock outlet, and one 50 Amp, 250 VAC 
  twist-lock outlet 
 

/1/ 
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CHAPTER 8 
 

DRY STORAGE FACILITIES 
 
8-1  DESCRIPTION 
 
Dry storage of small craft is the practice of removing the craft from the water until it is 
placed in service. Dry storage of boats is performed using two common methods: trailer 
storage in a yard (yard storage) and rack storage (drystack).   
 
8-2  YARD STORAGE 
 
The most common method of dry storage is storage on trailers within a yard area.  In 
this method, boats are kept on trailers that allow them to be transported on the road 
(Figure 8-1 shows typical yard storage).   
 

Figure 8-1, Yard Dry Storage 
 

   
 
Once the boat is loaded onto the trailer, the trailer is kept in a designated spot within 
the yard—which is usually paved and enclosed with a locked security fence.  The boat 
gains access to the water either by a ramp, or crane.  For the ramp, the boat and trailer 
are towed, by a vehicle, down the ramp into the water until the trailer is submerged and 
the boat floats freely, whereupon, the trailer is usually returned to the dry storage yard 
until the boat is to be retrieved from the water, when the process is reversed.  Utilizing a 
crane, the boat and trailer are towed to the crane location, which is usually close by on 
a pier or bulkhead adjacent to the water.  (Figure 8-2 shows a typical crane).  The boat 
is fitted with a wire rope sling that attaches to fittings on the boat and then to a single 
pick up point that the crane hook lifts the boat from the trailer.  Once the boat is lifted 
free of the trailer, the crane swivels about a vertical axis to place the boat out above the 
water, and then it lowers the boat into the water.  Again, the trailer is returned to the dry 
storage yard until the boat returns and the process is reversed. 
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Figure 8-2, Small Craft Crane Access (Jib-boom) 

 
 

 
8-2.1   Characteristics.  The general characteristics of yard dry storage are 
summarized as follows: 

 
• Vessel stored on trailer 
• Launched from ramp or crane 
• Vessels < 35 ft (10.67 m) in length 
• Vessel density: 50-80 vessels/acre 

 
8-2.2   Advantages.  The primary advantages of yard storage are: 
 

• Less costly 
• Low height 
• Can be performed by boat operator 
• Provides destructive weather (hurricanes, deep freeze) haven 

 
8-2.3   Disadvantages.  The disadvantages of yard storage are: 
 

• Requires greater land area 
• Requires time to launch/retrieve vessel 
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8-3   DRY STACK STORAGE 
 

Figure 8-3, Drystack (rack) Storage 
 

   
 
8-3.1   Characteristics.  The general characteristics of dry stack (rack) storage 
are summarized as follows: 

 
Vessel Weight: < 6 tons 
Vessel Length < 35 ft 
Rack levels  4-5 Max. 
Vessel Density 392 vessels/acre 

 
8-3.2   Advantages.  The primary advantages of rack storage are: 
 

• Reduced land area required to store a given number of small craft  
• Craft are kept dry when not in use, reducing deterioration 
• Increased security 

 
8-3.3   Disadvantages.  The disadvantages of stack storage are: 
 

• Requires trained operator to retrieve and launch the vessel  
• Requires landside facility 
• Vessel is not immediately ready in the water 
• High structure can be objectionable in view corridors 
• Heavy structure loads require suitable foundation conditions 

 
8-3.4  Covered Storage.  The storage rack can be located inside a building, 
usually a metal building, to provide protection from the weather. The building will usually 
require sprinklers for fire protection in accordance with NFPA 303. Because these 
storage facilities are often higher than 35 ft (10.67m), they can be objectionable from a 
visual perspective along the waterfront. 
 
8-4   APPLICABILITY 
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Dry storage provides increased security and increased service life of the vessels, as 
well as reduced maintenance, due to storage out of the water and out of the weather, if 
covered storage is used.  However, yard storage is most probably the preferred method 
for military facilities. 
 
As discussed above, the primary reason for constructing a stack storage system is to fit 
as many small craft as possible into a small area—typically done in areas of high real 
estate values in dense urban settings.  This would rarely be the case at most military 
facilities due to the small number of small craft that need to be accommodated.  
Further, the advance notice required to launch vessels, may not lend itself to the 
operational needs of the small craft.  For these reason, dry stack storage is generally 
suited for recreational vessels in urban areas or areas of inclement weather.  Several 
publications provide additional guidance for dry stack storage ASCE Manual of Practice 
50. 
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CHAPTER 9 
 

BOAT REPAIR/MAINTENANCE 
 
9-1   GENERAL 
 
Repair and maintenance are required by all small craft during their service life.  The 
location of the facility for repair and maintenance is often determined by the mission of 
the craft, and the availability of a standby craft to replace the ready boat while it 
undergoes repair/maintenance.  The repair/maintenance facility can be located either at 
the same facility (onsite), or at a ship yard or another facility (offsite). 
 
9-1.1  Onsite.  Typically, at least minor maintenance and repair to deck 
equipment will be performed onsite, usually at the craft moorings, including replacement 
of broken fittings and tasks that can be performed with hand tools.  More involved work 
can be performed onsite if the facility has a haul out and shoreside repair facilities to 
perform the work. 
 
9-1.2  Offsite.  Where onsite facilities do not exist, or do not have the capability 
to perform the required work, the maintenance and repair work will have to be 
performed offsite.  Offsite facilities can either be boat yards that specialize in small craft 
repair including hull repair and coatings, or may be facilities that perform general work 
such as a machine shop or engine repair shop.  In regions with large port and marine 
activities, boat/ship yards are generally available to work on small craft.  
 
9-2  MAINTENANCE SCOPE 
  
9-2.1  Hull.  Repair and maintenance of the hull requires that either the vessel 
be hauled out of the water or the work be performed by a diver.   
 
9-2.2  Deck.  Most minor replacement of deck fittings and equipment (cleats, 
rails, antenna, etc) can be performed at the slip.  For more extensive work, the vessel 
will usually be removed from the water and placed on land on stands or taken to a dry 
dock where overhead cranes can lift heavier equipment and where there is access to 
welding and other power equipment. 
 
9-2.3  Engine.  Similar to deck work, minor engine work can be performed on 
the vessel.  There is an increased use of outboard engines on small craft under 
approximately 35 feet (10.67m) in length.  This allows quick replacement of the engine 
if a spare is on hand, for more involved maintenance or repair of the affected engine 
either on site or at a specialized repair shop. 
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9-4  MAINTENANCE PROGRAM 
 
All vessels require routine maintenance in order to reduce emergency break downs and 
required repair.  This is particularly true for vessels moored in saltwater where the 
vessel and its equipment are subject to corrosion when not in use.  Maintenance of the 
vessel is often performed by the boat crew to some extent and greater maintenance 
tasks are performed by specialized personnel, either on staff at the facility or provided 
by outside contract services. 
 
9-4.1  In-House Workforce.  For facilities with larger staff and vessels that 
perform continuous operations it is preferable to have skilled workers on staff dedicated 
to performing the maintenance and repair of the small craft equipment (deck, hull and 
engines).  This allows the most control and flexibility to perform the work according to 
the schedule of the operational needs of the small craft. A scheduled maintenance 
program should be established in accordance with those established by the 
manufacturer of the engine, hull and various other equipment (radio, radar, etc.) on the 
vessel. Having the permanent staff to perform this work will usually increase operating 
costs which can be compared to costs paid for such work that is contracted out, if such 
records are available, to see if such staff is cost effective.  
  
9-4.2  Contract Services.  In larger cities, or where there is a large boating 
community, there may be skilled maintenance and repair facilities close by that can 
perform work fairly readily.   For scheduled maintenance, skilled personnel often from 
the manufacturer’s staff or trained by the manufacturer can be scheduled in advance to 
perform the work onsite.  For facilities with fewer small craft or multiple standby craft, 
this may reduce costs or allow a smaller workforce without the requisite skills to perform 
the maintenance and repair of the vessels. 
 
9-5  FACILITIES 
 
9-5.1  On Dock.  For minor repair and maintenance, much of the routine 
maintenance can be performed with the vessel berthed at the dock. 
 
9-5.2  Covered Mooring.  Where extensive maintenance must be performed on 
the berthed vessel at the dock by onsite personnel, the cost of a covered mooring may 
be warranted.  In areas of inclement weather (rain, snow, wind) this allows greater time 
in which the staff can perform this work. 
 
9-5.3  Haul Out.  If a haul out facility (see Chapter 10) is provided at the facility, 
the small craft can be transferred to the shore where more extensive maintenance and 
repair can be performed.  Generally, this includes work on the hull or work that requires 
use of a crane, welding or other powered tools to perform the necessary repairs or 
maintenance. A straddle type carrier provides the greatest flexibility and speed for 
retrieving vessels (see Figure 9-1) and is commonly used. 
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Figure 9-1, Vessel Haul out Facility for Straddle Carrier 
 

 
 
9-5.4  Yard Maintenance.  The vessel can be placed on a trailer or stands in the 
yard to allow access to the hull for needed repairs. This can be in the outdoors for work 
that does not require containment.  Environmental considerations often require that, 
depending on the work being performed, that the vessel be fully contained for the work, 
such as if sand blasting or painting is being performed.  
 
9-5.5  Enclosed Shop.  An enclosed work shop building provides a facility in 
which all necessary repairs and maintenance could be performed.  Such a building 
should be furnished with ventilation and filtration to allow painting and sandblasting to 
be performed, an overhead crane rail for lifting of the engine or similar heavy 
equipment, and a full supply of power tools including welding capabilities.  The building 
should often be sized to allow a straddle carrier entry to place the vessel on stands or a 
cradle within the shop.  Figure 9-2 shows a typical enclosed shop building.   
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Figure 9-2, Enclosed Shop Building, with Straddle Carrier 
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CHAPTER 10 
 

BOAT LAUNCH HOISTS AND LIFTS 
 
10 -1  GENERAL 
 
The ability to remove small craft from the water is essential for any type of major repair 
or maintenance at a small craft facility.  Further, the ability to launch small craft greatly 
increases the capacity of the facility and the flexibility to operate a greater number of 
small craft than accommodated at limited spaces on the floating docks or fixed piers. 
Because of these reasons, most dedicated small craft harbors have some provision to 
launch small craft.  Various systems have been developed over time and the number of 
such types of systems has varied as technologies and vessel types change. 
 
10-2   FIXED SYSTEMS 
 
Fixed systems typically utilize a lift that is in a set position to retrieve the vessel from the 
water.  Once the vessel is removed from the water, it is transferred to a trailer to be 
transported and kept at the storage location, or repair facility.  Alternatively, if the vessel 
is the only vessel at the facility, or it is a dedicated system, the vessel will remain on the 
lift until it is to be placed in service again. 
 
10-2.1  Jib Boom.  This is the most common type of retrieval system and is 
comprised of a crane mast that rotates about a vertical axis.  The hoist is mounted on a 
trolley on a fixed arm (jib boom) that is swung over the boat in the water.  The boat is fit 
with a wire rope sling that attaches to fittings on the boat.  A crane hook then attaches 
to a pickup point on the wire rope sling to lift the boat out of the water.  Once the boat is 
lifted above the top of the seawall, the crane rotates about its axis to place the boat 
onto a waiting trailer. Once the boat is loaded onto the trailer, the trailer is kept in a dry 
storage yard until the boat is to be placed in service, when the process is reversed.   
  
10-2.2  Marine Railway.  A marine railway is a set of fixed rails that ramp down 
from the shore into the water.  The rails are typically supported on piles within the 
water.  A cradle with wheels is hauled by a cable and winch system mounted on the 
railway and runs into the water, sufficiently deep, such that the vessel can float over the 
cradle.  The vessel is lashed to the risers on the cradle and the cradle is winched up the 
railway to haul the vessel out of the water.  Once on shore, the wheeled cradle can be 
transferred to a rail siding; multiple work bays can be supported by a single inclined 
railway.  This system is best suited to larger vessels and it requires a significant amount 
of land area.  As such, it is not considered practical for most small craft facilities. 
 
10-2.3  Elevator Lift.  This method consists of a platform that is raised and 
lowered into the water by a number of synchronized winches mounted on dolphins 
along the sides of the platform.  A cradle with wheels – similar to the marine railway 
described previously – is located on the platform when it is lowered into the water 
sufficiently deep such that the vessel can float over the cradle and platform to then be 
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raised out of the water.  The platform is fitted with rails that continue to the shore upon 
which the cradle and vessel are transported once it is out of the water.  This system has 
been developed by the Syncrolift Corp and is best suited to larger vessels.   
 
For small craft, a similar system is used that utilizes a fork lift mounted to a fixed vertical 
mast that operates similar to a mobile forklift with “negative” lift and is becoming more 
common.  The forklift rotates about the mast to place the forks in the water, or over land 
where a mobile forklift can access the vessel.  This system is more effective for stacked 
storage in that a conventional forklift can also store and retrieve the vessels. 
 
10-3  MOVEABLE SYSTEMS 
 
10-3.1  Straddle Carrier.  This is probably the most versatile and cost effective 
system for small craft retrieval.  The system is comprised of a self propelled carrier 
frame that drives over the water on a set of two fixed piers.  The carrier frame supports 
a set of slings that is lowered into the water between the piers to a depth sufficient to 
allow the vessel to position itself over the slings.  Then the slings are lifted out of the 
water by lifting mechanisms within the carrier frame.  Once out of the water, the carrier 
drives off the piers and can maneuver to any location with its wheels that can be 
steered. 
  
10-3.2  Crane Lift.  This type of haulout can utilized a dedicated fixed crane or a 
rubber tire boom crane, or similar mobile crane.  The crane supports a lifting frame fit 
with slings that is lowered into the water similar to the straddle carrier described 
previously.  Once the vessel is lifted from the water, the crane swivels to place the boat 
on an awaiting trailer, or for a limited number of vessels, could place them onto stands 
within the arc swing of the crane. 
  
10-3.3  Forklift.  This method utilizes a forklift with “negative” lift.  The forklift is 
positioned at a vertical bulkhead (marginal wharf) where it lowers the forks below the 
keel depth of the awaiting vessel.  The vessel is placed over the forks and the forklift 
lifts the vessel out of the water. This method is rapid and has the advantage of being 
able to move the vessel to a storage location on land and to raise the vessel onto a 
storage rack. 
 
10-3.4  Trailer.  Various trailer methods are used to retrieve and launch vessels 
into the water.  Trailers are utilized with jib booms, crane lifts or launch ramps, 
discussed in the following section.  This is the most common method of moving 
vessels. 
 



UFC-4-152-07 
14 JULY 2009 

Change 1, 1 September 2012 
 

61 

10-3.5  Floating Lift.  Floating boat lifts use buoyancy chambers to raise small 
craft out of the water much like a floating dry dock.  The typical floating lift is 
permanently installed in a single berth and is configured for the vessel that uses that 
berth.  The boat is stored out of (but over) the water with minimal additional load on the 
dock system.  This type of system is used increasingly by the Navy, with capacities up 
to 13,000 lb (5.897 metric tons).   
 
10-3.6 Drive On Dock.  The drive on dock is a shallow freeboard platform that 
floats a few inches above the water surface.  Vessels approach the platform from the 
water and “drive up” onto the platform at low speed.  The platform is constructed of 
multiple plastic blocks that are pinned together to form a flexible platform that yields to 
the hull when it drives up, sufficient to avoid damage to the hull.  The “Jetdock” System 
(Moose Boats, Inc.) is a drive on dock system currently in use. 
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CHAPTER 11 

 
LAUNCHING RAMPS 

 
11-1   GENERAL REQUIREMENTS – WATER AREA 
 
11-1.1  Fairway.  The Basin or other waterway into which a launching ramp 
extends should meet the following requirements: 
 
11-1.1.1 Minimum water depth 4 ft (1.2 m) at design low water. 
 
11-1.1.2 Minimum bottom width greater than the combined width of the launch 
ramp and boarding floats. 
 
11-1.1.3 Minimum length of 50 ft beyond the toe of the ramp, and absolutely clear 
of obstructions and/or navigation hazards. 
 
11-1.1.4 Mark with navigational aids in accordance with the Waterway Marker 
System rules per USCG (COMDTINST 16500 series) which identify the proper color 
and locations of channel markers. 
 
11-1.2  Launch Ramp.  The launch ramp should meet the following 
requirements: 
 
11-1.2.1 Ramp Slope.  Slope between 12% and 15%. Few trailered boats can be 
launched with slopes flatter than 12% without submerging the wheel hubs of the tow 
vehicle, which is to be avoided. The slope should be uniform over the entire length of 
the ramp. 
 
11-1.2.2 Ramp Toe.  The ramp should extend down to an elevation a minimum of 
3 ft (0.9 m) below design low water. The toe of the ramp should be provided with a 
wheel stop to prevent trailers from backing off the end of the ramp. 
 
11-1.2.3 Ramp Head.  The ramp should extend up to an elevation 1 ft (0.3 m) 
minimum above design high water. In addition, the head of the ramp should be 
provided with a 20 ft (6.1 m) long vertical curve to provide a smooth transition between 
the steeper ramp slope and the flat slope of the apron/turnaround area. 
 
11-1.2.4 Ramp Finish.  Ramp surface should be constructed of reinforced 
concrete, either cast-in-place or pre-cast panels, or a combination of both, and provided 
with a V-groove surface finish to maximize traction. Typical launch ramp finish details 
are described in Layout and Design Guidelines for Marina Berthing Facilities (DBW). 
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11-1.2.5 Ramp Width.  Standard launching ramp lane width is 15 ft (4.5 m) when 2 
or more lanes are provided. When a single lane is provided, the width should be 20 ft. 
(6.1 m).  The number of lanes will be determined by the demand and the site specific 
conditions. One launching lane should handle up to 25 launch/retrievals (round trips) 
per day. The total width of the ramp structure is obtained by adding the width of the 
required number of lanes and boarding floats.  
 
11-1.3  Boarding Floats and Platforms.  The launch ramp should be fitted with a 
boarding float (or platform) along the side of the lane (minimum one per lane) meeting 
the following requirements: 
 
11-1.3.1 Float Width.  Minimum clear float width is 6 ft. (1.8 m).  In cases where 
guide piles are located inside the boarding float frame on one side, provide a minimum 
clear distance of 4 ft to the opposite side of the float. Where the guide piles are located 
in the center of the float, provide a minimum clear distance of 3 ft. (0.9 m) to each side 
of the float.  
 
11-1.3.2 Float Length.  Provide a minimum of 50 ft. (15.2 m) in the water 
(measured from the water line at design low water). Articulated boarding floats are often 
used to accommodate changes in water level, however, the portion of the boarding float 
that remains permanently in the water should not be articulated, but be continuous, to 
enhance stability. 
 
11-1.3.3 Float Live Load.  Where access is restricted, floats should be designed 
for a minimum uniform live load of 20 psf 4.1 (kPa); where access is not restricted, the 
minimum uniform live load should be 40 psf 8.2 (kPa). The floats should also be 
designed for a live point load of 650 lbs. applied at any point on the float deck not less 
than 12 in. (0.3 m) from the edge of the float. 
 
11-1.3.4 Float Freeboard.  Freeboard under dead load only should be between 14 
in. (35 cm) and 20 in. (51 cm); the float deck should be level within the following 
tolerances: 

 
Difference in Freeboard Transverse Direction – 1 in. (2.5 cm) maximum 

 
11-1.3.5 Other Requirements.  See the discussion for floating docks in Section 6 
for other requirements pertaining to floating dock design and construction. 
 
11-1.3.6 Non-Floating Boarding Platforms.  Non floating boarding platforms 
generally consist of movable wedge shaped scaffolds that rest on the launching ramp 
and remain in-place by self weight. Typically constructed of steel, with retractable 
wheels and fitted with hitches, they may be towed to position on the ramp in response 
to changing water levels. These are used at sites where water levels do not change 
rapidly, or where winter conditions dictate removal of the boarding platform to reduce 
risk of ice damage. Other types of boarding systems are described in the Layout, 
Design and Construction Handbook for Small Craft Berthing Facilities. 
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11-1.4  Shoreside Support Facilities. 
 
11-1.4.1 Trailer Maneuvering.  Provide sufficient area at the head of the ramp for 
trailer maneuvering; typically an area 50 ft x 50 ft (15.2 m x 15.2 m) will be sufficient. 
 
11-1.4.2 Trailer Parking.  Provide sufficient parking to meet the expected demand 
for car-trailer spaces; pull through parking spaces should be utilized where practical.  
See Figure 11-1 for layout of car-trailer parking space and maximum driveway 
dimensions. 

Figure 11-1 Car/Trailer Parking Layout 
 

 
       A. 
 

 
       B. 
 
11-1.4.3 Boat Washdown.  Provide a fresh water boat/engine washdown 
area for launching facilities in salt water areas. Capture runoff from the washdown area 
in a separator and direct to wastewater collection system. Locate washdown area away 
from the head of the ramp to minimize interference with launching and retrieval 
operations. 
 
11-1.4.4 Power Lines.  Overhead power lines should not be permitted to cross the 
launch ramp or its maneuvering or parking area unless minimum overhead clearances 
prescribed by the authority having jurisdiction are met. 
 
11-1.4.5 Lighting.  High level lighting for the launching and retrieval area may be 
required to support night time operations. Avoid glare that can interfere with navigation. 
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Siting Considerations for New
and Expanding Marinas

Environmental Concerns
The natural plant and animal communities of coastal areas serve

multiple functions. Wetlands, for example, provide habitat for fish and
fowl. They form a natural buffer against incoming storms and act as a
filter to purify stormwater runoff from the land. Wetlands also mini-
mize erosion and support tourism, hunting, and fishing. Because of the
ecological, economic, recreational, and aesthetic values inherent in
coastal resources, it is important that shore side development not
diminish these features.

United States Army Corps of Engineers

The majority of marina development and expansion projects,
including dredging, will require a permit from the Army Corps of
Engineers. Section 10 of the Rivers and Harbors Act of 1899 gave the
Army Corps authority to regulate all work and structures in navigable
waters of the United States. Section 404 of the Federal Water Pollution
Control Act (a.k.a. Clean Water Act) regulates discharges of dredged or
fill materials into navigable waters, including wetlands.

State Water Quality Certification

If an Army Corp Section 404 permit is required, the TNRCC will
also review the project plans submitted to the COE prior to construc-
tion. The TNRCC will evaluate the potential for adverse effects on
water quality or living resources caused by marina siting and construc-
tion. The Water Quality Certification process certifies that federally
permitted activities will not violate Texas’s water quality standards.
The Water Quality Certification issued by TNRCC is then incorporated
into the federal permit.

For a preliminary review of your proposed project, contact your
local USACE office.

Site Selection Guidelines
Site selection and design have a tremendous impact on a facility’s

potential for water quality problems. Redevelop existing sites rather
than disturbing pristine areas and place new facilities in previously
developed waterfront sites.
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Characterize Project Site.

Implement measures that ensure that marinas and auxiliary struc-
tures do not cause direct or indirect adverse water quality impacts to
fish, shellfish and wildlife habitat during and after marina construc-
tion.

■ Identify habitat types and seasonal use of the site by fish, shell-
fish, waterfowl, and other organisms.

■ If necessary, hire a private consulting firm to perform the site
assessment.

Identify Rare and Endangered Species.

■ Rare and endangered species may not be disturbed (Federal
Endangered Species Act, Natural Resources Article §4-2A-01 et
seq., and Natural Resources Article §10-2A-01 et seq.).

■ All proposed development sites must be assessed by the U.S.
Fish and Wildlife Service (USFWS) and the Texas Parks and
Wildlife Dept. (TPWD) for endangered and threatened species
and habitat protection areas.

■ If protected species are identified, you must implement an
approved protection plan prior to project approval.

Avoid Submerged Aquatic Vegetation

Submerged aquatic vegetation (SAV) provides habitat for shellfish
and finfish and food for waterfowl. It is an indicator of good water
quality.

■ Permits generally are not granted for any new or expanded
construction that impacts existing SAV beds.

■ Site new or expanded marinas such that navigation over SAV
beds is not necessary.

Minimize Disturbance to Wetlands.

■ Minimize disturbance to wetlands and indigenous vegetation in
riparian areas.

■ It is the goal of the State to preserve tidal wetland acreage and
function.

■ Any construction that does extend into tidal wetlands may
require authorizations, licenses, or permits from the TNRCC,
Army Corps of Engineers, and the Texas General Land Office
(TXGLO).

■ Mitigation is required in cases where loss of wetlands is unavoid-
able.

6
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Avoid Shellfish Beds.

New or expanded marinas should not be built in areas that may
adversely impact shellfish beds.

 Avoid Critical Migration, Nesting, and Spawning Periods.

■ Schedule construction to avoid critical migration, nesting, and
spawning periods of important species of finfish, shellfish, and
wildlife.

■ Consult with Texas Parks and Wildlife for site-specific determina-
tions of the potential effects of activities on wildlife populations.

Avoid Colonial Waterfowl Nesting and Staging Areas.

Regional waterfowl populations converge in certain areas to breed
and feed during specific times of year. The preservation of historic
nesting and staging areas is vital to the continued existence of many
waterbird species. Marinas must be such that the increased boating
activities associated with new or expanded marinas do not deter
waterfowl from using historic staging and concentration areas.

Avoid Geographic and Hydrographic Impediments.

Water circulation and flushing characteristics are key determinants
for location and favorable hydrographic characteristics with the
fewest modifications can reduce potential impacts. Flushing is im-
peded at the head of tide and in areas where salinity or temperature
differences produce variations in water density. Variations in density
cause the water column to separate into distinct layers that do not
readily mix.

Consider Bottom Configuration.

■ A continuous, gradual downward slope from the berthing area
into deeper water is ideal.

■ Avoid canals, irregular pockets, and sumps that are deeper than
adjacent channels.

■ Avoid dead-end channels to the greatest extent possible.

Follow Natural Channels.

■ Align entrance channels with natural channels to increase
flushing.

■ Boat lanes should progressively widen toward the seaward end
and narrow toward the inland end to allow water to flow freely
and maintain its velocity within the marina.

Debris and silt

tend to collect in

poorly flushed

areas and will

eventually settle

to the bottom. As

the debris is

decomposed by

bacteria, oxygen

is removed from

the water. Water

quality may

suffer if oxygen is

not replaced as

quickly as it is

removed
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■ Avoid locating the entrance channel perpendicular to the natu-
ral channel as shoaling (and, therefore, dredging) is a potential
problem.

■ Avoid long winding channels connecting marinas to open water.

■ Where possible, establish two openings at opposite ends of the
marina to promote flow-through currents.

Reflect Desired Capacity, Services and Access.

Compromise in the design to reflect the desired capacity, services
and access, while minimizing environmental impacts.

Information Sources
Appendix
Texas Natural Resource Conservation Commission
U.S. Fish and Wildlife Service
Texas Parks and Wildlife Department
Texas General Land Office
U.S. Army Corps of Engineers

8



Clean Texas Marina Guidebook

Marina Design and Maintenance

Environmental Concerns

Best Management Practices for Marina Facilities and Struc-
tures
• Use Fixed or Floating Piers to Enhance Water Circulation
• Use Environmentally Neutral Materials
• Limit Shaded Areas Over the Water
• Minimize the Need for Dredging
• Minimize the Impacts of Dredging
• Employ Nonstructural Shore Erosion Control Measures
• Conserve Drinking Water and Keep It Pure
• Maintain Structures Using Clean Marina Practices

Best Management Practices for Protecting Sensitive Areas
• Minimize Impervious Areas
• Use Upland and Inland Areas
• Expansion Considerations
• Practice Water-wise Landscaping
• Adopt Integrated Pest Management Practices

Best Management Practices for Creating Habitat Areas
• Maintain and/or Develop Vegetated Areas

Information Sources



Clean Texas Marina Guidebook

Marina Design and Maintenance

Environmental Concerns
Land management decisions, operating procedures, and structural

improvements may all contribute to — or detract from — the quality
of the land and water surrounding your marina. Roads and parking
areas may convey polluted stormwater directly into adjacent water-
ways. Dredging may re-suspend toxic compounds such as heavy
metals, hydrocarbons, and synthetic chemicals. Hazardous chemicals
may be leached into the water from piers and other similar structures.
Broken or degraded floats may release buoyant debris, which birds
and fish mistake for food. Finally, the location and installation of shore
side and in-water structures may lead to accelerated shoreline and
coastal erosion and sedimentation. Sedimentation is the rain of soil
particles through the water column. It may bury bottom dwelling
organisms, block sunlight, reduce the feeding efficiency of visual
feeders, and clog fish gills.

Best Management Practices for Marina Facilities and Structures

Use Fixed or Floating Piers to Enhance Water Circulation.

While being mindful of the need for pier/dock systems to provide
access during routine operations and under emergency circumstances
(e.g., evacuation preceding or during a storm), piers, and other struc-
tures should be placed to enhance, rather than to obstruct, water
circulation.

■ Select an open design for new or expanding marinas. Open
marina designs have no fabricated or natural barriers to restrict
the exchange of ambient water and water within the marina
area.

■ Install wave attenuators to reduce the force of incoming water, if
protection is necessary. Wave attenuators do not restrict water
exchange nor do they interfere with bottom ecology or aes-
thetic view. Furthermore, they may be easily removed and do
not significantly interfere with fish migration and shoreline
processes.

■ Design new or expanding marinas with as few segments as
possible to promote circulation within the basin. The fewer the
segments, the better the circulation.

■ Use an aerator system (fountain-type or air-jet) to aerate areas
with poor circulation.

9



Use Environmentally Neutral Materials.

■ For new pilings and other structures that are in or above the
water, use materials that will not leach hazardous chemicals into
the water and that will not degrade in less than ten years time,
e.g., reinforced concrete, coated steel, recycled plastic, plastic
reinforced with fiberglass.

■ Be sure to contain shavings when field cutting plastic pilings
and timbers.

■ Avoid using wood treated with creosote for pilings and similar
structures that are in or above the water. Wood pressure treated
with chromated copper arsenate (CCA), ammoniacal copper
zinc arsenate (ACZA), or ammoniacal copper arsenate (ACA) is a
better option. There is some concern that these pressure treated
timbers may contribute to water pollution.

■ Use naturally durable timbers conservatively. Black locust, cedar,
chestnut and white oak are naturally durable but expensive and
may be hard to find.

■ Avoid exotic timbers. Some tropical trees, such as greenheart
and bongossi, are also naturally durable. Their harvest, however,
may be harmful to tropical forests.

■ Purchase floatable foams that have been coated or encapsulated
in a plastic cover so that as these floats age, degraded foam is
contained by the covering.

Limit Shaded Areas Over the Water.

■ Nearshore bottom-dwelling organisms require sunlight. Limit the
number of covered slips in order to provide them with as much
sunlight as possible.

Minimize the Need for Dredging.

Marina concepts that require extensive dredging both in the
construction stage and for maintenance during its operation,
should be avoided, whenever possible. There should be concern
over disposal of contaminated dredge materials and negative ef-
fects on critical habitats. New marinas must be located in areas
where deepwater access can be obtained with a minimum of
excavation, filling, and dredging. Existing marinas that require
maintenance dredging more frequently than once every four years
should investigate practicable options to increase circulation or
reduce sediment accumulation.

■ Extend piers and docks into naturally deep waters.

10
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■ Locate slips for deep draft boats in naturally deep water.

■ Dredge channels to follow the course of the natural channel.

■ Provide dry storage for smaller boats.

Minimize the Impacts of Dredging.

A minimum amount of excavation, filling and dredging to reduce
the water quality impacts of construction and maintenance dredging
is desirable.

■ Be certain that your dredging contractor selects an appropriate
disposal site and containment design. The disposal site must
have minimal impact on public safety, adjacent properties, and
the environment.

■ Use dredging methods, like hydraulic dredging, that minimize
environmental impacts.

■ Use turbidity curtains to contain suspended sediments.

Employ Nonstructural Shore Erosion Control Measures.

■ Nonstructural measures, such as beach nourishment, marsh
creation, and other methods that encourage the preservation of
the natural environment are preferred methods of shore erosion
control.

■ If non-structural measures alone are not sufficient to control
erosion, revetments, breakwaters, or groins can be used to
stabilize and ensure the long term viability of the non-structural
controls.

■ As a last resort, use structural controls in this order of prefer-
ence: shoreline revetments, breakwaters, groins, and bulkheads.

■ Minimize the adverse effects of erosion control projects on
adjacent properties, navigation, threatened or endangered spe-
cies, significant historic or archaeological resources, and oyster
bars.

Conserve Drinking Water and Keep It Pure.

■ Equip all freshwater hoses with automatic shutoff nozzles.

■ Fix leaks and drips.

■ Install “low-flow” faucets, toilets, and showerheads.

■ Require members to utilize anti-siphon devices on all water hose
connections to prevent contamination.

Maintain Structures Using Clean Marina Practices.

■ Scrape, sand, and paint in-water and land-side structures accord-
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ing to the same management principles as for vessels (refer to
the Vessel Maintenance and Repair chapter).

■ If feasible, move floating structures to shore for scraping, paint-
ing, and major repairs. See Vessel Maintenance and Repair chap-
ter.

Best Management Practices for Protecting Sensitive Areas

Minimize Impervious Areas.

Keep paved areas to an absolute minimum, e.g., just designated
work areas and roadways for heavy equipment.

Use Upland and Inland Areas.

■ Locate buildings, workshops, and waste storage facilities in
upland areas, away from fragile shore side ecosystems, to the
greatest extent possible. Upland areas also provide a measure of
protection against floods.

■ Locate parking and vessel storage areas away from the water
where feasible.

■ Consider inland areas for boat repair activities and winter stor-
age. Use proper methods to quickly and easily move boats to
inland storage locations.

■ When establishing repair areas, comply with all local, state and
federal regulations and provide systems that allow the execution
of good management practices for repair facilities.

Expansion Considerations.

■ As an alternative to adding wet slips, consider expanding storage
capacity by adding dry stack storage.

■ Dry-stacked boats do not accumulate marine growth. Conse-
quently, toxic anti-fouling paints are not necessary and the
associated need to wash, scrape, and paint is eliminated.

■ Dry-stacked boats are less likely to accumulate water in their
bilges and, therefore, less likely to discharge oily bilge water.

■ Encourage the use of hoists and lifts in wet slips to achieve most
of the same benefits described above.

■ Control stormwater runoff from dry-stack areas as well as from
any expanded parking areas.

■ Keep forklifts well-tuned to prevent grease or oil from dripping
onto staging areas or into the water.

12
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Practice Water-wise Landscaping.

Save on water bills, reduce your maintenance activities, and protect
water quality by minimizing your water use. Landscape with native or
adoptive plants that require little care in terms of water, fertilizer, and
pesticides.

■ Water only when plants indicate that they are thirsty: shrubs will
wilt and grass will lie flat and show footprints. Water in the early
morning or early evening as temperatures generally are cooler.
Plants will not be shocked and water loss to evaporation will be
minimized.

■ Select plants that are suited to the existing conditions (i.e., soil,
moisture, and sunlight) so that they will require little care in
terms of water, fertilizer, and pesticides. Check with you local
county extension agent on suitable plants for your area.

■ Water deeply and infrequently rather than lightly and often.
Deep watering promotes stronger root systems, which enable
plants to draw on subsurface water during hot spells and
droughts.

■ Select equipment that delivers water prudently. Sprinklers work
well for lawns.1 Soaker hoses or drip irrigation systems deliver
water directly to the roots of shrubs, flowers, and vegetables
with minimal loss to evaporation.

■ Place mulch (wood chips, bark, grass clippings, nut shells, etc.)
to a depth of 3-4” around plants to keep water in the soil, pre-
vent weeds, and reduce the amount of sediment picked up by
stormwater. Planting groundcovers at the base of trees serve the
same function.

■ Group plants with similar water needs together. This practice
will ease your maintenance burden, conserves water, and benefit
the plants.

■ Replace lawn areas with native, drought tolerant wildflowers,
groundcover, shrubs, and trees.

■ Recycle “gray water”. Gray water is water that has been used
once — maybe for dishwashing or in a washing machine — but
is not overly contaminated. It can be filtered and used to water
landscaped areas. Because regulations vary, be sure to check
local ordinances for permit requirements and written approval
before pursuing this option.

13
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■ Collect rainwater by directing downspouts into covered contain-
ers. Use the collected water on your landscaped areas.

■ In areas not served by a public sewer system, consider the use of
an aerobic system in lieu of a septic system. The treated water
may be used for landscape watering and this prevents the con-
tamination of ground water.

Adopt Integrated Pest Management Practices.

Because of your proximity to the water, it is important to avoid
toxic lawn and garden chemicals to the greatest extent possible.
Instead, deter unwanted plants or animals with Integrated Pest
Management practices. Integrated Pest Management employs pre-
ventive, cultural, biological, and chemical methods to control pests
while minimizing impacts to non-target species, wildlife, and water
quality.

■ Select plants that are disease and insect resistant, that will out-
compete common weeds, and that can thrive on your property.
Refer to a list of native plants and consider the degree of sun
exposure, slope, drainage, amount of shade, wind, volume of foot
traffic, soil type, temperature variations, and other environmental
factors.

■ Mow lawn areas properly to suppress weeds. Varieties of grass
that grow better in cooler weather should be mowed to no less
than 2.5 inches in height. Grasses that grow better in warm
weather should be mowed to no less than 1.5 inches.

■ Pull weeds by hand to reduce reliance on herbicides.

■ Boost your own tolerance for weeds and other pests. If it is not
actually harming anything, leave it alone.

■ Foster natural predators such as praying mantis, dragonflies,
lacewings, soldier beetles, birds, bats, frogs, lizards, and certain
snakes and toads.

■ Use pesticides only after all other options have been exhausted.
Use organic alternatives to chemical pesticides. Also, rather than
broadcasting pesticides, apply them directly to problem areas.

■ Treat only serious or threatening intolerable pest infestations.

■ Purchase the least toxic chemical in the smallest amount practi-
cal.

■ Do not use pesticides just before a rainfall or on a windy day.

■ Apply insecticides during the evening when honeybees and
other beneficial insects are less active.

14
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■ Do not apply pesticides near water, e.g., shore, wells, streams,
ponds, bird baths, swimming pools, etc.

Best Management Practices for Creating Habitat Areas

Maintain and/or Develop Vegetated Areas.

Vegetation filters and slows the flow of surface water runoff, stabi-
lizes shorelines, and provides wildlife habitat, flood protection, and
visual diversity.

■ Maintain vegetated buffers (grassy or wooded) between all
impervious areas (e.g., parking lots and boat storage areas) and
the water.

■ Plant vegetated areas with “beneficial” plants: those plants that
require minimal care in terms of trimming, watering, and appli-
cations of fertilizer and pesticides. Native, or indigenous, plants
demand little care since they are adapted to the local climate
and soil types. Also, many horticultural varieties and imported
plants may be considered beneficial if they have few mainte-
nance requirements and if they do not displace naturally occur-
ring vegetation (that is, if they are not invasive). Check with your
county extension agent for suitable plants.

■ Select perennial plants instead of annuals. Perennial plants need
only be planted once, tend to shade out most weeds, and few
require additional water or maintenance.

■ Choose plants that bear flowers, fruit, nuts, and seeds to attract
birds, small mammals, and other wildlife.

■ Maintain proper soil pH and fertility levels. Fertility describes
the presence of nutrients and minerals in the soil. Acidity and
alkalinity levels are indicated by pH. These two measures to-
gether tell you which plants your soil can support. Soil pH may
be adjusted by adding lime (base) or gypsum (acid). Add organic
matter such as compost, leaf mold, manure, grass clippings, bark,
or peat moss to improve fertility.

■ Periodically, submit a soil sample to the Texas Agricultural Exten-
sion Service through the local county agent to determine fertil-
ity, pH, and application rates for soil amendments.

■ Compost leaves, branches, grass trimmings, and other organic
matter. Use the mature compost to nourish your soil. Alterna-
tively, chip branches and leaves and use as mulch to discourage
weeds and to conserve moisture.



Information Sources
Texas Natural Resource Conservation Commission
U.S. Fish and Wildlife Service
Texas Parks and Wildlife Department
Texas General Land Office
U.S. Army Corps of Engineers
Texas Agricultural Extension Service
Local River Authorities
Local Bay and Estuary Programs
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APPENDIX C    EMERGENCY PREPAREDNESS

Protecti on of human life is the fi rst priority when preparing for a hurricane; followed by preventi ng 
or minimizing injuries, reducing property damage, and returning to normal operati ons as soon 
as possible.  Countless guidance documents are available to assist marina owners and operators 
in the preparati on of a hurricane plan.  Although examples and checklists exist and are plenti ful, 
a marina should tailor the plan and checklist to address site specifi c and marina specifi c issues.  
The key is to plan, prepare and respond.  

Agency Website for Hurricane Preparedness Resources
Florida Department of 
Environmental Protecti on

htt p://www.dep.state.fl .us/cleanmarina/hurricane.htm

State of Alabama Emergency 
Management

htt p://ema.alabama.gov/preparedness.cfm

Mississippi Emergency 
Management Agency

htt p://www.msema.org/be-prepared/hurricanes/

Louisiana Sea Grant htt p://www.laseagrant.org/hurricane/resources.htm
Texas Sea Grant htt p://texas-sea-grant.tamu.edu/OurPrograms/

HurricanePreparedness2012.html

C-1  SECTION V - MARINA HURRICANE PREPAREDNESS PLAN - AN EXAMPLE FROM HURRICANE 
PREPAREDNESS GUIDELINES FOR MARINAS
A Hurricane Preparedness Plan outlining best practi ces for securing boats, communicati on, 
evacuati on, and response should be followed before, during and aft er the storm.  An example of 
a plan and associated checklists for a generic marina is provided as Appendix C-1.

C-2  WHAT WORKS: A GUIDE TO PREPARING MARINAS, YACHT CLUBS, AND BOATS FOR 
HURRICANES. A BOAT U.S. MARINE INSURANCE PUBLICATION 
Strategies such as fl oati ng docks with tall pilings, adding more and longer lines for boats at 
fi xed docks, securing boats ashore, and relocati ng boats to “hurricane holes” are addressed 
in the BoatUS guidebook.  In additi on, the guidance addresses moorings, dry stacks, and how 
to protect yourself.  A Marina Hurricane Preparati on Plan is provided as an example to assist 
marina owners and operators in developing their own plan.  This guide is provided as Appendix 
C-2 and more informati on can be found at www.boatus.com.
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APPENDIX C-1   

SECTION V - MARINA HURRICANE PREPAREDNESS PLAN - AN EXAMPLE FROM 
HURRICANE PREPAREDNESS GUIDELINES FOR MARINAS
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HURRICANE PREPAREDNESS GUIDELINES FOR MARINAS

SECTION V

Marina Hurricane Preparedness Plan – An Example
-----------------------------------------------------------------------------

HURRICANE PREPAREDNESS PLAN
For

HURRICANE’S EYE MARINA
(Distribution: marina personnel, boat owners and volunteers)

January 2002

A. Introductory Comments

The order of priority when preparing Hurricane’s Eye Marina for a hurricane is (1) Protect
human life, (2)  Seek to prevent or minimize personal injury, (3)  Reduce the exposure of property to
damage, (4)  Minimize damage to property that cannot be relocated and (5)  Seek to restore normal
operations as quickly as possible.  Having a workable plan in advance and being able to implement
the plan in a timely and effective manner is the key ingredient in achieving these prioritized goals.

The most dangerous and most critical task is securing boats, which may move about and
damage the marina and other boats.  The marina is not a viable sanctuary for boats of any type
during a direct hurricane hit.  Experience has proven that marina docks and boats are most likely to
survive a hurricane if all boats are evacuated.  The wet slips and dry racks are not designed to
accommodate boats during heavy winds and/or storm surge.  These elements tend to push and pound
boats against pilings, docks, and other vessels.  The floating docks may rise over the tops of piling
and become adrift.  Dry racked boats are in danger of being moved by wind or being lifted into racks
above with tide surge.  Increased weight of water-filled boats could collapse the rack system.  The
management of Hurricane’s Eye Marina strongly encourages early evacuation of all boats in wet
slips and dry storage to a previously identified safe haven.

Of course, circumstances may prevent evacuation of some boats.  This plan, in addition to
describing evacuation procedures, outlines best practices for securing boats in the marina.  The plan
also describes procedures for communicating and carrying out hurricane response for all other
aspects of the marina – before, during, and after the storm.

 [Note: This section is an example Hurricane Preparedness Plan for a generic marina.  It is your responsibility to tailor this plan to
your own marina by deleting or adding information or procedures as appropriate to your site and operation.  For example, consider
the timing of task actions – those in this example may not conform to your operation.  Be aware that this is only an example, a
guideline - as such it is not all-inclusive - some elements needed for your plan may be incomplete or missing.  Refer to other sections
of this publication and to Selected References (Section VIII) for more information.

Once you have developed your own draft plan, have it reviewed by your attorney.  Then, print final draft copies and
distribute to marina employees and boat owners.  Don’t expect the plan to be learned and accepted without training sessions for
everyone involved.  Don’t expect the plan to be good forever.  Review it on a regular basis  - especially after training sessions and
after implementing the plan as response to a hurricane threat.  You will continually learn better ways from your own experience and
from the experiences of others in the marina business].
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Preparing for a hurricane successfully depends on how early and how orderly we all act -
although chances may be great that the storm will not hit us.  Remember - wet slips must be
evacuated, boats anchored, and crews returned ashore in time to prepare and possibly to evacuate
their homes.  This plan calls for tying down boats left in the open dry rack buildings.  The tie down
operation requires 4 teams of two at least six hours for completion - which has to be done prior to
darkness, rainfall or high winds.  We must be well into preparation procedures during the U.S.
Weather Service Hurricane WATCH Phase.  All boats must be secured by the time a hurricane
WARNING is issued, our actions must occur as much as 24 to 36 hours prior to an Emergency
Management Agency call to evacuate the area and at least 24 hours prior to storm landfall.

  Previous storms have taught us that dry rack boat tie-downs, especially, must begin soon
and be completed methodically.  Trailering or moving boats to wash racks for securing of contents
must be terminated early in the "watch" phase to allow marina personnel to secure the facility and
evacuate the area.  Marina management will conduct an annual survey of all dry storage customers
to assess how many own trailers and whether they would evacuate prior to the hurricane watch
phase.  Marina personnel only will conduct tie-down.  Boat owners must understand that boats will
not be untied once secured.

Early action depends, of course, on early storm threat notice.  Marina personnel and boat
owners are encouraged to be aware of tropical weather conditions and to immediately report any
storm news to their supervisors.

This Hurricane Preparedness Plan outlines the procedures Hurricane’s Eye Marina will
follow throughout hurricane season and during hurricane watches, warnings, as well as during and
after a hurricane.  Marina customers are contractually required to be familiar with this plan (as well
as the marina rental contract and marina regulations).

 Timetables for implementing the various stages of the plan will depend on the storm’s
forward speed/direction, probability of a storm hit, and the expected intensity of the storm.  We will,
of course, coordinate our timetables with those of the local Emergency Management Agency.

Be aware that these Hurricane Preparedness Plans may work only for lower category
hurricanes.  Certainly, a Category II or stronger storm at this location will result in major damage to
the boats and marina facilities.  We prepare in order to limit the damage or in hopes of a "near miss."
For a major storm our efforts may or may not be adequate - but the job must be done quickly in
order for all personnel to evacuate to safety.  Remember - to attempt to secure boats while under
storm influences is at the risk of the lives of marina personnel, boat owners, and volunteers.  An
approaching hurricane is a potential killer - the inconveniences of early action are a small price to
pay for safety.



Recreational fishing boats home port at the Sportsplex Marina - Port Aransas, Texas.
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B. Hurricane Information

 Marina employees and boat owners should take the time to learn about hurricanes.  Storm
formation, the history of hurricanes and hurricane preparation is a fascinating subject.  An in depth
understanding will not only make you more valuable to the marina and boat preparation efforts - but
may save the lives of you and your family.  There are many good hurricane references available for
you to check out at the Marina office.

 [Note: There is a vast amount of information marina managers may include at this point in their own Hurricane
Preparedness Plan.  Other sections of this publication contain general information you may want to present to your
employees and customers.  Also, refer to Section VIII  for selected hurricane references].

C.   Summary of Hurricane’s Eye Marina Hurricane Preparedness Plan

[Note: numbering of conditions may be found to be unfeasible because of the necessity for marinas to act on an earlier
timetable to complete preparations prior to weather deterioration, bridge closings and non-business related evacuation
requirements. Remember that these time frames are based on landfall of the hurricane EYE.  Storm conditions will affect
your preparation well in advance of eye landfall.]

 Condition Activities
Preseason Review and revise plans, lists, and inventories.  Generate

customer awareness and conduct employee training.

Condition 5
  Season Starts (June 1)

Normal operation.  Monitor weather and continue hurricane
awareness – ensure all parties have updated plans.

Condition 4
  Storm in Vicinity

A storm has developed and could pose a threat to coast.
Assemble Leaders of the Hurricane Response Team to evaluate
threat and review Hurricane Plan.

Condition 3
  72 – 48 Hours to Landfall
  by the Hurricane Eye

A storm is threatening.  Activate the full Hurricane Response
Team.  Begin implementation of Hurricane Preparedness Plan.

Condition 2
  48-36 Hours to Landfall
  by the Hurricane Eye

A hurricane may strike within 36-48 hours.  Complete securing of
marina and boats.  Hurricane WATCH has been issued by the
National Hurricane Center and  the County Emergency
Management Agency probably recommends voluntary evacuation
of  islands and other low-lying areas.  Determine marina closing
and employee evacuation schedule.  Establish limited entry.
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Condition 1
  24 Hours to Landfall
  by the Hurricane Eye

High probability of strike. Hurricane WARNING has been issued
by the National Hurricane Center.  Evacuation should be
completed.

Condition  0
  Hurricane Conditions

Winds and flooding could stop further evacuation efforts.
Hurricane Response Team maintains communication if possible.

After the Storm
  Return and Recovery

Reestablish communications.  Conduct search, rescue, damage
assessment, salvage, and cleanup.

D. The Hurricane Response Team

Marina management recruits the Hurricane Response Team (HRT).  This team is involved in
all phases of hurricane preparation at the marina and is recruited by Marina management.  The
purpose of the team is to help develop and implement the marina Hurricane Preparedness Plan,
thereby maximizing human safety, while minimizing damage to the marina and boats.  The HRT
includes marina employees, boat owners and other volunteers.  HRT members, representing both
marina and boat interests are in the best position to help educate other employees and boat owners –
resulting in maximum acceptance and compliance with the plan.  The Hurricane Preparedness Plan
is premised on full cooperation of all employees and marina customers to act according to the plan.

Hurricane Response Team Leadership:
1. Marina Manager/Owner - HRT Chairman
2. Marina Secretary - Communications Coordinator
3. Office Manager
4. Dry Storage Manager
5. Wet Slip Manager
6. Ship’s Store Manager
7. Restaurant Manager
8. Repair Service Manager
9. Hurricane’s Eye Boat Club Commodore
10. Two Boat Owners Each from Wet Slips and Dry Racks.

[Note: These are examples of job categories, etc. - use exact titles and employee names in your marina’s management
structure. You may have additional marina personnel, such as night security guards, tenants, or contractors who should
be included in this process.  Consider including neighboring businesses, fire and police departments, and entities of the
local community, as appropriate, in the marina HRT.]

E. Hurricane’s Eye Marina Management Policy Regarding Hurricane Preparation

[Note: These are marina liability issues of concern to industry management nationally. Consider incorporating these
policies into your marina employee handbook, customer rental contract, marina regulations and/or your hurricane plans
as appropriate.]
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Marina Employees
Hurricane Response Team membership includes all marina employees.  Unless instructed

otherwise, marina employees will answer to the appropriate supervisor listed above during hurricane
response.

There will be no excused absences once the marina is in Hurricane Condition III (a storm is
in the vicinity).  It is uncertain how long crewmembers will be required to be on duty during storm
preparation.  Therefore, at first notice of a storm there will be staggered relief shifts to allow each
person time to go home to prepare their homes and families.  This will be done well in advance of
anticipated storm effects (as much as 2-3 days in advance)·

Each employee must have a plan prepared for his/her personal preparation and evacuation in
order to effectively reduce his/her required leave time, so other crewmembers can have adequate
leave time.  The marina manager will schedule leave time, with team leaders going first, in order to
return to preparations as soon as possible. Each employee is strongly advised to attend Hurricane
Preparedness Clinics given by the marina manager or his/her designee.

Marina Responsibility
The marina is not responsible for damage to any boat from storms or any other act of God.

In the event that a boat is likely to cause bodily harm, loss of life, or damage to property; for
example, on fire or sinking, the marina reserves the right to take any prudent action necessary to
ensure the safety of its customers, employees or property.  Any costs incurred in doing so will be
charged to the boat owner.

Hold Harmless Agreement
The boat owner holds the marina harmless for accidental damage caused when the marina

takes prudent emergency action before or during a storm and for salvage work done by the marina or
salvage contractors. Emergency storm preparations and salvage operations include any activity
which marina management deems necessary to protect persons from injury or property from damage,
other than intentional acts that clearly increase the potential for damage to the renter’s boat.

Boat Insurance
 To be eligible for storage at the marina, boat owners must provide proof of a comprehensive
boat insurance policy.  This will allow timely salvage operations and will cover damage to the boat
or to damages caused by one boat to another.  The rental contract specifies that a boat owner is
responsible for the damages his boat inflicts on another boat or to marina property – if he fails to
take prudent efforts to properly secure the boat for the storm.

Wet Slip Evacuation is Strongly Advised
Both boats and the marina will suffer less damage if boats are not left tied to docks during a

hurricane.  However, lessons learned from hurricane disasters in other states clearly indicate that
mandatory evacuation is nearly impossible to conduct.  Also, mandatory evacuation requirements
can lead to human safety issues.  The marina wishes to make it clear to boat owners that their boats
will have a better chance at survival if evacuated. Remember that it is in everyone’s best interest to
avoid damage to the marina - damage to the marina could affect the availability of a place to dock
and the future cost of slip rentals.
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 Notice to evacuate wet slip boats will be the decision of the Hurricane Response Team
according to guidelines in this Hurricane Preparedness Plan.  The marina manager will issue the call
to evacuate.  The marina will not evacuate boats unless that becomes the prudent and necessary
safety action.  Evacuation is not mandatory, but strongly advised.  Evacuation must be done early
enough to allow wet slip boat owners time to safely and properly anchor their boats and to return.

We hope to provide information and assistance to encourage the decision to voluntarily
evacuate.  Marina management will work to increase the boat owner’s knowledge and comfort level
for evacuating.  In addition to sponsoring evacuation and anchoring clinics, through the Hurricane
Response Team, return shuttle boats from local anchorages will be provided.

Dry Stack Evacuation is Strongly Advised
Evacuation of the dry racks by trailer is the safest course of action for your boat.  Hurricane

history indicates that unloaded racks systems will fare better.  Marina management feels that if boats
are left in the racks at Hurricane’s Eye Marina, they should be tied down – although conditions or
circumstances may prevent doing so. Marina personnel only will conduct tie-down, however, the
marina assumes no obligations in tying or otherwise securing dry rack boats.  This is a time
consuming and dangerous task.  Any attempt to tie down boats must be completed before foul
weather.  Boat owners must be aware that, there will be an announced cut off time after which
loading on trailers will cease in order to complete the tie down process.

Boat Owner Emergency Plans
The rental contract requires information to be kept current in the form of a “Boat Owner’s

Hurricane Readiness Questionnaire.”  This questionnaire outlines storm preparation requirements by
the marina and how the boat owner plans to comply, including absentee owner provisions, allowance
to move, contact list, removal of gear from the boat or dock box, etc.  It defines the boat owner’s
commitment to the marina plan.

Boat Handling Ceases When Winds Reach Sustained Speed of 25 Knots
Launching, recovering, or otherwise handling a boat is unsafe when wind speed reaches 25

knots.  Forklift, elevator and crane operations will cease at that time.

Command and Notification System
Marina management will assemble a Hurricane Response Team as an advisory panel to assist

in improving the hurricane plans.  The group will assist in implementing the plan during a storm
threat.  The marina manager makes the final decision on all policy and procedure recommended by
the HRT.  Notification of policy is in three forms: (1) the annual Rental Contract, (2) posted Marina
Regulations, and (3) this Hurricane Preparedness plan.  Notification of changes will occur by mail,
30 days prior to implementing change.

Safety Consideration
The overriding consideration in hurricane preparation and decision making in the marina

Hurricane Preparedness Plan is the safety of employees and boat owners.  Preventing damage to
property is secondary to human safety.
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F.  Hurricane’s Eye Marina Hurricane Plan – Preseason

[Note: From this point, for each “Condition,” specific duties are outlined for management, the Hurricane Response
Team, the Communications Coordinator, wet slip boat owners, dry storage boat owners, and the various areas of marina
operations.  The areas of marina operations included as examples here are marina office, dry storage, wet slips, service
shop, and ships store.  Your marina may have restaurants or similar owned or leased businesses on site.  Specific plans
will have to be developed for each, but much of what is outlined for the marina office, ships store and service shop
should be applicable.]

During “Preseason,” prior to June 1, when hurricane season begins each year, there is no
hurricane threat.  This is the time to review the marina Hurricane Preparedness Plan and update or
revise it as necessary.  Hurricane awareness and “How To” boat preparation clinics will be
conducted for our customers.  The marina crew will receive hurricane training.  The marina will be
inspected and housekeeping and maintenance will be done with storm readiness in mind.

Responsibilities in Preseason are:

Marina Manager
� Reassess marina emergency procedures policy.
� Review the marina rental agreement to ensure clarity of renter liability for property

damage and personal injury. Specify that vessel owners will be billed for services and
materials necessary for preparation, response, and recovery.

� Contact the County Emergency Management Director and _______each spring to review:
� Overall disaster plan
� Emergency assistance communications
� Wet slips evacuation concerns, considering such factors as severe weather drawbridge

policy, boat evacuation routes, safe harbors, etc.
� Regional map of the marina’s location with respect to storm surge, flood plain, wind

damage potential, evacuation routes, and bridge locations
� Review and update the detailed map of the marina showing locations of utility equipment

and power shutoff points, sources of auxiliary power, potential hazard areas such as from
fallen objects, trees, poles, etc.; emergency equipment and supplies, communication
equipment, first aid stations and escape routes.

� Identify items for evacuation in each department of the marina (Department managers to
develop check lists).

� Review and revise Hurricane Preparedness Plan as necessary.
� Review membership of the HRT and fill any vacancies.
� Remind boat owners of responsibilities during hurricane season (letter prior to June 1).
� Hold Hurricane Preparedness Plan training to include personal and family safety for

marina personnel, HRT, and volunteers.
� Emphasize cross training.  Each person will have tasks as assigned in their own work

area, but must be prepared to assist elsewhere when necessary.
� Supervise /inspect all areas of the marina for pre-hurricane season safety, housekeeping,

repair and maintenance.  Correct problems immediately!  (Suggest developing an
inspection checklist).

� Verify with insurance agent that marina is adequately insured, particularly for wind and
water damage. Keep current photographs of marina facilities on file and ensure that any
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applicable specifications required by the insurance policy (the fine print) have been met.
Have this confirmed in writing.

� Review listings for repair and salvage companies.  Pre-qualify companies with
references, proof of insurance, performance bonds and releases.

Hurricane Response Team
� Review Hurricane Preparedness Plan (as revised for current year).
� Assist Marina manager with marina housekeeping, repair, and maintenance inspection

program.
� Update hurricane contact lists and distribute among HRT:

� Agency and storm forecast emergency numbers
� Marina Employees, wet slip and dry rack customers (See Communications

Coordinator)
� Materials and service vendors and contractors.

Communications Coordinator
� Organize and train a communications team.  Include the Store Manager on this team. Be

aware that communications is the key element in successfully carrying out the Hurricane
Preparedness Plan.  The communications team has the responsibility to make equipment
available and to make certain that communication takes place between marina
management, the HRT, the various marina departments and boat owners.

� Plan a communication system with boat owners, including name, address, and telephone
number of designated caretaker in the event they are out of town during hurricane season.

� Update employee emergency contact list.
� Post and maintain a phone number list to include: Emergency Management Agency,

insurance agent, pre-qualified repair and salvage companies, utility companies, fire
department, police and Marine Patrol, rescue service, hospital, and employees

� Inventory marina handheld radios and weather alert radios.

Dry Storage Boat Owners
� Submit or update your “Boat Owner’s Hurricane Readiness Questionnaire” on file at the

Marina Operations  [Refer to Questionnaire at Appendix B].
� Review your boat liability insurance policy.  The boat owner can be liable for damages

caused by his boat.

Wet Slip Boat Owners
� Submit or update your “Boat Owner’s Hurricane Readiness Questionnaire” on file at the

Marina Operations  [Refer to Questionnaire at Appendix B].
� Review your boat liability insurance policy.  The boat owner can be liable for damages

caused by his boat.

Marina Operations – Office
� Conduct pre-hurricane season housekeeping (Suggest developing an inspection checklist).
� Obtain transportation (rental trucks, trailers, etc.) for evacuating marina materials and

equipment for each department.  Develop a listing of rental agencies to call.
� Obtain off-site rental storage if necessary.
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Marina Operations – Dry Storage Manager
� Conduct pre-hurricane season housekeeping, repair and maintenance of dry storage

facility.
� Inspect and service rack system, doors and  building.
� Inspect and service outside/wash racks.
� Inspect and service hauling equipment (forklift, travel lift, jib crane, railway, hydrolift,

etc.).
� Inspect and clear storm drains.(Suggest developing an inspection checklist)

Marina Operations – Wet Storage Manager
� Conduct pre-hurricane season housekeeping, repair and maintenance of wet slip facilities

and equipment  (Note: Suggest developing an inspection checklist).

Marina Operations – Ships Store Manager
� Conduct pre-hurricane season housekeeping, repair and maintenance of store and related

retail areas (Note: Suggest developing an inspection checklist).
� Participate in planning and training sessions with Communications Coordinator.
� Inventory hurricane response kit(s) - replenish as necessary.

Marina Operations – Repair Service Manager
� Conduct pre-hurricane season housekeeping, repair and maintenance of repair facility and

equipment. (Note: Suggest developing an inspection checklist).
� Perform repair and maintenance to all emergency equipment.
� Perform repair and maintenance to all marina vehicles and boats.

G.  Hurricane’s Eye Marina Hurricane Plan – Condition 5, Season Starts (June 1)

 In Condition 5, beginning June 1 when hurricane season begins each year, there is no
hurricane threat.  This is the time to begin conscientiously monitoring the US Weather Service Radio
and the Cable Weather Station for development of tropical systems.  We will continue to heighten
hurricane awareness and intensify pre-storm readiness.

Responsibilities in Condition 5 are:

Marina Manager
�  Monitor weather forecasts.
� The marina will use two sources of weather information to trigger Condition 4:

a. National Weather Service/NOAA
b.   County EMA    

� Review membership of the HRT and fill any vacancies.
� Convene HRT for an inspection of the marina and boats for hurricane readiness.
� Hold Hurricane Preparedness Plan clinics for boat owners (seek program sponsorship by

local agencies, vendors and services).
� Meet with managers of each department and marina office to develop a prioritized list of

equipment, records, stock, etc. for evacuation.  Mark these items for quick identification
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and prepare a checklist.  Consider the value of the item to getting business back in
progress after a hurricane.

Hurricane Response Team
� Continually monitor weather forecasts.
� Assist marina manager in a full facility hurricane readiness inspection.
� Work with marina management to prepare and conduct hurricane preparation clinics and

drills to instill a high degree of hurricane awareness and readiness among boat owners.
� Organize a shuttle boat operation for returning wet slip evacuees.  Devise a schedule

format and recruit experienced volunteers with shuttle boats.

Communications Coordinator
� Develop assignment sheet for marina handheld radios to issue to employees and

volunteers.
� Assemble/train team of 3 (with backups) for the emergency call network (in addition to

store manager).

Dry Storage Boat Owners
� Attend hurricane preparedness clinics held by the marina Hurricane Response Team.
� Prepare your boat evacuation plan – file it with the marina as required [Note: Refer to

Questionnaire at Appendix B].
� Make your boat and trailer evacuation ready.
� If you have no trailer, keep your boat ready for storms by keeping the bilge plug pulled

and canvas down.
� Review your boat insurance policy with your agent keeping marina contract requirements

in mind.

Wet Slip Boat Owners
� Attend hurricane preparedness clinics held by the marina Hurricane Response Team.
� Prepare your boat evacuation plan – file it with the marina as required [Note: Refer to

Questionnaire at Appendix B].
� Make your boat evacuation ready.
� Practice your evacuation and storm preparation plan.
� Review your boat insurance policy with your agent keeping marina contract requirements

in mind.

Marina Operations – Office
� Update the office equipment and records evacuation plan.  Mark items for quick

identification at evacuation.  Records to remove:
1.  Rent Roll
2.  Cash register receipts, records, and cash
3.  Petty cash box
4.  Inventory records
5.  Customer's contracts
6.  Budget and planning records
7. Marina Manager’s files
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8.  Computer, software and backed up files
� Meet with managers of each department to determine materials and equipment to be

evacuated and determine transportation requirements
� Determine who will drive rental trucks and pull loaded trailers.  Submit plan to marina

manager for approval.

Marina Operations – Dry Storage Manager
� Review files for dry storage “Boat Owner’s Hurricane Readiness Questionnaire “–

follow-up to obtain information as necessary.
� Check, repair and/or replace all rack tie down lines.

Marina Operations – Wet Storage Manager
� Review files for wet storage “Boat Owner’s Hurricane Readiness Questionnaire” –

follow-up to obtain information as necessary.
� Check and tighten dock cleats and pile guide fastenings.

Marina Operations – Ships Store Manager
� Double check Hurricane Kit inventory.
� Update plan (checklist) for evacuating and securing store stock.
� Update “last minute order checklist.”
� Prepare and sell “Hurricane Preparedness Kits” for boat owners.

Marina Operations – Repair Service Manager
� Update the plan (checklist) for evacuation tools, parts, and service records .

H.  Hurricane’s Eye Marina Hurricane Plan – Condition 4, Storm in the Vicinity

 In Condition 4 there is a tropical depression, tropical storm, or hurricane within a 1,200-mile
radius of the marina.  This is the time to assemble the Hurricane Response team to evaluate the
threat to the area and to develop a preliminary action timetable for this particular storm.

All marina employees are to make contact with their supervisor.  Plan to be called to duty at
or before Condition 4.

Be aware that progression from Condition 4 to Condition 0 – hurricane in progress, can
happen swiftly!

Responsibilities in Condition 4 are:

Marina Manager
� Schedule and conduct meetings with HRT to determine threat potential and action time

tables.
� Meet with Communications Coordinator and volunteer team to review Communications

strategy and requirements.
� Meet with each marina department head to review Communications strategy and

requirements.
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� Review list of preselected equipment and records to be evacuated in each department.
� Confirm with marina office readiness to secure rental trucks for evacuation.
� Meet with dry rack and wet slip managers and review “Boat Owner’s Hurricane

Readiness Questionnaire” on file for each boat.  Obtain updates from boat owners as
required

� Determine the number of absentee boat owners expected.
� Schedule marina crew for storm duties.  Include "shore leave" for crew to prepare homes

and families.
� Coordinate securing marina facilities, equipment and boats.
� Delegate supervision of volunteers.  Assign HRT member for follow-up on each.

 Hurricane Response Team
� Evaluate the storm threat potential by plotting the advance and assessing weather reports.
� Determine a timetable for action for this particular storm.
� Initiate notification of wet slip boat owners.
� When the storm is perceived as a threat, the HRT activates Communications.
� Provide uniform written statements to the Communications Coordinator on storm

position and any activation timetables.
� Assemble the shuttle volunteers for briefing.

 Communications Coordinator
� Assemble members of the communication team for briefing on the storm as advised by

the HRT.
� Disseminate only information from the HRT, as approved by marina manager, regarding

the storm to maintain standard information and to minimize confusion.
� Keep a list of persons not reached on the first call and continue to repeat this call list.
� Log each call made notifying boat owners (record message, time of call, recipient of

notice or no answer).
� Distribute handheld radios as advised by marina manager.
� Perform initial communications regarding the storm and status of preparedness plan

implementation to marina employees, volunteers and boat owners as directed by the
marina manager.

� Conduct telephone alert of volunteers.
� Begin maintaining “storm notice posting” at the marina office.  Post storm information on

bulletin board outside of store (to reduce the traffic of curious on-lookers in the store).

Dry Storage Boat Owners
� Ensure your “Boat Owner’s Hurricane Readiness Questionnaire” is current and complete

and on file at the Marina Operations.   
� Make final readiness checks on your boat trailer and on your towing vehicle.

Wet Slip Boat Owners
� Ensure your “Boat Owner’s Hurricane Readiness Questionnaire” is current and complete

and on file at the Marina Operations.   
� Keep an adequate inventory of storm gear aboard and maintain dock and anchor lines of

proper size and condition.
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� Check your primary and alternate evacuation anchorages – reevaluate your evacuation
plans.

� Adhere to the marina dockage contract provision that all boats must be able to get
underway under its own power.

Marina Operations – Office
� Meet with department managers to assist with preparing items for evacuation.
� Place tentative order for rental evacuation transportation and storage units.

Marina Operations – Dry Storage Manager
� Perform storm readiness inspections on area and equipment.
� Assemble rack tie down crew and begin moving boats that will not be evacuated to

intended securement sites.

Marina Operations – Wet Storage Manager
� Perform storm readiness inspections on area and equipment.
� Closely inspect floating docks and piers for potential problems.  Pay special attention to

areas where wave action will be severe.
� Ready extra line, chafing gear and fendering.

Marina Operations – Ships Store Manager
� Perform storm readiness inspections on area and equipment (refer to checklist).
� Distribute Hurricane Kit Supplies as directed by marina manager.
� Order fuel, ice and ____.
� Mark supplies in store stock for marina use to avoid depletion of stock by customer

demands.
� Review the checklist for merchandise, store records, and cash that are to be evacuated.

Marina Operations – Repair Service Manager
� Perform storm readiness inspections on area and equipment (refer to checklist).
� Review the checklist for tools, parts, and service records that are to be evacuated.

I.  Hurricane’s Eye Marina Hurricane Plan – Condition 3: 72-48 Hours to Landfall

 In Condition 3, we are under a storm threat.  This is the time to activate the full
hurricane response team and to be well into implementation of the Hurricane Preparedness
Plan.  Everyone should frequently monitor radio, TV, or NOAA Weather Radio for official
bulletins of the storm’s progress.  Also, everyone should review needs and working condition
of emergency equipment, such as first aid kit, flashlights, and battery-powered radios.

All marina employee leave is canceled – everyone is to report to their supervisor.
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Responsibilities in Condition 3 are:

Marina Manager
� Visit with each employee to increase his or her personal level of preparedness and to

encourage prompt return to work after the threat passes.
� Continually visit each marina area to inspect work progress.
� Prepare to issue a notice that evacuation of wet slips and dry racks is recommended.

Hurricane Response Team
� Evaluate the storm threat potential by plotting the advance and assessing weather reports.
� Advise manager on timing of issuing a notice that evacuation of wet slips is

recommended.  Do this very early in the U. S. Weather Service Hurricane WATCH stage
in order that boats may be clear of the slips by the U. S. Weather Service Hurricane
WARNING stage.

� Issue a notice that evacuation of dry racks is recommenced early in the WATCH stage.
The notice will include the deadline for access to boats in the racks.  After this deadline
boats in dry storage will not be loaded for trailering or moved to wash racks for securing
of contents.  This is an effort to eliminate untying of boats already secured and
prolonging preparation efforts and marina personnel hazard exposure.

� Activate the wet slip evacuation shuttle volunteers.
� Be prepared to step up preparation timetables if forward speed and intensity increase.
� As time allows, work with marina crew in assigned areas with boat evacuation, rack tie

down, and general facility preparations.
� Chair of HRT will report progress report hourly to Communications Coordinator.
� HRT will initiate the wet slip evacuation shuttle operation.

Communications Coordinator
� Maintain constant radio contact with marina manger and HRT.
� Continue efforts to contact boat owners to relay HRT messages.
� Maintain storm information on bulletin board outside of store.
� Receive and log boat evacuation or preparation information.  Designate a courier to

convey information to wet slip and dry rack managers by carbon copy note.
� Post evacuation and return shuttle information schedules, with records of who departs

and who returns (assign volunteer to this).
� Notify suppliers to hold shipments until further notice.

Dry Storage Boat Owners
� Evacuation of your boat to safety is strongly advised
� Secure your boat according to your plan.
� Be aware that any costs associated with securing a boat at the marina will be charged to

the boat owner.
� Advise the marina of your intention and schedule for evacuating your boat by trailer.
� Be aware that trailer loading will terminate when wind speed reaches 25 knots – or at a

specified time to allow completion of marina storm preparations, so plan to move early.
� The marina will assist only with launch and recovery as weather conditions permit.



45

Wet Slip Boat Owners
� Evacuation of your boat to safe anchorage or to haul out is strongly advised
� Secure your boat according to your plan.
� Act soon …Bridges will be locked down.
� Advise the marina of your intention and schedule for evacuating your boat by water or to

take to a yard for haulout.
� Regarding evacuation shuttle service provided by the HRT:

� HRT Volunteers will post shuttle schedules outside of marina office.  Volunteer
shuttle boats are free – until 24 hours prior to predicted hurricane landfall.  Efforts
will be made to have commercial captains available - AT A FEE - after volunteers are
relieved of shuttle duties.  (Establishing a cut off for free volunteer shuttles was the
result of lessons learned from Hurricane Hugo, procrastinating captains put many
volunteers in a situation where they were still shuttling when they should have been at
home preparing their own property and families.)

� Each captain shall file his evacuation plan at a shuttle control point outside of marina
office (destination, number of crewmembers, estimated time to secure boats, etc.).
PLEASE - LIMIT CREW TO AVOID OVERLOADING SHUTTLE BOATS.
Notify the control point upon return to the marina.

� Through coordination with the HRT, automobile transportation back to the marina
will be provided from ________________. This will reduce shuttle time.

� The HRT Volunteers will organize evacuation crews for absentee boat owners if
desired.

� Boats left docked at the marina should have extra lines, fendering and chafing gear.
� Secure the boat according to the diagram posted at the marina.
� Anticipate that the floating docks may float off of the piling.
� The marina may be unusable to secure unattended boats.

� Be aware that any costs associated with securing a boat at the marina will be charged to
the boat owner.

� Once your boat is secured, leave it and don’t return once the wind and waves are up.
� Under NO circumstances should you ride the hurricane out on your boat.

Marina Operations – Office
� Secure a rental truck for evacuation of preselected office equipment and records.
� Coordinate materials and equipment evacuation needs for each department.

Marina Operations – Dry Storage Manager
� Alert dry rack crew to tie down schedule.
� Load trailer boats for evacuation on first come, first serve basis.
� Launch boats only for evacuation by water.
� Periodically check progress of all crews.
� Once notice is given to secure all boats:

� Move all upper rack boats possible to lower racks prior to tying.
� Start 2 man crews tying boats in bottom racks, to warm up and to ensure everyone is

tying knots correctly.
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� As soon as possible, when crews are ready, move them to top racks, then mid racks
and finish up with bottom racks.  Remember that it is essential to complete upper rack
tie downs prior to nightfall, high winds, or rain.  It will probably take 4 crews of 2 as
much as 6 hours to complete the job.

� Put all boats in dry racks if possible.  Secure outside racks.
� PULL boat plugs and LOWER canvas.  The additional weight of water in boats could

collapse the rack system.
� Manager will inspect knots and plugs/canvas after crews pass.  Ensure that proper

knots are being used.  Improper tie downs will be a waste of a lot of very dangerous
work..

� Ensure crew is working with extreme caution, wearing non-skid shoes, hard hats, and
safety harnesses.

� Terminate work in upper racks if conditions warrant (high wind -25 Knots, rain).

Marina Operations – Wet Storage Manager
� Assist evacuating boats and shuttles getting underway and returning.
� Assist with launch and haulout.
� Continue fuel dock operations.
� Determine best locations for boats likely to be left in the marina.

Marina Operations – Ships Store Manager
� According to the checklist, prepare merchandise, store records, and cash that are to be

evacuated.
� As confusion in the stores mounts, close for retail business in order to assist with

communications and to begin securing the store and contents for storm. (Remain open for
ice and hurricane supply items until the situation is prohibitive).

Marina Operations – Repair Service Manager
� According to the checklist, prepare tools, parts, service records and cash that are to be

evacuated.
� Launch marina boat for use as needed in securing wet slips, then fuel, check equipment

and supplies, then load to evacuate by trailer.

J.  Hurricane’s Eye Marina Hurricane Plan – Condition 2: 48-36 Hours to Landfall

 In Condition 2, a hurricane may strike within 48-36 hours – a hurricane WATCH has been
issued.  This is the time to complete securing of marina and boats.  The Emergency Management
Agency probably has recommended voluntary evacuation of islands and other low-lying areas by
this time.  Marina management, in consultation with the HRT will determine marina closing and
employee evacuation schedule.  Entry to the marina is limited at this time to employees, members of
the HRT and boat owners in the process of evacuation.

Responsibilities in Condition 2 are:

Marina Manager
� Make continual checks of storm readiness preparations in all departments.
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� Determine security requirements as confusion mounts.  Reducing unnecessary traffic at
the marina may require a Security Guard.

Hurricane Response Team
� Evaluate the storm threat potential by plotting the advance and assessing weather reports.
� Be prepared to step up preparation timetables if forward speed and intensity increase.
� Assist marina manager in checks of storm readiness preparations in all departments.

 Communications Coordinator
� Prepare communications equipment and contact lists for evacuation.
� Put pre-qualified repair and salvage companies on stand-by.

Dry Storage Boat Owners and Wet Slip Boat Owners
� Be securing your boat according to your plan as filed with the marina.

Marina Operations – Office
� Back up computer files.
� Print out general ledger to date.
� Process and mail all outgoing mail.
� Get travelers checks as required by marina manager.
� According to the checklist, load office equipment and files for evacuation.

Marina Operations – Dry Storage Manager
� Facilitate boat evacuation by trailer until announced deadline.
� Secure area flags, trashcans, carts, furniture, fire extinguishers, and other loose items that

can be affected by wind.
� Secure dinghies, day sailors and outside dry rack boats.
� Place marina cart on the dinghy trailer for evacuation.
� According to the checklist, load dry storage customer and operations files for evacuation.

Marina Operations – Wet Storage Manager
� Secure area flags, trashcans, carts, furniture, and other loose items that can be affected by

wind.
� Assist evacuating wet slip boats and wet slip boat owners asking to haul out.
� According to the checklist, load wet slip customer and operations files for evacuation.

� Marina Operations – Ships Store Manager
� According to the checklist, load merchandise, store records, and cash for evacuation.

Coordinate transportation with Marina Office.
� Inventory and order fuel and ice.
� Consolidate frozen items into 2 freezers, if possible.
� Freeze or release live bait once pump is shut down.  Do early enough to allow freezing

before electricity goes off.
� Set up 12v batteries to power VHF during electrical outages.
� Carefully monitor sales of ice, batteries, flashlights, rope and other storm supplies. Retain

an adequate stock for marina's use.
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� Relocate merchandise that cannot be evacuated, but could be damaged by flooding.
Ensure that storage room doors and vents are tightly secured with plywood and plastic.

� Assist Communications Coordinator as required.

Marina Operations – Repair Service Manager
� According to the checklist, load tools, parts, service records, and cash for evacuation.

Coordinate transportation with Marina Office.
� Coordinate boarding up of all windows at store, office and service shop.
� Secure area flags, trashcans, carts, furniture, fire extinguishers, and other loose items that

can be affected by wind.
� Secure containers for used oil, antifreeze and other environmental hazards.

K.  Hurricane’s Eye Marina Hurricane Plan – Condition 1: 24 Hours to Landfall

 In Condition 1, there is high probability the hurricane will strike – a hurricane
WARNING has been issued.  This is the time to have completed evacuation efforts.  Marina
management will announce marina closing and employee evacuation schedule.  Everyone
will stand by to evacuate.  Entry to the marina is limited at this time to employees, members
of the HRT.

Everyone should continue to closely monitor radio, TV, NOAA Weather Radio, or
hurricane Hotline telephone numbers for official bulletins.  Follow instructions issued by
local officials.  LEAVE IMMEDIATELY IF ORDERED TO DO SO.  Under any
circumstances - leave areas that might be affected by storm tide or a stream flooding.

Anyone working on the docks or near the water is required to wear life jackets.

Responsibilities in Condition 1 are:

Marina Manager  
� Prepare to evacuate.
� Account for all personnel and clientele.
� Arrange for transportation.
� Make final checks of storm readiness of all departments.
� Prevent unnecessary traffic at the marina.
� Base a decision to evacuate on recommendations from local authorities and the condition

of evacuation routes.
� Evacuate customers, essential files, records, equipment and personnel when premises are

secured or immediately on order from the Emergency Management Agency.

Hurricane Response Team
� Evaluate the storm threat potential by plotting the advance, assessing weather reports and

listening to County Emergency Management Agency instructions.
� Be prepared to step up preparation timetables if forward speed and intensity increase.
� Advise marina manager on final evacuation timing.



49

� Assist marina manager in final storm readiness checks.
� Organize post-storm rendezvous.

Communications Coordinator
� Communicate evacuation order as directed.
� Communicate post-storm rendezvous.
� Maintain telephone and radio operations as long as possible.

Dry Storage Boat Owners
� Stay clear of the marina, unless you are a member of the Hurricane Response Team.
� Have completed all storm preparation efforts for your boat.  Complete securing home and

evacuating family as instructed by the County Emergency Management Agency.

Wet Slip Boat Owners
� Stay clear of the marina, unless you are a member of the Hurricane Response Team.
� Have completed all storm preparation efforts for your boat.  Complete securing home and

evacuating family as instructed by the County Emergency Management Agency.

Marina Operations – Office
� Evacuate office equipment and files.

Marina Operations – Dry Storage Manager
� Dry rack tie-down should be completed.
� Prepare a list of boats left in marina and photograph each.
� Use forklift to assist with removal of heavy items from docks.
� Fuel and then park forklifts at highest ground point.  Park boat elevators in down

position.
� Marina boats: fuel and equip for trailering and evacuate when appropriate with

designated vehicle.

Marina Operations – Wet Storage Manager
� Assist wet slip evacuees as required.
� Stand by to position breakwater across marina entrance with proper markings in place

after evacuation efforts are complete.
� Secure any boats not evacuated.

� Prepare a list of boats left in marina and photograph each.
� Lash dock boxes to cleats and wire/lock tops closed.
� Secure all dock carts ashore.
� Wire shut all power centers covers.  Use 3" strips of wire.
� Remove and carefully secure hanging fish scale (careful not to damage calibration).
� Decommission and secure fuel docks, including pumpout station (remove all oils and

other inventory).
� Remove hose reels and other removable items.
� Lash dispenser covers to the frames.
� Seal fuel storage tanks.
� Close all valves.
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� Disconnect ramps and pull/ secure ashore.
� At last call for evacuation remove life rings and fire extinguishers from floats.

Marina Operations – Ships Store Manager
� Collect and consolidate Hurricane Kit materials and equipment not in use.
� Complete final boarding of building.

Marina Operations – Repair Service Manager
� Connect gas generator when power loss is experienced.  Have two 5-gallon cans of gas at

standby.
� When appropriate, cut power, water and natural gas to all marina buildings (open all

major circuit breakers).
� Stand by to disconnect floating dock power cables, water and fuel lines if tidal surge is

expected.
� Stand by to disconnect dock ramps and to secure docks to fixed pier pilings.
� Double check readiness of emergency pumps and secure on service truck.

L.  Hurricane’s Eye Marina Hurricane Plan – Condition 0: Hurricane

 In Condition 0, we will be under hurricane influence.  No boat or marina preparation will
occur.  Concern is for personal and family safety only.

Responsibilities in Condition 0 are:

Marina Manager, Hurricane Response Team, Communications Coordinator, area managers and
employees

� Remain in safe shelter.

Dry Storage Boat Owners and Wet Slip Boat Owners
� Remain in safe shelter; do not be aboard in a Hurricane!
� One of the most dangerous mistakes a skipper can make is to stay aboard during a

hurricane.  There is little, if anything, a skipper can do to save a boat when winds are
blowing 100 mph, tides are surging, and visibility is only a few feet.

M.  Hurricane’s Eye Marina Hurricane Plan – Return and Recovery

After the hurricane has passed, everyone is advised to remain in a protected area until
announcements are made on radio or TV that dangerous winds and flooding have passed.  Telephone
communications may not be possible.  Listen to public radio broadcasts for this information.  Marina
personnel are expected to return to the marina as soon as possible to begin the cleanup process and to
return the marina to operating conditions.

Controlling damage after the hurricane is important.  This can save time and money for the
marina and boat owners.  Someone with authority must be available to work with salvors, owners,
and insurance representatives and provide security to limit access to the property.  We will admit
only boat owners, authorities, insurance personnel, and only those contractors and surveyors on
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assignment.  Salvage operations will be discussed with owners and their insurance companies before
moving damaged boats.  Calling insurers with a description of conditions at your marina will help
expedite removal of boats as well as the payment of salvage bills and claims.

If there have been high waters, be careful of snakes or other animals that may have gotten
into buildings or other high points.

Responsibilities in Return and Recovery are:

Marina Manager
 

� Communicate with HRT and assemble at a designated time and place.
� Re-enter marina when cleared by local emergency management.
� Prepare to assist in search and rescue activities.
� Conduct a safety inspection and document damages photographically before permitting

customers on the property.  If necessary, request assistance from the Emergency
Management Agency, fire department, utility companies, or police.

� Clearly mark and blockade hazard areas; be particularly careful of fallen electrical lines
and leaking fuel.

� Deploy containment equipment for liquid spills.
� Designate spokesperson(s) for media, insurance, and customers.
� Evaluate boat condition reports as provided by wet and dry storage managers.  Prepare

reports for customer notification by Communications Coordinator.
� Contact local or state agencies regarding necessary permit requirements for rebuilding.
� Begin clean up and repair procedures only after insurance company has been contacted

and legal documentation of damage has been accomplished.
� Determine the priorities for getting the marina back in business – make assignments to

HRT accordingly.

Hurricane Response Team
� Assist marina manager with damage assessments and planning a repair schedule.
� Make recommendations for improving the marina “Hurricane Preparedness Plan” (in

writing within two weeks of Hurricane).

Communications Coordinator
� Set up and supervise operations center, log in all arrivals and departures.
� Contact employees not returned.
� Contact repair and salvage companies as directed.
� Contact customers to report boat condition and when marina is estimated to be open to

inspect boats.

Dry Storage Boat Owners and Wet Slip Boat Owners
� Remain clear of the marina until notified.
� Review insurance policy and prepare to evaluate and report damages to insurance agency.
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Marina Operations – Office
� Assist Communications Coordinator.
� Restore offices to operation as soon as possible.

Marina Operations – Dry Storage Manager
� As approved by manager:
� Evaluate boats in dry storage and submit a report to manager.
� Put forklift and other lifts in service.

Marina Operations – Wet Storage Manager
� As approved by manager:
� Evaluate boats in wet storage and submit a report to manager.
� Prepare Marina boat for launch.

Marina Operations – Ships Store Manager
� Obtain and account for emergency equipment issued.
� Assist Communications Coordinator.

Marina Operations – Repair Service Manager
� Assemble recovery equipment inventory – lifts and cranes, tractor, winches, blocks and

tackle, lift slings, etc.
� Work with qualified electrician to check out all circuits and electrical equipment.
� Assist manager.

“We’re all in this together”  Captain Ahab

I have read, understand, and agree to Hurricane‘s Eye Marina “Hurricane Preparedness Plan”.

Print name: ______________________________, Employee ___, Boat Owner: ___

Signed: ____________________________________

Date: ______________________________________
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SECTION VI

Insurance Claims 

Although we

have an extensive and

well-thought out plan to

protect the marina and

boats during a hurricane,

it is necessary to buy

insurance against loss

and liability.  Be aware

that insurance is not a

passive product.  Select

an agent experienced

and knowledgeable in

the marina business to

ensure buying the right

coverages.  You must

know the responsibilities

of you and others to

ensure you will collect for damages.  The best advice for ensuring collection of due damages is to

prepare your property against loss, damages or liability - as if you have no insurance.

A.  Before the storm

Both marina managers and boat owners should know the following:

❑ where your insurance papers are,

❑ that your policy is updated, 

❑ what is and what is not covered, 

❑ what your responsibilities are, 

❑ what your agent's responsibilities are and

❑ that you have photographs of your property and inventories of equipment and contents.

Marina
Marina insurance is normally underwritten with consideration to fire, casualty, liability, and

the associated hazards, plus loss of revenue or business interruption coverage.  Be aware that storm

and flood damage is usually considered, but not as well defined and, in general, depends on the

marina location and local topography.  The normal insurance coverage for fire, casualty, liability, etc.

is available from many underwriters who may or may not provide flood or wave damage insurance.  

Hurricane Andrew - boat damage at Black Point Marina. Wind and surge from
this category 4 storm tossed boats around like toys.
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Insurance coverage for damage associated with high winds and flooding may be only partially
incorporated within flood insurance.  Your insurance agent should be consulted to ascertain that
coverage is adequate.  Business interruption insurance should be considered when developing your
insurance program.  The marina insurance agent should want to review your hurricane plans.  The
company’s risk management program may have useful advice to add.  The fact that you have a well
thought out plan attests to good management and the marina that is managed to survive a storm is
likely to survive other hazards.

Boats
  To be eligible for storage at most marinas, boat owners must provide proof of a

comprehensive yacht insurance policy.  This will allow timely salvage operations and will cover
damage to the boat or to damages caused by one boat to another.  The rental contract specifies that a
boat owner is responsible for the damages his boat inflicts on another boat or to marina property – if
he fails to take prudent efforts to properly secure the boat for the storm.  Know your marina rules
and regulations and know your responsibilities for your boat and for the marina.

Guidelines for securing boat insurance:

� The policy should be an “All Risk,” agreed hull value policy.  With this policy form, causes of
loss not covered must be specifically excluded in the policy provisions.  In case of a total or
constructive loss, the amount of insurance stated on the declarations page is paid to the owner
without deduction for depreciation.

� This “All Risk” policy form typically covers boating equipment normally carried for safety or
navigation, both aboard and when separated from the boat and stored ashore.  It should
specifically extend coverage to dinghies, tenders or trailers.  Owners should check the specific
provisions in their policies as they vary from company to company.

� Dock boxes and contents would be considered personal property in most programs and are not
automatically covered in the boat policy.  Owners should check to ensure exactly what personal
effects are covered and if the dock box and contents are included.

� Boat owners should purchase both Hull and Protection and Indemnity (P&I) coverage.  P&I is
marine liability coverage.

� Coverage for the cost of removing wrecks is normally in the policy’s liability section.  If the boat
liability is under the owner’s homeowner policy, chances are there is no wreck removal
coverage.

B.  After the storm

Once you determine you have a loss to insured marina property and/or a boat, the following
general steps should be taken to process your claim:
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� Photograph the damaged property and make a list of all damages and suspected problems.  If
the property is in peril, take all necessary steps to preserve the property and prevent further
damage.  Do not begin repairs other than that necessary to prevent further damage.  Repairs to
prevent further damage may include beginning clean up to remove salt, mud, sand, etc. and to
flush, dry and start machinery.  Hire a mechanic if necessary – this should be covered under
“Sue and Labor” in your policy.

� Promptly call your insurance agent to report the claim or loss.  Estimate the percentage of
damage – cosmetics, wave damage, wind damage, water damage, total loss, etc.

� Contact repair companies to get estimates for repairs.  You do not have to wait for an
adjuster/surveyor to get estimates.

� An adjuster, insurance company surveyor or independent surveyor acceptable to the insurance
company will be instructed to survey the damaged property.  The owner can elect to hire a
second surveyor, at his own cost, to conduct an independent survey of the property.  The
owner should arrange to accompany the surveyor on the initial damage survey.

� Have your inventory list, receipts, inventory pictures, pictures of damages and repair
estimates ready for inspection by the adjuster/surveyor.  You will need to provide both a
“proof of loss” and “release/payment order”.

� After conducting the survey, the surveyor files a surveyor’s damage report with the insurance
company, and sends a copy to the owner, if required.

� The owner files a statement of loss with the insurance company explaining what took place,
when, where and why.  It includes specific lists of known damages along with sketches or
drawings.

� In case of a dispute, the owner will hire a second surveyor/adjuster, at the owner’s expense, to
represent the owner’s side of the dispute.  A third party will be designated to listen to both
sides and arrive at a decision.

� If the owner agrees on the estimates and companies to do the repairs, the insurance company
issues a check with both the repair firm and owner/mortgagee listed as payees on the check.

� When the work is completed to the owner’s satisfaction and approval, the check is co-signed
and the repair firm is paid.

� Keep in mind that, with all the confusion accompanying the aftermath of a hurricane, the
underwriters will first settle claims having all the appropriate paperwork completed.

� If a total loss of the property exists, the insurance company issues a check to the owner and
mortgagee, usually for an amount equal to the agreed value or the fair market value of the
property.



Small recreational
fishing are stored
on racks at the San
Juan Bay Marina -
San Juan, Puerto
Rico.
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❑ In case of total loss of a vessel, be prepared to surrender the vessel's documentation papers,

original insurance policy, any remaining equipment, and the damaged vessel.

Remember!!
If the property is insured, and damages have occurred, a report of loss and/or damage should

be made to the insurance agent and/or company as soon as possible.  A telephone call will suffice to

put them on notice.  This should be followed up with a written notice.  Provide all the details that you

can on this first notice, such as:

❑ exact location of property,

❑ structural condition of property (e.g., holes in hull or floating docks),

❑ did the vessel partially sink and is the machinery and/or interior wet, etc..,

❑ are the buildings and contents flooded,

❑ must the vessel be removed immediately; if so, to what location (same for building contents).

Be Aware!!!
Insurance companies will have surveyors and adjusters in the area to assist and work with

their policyholders.  In locations designated as disaster areas, there will be insurance teams and

claims offices established.  While surveyors, adjusters, company representatives, and many repair

facilities will try to work with you, only you have the right and authority to determine what is to be

done to or on your property.  There will be many marinas and boat owners with damages and repair

businesses will be very busy.  You will have to do the necessary preliminary work quickly to get your

property repaired.

As unscrupulous as it may sound, some people take advantage of the misfortune of a

hurricane, often times in the form of price-gouging. Watch out for "fly-by-night" operators who

promise to do great work, take your money up front and then never return to do this great work. Call

the Better Business Bureau if in doubt. Price-gouging is also punishable by law. Businesses may also

be required to pay restitution and damages to consumers. If you feel you have been victimized by

price-gougers, call your state's Attorney General's office.

Sources: Adaptations of information from Boats/US, Metro-Dade Office of Emergency Management, Houston Yacht

Club Hurricane Preparedness Plan, and Beam, Cooper, Gainey and Associates - Marine Insurance Division. 
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HURRICANE PREPAREDNESS GUIDELINES FOR MARINAS

SECTION VII Appendix A

EXAMPLE  - MARINA HURRICANE PREPAREDNESS KIT INVENTORY SHEET

[Note: This list is typical and may be used as a guideline for preparing a list for a specific marina site and operation.
The list is by no means complete or exhaustive – determine what else you will need.  It is unlikely the “kit “ contents will
be in one location, so it is suggested that the list be organized according to location.  Also, some items, such as rope,
nails will be needed in varying sizes, and the inventory lists must be broken down accordingly.]

Inventory Date: ________________
Inventoried By: ________________________________________________________________
Reviewed By Management (signature/date): __________________________________________

ITEM QUANTITY
TO STOCK

QUANTITY
ON HAND

DATE
REPLENISHED

ITEM CONDITION
OK/COMMENTS

SAFETY & FIRST AID:
First Aid Kits
Stretchers
Blankets
Flares
Medicine
Barricades
Warning Signs
DC Powered Radios
Sanitation Supplies
Fire Extinguishers
Potable Water Containers

PERSONNEL GEAR
Foul Weather Suits
Foul Weather Boots
Hard Hats
Life Jackets
Safety Harnesses
VHF Handheld Radios
Flash Lights & Batteries
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TOOLS AND EQUIPMENT
Dock Bolt Wrench Set
Small Tool Set
Gasoline Powered Pump
Hand Pump
“Come-a-long”
Generator w/ Fuel
Extension Cords
Sledge Hammer
Hammers
Shovel
Pry Bar
Ax
Oil Spill Response Kit
Mops, Brooms, Buckets
Ice Chests
Lanterns and Fuel
Emergency Lights (DC)
Emergency Lights (AC)
Chain Saw

SECURING MATERIALS
Plywood, Bulk
Plywood, Cut to Fit Windows
Lumber (2”X4”X16’)
Rope
Lashing Cord
Wire Ties
Chain
Anchors
Cable w/ Clamps
Nails – Asst. Sizes
Spikes
Screws
Lag Bolts
Masking Tape
Duct tape
Sandbags
Fenders and Fendering Material
Chafing Gear
HDuty Trash Bags (Asst. Sizes)
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HURRICANE PREPAREDNESS GUIDELINES FOR MARINAS

Appendix B   BOAT OWNER’S HURRICANE READINESS QUESTIONNAIRE
Use this as a worksheet to describe your boat’s state of hurricane readiness and your preparation plans. Return a copy to
the marina office and provide a copy to your alternates (an alternate must be named for the event of your absence).

Boat name: ______________________________Length: ____ Model: ____________________ Power ___ Sail ___
Owner’s name: ___________________________Address: ______________________________________________
               City: ____________________________State: _____ Zip: ________ Day phone: _____________________
               Night Phone: _____________________ Other Phones: __________________________________________
Captain’s name: __________________________ Address: ______________________________________________
               City: ____________________________State: _____ Zip: ________ Day phone: _____________________
               Night Phone: ______________________Other Phones: _________________________________________

 Has boat keys?  ______________Access to hurricane equipment?  __________________
Alternate #1’s name: _______________________ Address: ______________________________________________
              City: ____________________________ State: _____ Zip: ________ Day phone: _____________________

Night Phone: ______________________ Other Phones: _________________________________________
Has boat keys?  ______________Access to hurricane equipment?  __________________________

Alternate #2’s name: ________________________Address: _____________________________________________
               City: _____________________________State: _____ Zip: ________ Day phone: ____________________
               Night Phone: ______________________ Other Phones: _________________________________________

 Has boat keys?  ______________Access to hurricane equipment?  __________________________
Boat’s current location: __________________________________Planned location during a hurricane:___________
If at a dock: Slip # _______
Additional lines no.: _____Length: ________ Size: _________Chafing gear: ________________________Fenders: ________________________
If at a hurricane hole:
Travel time by water from present location: _________Are there bridges?  ________ If yes, will they open prior to hurricane?  ______________
Has owner of surrounding land been contacted?  __________________ How will skipper and crew get ashore?  ___________________________
Type of bottom: ____________________________Depth: ________ Number/types of anchors needed: __________________________________
Lines needed: ______________________________Number: ____________________Length: ___________________ Size: _________________
Chain needed: _____________________________  Number: ____________________Length: ___________________Size: _________________
Chafing gear: __________________________________________________________Swivels: __________________  Shackles: _____________
If stored ashore, is boat already ashore and where?  _______________________________________ If no, what arrangements have been made for
hauling?  _______________________________________________________________________________________________________________
Contact name (marina/property owner): ______________________________ Phone number: ____________________________________________

List all equipment needed to prepare boat:                                                 List equipment to be stripped from boat:
Equipment Current location Equipment Storage location
� Extra lines � Electronics
� Chafing gear � Dinghy
� Fenders � Outboard fuel
� Anchors + Ropes � Sails
� Swivels + Shackles � Bimini
� Wire ties � Galley fuel
� Duct tape � Ship’s papers
� Exhaust Port Plugs � Insurance Policy
� Tool Kit � Boat inventory/Photos
Diagram of proposed hurricane docking or anchoring arrangement: Hurricane plan final checklist:

� Arrange dock/anchor
lines

� Add chafe protection
� Place extra

fenders/fenderboards
� Duct tape

windows/hatches
� Plugs in engine ports

� Remove bimini, sails, life
rafts, etc.

� Disconnect shore power
� Close fuel valves
� Close all but cockpit

seacocks
� Lock boat
� Notify marina manager

Adapted from Seaworthy, a periodical of BOAT/U.S.

Date this Boat Hurricane readiness plan was tested _______________________________ Signed ________________________________________
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HURRICANE PREPAREDNESS GUIDELINES FOR MARINAS

Appendix C  EMERGENCY RESPONSE AGENCY PHONE NUMBERS

EMERGENCY 911
County Agencies
Emergency Management Agency
Fire Department
Sheriff Department
Police Department
Emergency Medical Service
Medical Care Center
Hospital
County Public Health
County Public Works

State Agencies
Emergency Management Agency
Emergency Preparedness Division
Environmental Protection Division
Department of Natural Resources
State Patrol
Department of Transportation
Attorney General

Federal Agencies
Federal Emergency Management Agency (FEMA)
Hurricane Program Manager:  William G. Massey

(770) 220-5430
(770) 220-5461 fax

U. S. Environmental Protection Agency (800) 241-1754
(404) 562-9900

National Response Center (800) 424-8802
U.S. Coast Guard – Marine Safety Office
Chemical Transportation Emergency Center (CHEMTREC) (800) 424-9300

Local EMA Phone Numbers and Contacts
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APPENDIX C-2
WHAT WORKS:  A GUIDE TO PREPARING MARINAS, YACHT CLUBS, AND BOATS 
FOR HURRICANES. A BOAT U.S. MARINE INSURANCE PUBLICATION



What Works
A Guide to 

Marinas, 
Yacht Clubs 
and Boats 
for Hurricanes

A BoatU.S. Marine Insurance Publication



Preface
Immediately after Hurricane Ike had battered the Texas Gulf 
Coast, one of the more unusual sights in the stricken area was 
the Waterford Harbor Marina in Kemah. While all of the other 
marinas nearby were littered with broken docks and damaged 
boats, Waterford looked as if had been protected by a magical 
unseen bubble. Not a single boat at Waterford had been sunk 
or, with the exception of a few torn biminis, even damaged. It 
was, as one observer said, “uncanny.”

There was no bubble or even luck involved in the marina’s 
good fortune. Waterford is in an almost ideal location, 
sheltered from wind and waves on four sides by land that rises 
well above sea level. As for the dreaded surge, the marina has 
floating docks, which are held by in place by sturdy pilings 
that rise 16 feet above normal high tide.

Very few marinas are as well protected or as sturdily 
constructed as Waterford and, as you might expect, most 
suffered much more damage. The same could be said for 
marinas in the areas that were battered by monster hurricanes 
like Isabel, Wilma, Charlie, Jeanne, Ivan, Frances and Katrina. 
Most of them were badly damaged. But some marinas, even 
those in locations that are far from ideal, have discovered 
ways to greatly reduce the impact of passing hurricanes. They 
may not have fared as well as Waterford, but it was close.

Sebastian River Marina in Florida, for example, is only 
protected from a three-mile fetch of open water by a two-foot 
high seawall. The marina’s lack of protection, not surprisingly, 
resulted in extensive damage when Hurricane Frances passed 
through the area in 2006. Three weeks later, when Hurricane 
Jeanne came ashore at Sebastian River, there was very little 
damage, even though Jeanne proved to be a far more powerful 
storm than Frances.

Doug Hillman, who owns Sebastian River Marina, said he 
had learned a lot from Frances and was determined that his 
marina would fare better in the next storm. Unlike Frances, 
where a majority of the boats had been in their slips, Hillman 
and his crew worked from dawn to dusk prior to Jeanne; 56 
boats with an average size of 40 feet had been hauled out and 
strapped down and only four were left in the water.

The strategy worked even better than he had anticipated. 
Although the wind had been on the beam for part of the storm, 
and even though there had been three feet of seawater in the 
parking lot, the straps held and the boats remained upright. 
The marina facility itself, especially the fixed wood docks, had 
been damaged but, considering the fury of Jeanne and the 
devastation to other nearby facilities, Sebastian River Marina 
fared well.

There are many other marinas with similar stories. If nothing 
else, the massive hurricanes that have battered the Atlantic and 
Gulf coasts the past few years have been a good opportunity 
to study what works when boats and marinas are prepared 
for hurricanes. In 2007 and 2008, BoatU.S. hosted a Marina 
Hurricane Preparation Symposium in Orlando, Florida with 
the lofty goal of reducing the sort of devastation from monster 
storms that threatens to damage our entire industry. A majority 
of the speakers were marina owners whose facilities had 
been through hurricanes. Some had fared better than others 
but all had gained valuable firsthand knowledge of what can 
be done to reduce damage. 

Much of that knowledge has been summarized on the following 
pages. While location may be an important predictor in how 
well a marina will survive in a hurricane, as Doug Hillman 
demonstrated, it is certainly not the sole predictor. 

The single most important determinant in how well a facility will fare in 
a storm is its location. A marina that is only protected from open water 
by a two-foot-high seawall, like the one shown on the left, will need a far 
different plan than one that is surrounded by land, like the one on the 
right. The photos of the two marinas—Watergate Yachting Center and the 
Waterford Harbor Marina—were taken several days after Hurricane Ike 
had passed over the area.



At most marinas, it’s the surge and not the wind 
that does most of the damage. That’s especially true 
of marinas with fixed wood docks, which in most 
areas is the majority of marinas; wood is readily 
available, relatively inexpensive, and easy to install. 
In a storm, however, wood pilings and fixed docks 
have proven to be susceptible to both vertical and 
lateral forces—they’re pushed over and pulled out. 
Even if there are no boats, fixed wood docks are 
often badly damaged. The solution at more and 
more marinas faced with rebuilding has been to 
install floating docks, which allow the boats to rise 
and fall with the surge, if the docks have pilings that 
are tall enough to accommodate the surge.

While forces on pilings at a fixed dock are both 
lateral and vertical, the forces on a fixed dock are 
entirely lateral, meaning the forces of wind, waves, 
and especially the boats will be trying to push the 
pilings over. Wood pilings aren’t up to the stresses 
that are encountered on a floating dock, which are 
often extreme when the dock rises near the top 
during a surge. Instead of wood, pilings at floating 
docks today are either concrete, spun concrete, 
steel or more recently, fiberglass. Concrete or steel 
pilings last 30 to 50 years. Tests done on fiberglass 
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1

The Floating Docks at Columbia Island Marina

The 382 boats at Columbia Island Marina in South Arlington, Virginia are all 
moored at floating docks. During Hurricane Isabel, the surge rose an astounding 
14 feet, which in years past would have resulted in widespread damage when 
docks and boats floated free. But when the docks at Columbia Island were rebuilt 
several years ago, pilings were driven into the bottom that tower 18 feet above 
normal water levels. As a result, Isabel’s powerful surge remained a comfortable 
distance—four feet—from the tops of the pilings. The docks stayed put and none 
of the boats were damaged.

While floating docks with tall pilings have proven to be resistant to even major 
hurricanes, floating docks with shorter pilings, paradoxically, have proven to 
be extremely vulnerable. In almost every major hurricane, there has been at 
least one marina that was destroyed when floating docks were lifted above 
the pilings and carried away with boats still attached. The photo shown here 
was taken at Bayland Park Marina in Texas shortly after Hurricane Ike. 

pilings have shown they could last up to 300 years. 
Only the steel pilings require some maintenance—
periodically resurfacing the steel with coal tar epoxy 
where the surfaces have been worn by the vertical 
movements of the floating docks.

While floating docks with tall pilings have proven to be 
one of the best places to secure boats in a hurricane, 
one of the most vulnerable, paradoxically, is floating 
docks with shorter pilings. The shorter the pilings, the 
less likely they will accommodate the surge; it’s not 
uncommon for every dock—and all of the boats—at a 
marina to be lifted above the pilings and carried away. 
That’s what happened at Masonboro Marina in North 
Carolina as well as Bayland Park Marina in Texas, to cite 
but two examples, where dozens of docks and boats 
wound up in battered clumps ashore.

One thing that has worked in marina owners’ favor is 
the National Weather Service’s statistical information on 
past storms, which is used to arrive at the engineering 
specs for any given marine facility. The likely surge 
heights and wind speeds can now be predicted using 
NWS data going back more than a century. Engineers, 

Strategies: 
Floating Docks with Tall Pilings
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who have routinely designed buildings to withstand certain 
wind speeds, will put their engineering stamp on docks as well 
as buildings. For marina owners looking to get a discount on 
insurance, that’s a significant benefit.

After Hurricane Ivan destroyed in September 2004, Jon Naybor 
was faced with a mountain of tough decisions, none more 
daunting than whether to spend a considerable sum of money 
to make his Pensacola, Florida facility much more “hurricane 
resistant.” Ivan had wiped out his business; the wood docks 
and pilings were destroyed and most of the boats (43 out of 
50) were sunk. Naybor, the former president of a publicly held 
engineering company, carefully studied the available options 
and decided to have his marina rebuilt with floating docks 
and spun-concrete pilings. Naybor says the new docks cost 
roughly three times as much as the standard fixed, wood docks 
but he considers it an investment: “In this new age of severe 
weather and unaffordable insurance premiums, the industry’s 
best defense is to engineer, design, and build facilities that are 
better able to survive extreme storms.” 

The rebuilt Palm Harbor Marina looks radically different than it 
did before Ivan. To accommodate the surge in future storms, 
the pilings that secure the floating docks tower 18 feet above 
the water and are made of spun concrete, which is 20 percent 
stronger than conventional concrete pilings. There are docking 
systems that are even stronger (and more expensive), but 
after consulting an engineering company, Naybor decided on 
his current system based on load calculations, cost and the 
potential storm conditions at Palm Harbor. 

After the significant destruction to my facility from the 2004 
Hurricane season (Frances and Ivan), it became clear that 
we needed to make some changes. In retrospect, one of 
the best was to launch a “Hurricane Club,” which allows 
slip holders to have their boats hauled by prior arrangement 
whenever a hurricane warning is posted. The Club has 
made it easier to write a more realistic hurricane plan and 
will help to avoid the chaotic last-minute telephone calls 
from panicked boat owners that inevitably precede the 
arrival of a hurricane. The Hurricane Club also has proven 
to be a worthwhile revenue source.

How does this club idea work? I know of several marinas 
that have hurricane clubs and each is different. In our 
case, we made a realistic assessment of how quickly we 
could haul and block boats, which was then used to arrive 
at a “cap” on the number of plan participants. Payment to 
join the club must be made in advance, before the start of 
the hurricane season. When vessels are hauled prior to a 
hurricane, the costs will often be reimbursed, at least in 
part, by many insurance companies.

Most of our slip holders live nearby and when a hurricane 
threatens, we require them to strip their boats (dodger, 
covers, outboard motors, dinghies, etc.) before they’re 

Why I Started a Hurricane Club
By Rocky DeSimone

hauled. We will also do the work, but for an additional 
fee.

Other details you’ll need to consider: when to put the plan 
into action; how much to charge; whether the deposit rolls 
over to the next year if it isn’t used; and how you’re going 
to decide who will be included in the club if you receive 
more applications than you can realistically accommodate 
(we did). Note that at some marinas, club membership is 
mandatory for all slip holders.

Whatever plan you make, be sure your attorney examines 
all of the club’s legal aspects. He or she should address 
any legal ramifications that might occur if, for whatever 
reason, you are unable to haul out a vessel.

In 2007 and 2008, the Hurricane Club was activated and 
was a very successful operation with a smooth transition 
into the assigned plan. There were lessons learned and 
incorporated and refined for future operations.

***********

 J. Rocky DeSimone, a retired Naval officer, was employed 
as general manager of PSMC, a large marina in Northwest 
Florida, for 11 years.

The photo on the top shows Mahogany Marina after it had been 
devastated by Hurricane Ivan in 2004. The docks and 43 of the 
50 boats at the marina were completely destroyed. The rebuilt 
facility, renamed Palm Harbor, shown in the bottom photo, was 
tested the following year when the eye of Hurricane Dennis, a 
Category 3 storm, passed within 20 miles. There was no damage 
to the docks or boats.



When Hurricane Ike had passed through the 
Houston area, one of the harder hit facilities was 
the Houston Yacht Club, which is only protected 
from the breaking waves on Galveston Bay by 
a two-foot-high seawall. Before the storm, a 
few of the boats were moved to more secure 
facilities and survived. Of those that remained 
in the harbor, Ross Tuckwiller, HYC’s genaral 
manager, noted that the ones that did best had 
been stripped of sails and canvas and were 
prepared by their owners with more lines and 
longer lines.

If boats must be left at fixed docks, adding more 
lines and longer lines to many different pilings is 
essential. When everyday (shorter) nylon lines 
are used, they are more likely to fail because 
they can’t stretch enough to accommodate a 
significant surge. In some instances, lines have 
held and pilings were pumped out of the bottom 
by the rising water and up/down motion of the 
boat. When longer lines are used, boats are 
better able to rise and fall with the surge, which 
takes much of the strain off lines and pilings. 
There are also devices (see below) that can be 
used on conventional pilings to help boats rise 
and fall with the surge.

Damage to boats and docks can also be reduced by moving 
boats to larger slips. The longer and wider the slip, the further 
boats will be from pilings. After Sonny Middleton at Dog River 
Marina moves the facility’s larger boats to a hurricane hole, 
he can then move the remaining (smaller) boats into the 
slips that were vacated by the larger boats. It’s a plan that has 
worked well.

While prepping boats usually gets good results, it’s often difficult 
to find people to do the prepping. Some owners will show up but 
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many more will be too busy boarding up their homes. The latter 
is also a concern with marina employees. Two solutions: One 
is the Captains Locator Service (www.boatus.com/procaptains), 
which is a list of professionals who can move boats to hurricane 
holes or prep boats in their slips. The other solution is from Phil 
Hale, at Martha’s Vineyard Shipyard in Massachusetts, who keeps 
a list of former employees and local boat owners who are willing 
to work at the yard on short notice. The cost of prepping boats 
can be passed along to boat owners, and in many instances, 
partially reimbursed by insurance companies. 

Strategies: 
Boats at Fixed Docks

Using more and longer lines often pays off. This was one of the boats at the Houston 
Yacht Club that survived Ike.

A Rising Tide Lifts Some Boats More Readily Than Others

TideMinders TideSlide Longer Lines



The straps accomplish several things. First, they hold the 
boat more securely against the jack stands so that there is 
less movement and less chance of the jack stands working 
loose. Second, if a jack stand were to topple over, straps will 
sometimes keep the boat upright or, depending on how the 
boat is secured, at least soften the impact by providing some 
restraint as the hull falls over.

The idea of strapping down boats in hurricanes 
seems to have arisen spontaneously at many 
different marinas, from Florida to North Carolina 
to Puerto Rico. While the idea is the same, no two 
techniques are exactly alike. Different marinas 
use different anchors and different straps, with 
some of the techniques being more sophisticated 
than others. All have their advantages and 
disadvantages. 

Helical Anchors Screwed into the 
Ground—
Swan Point Marina, Sneads Ferry, 
North Carolina and Indiantown Marina 
on the St. Lucie Waterway, Florida

Betty Myrick said her husband got the idea from 
mobile homes: anchors that screw into the ground 

to provide stability in high winds. He bought the anchors at a 
local hardware store, screwed them in by hand, and then used 
straps from a flatbed trailer to secure the boat. Other people 
at the marina, which is 80 percent powerboats, liked the idea 
and soon it was being widely copied. Before Hurricane Floyd, 
Myrick said a man came by with a gas-powered drill that put 
the anchors in quicker and with far less effort. It was crude 
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Indiantown Marina, St. 
Lucie Waterway, Florida

People who have watched boats in hurricanes 
that were stored ashore on jack stands say the 
boats are constantly being buffeted back and 
forth, ever so slightly. Over time, the movement 
can work the jack stands that support the hulls out 
of position, which results in the boat falling over. In 
major hurricanes, at least a few of the boats stored 
ashore at every marina have been blown over. And 
at some marinas, almost all of the boats stored 
ashore have been toppled over. While boats ashore 
tend to suffer less damage in hurricanes than 
boats stored in the water, the extent of the damage 
ashore remains significant—broken bulkheads, 
smashed hulls and, on sailboats, broken masts.

In the past few hurricanes, a technique emerged 
that promises to minimize damage from boats 
being blown over: Strap them to the ground. Doug 
Hillman at Sebastian River Marina calls securing 
boats to the ground in high winds “common 
sense.” Scott Watson at Indiantown Marina says 
they always secure boats to the ground whenever they’re 
stored ashore. He estimates that in Wilma, Frances and Jeanne, 
the technique reduced the number of boats that were blown 
over by two-thirds. The same is true of boats at Puerto del Rey 
Marina in Puerto Rico, Swan Point Marina in North Carolina and 
at the Hinckley Company Marina in Florida. As Watson said, 
“Securing boats to the ground damn sure helps.”

The boat above was blown over, despite being secured to earth anchors, by a 
combination of windage (masts) and too much stretch in the nylon lines (note the 
slack in the lines to the boat on the left). Jack stands on the leeward side buckled. 

Strategies: 
Securing Boats Ashore



Advantages of Concrete 
Pavement: Tremendous 
holding power.

Disadvantages: Expensive, if you have to start from scratch.

Chain and Eyes Embedded in Concrete 
Runners—
Hinckley Company Marina in Stuart, Florida 
And Puerto del Rey Marina in Fajardo, 
Puerto Rico

While anchoring boats to eyes embedded in concrete clearly 
has tremendous holding power, not many marinas have large 
(and expensive), concrete parking lots. A third alternative to 
anchor boats ashore in storms is to use long concrete runners 
set into the dirt, sand, or gravel parking lot.
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Hinckley 
Company Marina, 

Stuart, Florida

Sebastian River Marina, Sebastian, 
Florida

but it worked. All of the boats with straps and 
anchors held; others that weren’t supported 
were blown over.

Like Swan Point, Indiantown Marina uses 
screw anchors that are drilled into the ground. 
Unlike Swan Point, Indiantown Marina is 
predominately sailboats, which are far more 
vulnerable in high winds. Scott Watson, 
Indiantown’s owner, said they use four-foot 
helical anchors with round eyes, which are 
set into the ground using a posthole digger. 
He says it takes two men 10 to 15 minutes to 
install a helix. Boats are then secured with 
10,000-pound ratchet straps, which he says 
have very little stretch.

With anchors that screw into the ground, 
holding power is dependent on the density of 
the soil. Royce Randlett, who is president of 
Helix Moorings Inc., a company in Maine that 
sells helical anchors primarily for moorings, says any soil, no 
matter how loosely packed, offers at least some resistance and 
helps secure the boat. Randlett says they buried an anchor in 
loosely-packed “sugar sand” in the Florida Keys and found that 
a 5 ½-foot screw anchor had 2,600 pounds of resistance.

Watson says the anchors at Indiantown are secured into typical 
“Florida sandy soil” and notes that the longer the anchor has 
been embedded in the soil, the more holding power it seems 
to provide. The marina includes two straps per stored boat and 
will supply more for a fee—$30 per anchor and another $20 for 
the strap. 

The marina was especially hard hit by Wilma and 33 of the 506 
boats ashore were blown over when anchors were pulled out. 
Several other boats lost jack stands but, thanks to the straps, 
stayed upright. How many boats would have blown over without 
the straps? Watson has no way of knowing for certain, but he 
estimates that there would have been over 100 and that the 
damage to each boat would almost certainly have been worse.   

Helical Advantages: Easily installed and inexpensive. Has the 
potential to provide significant holding power.

Disadvantages: Holding power is dependent on the type of soil, 
which could get mushy in the heavy rainfall of a hurricane.

Eyes Embedded in Concrete Pavement—
Sebastian River Marina, Sebastian, Florida

At Sebastian River Marina, straps to the boats are secured to 
eyes set in concrete.  Doug Hillman, Sebastian River Marina’s 
owner, drilled holes into his concrete parking lot and tapped 
threaded sleeves into the holes. He then screwed eyebolts into 
the sleeves. As the bolts were tightened, the sleeves spread out 
at the bottom, which secured the bolts to the concrete.

Before storms, boats are strapped to the eyes with 5/8-inch, 
three-strand nylon line. The system works so well that none of 
the 56 boats, with an average size of 40-feet, stored ashore in 
Hurricanes Jeanne and Frances were blown over. It is worth 
noting that the wind was often on the beams of the boats and 
the parking lot was flooded with three feet of water.



At the Hinckley Company Marina in Stuart, Florida, the runners 
are about two feet wide and run the length of the parking lot. 
Using two-inch nylon straps, boats are secured to lengths of 
½-inch chain embedded in the concrete. The two-inch nylon 
straps have a breaking strength of 30,000 pounds and are 
ratcheted tight to minimize movement. All of the 178 boats 
at Hinckley were stored ashore and most were held in place 
by the nylon straps secured to the concrete runners. (A few 
that were away from the runners couldn’t be strapped down.) 
Three of the boats that were strapped down were blown over in 
Hurricane Frances and two in Jeanne. According to Hinckley’s 
Gary Rolfe, the ground became so wet that the boats’ supports 
sank into the mud. All but one were repairable.

An almost identical system, with long concrete runners, is used 
in Puerto del Rey Marina in Puerto Rico. Instead of straps, Puerto 
del Rey had originally planned to use 3/8-inch galvanized steel 
cables and turnbuckles. The system promised to be almost 
indestructible but Daniel Shelley, the marina’s owner, said boat 
owners were unwilling to pay the additional cost for cables. 
It was never tested in a major storm and the 
marina now uses polyester straps.

Advantages of Concrete Runner: Quicker 
to install and less expensive than concrete 
pavement. Tremendous holding power.

Disadvantages: Not many. Keel blocking can 
sink in mud causing the boat to shift; this could 
be corrected with gravel or wider supports 
beneath the keel.

Tying Down Boats: Straps that Don’t 
Stretch Work Best

When a boat rides out a hurricane in the water, 
either at a mooring, at anchor or at a dock, nylon 
line is essential for absorbing shock. Without 
nylon’s energy-absorbing stretch, anchors, 
cleats and even pilings could be yanked out. 
When boats are stored ashore in hurricanes, 
the reverse is true: Nylon line used to secure 
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boats to anchors in the ground will stretch, putting 
tremendous pressure on leeward jack stands. In the 
photo on page four, the nylon lines that were being 
used to anchor the boat stretched and the leeward 
jack stands buckled. Polyester doesn’t stretch, at 
least not much, and also has a much higher breaking 
strength than nylon, which is why it’s best for securing 
boats ashore.

Where lines are secured is also important. Daniel 
Shelley, who owns Puerto del Rey Marina in Fajardo, 
Puerto Rico, notes that people 
tend to secure vessels on land 
the same way they’re secured in 
the water—with lines at the bow 
and stern. The latter provides no 
lateral stability and does almost 
nothing to protect a boat. On 
land, lines should be secured as 
close to amidships as possible, 

which is where a vessel is most vulnerable 
to high winds.

Unstepping Masts

Although no one has put a number on it, sailboat masts create 
a horrendous amount of windage. When Hurricane Ivan 
battered Pensacola Shipyard and Marine Complex in 2004, all 
of the sailboats stored ashore that had their masts up were 
blown over. Conversely, the few sailboats that had their masts 
unstepped (and all of the powerboats) stored ashore remained 
upright.

After Ivan, Rocky DeSimone, the marina’s manager, bought a 
portable crane that allows PSMC employees to pull a mast in 
about 30 minutes, if mast wiring is disconnected and turnbuckles 
are loosened by owners. Whenever a storm threatens, an 
arrangement has also been made with two portable crane 
subcontractors to assist in the mast-pulling effort.

PSMC, Jacksonville, Florida: Using their portable crane, masts can be pulled fairly 
quickly—in as little as a half hour if the electrical wiring harnesses are disconnected 
and turnbuckles loosened. 

Straps at River 
Forest Yachting 
Center in Stuart, 
Florida.

Straps are most effective when they’re amidships.



Dave Hillman at Sebastian River Marina thinks 
blocking boats gunwale to gunwale in long rows 
with blocks of foam between each boat would go a 
long way to preventing damage. Boats that were only 
eight- to 15-feet wide individually would be 50’ to 60’ 
wide collectively. In addition to strapping them to 
each other, the boats would also be strapped to the 
ground individually using earth anchors or eyes set in 
concrete. Even strapping as few as two boats together 
would have a significant advantage over strapping 
them down individually.

Gunwale to Gunwale?
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Two considerations: First, Hillman says the yard 
manager would need to have some feeling as to 
how the boats are going to go together; placing a 
boat with towering gunwales next to a boat with 
low freeboard wouldn’t work. Also, the yard would 
need to have a hydraulic trailer or forklift; a travel 
lift would not allow the boats to be placed gunwale 
to gunwale. The technique would also allow the 
marina to store more boats in the same area. Hillman 
calls the idea of storing boats collectively with straps 
“bulletproof.”
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Using multiple anchors and lines ashore greatly increases the chances boats will 
survive in a hurricane hole. 

A strategy that worked beautifully: Boats from Dog River Marina in Alabama were taken 
up the Tenn-Tom Waterway by professional captains. Using multiple anchors and lines 
to shore, all of the boats survived with no damage. Boats that remained at the marina 
weren’t so fortunate.

When it became likely that Katrina would 
come ashore in Alabama, Sonny Middleton, the 
owner of Dog River Marina in Mobile, Alabama, 
began giving employees assignments from a 
list that he had prepared months before. Dog 
River is a good size facility, with 40 employees 
and 100 slips. Like many marinas in the 
sunny South, a large percentage of the boats 
at Dog River are owned by people who live 
out of state. At most marinas, these boats are 
typically ignored before a hurricane; canvas 
isn’t removed, extra lines and chafe protection 
aren’t added. The result, not surprisingly, is 
that they are far more likely to break free and 
damage other boats. At some marinas, the 
solution has been to make arrangements with 
absentee owners to haul their boats and block 
them ashore. Boats are safer stored on shore if 
they will be safely beyond the surge. That’s not 
the case at Dog River, however, which sits in a 
low-lying area that’s only a foot or two above 
normal high tide.

Before the start of the hurricane season, Sonny makes 
arrangements to have professional captains available to take the 
marina’s larger boats further inland to hurricane holes further 
up the Tenn-Tom Waterway. One of the marina’s workboats is 
used to ferry the captains back and forth to the marina. This 
exodus of boats upriver results in many empty slips at Dog River, 
which allows the remaining boats, typically the smaller boats, 

to be moved into wider slips. This keeps them further away 
from pilings, and the use of longer lines means that the boats 
can rise more readily with the surge. The system has been used 
successfully at Dog River several other times in past hurricanes.

Most recently, the technique was used prior to Hurricane Katrina 
in 2005 when almost 60 boats were moved upriver and secured 

using multiple anchors and lines to shore. Some 
of the boats were moved by the professional 
captains and others by their owners. Katrina’s 
winds at Dog River topped out at 80 mph, a far cry 
from the 145-mph winds that devastated much 
of Mississippi and Louisiana. Katrina’s surge, 
however, was a different story. Even after the 
hurricane was well inland, water continued to 
pile into the marina, finally topping out at 15 feet. 
The worst damage was to the boats in Dog River’s 
covered shed. Some of the larger sportfishermen 
that remained in the shed were lifted up to the 
rafters by the surge. In all, four of the boats at the 
marina were completely destroyed. Sonny said, 
in his 50 years, these were the first boats he’d lost 
in a hurricane.

He says he learns something from each hurricane 
and this time it was about the surge. In the past, 
Sonny had never worried much about surge but 
that won’t be the case next time. He won’t leave 
boats in the covered slips again and he won’t 
leave them in open slips either; larger boats need 
more room in a hurricane. He’s already talked 
to more captains so that next time hurricane 

Strategies: 
Moving Boats to Hurricane Holes
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warnings are posted, he can move 
all of the larger boats upriver.

A slightly different strategy of moving 
boats was used before Hurricane 
Frances at the Diamond 99 Marina 
in Melbourne, Florida. Ed Carter, 
who owned Diamond 99, didn’t 
have a travel lift, a forklift or, for that 
matter, a boatyard where he could 
store boats. What he did have was a 
hurricane hole nearby. Since boats 
at his docks are vulnerable even in 
a moderate blow, boat owners at 
Diamond 99, by prior arrangement, 
usually take their boats to a hurricane 
hole whenever a hurricane warning 
has been posted. Ed supplies a boat 
to shuttle people back once their 
boats are anchored. In some cases 
he even supplies extra anchors.

In Frances, 65 boats were 
anchored at the hurricane hole 
using at least two and, in some 
cases, three anchors. Even though 
the slow-moving Frances pounded 
the area for more than a day, 48 
of the boats received no damage, 
six were slightly damaged, usually 
by boats that broke loose, and 12 
were badly damaged. That was in 
sharp contrast to the six boats that 
remained at Diamond 99’s docks, 
all of which were destroyed—five 
had sunk and one was washed up 
onto the highway.

Prior to Hurricane Isabel coming 
ashore in 1995, several of the boat 
owners at Jordan Point Yacht Haven 
in Hopewell, Virginia opted to take 
their boats to a hurricane hole—a 
large, well-protected gravel pit 
further up the James. The remaining 
boats—a total of 80—were hauled 
and blocked ashore in two neat 
rows facing the water. All of the slips 
were empty. Jordan Point is open to 
a three-mile stretch of open water 
on the James River.

During the night, Isabel’s eight-foot 
surge and six-foot breaking waves 
destroyed the vacant wood docks 
and then rose 12 feet over the 
banks, lifting all 80 boats off their jack stands and floating them 
against a hill behind the parking lot. The boats, none of which 
were strapped down, were then bashed against each other for 
several hours, leaving them in mangled piles when the surge 
had finally receded.

Jordan Point has since replaced its fixed wood docks with floating 
docks and 18-foot steel pilings. A breakwater has been placed 

around the perimeter, although it isn’t tall enough to protect the 
boats in a significant storm surge. Should another hurricane like 
Isabel be forecast, Mike Winn, Jordan Point’s owner, says his plan 
is to move all of the boats to the gravel pit and raft them together. 
That worked well before, and while strapping down boats would 
almost certainly reduce the level of damage suffered in Isabel, 
he thinks his marina’s proximity to a nearby hurricane hole is an 
even better alternative.

Jordan Point Yacht Haven 

The wind blew across the long, unprotected fetch of the James River (that can be seen under the 
shed), destroying the docks and sheds. Even though all of the boats were damaged, the decision 
to haul and block them ashore before the storm meant that most would survive. Dan Rutherford, a 
marine surveyor on the BoatU.S. Field Catastrophe Team, estimates that 75 percent of the boats in 
the parking lot were repairable. Had those same boats remained in the water, all would likely have 
been bashed against pilings and sunk. Blocking the boats ashore averted another costly problem: 
pollution from leaking fuel.
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Mooring Anchor Type Helical Screw Dor-Mor Mushroom Concrete Blocks
  650 lbs. 500 lbs. 2,000 lbs.   8,000 lbs.

Resistance Force (in lbs) 12,000 lbs. 4,500 lbs. 1,200 lbs. 800 lbs.          4,000 lbs.
 No Breakout At Breakout At Breakout At Breakout   At Breakout

Moorings have the advantage in a hurricane of 
allowing a boat to face the wind and rise and fall 
with the surge. In theory, this should mean boats on 
moorings do at least as well or even better than boats 
at docks. In practice, however, that hasn’t been the 
case. Hundreds of boats on moorings were destroyed 
in 1991 when Hurricane Bob swept up the New 
England coast. Some of the damaged boats came to 
grief because lines chafed, but many others, about 
half, were wrecked because the mooring anchors—
half-buried mushrooms and inadequate dead-weight 
anchors—proved to be woefully inadequate in the 
face of Bob’s wind, waves, and tidal surge. Three 
months after Bob, even more moored boats were 
damaged when the infamous Halloween northeaster 
swept up the New England coast.

One reason for the widespread destruction of boats 
had to do with scope: Shallow harbors like the one 
in Marion, Massachusetts, meant that the 11-foot 
surge reduced the normal 4:1 scope to less than 2:1. 
The angle of pull, which had been 14 degrees, was 
reduced to 50 degrees during the storm. In his book 
Permanent Yacht Moorings, first published in 1938, Ridsdale Ellis 
illustrated how holding power drops steadily as the angle of pull 
increases to 25 degrees, at which point holding power suddenly 
takes a precipitous drop.

Necessity is the mother of invention, and one of the more 
interesting innovations to come out of the two New England 
storms was the development of the helical anchor, which is 
screwed into the bottom using specialized equipment and 
offers tremendous holding power, even when scope is reduced. 
While they still remain a small percentage of the total number of 
moorings, there are now almost 10,000 helix moorings that have 
been installed in the U.S. and Caribbean. Fifteen years ago, there 
were only a handful, mostly in the Caribbean.

A study by the BoatU.S. Foundation, Cruising World magazine, 
and Massachusetts Institute of Technology (MIT) in 1993 found 
that a 500-pound buried mushroom could be pulled out with 
1,200 pounds of pull (supplied by a 900-hp tug); an 8,000-pound 
dead-weight (concrete) anchor could be pulled out with 4,000 
pounds of pull. A helical anchor, however, could not be pulled 
out and the strain gauge recorded 12,000 pounds of pull—its 
maximum—before a shackle burst apart.  (In an earlier test with 
a larger tug, a strain gauge registered 20,800 pounds before the 
hawser snapped.)

Reducing Chafe
Aside from anchors pulling out, the other reason so many boats 

Hundreds of moorings were pulled out when Hurricanes Bob and Gloria swept 
through New England. Probably an equal number failed because of chafe. 

Results of a mooring anchor test in Rhode Island that was 
sponsored by BoatU.S., Cruising World Magazine, and the 
Massachusetts Institute of Technology (MIT) Sea Grant 

Program. Scope was between three- and four-to-one. The 
test was conducted using a 65-hp tug that was powered by 
twin 450-hp engines.

Testing Mooring Anchors

Strategies: 
Moorings



What About Dry Stacks?
In almost every major hurricane, dry stack buildings have proven 
to be vulnerable. In Hurricane Wilma alone, three large steel 
storage racks with thousands of boats were collapsed by the 
storm’s 115-mph winds. Like most storage racks that are damaged 
in hurricanes, these were older structures, which were built to a 
less stringent standard than those being built today. In addition 
to lighter construction, older racks have a tendency to have been 
“loosened” over time by earlier storms as well as rust.

How old is old? In Florida, construction standards in most 
counties were upgraded after Hurricane Andrew, which means 
that newer racks—those built after 1992—are far more likely to 
have been built with more (and heavier) structural supports.

A good example of a stoutly built, newer building is the one at 
River Forest Marina in Stuart, Florida. The 300’ x 150’ x 36’ high 
steel building is built to withstand 140-mph sustained winds 
in an “Exposure C” setting. (Exposure C means the building is 

unprotected by any 
significant wind 
breaks for at least a 
half-mile.) The steel 
doors, which are 
the most vulnerable 
part of most storage 
buildings, are a foot 

thick and the exterior was designed with 
a “flying buttress” pattern that, aside from 
making the building more aesthetically appealing, also adds 
strength. The cost to upgrade the building, according to River 
Forest’s manager, John Smith, was about 20 percent more than 
merely building it to the minimum code.

wound up strewn over the rocky beaches of New England after 
the storms was chafe. In ordinary conditions, a mooring chain’s 
weight acts as a shock absorber to absorb energy. In a gust, the 
chain is lifted off the seabed and its weight pulls the boat forward 
(the catenary effect). In a hurricane, a mooring chain will be 
bar-taut with no catenary effect, which means the tremendous 
energy from wind and waves has to be absorbed solely by the 
nylon pennant or pennants. Without the elasticity of the nylon, 
the mooring anchor, shackles, chain, and/or the boats cleats 
are almost certain to be yanked out or busted apart. In extreme 
weather conditions, however, nylon pennants have proven to be 
extremely vulnerable to failing internally (heat) as well as chafe 
(abrasion). The further a cleat is from the chock, the more likely it 
will be stretched back and forth across the chock and eventually 

fail, either from 
abrasion and/or 
heat buildup. Two 
things to keep in 
mind: 1. When a 
line is bent sharply 
down to the water, 
only about half of 
the rope’s fibers 
are taking the 
load. 2. Line starts 
to deteriorate at 
300º F, and at 350º 
it will have lost half 
its strength.

A cleat that is 
located on the rail 

is ideal because the line won’t be compressed as tightly, won’t 
generate as much heat, won’t be abraded, and will be more 
likely to weather the storm intact.

When cleats are located back from a chock, stretch at the 
chock is inevitable and chafe protection is critical. Various types 
of hoses—PVC, garden hoses, and even fire hose—have the 
potential to reduce compression at the chock as well as protect 
the line against external chafe, which is good. But any hose that 
is impermeable prevents cooling water from reaching a rope’s 
fibers and the pennant is more likely to build up heat and fail 
internally.  The best way to reduce the chances of the line failing 
at the chock is to use something like polyester chafe protectors, 
which allow water in to cool the rope’s fibers.

One alternative is to use bridles made with both polyester and 
nylon (see diagram). This has the advantage of being more chafe 
resistant at the chock while still absorbing energy. The two lines 
should be spliced (with at least five tucks) rather than joined with 
a knot, which would significantly reduce breaking strength.

Another way to reduce the chances of a pennant failing in a 
storm would be to use something other than chain—something 
that would continue to absorb energy. The most promising 
solution is polyurethane, which is sometimes used to anchor 
floating docks. Polyurethane is durable and is advertised to 
last 20 years with no maintenance. The real value, however, 
at least in a storm, would be its elasticity. Unlike chain, which 
has no elasticity, polyurethane will continue to absorb energy 
and reduce shock loads on a moored boat in extreme weather, 
which greatly reduces the strains on the pennants as well as the 
anchor and cleats.

Using a polyester line from the cleat through 
the chock, secured to an existing nylon line 
to the piling or mooring, gives you better 
protection from chafe (polyester is 10 times 
more chafe resistant than nylon), while also 
absorbing shock. Lines should have eye 
splices with at least five tucks.
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Older buildings have proven to be especially vulnerable. This one 
went over in Ivan.

Nylon

To mooring or piling

Polyester

To choke

River Forest was designed to withstand 
140-mph sustained winds. Note the thickness 
of the door (inset).
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Much attention has been given to protecting marina facilities 
and boats during a hurricane, but it is equally important to 
protect yourself, as a marina owner, from vessel owners 
seeking compensation for hurricane-related damage. This 
article will outline a few important considerations for inclusion 
in your marina’s dock contracts and hurricane plan. Note, 
however, that changes should be reviewed by a local admiralty 
attorney. Dock contracts are based on state laws and will vary 
from jurisdiction to jurisdiction. Here in Florida, Statute §327.59 
says that a marina operator may dictate what a vessel owner 
must do as a condition of using the marina, including the types 
of cleats, ropes, fenders, and other measures a vessel owner 
must employ. The statute also permits the marina operator to 
secure the vessel within the marina to minimize damage to the 
vessel, the marina, private property and the environment. The 
statute also makes clear that marina operators may charge a 
reasonable fee for such services.

Florida Statute §327.59 also allows marina operators to add a 
clause in the marina contract, stating that the marina may take 
steps necessary to secure or remove the vessel if the vessel 
owner fails to do so. The clause must be in a font size of at least 
10 points and in substantially the following form:

Legal Notes

Protecting Yourself from the Storm
By Richard McAlpin

Section 4 of Florida Statute §327.59 provides that a marina 
operator shall not be held liable for damage incurred to a 
vessel from storms or hurricanes. Likewise, the marina is held 
harmless for actions taken to secure the vessel unless such 
damage is caused by intentional acts or negligence by the 
marina operator, its employees and/or agents.

What §327.59 won’t do is allow marina operators to require that 
vessel owners remove their vessels after a hurricane watch or 
warning has been issued. The purpose of §327.59 is to ensure 
that protecting the lives and safety of vessel owners was placed 
before the interests of protecting property.

Implied Standards 
Regardless of where you live, marina operators are expected 
to exercise reasonable diligence to provide a safe berth and 
to warn a person lawfully using its facilities of any unexpected 
hazard or deficiency of which it may have knowledge, or 
should have knowledge, in the ordinary course of diligence. 
If one of your docks is missing a plank, for example, you’re 
obligated to have it fixed and in the meantime to warn people 
that a hazardous condition exists. What you are not obligated 
to do is guarantee the safety of vessels.

Contracts Between Marina and 
Vessel Owner: Six Considerations 
For Protecting Yourself After a 
Hurricane

1. Make sure the rental agreement specifies what vessel owners 
must do in order to berth their vessels at the marina. This can 
include requiring that the vessel owner carry certain levels of 
liability insurance, and in some jurisdictions, name the marina 
as an additional insured under the policy. The rental contract 
may dictate the measures a vessel owner must employ as a 
condition of use of the marina, including the types of lines, 
cleats, and fenders on the vessel.

2. The rental agreement should make clear that vessel owners 
are a part of your hurricane plan and that their participation 
in the plan is part of the contract between the marina and the 
vessel owners.

3. The rental agreement should explain that the marina does not 
owe the vessel owner a duty to prevent damage to their vessel 
in the event of a storm.  However, it should also make clear that 
if the marina operator has to secure the vessel because vessel 
owners fail to take steps to adequately prepare the vessel for a 
storm, the marina will charge them reasonable rates for such 
preparation.

NOTICE TO VESSEL OWNER:
The undersigned hereby informs you 
that in the event you fail to remove 
your vessel from the marina promptly 
(timeframe to be determined between 
the marina owner or operator and the 
vessel owner) after the issuance of 
a tropical storm or hurricane watch 
for (insert geographic area), Florida, 
under Florida law, the undersigned 
or his or her employees or agents 
are authorized to remove your 
vessel, if reasonable, from its slip or 
take any and all other reasonable 
actions deemed appropriate by the 
undersigned or his or her employees 
or agents in order to better secure 
your vessel and to protect marina 
property, private property, and the 
environment. You are further notified 
that you may be charged a reasonable 
fee for any such action.



4. The rental agreement should include a clearly written 
exculpatory clause stating that the marina operator is not liable 
for damages to the vessel. 

5. The rental agreement should make clear that the vessel 
owner will be liable to the marina for damages caused by the 
vessel owner’s failure to properly secure the vessel.

6. The rental agreement between the marina and the vessel 
owner should be clear and concise. Make sure you and your 
attorney review all of the materials given to vessel owners by 
the marina to ensure that the exculpatory clauses are identical. 
Conflicting exculpatory clauses can negate their enforceability.

Have a Detailed Hurricane Plan 

It is important that you have a detailed hurricane plan and that 
you follow it. The hurricane plan should clearly explain what 
the marina will do to prepare for the possibility of a hurricane 
and what steps are required by the vessel owner. To help you 
get started, there is a generic plan at the back of this booklet. 
You can also visit the BoatU.S. Hurricane Resource Center 
web site (http://www.boatus.com/hurricanes), which has 
various hurricane plans that marinas around the country have 
implemented.

Your hurricane plan should specify what has already been done 
to prepare the marina for hurricanes, what will be done when a 
hurricane watch or warning is issued, what will be done when 
a hurricane makes landfall, and what steps the marina will take 
after a hurricane or tropical storm has passed. The plan should 
specify what vessel owners are required to do in the event a 
hurricane is expected to make landfall in your area.

Make sure that everything for which a vessel owner is 
responsible is clearly detailed in your hurricane plan and 
practice with vessel owners so they know what to expect when 
the plan has to be implemented. Include information about the 
costs vessel owners will be charged for any services to protect 
their vessel prior to a storm.

Review Your Contracts and Plans 
With an Attorney

Remember, it is important that you review your marina contract 
and hurricane plan with a local admiralty attorney. He or she 
can help you determine whether your contracts are effective, 
enforceable, and legal. Just as preparing your marina for a 
hurricane can limit your damage when the storm comes, a 
little time spent on your contracts can limit your damage after 
the storm has passed.

***********

Richard J. McAlpin is a Florida Board Certified Admiralty & 
Maritime and Civil Trial Lawyer at McAlpin Conroy, P.A. He 
holds the highest attainable rating “AV” from the Martindale-
Hubble Law Directory.

Whose Jurisdiction? 
In general, contracts for wet storage will fall under a Court’s 
admiralty jurisdiction. However, admiralty jurisdiction 
over contracts for dry storage of vessels varies among 
states. For example, in Medema v. Gombo’s Marina Corp., 
the District Court for the Northern District of Illinois held 
that a contract to provide seasonal dry storage to a yacht 
was within admiralty jurisdiction. Conversely, in Latin 
American Property & Casualty Ins. Co. v. Hi-Lift Marina, 
Inc., the Eleventh Circuit held that a contract for the dry 
storage of pleasure boats was not subject to admiralty 
contract jurisdiction.

There are additional concerns a marina operator must 
consider regarding vessel storage, including implied 
standards to which marina operators must adhere, 
contractual obligations based upon the marina contract, 
and various liabilities that may arise depending on the 
nature of the vessel storage.
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When only moorage is provided by the marina operator, 
or the vessel owner has access to the vessel, the 
relationship between the marina operator and the vessel 
owner is generally that of a lessor and lessee.

However, where a marina operator accepts possession 
of the vessel exclusive to the vessel owner, such as when 
it accepts possession of the vessel for repairs or dry 
storage, the relationship between the marina operator 

Bailment or Lease?
and vessel owner is that of a bailee and bailor. This is 
an important distinction because loss or damage to the 
vessel while it is in the exclusive possession of a marina 
operator/bailee carries a presumption of negligence on 
the part of the marina operator/bailee.

These determinations can vary among jurisdictions, so 
it is important that you review your rental contracts with 
a local admiralty attorney.



I  Evaluating Your Marina

Your entire plan begins by evaluating the storm-worthiness of 
your marina. Things to consider:

 •	 Natural	barriers	that	may	or	may	not	offer	protection	
	 	 from	breaking	seas. 
  -Boats that are likely to be exposed to breaking waves   
  will have to be stored ashore or moved to a hurricane   
  hole.

 •	 The	height	of	the	marina	facilities	and	boat	storage	
	 	 areas	above	the	likely	surge.
  -High ground is good; low-lying marshes are bad.

 •	 The	type	of	docks	(floating	vs.	fixed)	and	pilings.	
  -With floating docks, pilings must be tall enough to   
  accommodate the surge.
  -With fixed docks, wide is better; boats in narrow slips   
  are more vulnerable than boats in wider slips.
  -Older concrete pilings lack resiliency and have proven to  
  be vulnerable in storms.

	 •	 Boat	storage	racks.
  -Racks built recently are more likely to have been built 
  to a higher standard and are more likely to survive 
  hurricane-force winds. Conversely, older storage racks 
  are likely to have been built to a more relaxed standard 
  and will also have had more time to corrode and “work.”

II  Developing a Hurricane Plan

Any plan should take into account the boats, docks, buildings, 
office, and office supplies.

	 •	 Contact	 former	 employees	 and	 boat	 owners	 who	 might	
be willing to join the regular staff to assist with hurricane 
preparation. Put together a “Hurricane Team” list with contact 
information (cell phone numbers) and tentative assignments. 
Remember: Time will be limited and staff will also need to 
prepare their own homes. Talk to key staff now to get an idea 
of their availability prior to a storm.  

	 •	 Even	 if	 docks	 are	 well	 protected,	 boats	 tend	 to	 suffer	
less damage if they’re stored ashore on high ground (storage 
ashore may not be advisable at all facilities). The draft of boats 
to be stored is also a factor; powerboats blocked ashore are 
less vulnerable to high winds than deep-draft racing sailboats 
with tall masts.

If you’re going to haul boats, you must first get an idea of how 
many boats you can haul per hour. And since there may only be 
a few hours, you’ll need to prioritize which boats will be pulled 
first. This can be done by asking for a deposit—first to pay, first 
to be served. Consider starting a “Hurricane Club” where boat 
owners pay for preparation services in advance.

	 •	 Marinas	 that	aren’t	well	protected	and/or	don’t	have	 the	
capability of hauling boats will have to plan on moving boats to 
a nearby hurricane hole. These plans must be communicated 
to slip holders well before hurricane season. At one Melbourne, 
Florida marina that has no storage area and only a low barrier 
protecting the slips, boats are provided to ferry customers from 
the hurricane hole back to the marina. Extra lines and anchors 
are also available. Another marina in Florida has a list of paid 
captains who are available to move boats to a more secure 
location inland.

III  Things to Do Now
Consider what gear is essential to preparing your marina for 
a hurricane and have it available. Examples include smaller 
emergency generators (and fuel), plywood, nails, all of which 
will be in short supply once a warning is posted. Do you have 
enough jack stands to support boats in a storm (two per side 
won’t be sufficient)? Other equipment you’ll need includes 
flashlights, communication radios, batteries, pumps, yellow 
caution tape, extra fuel, duct tape, boat hooks, water, drinks 
and food. The latter can be used to feed staff during cleanup 
after a storm.

	 •	 Read	the	fine	print	in	your	own	marina’s	insurance	policies	
and, if necessary, review with your agent. Pay careful attention 
to what is and isn’t covered by your business interruption 
insurance and make adjustments accordingly. (Note: Once 
hurricane warnings are posted, insurance companies won’t 
allow you to make changes.)

	 •	 Unless	you’re	prepared	to	take	care	of	all	of	the	boats	in	
your yard, cooperation from boat owners is essential. Review 
your marina dock contracts to make sure it spells out the boat 
owners’ responsibilities in the event of a hurricane.

Specific hurricane preparation requirements should be written 
down now so that they can be posted on the marina’s web 
site. (Aside from posting it on the web site, include a copy with 
the slip renewal contract.) Requirements include stripping the 
boats (biminis, sails, dodgers, dinghies, etc.), extending lines 
to more distant pilings, doubling lines, adding chafe protection 
and fenders. Shore power cords must be unhooked. Lines 
should be adjustable from the dock. Extra lines should be 
left in the cockpit. Dinghies on storage racks must be lashed 
down. Get the name of an alternate person who can prepare 
the boat in the owner’s absence. Post the names and contact 
information of boat owners on the web site. This will allow 
owners to contact someone else, in the event that he or she 
won’t be able to prepare their own boats.

Specify that an owner will be billed for any services necessary 
to prepare a boat in their absence. (Don’t forget that your own 
marina workboats will also have to be prepared.)

	 •	 Contact	local	governments	to	find	evacuation	policy	in	the	
event of a hurricane, including which bridges are liable to be 

Marina Hurricane Preparation Plan
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closed. Also, provide a list of nearby hurricane holes on your 
web site.

	 •	 Paint	the	edges	of	the	dock	white	so	that	missing	planks	
will be more visible when the docks are underwater.

	 •	 Consider	building	concrete	hurricane	moorings	with	pad	
eyes that can be used to strap down boats stored ashore.

	 •	 Obtain	a	sufficient	number	of	oil	containment	booms	 to	
handle multiple submerged boats.

IV  At the Start of Hurricane Season

	 •	 Update	emergency	contact	 information	 for	boat	owners,	
including cell phone numbers and e-mail addresses. If you 
need to reach a lot of people quickly, use customers’ email 
addresses at work. (Correspondence from their boatyard tends 
to be read immediately.) If necessary, follow up later with a 
phone call.

	 •	 Routinely	back	up	all	computer	office	files.

	 •	 Take	photos	of	facilities,	inventory,	machinery	and	valuable	
tools for insurance purposes.

	 •	 Make	up	laminated	photo	ID	tags	to	give	to	the	Hurricane	
Team. This may help get staff back into restricted areas after 
the hurricane.

	 •	 Contact	boat	salvors.	Making	arrangements	now	is	much	
more likely to a bring quick response after the storm. The 
same is true of building and dock contractors—making contact 
before the storm is more likely to get you assistance sooner 
when the storm has passed.

	 •	 Don’t	rely	on	local	TV,	radio	or	even	the	weather	channel	
for reliable predictions. Make it a habit to check various weather 
sites on-line to find one that is easy to use and accurate. For 
practice, use this site to track all hurricanes during the season, 
regardless of where they’re headed. Sites that give detailed       
(lat/lon) predictions include the Weather Underground, 
BoatU.S. and NOAA. NOTE: The official sites have sometimes 
made plotting mistakes, including some that were over 100 
miles off. To assure accuracy, plot the predicted coordinates 
yourself on a tracking chart.

V  When a Hurricane Watch Is Posted 

	 •	 If you haven’t done so already, begin preparing marina 
facilities and boats. 

	 •	 Contact all members of your Hurricane Team and review 
assignments. With large staffs, this may be done with a few 
key people who will then communicate it to their charges. Post 
assignments in the office. 

	 •	 Post	updated	storm	information	outside	the	main	office.

	 •	 Contact	 boat	 owners	 and	 refer	 them	 to	 hurricane	 prep	
information posted on your web site. Remind them that they 
are responsible for preparing their boats.

	 •	 Contact	a	rental	truck	agency	and	a	storage	facility	in	the	

event you’ll need to evacuate computers, office equipment and 
paperwork. If necessary, make reservations (which you can 
cancel if they’re not needed). Other equipment you may want 
to rent includes larger generators as well as a temporary office 
trailer. Now is the time to collect any emergency gear on your 
list that isn’t already on hand.

	 •	 Notify	suppliers	and	have	them	hold	shipments	until	you	
give them the OK.

	 •	 Move	all	hazardous	materials	 to	a	safer	 location	on	high	
ground.

VI  When a Hurricane Warning Is 
Posted 

	 •	 Hook	up	and	test	emergency	generators.

	 •	 Respect	hurricane	evacuation	plans	mandated	by	the	city	
or county. Don’t ask anyone to stay in the area if a storm is 
considered “dangerous.”

	 •	 If	 the	hurricane’s	 impact	 is	expected	 to	be	minimal,	ask	
for volunteers who may be able to help adjust lines during the 
storm.

	 •	 Shut	down	electricity	and	water	on	the	docks.

VII During the Hurricane

	 •		Good	luck.

VIII After the Hurricane

	 •	 Rig	oil	containment	booms	around	all	sunken	boats.

	 •	 Photo-document	 damage	 for	 insurance	 purposes.	 If	
possible, contact your insurer. (Remember: The squeaky wheel 
gets the oil.)

	 •	 Contact	contractors	you’ll	be	needing	to	rebuild.	Be	aware	
that a lot of “contractors” and “salvors” will be showing up who 
aren’t full-time professionals (an understatement). Work only 
with the contractors you’re familiar with, preferably the ones 
you contacted before the storm.

	 •	 Begin	 debris	 cleanup.	 Make	 two	 piles—debris	 that	 is	
reusable and debris that will be hauled away.

	 •	 Boat	 owners	 may	 volunteer	 to	 help	 clean	 up.	 At	 one	
marina, hot dogs and cold drinks were served to staff and 
volunteers.

	 •	 With	 rebuilding,	start	with	 the	 largest	slips	first,	as	 these	
bring in the most money.

	 •	 Keep	customers	and	suppliers	apprised	of	your	rebuilding	
schedule.

***********

For	more	sample	hurricane	prep	plans,	go	to:	
http://www.boatus.com/hurricanes/marina_plans.asp 
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Boat’s	Name                                           Length         Model          

Your	Name                                                                                          

Address                                                                                            

City                                              State                Zip                       

Phone Day                                     Night                                           

Alternate	Caretaker	(If	you	are	not	available):

Name                                                                                                

Address                                                                                              

City                                              State                Zip                        

Phone Day                                    Night                                            

Has Boat Keys?         Access to Hurricane Equipment?                  

Boat’s	Current	Location                                                       

Marina	Name/Address                                                        

Slip	#                                                                                            

List	All	Equipment	Needed	to	Prepare	Boat:

       Equipment                                Current Location

Extra Lines                     1.                                                       
Chafe Protectors            2.                                                       
Fenders                           3.                                                                                                                     
                                                                                                                                             
Anchors                          4.                                                       
Swivels                            5.                                                                                                                   
Shackles                         6.                                                        
Duct Tape                       7.                                                       
Plugs (Exhaust ports)    8.                                                                                                                                       

9.                                                                                                                 
10.                                                                                                   

List	Equipment	to	be	Stripped	from	Boat

       Equipment                                Storage Location

Electronics1.                                                                                
Dinghy2.                                                                                       
Outboard/Fuel3.                                                                           
Sails4.                                                                                           
Bimini5.                                                                                        
Galley Fuel6.                                                                                  
Ship’s Papers7.                                                                         
Personal Effects8.                                                                        

9.                                                                                                    
10.                                                                                                   

Planned	Location	During	Hurricane                                                                                                                                        

                                                                                                  

If	at	a	Dock                                                                              

Location, (If different than current location)                                                                                                                                        

                                                                                                                       

If	at	a	Hurricane	Hole:
Travel time by water from present location                            

Are there any bridges that would need to be opened?         

If yes, will they be open prior to hurricane?                              

Has owner of surrounding land been contacted?                        

How will you get ashore?                                                             

Type of bottom?                                   Depth                                

Additional anchors needed                Size(s)                             

Types                                                                                              

Additional Lines #                     Length               Size                

Additional Chain #                    Length               Size                

Chafe gear                  Swivels                  Shackles                  

If	at	a	Mooring/Anchorage
Has the mooring been inspected within the last six 

months?                                                                                                        

How will you get ashore?                                                             

Types of bottom:                                  Depth                               

Mooring lines should be extended           to increase scope

Additional anchors needed: #                 Size                           

Additional chain:  #                                   Size                           

Chafe gear                      Swivels: Shackles                                

Diagram	of	proposed	hurricane/Docking/or	Mooring	location

If	Stored	Ashore
Windage reduced by stripping sails, furling gear, bimini, 

and antennas?                                                                                 

Extra blocking available for storm conditions?                                 

What arrangements have been made for hauling?                     

Storage location                                                                             

Contact name (marina/property owner)                                    

Phone #                                                                                                    

Hurricane	Preparation	Worksheet
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APPENDIX D    MARINA EVACUATIONS

Each marina should develop a Marina Evacuati on Plan tailored to address site specifi c and 
marina specifi c issues.  Timing is the key element to reduce the risk to life, personal injury and 
property damage.  

Example marina evacuati on plans are not available for each of the fi ve Gulf of Mexico States,
but the following links provide general and useful informati on regarding evacuati on procedures 
and plans.

Agency Example Websites Addressing Evacuati ons during Hurricanes
Florida Fish and Wildlife 
Conservati on Commission

htt p://myfwc.com/boati ng/safety-educati on/hurricane/

Mobile County Emergency 
Management

htt p://www.southalabama.edu/emafl yer.pdf

Mississippi Emergency 
Management Agency

htt p://www.msema.org/wp-content/uploads/2012/07/
MississippiHurricaneIncidentAnnex.pdf

Louisiana Homeland Security 
and Emergency Preparedness

htt p://www.gohsep.la.gov/factsheets/YourEvacuati onPlan.
htm

State of Texas htt p://emergency.portal.texas.gov/en/Pages/Evacuati ng-to-
Safety.aspx

D-1  BOATUS GUIDE TO PREPARING BOATS AND MARINAS FOR HURRICANES
According to BoatUS’s Marine Insurance Damage Avoidance Program document provided as 
Appendix D-1, the choice to relocate your boat to a “storm-worthy” locati on and having a 
plan in place before the posti ng of a hurricane warning will reduce the probability of damage 
considerably.  The guide addresses locati ons to secure your boat, provides a one-page overview 
of criti cal points, and includes a boat owner’s hurricane worksheet.  In additi on, post-storm 
guidance is provided in the document.

D-2  RHODE ISLAND SEA GRANT FACT SHEET:  HURRICANE PLAN FOR BOATERS
The Rhode Island Sea Grant Program produced a fact sheet for boaters on the East Coast, which 
is provided as Appendix D-2.  Although, writt en for boaters on the East Coast, many of the same 
practi ces would apply to the Gulf of Mexico States and across the United States. 
  
D-3  PROTECTING YOUR BOAT AGAINST SEVERE WEATEHR - TEXAS SEA GRANT 
Dewayne Hollin with The Texas Marine Advisory Service prepared a document for the Texas 
Sea Grant College Program.  The document was prepared for boat owners to bett er plan and 
prepare for protecti ng their boats in the event of severe weather or hurricanes.  The document is 
provided as Appendix D-3 and serves as a guide for boatowners.  Using this Sea Grant document 
as a guide, boatowners can prepare their own unique plan with specifi cs addressed for type of 
boat, local weather conditi ons, site specifi cs, and nearby safe harbors.

D-4  MARINA BAY YACHT HARBOR: GENERAL BERTHING AGREEMENT
The Marina Bay Yacht Harbor: General Berthing Agreement is provided as an example agreement 
between a boater and a marina and is provided as Appendix D-4.  It can be modifi ed to be used 
by a marina owner or operators as necessary.
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APPENDIX D-1  

THE BOATERS GUIDE TO PREPARING BOATS AND MARINAS FOR HURRICANES. A 
BOAT U.S. MARINE INSURANCE PUBLICATION



 &

Boat owners from Maine to Texas have 
reason to become edgy in the late summer 
and fall: Each year, on average, two hurri-
canes will come ashore somewhere along 
the Gulf or Atlantic coast, destroying 
homes, sinking boats, and turning people’s 
lives topsy-turvy for weeks, or even 
months. This year, who knows? Florida is 
struck most often, but every coastal state 
is a potential target. 

Experts predict that in the next 20 years 
there will be much more hurricane 
activity than has been seen in the past 
20 years. Experts also fear that after a 

number of storm-free years, people in 
some of the vulnerable areas will be less 
wary of a storm’s potential fury. But to 
residents of North Carolina and Virginia, 
crippled by Isabel in 2003, and people in 
Florida, ravaged from four giant storms 
in 2004, the hurricane threat won’t soon 
be forgotten.

Developing a Plan
If you own a boat, the first step in devel-
oping a preparation plan is to review 
your dock contract for language that may 
require you to take certain steps or to leave 

BoatU.S. Marine Insurance Damage Avoidance Program

the marina when a hurricane threatens. 
Ask the marina manager what hurricane 
plan the marina has in place.  

Planning where your boat will best survive 
a storm, and what protective steps you 
need to take when a hurricane threatens, 
should begin before hurricane season. The 
BoatU.S. Marine Insurance claim files 
have shown that the probability of damage 
can be reduced considerably by choosing 
the most storm-worthy location possible 
and having your plan ready long before a 
hurricane warning is posted. 

The BoaTer's Guide To

PreParinG BoaTs   Marinas for 
Hurricanes
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Knowing What to expect

BoatU.S. Marine Insurance Damage Avoidance Program

 TornaDoes
Tornadoes are sometimes spawned by hurri-
canes. Of the 46 people who died during 
Hurricane Carla in 1961, 11 were killed 
by tornadoes. Little can be done to protect 
a boat from a tornado. The possibility of 
a twister, however, is a strong reason for 
you, your family, and your boat, if it is 
trailerable, to be far from the coast when a 
hurricane makes landfall. 

2

A storm surge during Hurricane Isabel combined with normal high tides to overcome this low-lying 
breakwater. The protected harbor then became an open bay and many of the boats in the harbor 
either sank or were badly damaged.

In a hurricane, it is not unusual for steep, 
breaking waves three to six feet high to 
pound normally peaceful harbors. Seawalls, 
barrier beaches, and other structures that 
normally protect docks and moorings are 
submerged by the storm surge. This has the 
effect of greatly extending the “fetch,” or 
distance, over which the wind can generate 
waves. 

 rainfall
Rainfall of six to 12 inches within 24 hours is 
normal during a hurricane, with extremes of 
24 inches having been recorded. A hurricane 
that struck Puerto Rico in 1928 is estimated 
to have dumped over two-and-a-half billion 
tons of water on the island. Boats that are 
spared the worst high water and wind still 
can be sunk by the torrential rain. Cockpit 
decks are seldom 100% watertight, and the 
ability of a bilge pump and battery to handle 
rain accumulation is greatly overestimated. 
Deck drains and pump discharges located 
near the waterline can backflow when waves 
and rain put drains underwater. 

 surge
The damaging influence of high water, or 
storm surge, is often underestimated in 
preparing a boat for a storm. Storm surge 
raises the water level far above normal high 
tide, cutting off roads, forcing evacuation, 
and lifting boats above their docks and 
pilings. Surge accounts for major damage 
to boats because it puts docks and dockline 
arrangements underwater as the boat tries 
to float above. 

Surge is the result of several factors. Due to 
low barometric pressure, the ocean surface 
is drawn upward forming a mound about 
one foot higher than the surrounding ocean. 
Large swells generated by the storm reach 
land first, while storm winds drive water 
toward the coast. As the storm makes 
landfall, water levels 10 to 20 feet above 
normal high tide are possible. Surge is 
responsible for extensive flooding and 
much of the loss of life that accompanies a 
hurricane. Dangerous high tides can reach 
outward 20 to 50 miles from the storm’s 
center. Surge makes extra length and 
positioning of docklines critical. 

 WinD
A hurricane, of course, brings high winds. 
Wind speeds of 70 to 130 mph are common, 
and winds over 200 mph have been recorded. 
What may be less understood is the force 
created by such winds. When wind speed 
doubles, the wind pressure quadruples. 
To put it in practical terms, when the 
wind speed increases, the damage it causes 
increases at a much greater rate. This illus-
trates the importance of reducing the boat’s 
windage, which is the amount of area your 
boat presents to the wind, by removing 
as much rigging, canvas, and deck gear as 
possible, and facing the bow toward the 
greatest exposure.

 
 Waves
Waves in the ocean have tremendous energy 
and can reach mountainous heights. But 
even in relatively small harbors, bays, and 
lakes, waves can build to surprising heights. 

Preparing a Boat for a Hurricane Means Defending Against Wind, Rain, Waves, and 
High Water—All in Proportions Rarely Experienced by Boaters. Claim Files from 

Past Storms Show That Damage Is Usually Due to a Combination of These Factors. 

Recommended Reading:
Chapman: Piloting, Seamanship, & Small 
Boat Handling, by Elbert Maloney. 632 
pages. Hearst Marine Books.

The Complete Book of Anchoring and 
Mooring, Second Edition, by Earl Hinz. 331 
pages. Cornell Maritime Press.

Oceanography and Seamanship, by William 
Van Dorn. 463 pages. Dodd, Mead & Co.
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Going back as far as Hurricane Alicia in 1983, BoatU.S. Hurricane Catastrophe Team 
(CAT) members have spent thousands of hours working to identify and recover damaged 
boats. They have seen firsthand what works and what doesn’t work when a boat is pre-
pared for a hurricane. When asked where they would take their own boats if a hurricane 
warning were posted, most of said they would have it hauled ashore. For many boat own-
ers and marinas, hauling boats is the foundation of their hurricane plan. Some farsighted 
marinas and yacht clubs have evacuation plans to pull as many boats out of the water 
as possible whenever a storm is approaching and secure the rest in the largest available 
slips. 

There are some types of boats that must be pulled if they are to have any chance of sur-
viving. Smaller, open boats and high-performance powerboats with low freeboard, to use 
two examples, will almost always be overcome by waves, spray, and rain. This is true even 
if the boats have self-bailing cockpits. Fortunately, most of these boats can be placed on 
trailers and transported inland.

Boats ashore should be stored well above the anticipated storm surge, but even when 
boats are tipped off jack stands and cradles by rising water, the damage they sustain in a 
storm tends to be less severe than the damage to boats left in the water. 

Windage is also a consideration.  If nothing else, reduce windage as much as possible (see 
“Critical Points”) and make sure your boat has extra jack stands, at least three or four on 
each side for boats under 30’ and five or six for larger boats. The jack stands must be sup-
ported by plywood and chained together. To reduce windage, some ambitious boat owners 
on the Gulf Coast have dug holes for their sailboat keels so that they present less wind-
age. Smaller sailboats are laid on their sides.

One technique that has proven to be very effective involves strapping boats down to eyes 
imbedded in concrete (see cover photo).  At least two marinas in Florida and one in Puer-
to Rico have used straps with excellent results.   One of the Florida marinas strapped the 
boats to eyes imbedded in its concrete storage lot. The other Florida marina and the one 
in Puerto Rico built heavy concrete runners (similar to long, narrow concrete deadweight 
moorings) beneath the boats to anchor the straps. Even when the wind has been on the 
beam and water has come into the storage area, the straps held and boats have stayed 
upright. An alternative tried at other marinas has been to use earth augers screwed into 
the ground to secure the straps. Results with the latter technique have been mixed; some 
have held while others have been pulled out. All things considered, any attempt to anchor 
a boat on shore is worth the effort.

BoatU.S. Marine Insurance Damage Avoidance Program 3

Where to Keep Your Boat
Securing a Boat Ashore

A sample storm arrangement: note the spring 
lines, which were the longest lines, are now the 
shortest. Stern lines are extended one or two 
slips away. Additional bow lines lead across to 
the next dock or to storm anchors placed out 
from the slip.

On a face dock, position the boat farther (the 
farther, the better) than usual from the dock and 
add offshore lines to hold the boat away from the 
dock. Offshore lines can lead to distant pilings or 
trees, such as across a canal, or to anchors if the 
bottom provides adequate holding.

A hurricane “warning” advisory is posted 
when sustained winds of 74 mph or 
higher are expected within 24 hours or 

less—too late, in most situations, to head 
for the boat. Securing the house, gathering 
emergency provisions, and evacuating the 
family will need attention at this point. 

A hurricane “watch” is posted when 
hurricane conditions pose a threat to a 
specified coastal area, usually within 36 
hours. Some hurricane observers believe 
waiting for a watch to be posted also may 
be too late to head for the marina or to 
move the boat to a safer location. 

Even watching the barometer, which is 
helpful for some weather patterns, can’t     

When to Take action
“The time for taking all measures for 
a ship’s safety is while still able to do 
so. Nothing is more dangerous than 
for a seaman to be grudging in taking 
precautions lest they turn out to have 
been unnecessary. Safety at sea for 
a thousand years has depended on 
exactly the opposite philosophy.”
                     
              —Admiral Chester W. Nimitz

tell you when to prepare for a hurricane. 
The extreme low pressure associated with 
a hurricane occurs close to the eye of the 
storm—too late to predict landfall. 

The best advice is to prepare or move your 
boat when a hurricane is a substantial 
possibility, even before a watch is issued. 
If you wait longer, and your plan includes 
relocating the boat, bridges may be locked 
down and the hurricane hole you choose 
may be inaccessible. Or, if you plan to 
have your boat weather the storm ashore, 
you may find the marina is too busy to 
haul your boat. 
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Securing a Boat in the Water
Any boat in the water should be secured in a snug harbor (don’t even think about riding 
out the storm at sea unless you’re the skipper of an aircraft carrier). The trick is decid-
ing which harbors will still be snug if a hurricane comes ashore and which will be vulner-
able. Storm surge—high water—is a major consideration.  A storm surge of 10’ or more 
is common in a hurricane, so a seawall or sandy spit that normally protects a harbor may 
not offer any protection in a hurricane.  

Another consideration is rocks. Crowded, rock-strewn harbors are picturesque, but they 
are not a good place to keep your boat in a storm. Rocks are hard on boats, should yours 
break loose. If you plan to anchor, the best anchoring is usually in sand, followed by clay, 
hard mud, shells, broken shells, and soft mud. Also, water can sometimes be blown out of 
the harbor, leaving boats stranded briefly. If this happens, your boat would rather settle 
onto anything but rocks. 

At a Dock
At a Fixed Dock.  Members of the BoatU.S. CAT team estimate that as many as 50% 
of the boats damaged at fixed docks during hurricanes could have been saved by using 
better dock lines: lines that were longer, larger, arranged better, and/or protected against 
chafing.  If you decide to leave your boat at a dock, you’ll need to devise a docking plan 
that is liable to be far different than your normal docking arrangement. By the time 
preparations are completed, your boat should resemble a spider suspended in the center 
of a large web. This web will allow the boat to rise on the surge, be bounced around by 
the storm, and still remain in position.  

Take a look at your boat slip and its relation to the rest of the harbor. For most boats, 
you’ll want to arrange the bow toward open water or, lacking that, toward the least 
protected direction. This reduces windage. The exception is boats with swim platforms, 
especially swim platforms that are integral to the hull. These boats have been sunk when 
their platforms were bashed against a bulkhead. If your boat’s swim platform can’t be 
kept safely away from a bulkhead, secure the boat with its stern toward open water.

Next, look for trees, pilings, and dock cleats—anything sturdy—that could be used for 
securing dock lines.  Not all pilings are sturdy. Old wood pilings that are badly deterio-
rated (rot, worms) should obviously not be relied on in a storm. The same is true of older 
concrete pilings, which seem to be more susceptible to snapping in two (and sometimes 
landing on boats) than their more pliant wood counterparts.  Many of the boats that 
were wrecked in Hurricane Charley had been secured to concrete pilings that couldn’t 
stand up to the lateral stress and twisting. And at least one marina in Pensacola had 
almost all its concrete pilings fail. All things being equal, wood is a better choice. 

With most docking arrangements, lines will have to be fairly taut if the boat is going to 
be kept away from pilings. The key to your docking arrangement is to use long lines, the 
longer the better, to accommodate the surge.  (A good rule of thumb: Storm dock lines 
should be at least as long as the boat itself.) You will probably want to use other boat 
owners’ pilings (and vice versa), which calls for a great deal of planning and cooperation 
with slip neighbors and marina management.   

Lines should also be a larger diameter to resist chafe and excessive stretching. On most 
boats, you should use 1/2” line for boats up to 25’; 5/8” line for boats 25’ to 34’; and 
3/4” to 1” lines for larger boats. Chafe protectors (see “Critical Points”) must be on any 
portion of the line that could be chafed by chocks, pulpits, pilings, etc. To secure lines to 
hard-to-reach outer pilings, put the eye on the piling so that lines can be adjusted from 
the boat. For other lines, put the eye on the boat to allow for final adjustment from the 
dock.

At a Floating Dock. Because they rise with the surge, floating docks allow boats to be 
secured more readily than boats at fixed docks. There’s no need to run lines to distant 
pilings because the boats and docks rise in tandem.  Floating docks only offer protection 
from the surge, however, if—a HUGE if—the pilings are tall enough to accommodate the 
surge. In almost every major hurricane, there have been instances where the surge has 
lifted floating docks up and over pilings. When that happens, the docks and boats, still 
tied together, are usually washed ashore in battered clumps. 

Two problems with the storm-worthiness of this 
marina: First, the boat is exposed to far too much 
open water. Second, the condition of the pilings 
is abysmal. In the event of a hurricane, this boat 
would have to be moved.

Several years ago, the 6’ pilings that anchored 
the floating docks at this Virginia marina were 
replaced with 18’ pilings. When Hurricane Isabel 
came up the Potomac in 2004, all of the boats 
survived the 14’ surge with no damage. Had the 
pilings not been replaced, damage at the marina 
would have been extensive.   

The larger the slip, the better the chance that 
a boat will survive a hurricane.   When a boat 
must be left at a dock, moving it to a larger 
slip (equally well protected) will be a decided 
advantage. Docklines (the more the better) should 
be arranged to minimize the chances of the boat 
coming in contact with the dock and pilings. 
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If you plan to leave your boat at a floating dock, it’s critical that you measure the height 
of the pilings—will they remain above the predicted storm surge? Pilings that are only 
six or seven feet above the normal high tide probably won’t be safe.  When floating docks 
have been rebuilt after hurricanes, the new pilings have almost always been much taller, 
about 18’ tall, and are far less likely to be overcome by surge than the six- to eight-foot 
pilings that they replaced. Taller pilings are much more “storm proof.”

Hurricane Holes: Canals, rivers, and Waterways
Whenever canals, rivers, or waterways are available, they serve as shelters—hurricane 
holes—and offer an attractive alternative to crowded harbors and marinas. Your mooring 
arrangement will depend on the nature of the hurricane hole. 

In a narrow residential canal, a boat should be secured in the center with several sturdy 
lines ashore (the “spider web”) to both sides of the canal.  This technique was common to 
most of the boats in canals that survived recent hurricanes. Conversely, boats that were 
left at docks without the benefit of lines to both sides of the canal didn’t fare any better 
than boats at marina docks. 

The boat should be facing the canal’s entrance and be as far back from open water as 
possible. Besides sheltering the boat, being away from the entrance should help with 
another consideration, which is the need to maintain a navigable waterway. 

Securing boats in residential canals is possible only if you make arrangements with the 
homeowners whose trees and pilings you will be using to secure your boat. This can be 
difficult if your boat isn’t normally moored in the canal.  If your boat is already in the 
canal, getting other homeowners involved in planning for a hurricane increases the 
chances that your boat (and theirs) will survive.  This is important. All it takes to wreak 
havoc in a narrow canal is one or two neglected boats coming loose. 

In wider canals and waterways, boats should be secured using a combination of anchors 
and lines tied to trees ashore. More lines and anchors are always better. Try to find a 
spot that is well away from open water and that has tall banks, sturdy trees, and few 
homes. Moor your boat away from the main channel. Other considerations: A hurricane 
hole that ordinarily takes an hour to reach may take two hours to reach when winds and 
seas are building; bridges may not open as frequently once a hurricane warning has been 
posted; or the bridges may be locked down to evacuate cars. Plan on moving your boat 
early. 

at a Mooring, at anchor, or Both
Mooring in a sheltered location can also be a good alternative to exposed harbors and/or 
crowded marinas.  A boat on a mooring can swing to face the wind, which reduces wind-
age, and it can’t be slammed into a dock unless the mooring or anchor drags.

The first question, then, is: Will your mooring hold?  As a result of numerous moorings 
being dragged during recent hurricanes and northeasters, a search has been underway 
for a more secure mooring anchor. A study by the BoatU.S. Foundation, Cruising World 
magazine, and Massachusetts Institute of Technology (MIT) found that a 500-lb. mush-
room buried in mud could be pulled out with 1,200 lbs. of pull (supplied by a 900-hp tug); 
an 8,000-lb. deadweight (concrete) anchor could be pulled out with 4,000 lbs. of pull.  
A helix morring, however, could not be pulled out by the tug and the strain gauge re-
corded 12,000 lbs. of pull—its maximum—before a shackle was burst apart by the strain. 
Scope in each case was slightly less than 3:1. (In another helix test, a strain gauge had 
registered 20,800 lbs. before the hawser snapped.) 

The holding power of a mushroom or deadweight mooring anchor can be increased by 
extending the pennant’s scope, which has as much to do with holding power of a moor-
ing as the anchor itself. (Additional scope, while always advantageous, appears to be less 
critical with helix anchors.) Studies have found that when the angle of pull increases to 
25˚, a mooring’s holding power begins to weaken precipitously.  So in shallow harbors, 
where a scope of 3:1 can be had with, say, 20’- 30’ of chain, the advantage of scope is all 
but eliminated in a storm by a combination of a large tidal surge and the high, pumping 
motion of waves. Note that in a crowded harbor, scope must be increased uniformly on 
all boats.

Finally, when was the last time your mooring’s chain was inspected? Chain that is mar-
ginal in the spring will not be sufficiently strong at summer’s end to stand up to a hur-
ricane. A harbormaster should know how long your chain has been in use and whether 
its condition could be iffy.

Anchors used in tandem give you the advantage 
of 100% holding power of both anchors simulta-
neously. Use only chain to join the anchors before 
setting. Tandem rigs should be prepared well in 
advance of the hurricane season, as it is usually 
necessary to weld a pad eye to the trailering 
anchor.

Swivel

Using three anchors set 120° apart allows the 
boat to swing and face the wind. This is an 
especially good technique if the boat must be 
moored in a crowded harbor because the boat 
will not swing in as wide an arc as a boat that is 
riding on only two anchors.

This sailboat was tied off in a canal in Gulf Breeze, 
Florida using three large anchors and 13 lines 
to shore. Despite considerable damage to other 
nearby boats and homes, the sailboat survived 
Hurricane Ivan without so much as a scratch. 

For more damage-avoidance articles to 
help prepare your boat for a hurricane, 
go to BoatUS.com/hurricanes. The 
site includes up-to-date information on 
active hurricanes, including tracking 
models and NOAA forecasts. 
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If you have any doubts about your mooring, the chances of it failing can be reduced sig-
nificantly by using one or two additional storm anchors to enhance its holding power and 
to decrease the room your boat will need to swing.  
 

at anchor
As with moorings, conventional storm anchors rely on scope—at least 10:1 if possible— 
to increase holding power. Heavy, oversize chain is also recommended; 50/50 is prob-
ably the optimum chain-to-line ratio. In theory, a riding weight, or sentinel, placed at 
the chain/line juncture will lower the angle of pull on the anchor and reduce jerking 
and strain on the boat. During a hurricane, however, its value will be diminished by the 
extreme pressure of wind and waves and a sentinel (and the weight of the chain) should 
never be relied on to compensate for lack of scope. To absorb shock, an all-chain rode 
must have a snubber (usually nylon line) that is 30% of the rode’s length. Without the 
nylon line, the surging waves and intense gusts are much more likely to yank the anchor 
out of the bottom.

BoatU.S. CAT team members have consistently found boats that used single working an-
chors were much more likely to have been washed ashore.  Conversely, more and larger 
anchors (suited for the type of bottom) increased a boat’s chances of staying put.  One 
CAT team member says he is impressed with the number of boats that ride out storms 
successfully using two large anchors with lines set 90° apart. With this technique, one 
rode should be slightly longer than the other so they won’t become tangled should they 
drag.  Even more staying power can be had using the tandem anchoring technique—
backing each anchor with a second anchor. Using tandem anchors allows the first anchor 
to dig a furrow so that the second can dig in even deeper (see diagram, page 5). A study 
done by the U.S. Navy (Technical Note CEL N-1707, October 1984) found that the use 
of tandem anchors yields a 30% improvement over the sum of their individual holding 
powers.  

One more important note: Chafe gear is essential on any line, but it is especially impor-
tant on mooring and anchor lines. Recent storms have given dramatic evidence that a 
boat that is anchored or moored is especially vulnerable to chafing through its pennants 
(see “Critical Points”). Unlike a boat at a dock, which is usually more sheltered and se-
cured with multiple lines, a boat on a mooring is more exposed to wind and wave and will 
typically be secured with only two lines. Lines on the latter will be under tremendous 
loads and will chafe through quickly if they aren’t protected. 

Trailerable Boats
A trailer is, or should be, a ticket to take your boat inland to a more sheltered location 
away from the tidal surge. But your boat won’t get far on a neglected trailer that has two 
flat tires and rusted wheel bearings. Inspect your trailer regularly to make sure it will be 
operable when it’s needed. 

If you take your boat home, you may want to leave it, and not your car, in the garage. A 
boat is lighter and more vulnerable to high winds than a car. If this isn’t practical, put 
the boat and trailer where they will get the best protection from wind, falling branches, 
etc. 

Let some air out of the trailer tires and block the wheels. You can increase the weight of 
lighter outboard boats by leaving the drain plug in and using a garden hose to add water. 
(Rain will add a lot more water later.) This has the added advantage of giving you emer-
gency water (non-drinking) if the main water supply gets knocked out by the hurricane. 
Place wood blocks between the trailer’s frame and springs to support the added weight. 
On a boat with a stern drive, remove the drain plug so that the engine won’t be damaged 
by flooding. 

Secure the trailer to trees or with anchors or augers. Strip all loose gear, bimini tops, 
canvas covers, electronics, etc. and then lash the boat to the trailer. 

Boats on Davits and lifts
When asked, “Where wouldn’t you want your boat to be in a hurricane?” just about all 
of the BoatU.S. CAT Team members consistently say they wouldn’t want their boat to 
be on a hoist or lift. Damage to boats on lifts has been high and has included boats being 
blown off cradles; bunk boards breaking (and spilling the boats); boats grinding against 
lift motors and pilings; boats being overcome by the storm surge; and boats filling with 

One boat that survived Hurricane Andrew was 
secured in a mangrove channel with eight 5/8” 
lines to shore and three large anchors: a 60-lb. 
Danforth; a 37-lb. Fortress; and a 45-lb. Bruce. 
Each of the lines had 10’ of slack to allow for the 
tidal surge.

A boat on davits is extremely vulnerable to storm 
surge. If possible, store the boat ashore.

Most boats do well on trailers in a hurricane. 
The exception is deep-draft sailboats, which 
are vulnerable when the wind is on the beam.  
Whenever a sailboat with a deep keel is stored 
on a trailer, jack stands should be used to provide 
additional support. 
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rainwater and collapsing lifts.  Have any boats on lifts survived? In areas that have been 
hard hit, the answer is not many. The few that did survive were typically subjected to 
only a slight surge, and the lift had been secured so that the boat and its cradle couldn’t 
be tossed around by the wind. Whenever possible, boats on lifts or davits should be stored 
ashore or moved to a safer location in the water (dock or anchorage). 

If the boat must be left on its lift, remove the drain plug so the weight of accumulated 
rainwater will not collapse the lift. (If the tidal surge reaches the boat, it will be flooded, 
but to leave the plug in place is likely to result in more serious structural damage.) Tie 
the boat securely to its lifting machinery to prevent the boat from swinging or drifting 
away. Plug the engine’s exhaust outlet and strip the boat. Make sure cockpit drains are 
free of debris.

Boats on High-rise storage racks
In Hurricane Wilma alone, three large steel storage racks with thousands of boats were 
collapsed. Typically, older storage racks are more vulnerable than ones that were con-
structed in the past few years. On newer buildings, the supports will be free of rust and 
the “loosening” effect of previous storms. Newer ones are also more likely to have been 
built to a higher standard with more and heavier structural supports to withstand higher 
winds. (A marina owner should know how much wind a steel building was designed to 
withstand. ) If not, or if there is any doubt about the structure’s ability to stand up to 
an approaching storm, boats on storage racks should be placed on trailers and taken 
elsewhere. 

One of the most dangerous mistakes a skipper can make is to stay 
aboard his or her boat during a hurricane. Several accounts given in 
claim files indicate that there is little, if anything,  a skipper can do to 
save a boat when winds are blowing over 100 mph, tides are surging, 
and visibility is only a few feet. 

What can happen? Consider the case of a 68-year-old skipper in 
Charleston, who together with his grown nephew, took their trawler 
up the Wando River to ride out Hurricane Hugo in what they 
thought would be a "sheltered" hurricane hole. He reported that the 
boat seemed to be doing fairly well initially, but later that night the 
wind picked up to over 100 mph and 15’ seas sent the boat crashing 
completely over. 

The two men were trapped briefly in a pocket of air underwater when 
another wave rolled the boat back upright. They then scrambled onto 
the deck and were eventually rescued, but not before almost drowning 
and being overcome by exposure. 

Another skipper who stayed aboard his motorsailer at a marina during 
Gloria had to jump overboard and swim through breaking waves, 
drifting boats, and debris after another boat broke free and rammed 
its mast (the boat was on its beam ends) through his boat’s pilothouse 
window. Again, he was lucky to reach shore alive. Two Miami men 
who stayed aboard a Sportfisherman (not insured by BoatU.S.) during 
Andrew were not so lucky. They both drowned while trying to escape 
their battered and sinking boat. 

When a hurricane is approaching, you should certainly do everything 
you can to protect your boat: Secure extra lines, set out anchors, 
add chafe protection, strip the boat above and below decks, etc. Do 
whatever it takes, and then head inland. Your boat can be replaced; 
you can’t. 

Axiom: Never Stay Aboard in a Hurricane!

High-rise storage racks can be toppled by a 
storm’s high winds. Especially if your boat is in an 
older building, consider putting it on a trailer and 
moving it further inland.

Note to BoatU.S. insureds:  BoatU.S.  Marine Insurance will pay up to $1,000 
(half the cost) to haul and block a boat ashore or have it moved by a profes-
sional captain.
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backed properly with stainless steel or 
aluminum plates. Marine plywood is OK if 
it’s healthy—free of rot and delamination. 
On sailboats, winches (if backed properly) 
and even keel-stepped masts can also be 
used to secure lines at a dock. (NOTE: An-
chor lines should NOT be secured to the 
mast, as it creates that much more stretch 
on the line at the chock, which further 
increases the chances of chafe failure.) 

Don’t put too many eggs in one basket by 
leading numerous lines to a single cleat, 
even if it is backed properly. Two lines per 
cleat is the maximum. Also, a cleat is not 
reliable when lines are led perpendicular 
to the base and the cleat can be wrenched 
out by the tremendous loads (see dia-
gram). 

Reduce Windage!
Strip all loose gear that creates windage: 
canvas covers, bimini tops, outriggers, an-
tennas, anchors, running rigging, booms, 
life rings, dinghies, portable davits, etc. 
Remove cowling ventilators and seal the 
openings. Anything on deck that can’t be 
taken off should be lashed securely. 

Unstepping masts on sailboats is strongly 
advised. If this is impractical, sails—par-
ticularly roller furling headsails—must be 
removed. Roller furling headsails create a 
lot of windage, especially when they come 
unfurled, which is almost guaranteed to 
happen no matter how carefully they’re 
secured. All halyards should be run to 
the masthead and secured with a single 
line led to the rail. This reduces windage 
and minimizes flogging damage to the 
mast. The line can be used to retrieve the 
halyards. 

Fenders and Fender Boards
Fenders and fender boards won’t compen-
sate for a poor docking arrangement in a 
hurricane. However, when the boat has 
been well secured, they may offer some 
additional protection. When asked about 
fender boards, CAT Team members said 
they were effective at preventing “dock 
rash” but only if heavy boards were used 
with several large fenders. Using only 
two fenders at either end of a long board 
wasn’t effective; the fenders were either 
bounced out or the boards broke in the 
middle.  

One example of a system that worked: 
A member in Punta Gorda said he used 
several 12” x 32” fenders and a 2” x 10” 
x 16’ fender board at his dock to keep his 
50’ Sea Ray from banging against a piling 
during Hurricane Charley. The member 
credits the fender board for helping to 
minimize damage to his boat. 

Preventing Theft
Electronics and other valuable gear should 
be taken home for safekeeping. Not only 
are electronics vulnerable when vandals 
comb through boatyards after the storm, 
they can also be wrecked by all of the 
water. Personal belongings and other loose 
gear (potential missiles) should be taken 
home and the cabinets and cabin doors 
secured. All ship’s documents should be 
taken off the boat. 

Preventing Water Damage
Remove cowl ventilators and seal the 
openings. Use duct tape to cover instru-
ment gauges. Duct tape should also be 
used around hatches, ports, lockers, etc. to 
prevent water damage below. (Some types 
of duct tape leave less gummy residue 
than others.) Close all but the cockpit 
drain seacocks and shove a plug into the 
engine’s exhaust ports. If the boat does 
take on water, it will sit lower, and water 
could back up into the cylinders. (Remem-
ber to remove the plug before starting the 
engine when the storm has passed.) 

Using a polyester line from the cleat through 
the chock, secured to an existing nylon line 
to the piling or mooring, gives you better 
protection from chafe, while also absorbing 
shock. Make eye splices in both lines with at 
least five tucks.

This

Not This

Lines led perpendicular from a cleat can wrench 
the cleat out of the deck. Two-hole cleats are 
more vulnerable than four-hole cleats.

© 2006 Boat Owners Association of The United States, except graphic 
material from government publications in the public domain. Repro-
duction of this material is encouraged. Contact BoatU.S. Technical 
Services (703) 823-9550 for permission to reprint.

Chafe Gear!
Nylon stretches and absorbs shock, which 
is good, but this stretching under tremen-
dous loads also works the line against 
chocks and other contact points. Chafe 
protectors are essential on all lines: at 
a dock, at a mooring, or at anchor. At a 
dock, lines are liable to abrade against 
chocks, pilings and the dock itself. If your 
chocks are large enough, fit a second, 
larger-diameter hose around another hose 
that fits snugly to the line. Drill holes in 
both hoses, and use cord to tie them se-
curely to the line. In a pinch, you can use 
a single hose.

On moorings or at anchor, the line 
stretched over the edge of the rail can 
create sufficient heat to melt the line 
internally. Using hose to protect the line 
can encourage heat related failure by not 
allowing water to cool the nylon fibers. 
One solution is to mount the chocks 
directly at the rail so that the line won’t 
be worked against a chock. Another is to 
use polyester (Dacron) line, which `has 
much less stretch, but is far more chafe 
resistant than nylon. By using a polyester 
line from the cleat through the chock and 
then joining it with a nylon line (use two 
eyes) to the piling or mooring, you can get 
the best of both types of line—the chafe 
resistance of polyester and the stretch of 
nylon.  An alternative is to use polyester 
sleeves, which are available at chandleries 
and will protect the nylon lines from chafe 
while also allowing water to reach the 
heated fibers. 

If you need chafe protection quickly, use 
duct tape (a lot) to secure several layers of 
heavy canvas to the lines.  It isn’t pretty, 
but works surprisingly well. 

Cleats and Chocks
Many boats have cleats and chocks that 
are woefully inadequate. This problem 
becomes critical when more and larger-
diameter storm lines are used during a 
storm. If necessary, add more and larger 
cleats and chocks now; they’ll make secur-
ing the boat easier all year. 

Assess the ability of cleats to carry heavy 
loads. This means making sure all are 

Super system for chafe: use neoprene garden 
hose at all potential cahfe points. Drill holes 
and use cord to secure it to the line.

critical Points
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Use this worksheet, after reading the material in this guide, to adapt 

it to your own circumstances. Then be sure to distribute copies to 

your alternates as well as your marina owner/manager.

Boat’s Name: ___________________ Length: _____ Model: _____

Your Name:  ___________________________________________________

Address:  ______________________________________________________

City:____________________________State: ______ Zip: ______________

Phone Day: ______________________Night: _______________________

Alternates/Caretakers (if you are not available):
Name:  ______________________________________________________

Address:  ______________________________________________________

City: _______________________________ State: ______ Zip: _________

Phone Day: _______________________Night: ______________________

Has Boat Keys? _________  Access to Hurricane Equipment?________

Name: ________________________________________________________

Address: ______________________________________________________

City: ______________________________ State: ______ Zip: __________                  

Phone Day: ______________________  Night: ______________________

Has Boat Keys? _________  Access to Hurricane Equipment?________

Boat’s Current Location: Slip #: ______________________
Marina Name/Address:  _______________________________
________________________________________________________

List All Equipment Needed Aboard to Prepare Boat:
     Equipment                                         Current Location
 1. Extra Lines                  ______________________________________

 2. Chafe Protectors            _____________________________________

 3. Fenders  ____________________________________________________

_______________________________________________________________

 4. Anchors                         _____________________________________

 5. Swivels                          _____________________________________

 6. Shackles                         _____________________________________

 7. Duct Tape                      _____________________________________

 8. Plugs (Exhaust Ports)    _____________________________________

 9. _______________             _____________________________________

10. _______________            _____________________________________

List Equipment To Be Stripped from Boat:
     Equipment                                          Storage Location
 1. Electronics    ____________________________________

 2. Dinghy    ____________________________________

 3. Outboard/Fuel  _____________________________________

 4. Sails  _____________________________________

 5. Bimini   _____________________________________

 6. Galley Fuel  _____________________________________

 7. Ship’s Papers   _____________________________________

 8. Personal Effects   _____________________________________

 9. _______________    _____________________________________

10._______________    _____________________________________

Boat Owner’s Hurricane Worksheet
Planned Location During Hurricane:  __________________
 _________________________________________________________
  
If at a Dock:      Slip #: _______________________________________ 

Marina Name/Address: _________________________________
_________________________________________________________
Additional Lines #: ______________ Length: ________ Size: _________

Chafe Gear: _____________________  Fenders: ______________________

If at a Hurricane Hole:
Travel Time by Water from Present Location:  _____________________

Are There Any Bridges?  _________________________________________       

If Yes, Will They Open Prior to Hurricane? ________________________

Has Owner of Surrounding Land Been Contacted? _________________

How Will the Skipper Get Ashore? ________________________________

Type of Bottom: _________________________ Depth: ________________

Additional Anchor Needed:   #: _________ Size(s): __________________

Type(s): ________________________________________________________

Additional Lines:   #: ____________ Length: _________ Size: _________             

Additional Chain:   #: ___________ Length: _________ Size:  _________     

Chafe Gear: __________  Swivel: ____________  Shackle(s): __________             

If at a Mooring/Anchorage:
Has Mooring Been Inspected Within the Last Six Months? __________

How Will the Skipper Get Ashore? ________________________________

Type of Bottom: ________________________ Depth: _________________

Mooring Line Should Be Extended __________ to Increase Scope

Additional Anchors Needed:   #: ___________ Size: _________________

Type(s): ________________________________________________________

Additional Lines: #: __________ Length: __________ Size: ___________    

Additional Chain: #: __________ Length: __________ Size:  __________            

Chafe Gear: ____________ Swivel: ___________ Shackle(s):  __________  

Diagram of Proposed Hurricane Docking/Mooring Arrangement: 

If Stored Ashore: 
Windage Reduced by Stripping Sails, Furling Gear, Bimini, Antennas?

_______________________________________________________________

Blocking Adequate for Storm Conditions? _________________________

What Arrangements Have Been Made for Hauling? ________________

Storage Location: _______________________________________________

Contact Name (Marina/Property Owner): _________________________   

Phone #: ______________________________________________________

BoatU.S. Marine Insurance Damage Avoidance Program 9
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Learning from Experience: 
a Guide for Preparing Marinas for Hurricanes
Philip Hale says he sometimes stands 
in his boatyard and imagines it under 
four or five feet of water. Philip looks 
at all of the yard’s valuable equipment 
and he looks at the boats. What could 
be done to secure all of those boats? 

It’s a scene that isn’t difficult for Hale 
to imagine. His marina, Martha’s 
Vineyard Shipyard, has been pounded 
on at least two occasions, by Hurricane 
Bob in 1991 and then by the big “No-
Name” storm that swept up the coast 
in early 1992. Other marina owners in 
areas like Louisiana, Mississippi and 
Florida, who were hit hard by Katrina and 
Wilma, are plagued by the same sorts of 
questions. Hurricanes do that to people. 
What if it happens again? 

experience . . . the Teacher that 
gives You the Test first and the 
lesson afterward
One mistake that any responsible marina 
owner would never make twice is to wait 
until a hurricane warning is posted to 
think about hurricane preparations. An 
extraordinary amount of work has to be 
done in a short time, perhaps only a few 
hours, and important decisions have to be 
made months in advance. Where will boats 
be stored? If boats are going to be stored 
ashore, which boats will be pulled first? 
What arrangements have been made with 
the owners? 

Any hurricane plan ultimately involves 
people, and one of the first things Hale 
did after Bob was to put together a list 
of emergency employees, including many 
former employees and some local boat 
owners who are familiar with the boats 
and boatyard. This emergency staff is 
organized into teams, each having a specific 
assignment and leader, who can be called 
upon to join the regular staff whenever a 
large storm is approaching.   

Most marinas don’t have the personnel 
available to attend to all of the boats, 
and they depend on boat owners to strip 
their  boats and add extra lines and chafe 
protection. James Frye, who runs a group 
of  Westrec marinas in Florida, says that 
in addition to evaluating their own proce-
dures, one of the biggest parts of their new 
hurricane plan is getting the name of a 
local alternate for each boat owner who will 
take care of hurricane preparations if the 

owner is out of town. There isn’t enough 
time before a storm, Frye says, for marina 
personnel to take care of all of the boats 
and still have time left for their homes and 
families.  

Time is critical. At Martha’s Vineyard Ship-
yard, preparations start at the beginning 
of the boating season by requiring that 
all boats in the harbor use extra pennants 
and chafe gear. At other yards, like Burr 
Brothers in Marion, Massachusetts, a 
second, extra-heavy pennant is added to 
boats in the beginning of August, when the 
hurricane season gets started in earnest. 
Although boats would still have to be 
stripped, sails stowed, ports taped, etc., 
adding extra lines and chafe gear gives 
marinas and boat owners a valuable head 
start before a storm.  

In the likely event that at least some owners 
won’t be available to prepare their boats, 
many marinas will haul and/or prepare 
boats for a fee, but this should be arranged 
at the start of the season, not in the waning 
hours before a storm is due ashore. One 
marina in a particularly exposed Florida 
location has arranged to have several 
paid captains available to move boats to 
a more secure marina further inland. In 
this case, the agreement was written into 
the hurricane contract, but extra services 
usually require a separate agreement. 

Hauling Boats 
A study by MIT found that boats stored 
ashore were far less likely to have been 
wrecked than boats stored in the water, 
and for many marinas, hauling boats is the 
foundation of their hurricane plan. Toby 
Burr at Burr Brothers has a list of boat 
owners who have agreed to have their boats 
hauled by the marina whenever a hurricane 

BoatU.S. Marine Insurance Damage Avoidance Program10

threatens. The decision to haul boats is 
left to the marina, and Burr says it puts 
an extra burden on them to decide at 
what point a storm might pose a threat. 
The responsibility is more than offset, 
however, by the additional time it gives 
them to evacuate boats.  

While almost all of the boats hauled 
by Burr Brothers for Hurricane Gloria 
escaped with relatively little damage, 
boats that were stored ashore during 
Hurricane Bob were not so fortunate. 
Unlike Gloria, which came ashore at 
low tide, Bob came ashore at high tide 

and many of the boats stored in the yard 
got knocked off their cradles by the surge. 
To prevent a recurrence of the damage 
done by the rising water, Burr Brothers 
has arranged to receive NOAA charts that 
predict when and where the surge is likely 
to be highest. If the surge predicted poses a 
threat to boats stored ashore, Burr Brothers 
has a contingency plan to unstep masts so 
that boats can be moved further inland to 
higher ground. 

Ashley Marina in South Carolina doesn’t 
have the facilities to haul boats, and even 
if it did, Ed Rhodes at Ashley says the 
grounds are too close to sea level to offer 
even minimal protection from tidal surge. 
Rhodes recommends boat owners take 
boats to nearby Ross Marina, which has a 
travel lift and a storage area that is a much 
safer 15’ above sea level.  David Browder at 
Ross acknowledges that many of his regular 
customers have already made arrangements 
to have their boats hauled and stored at his 
yard whenever a storm threatens. 

a Model Plan: 
The Houston Yacht Club
Probably the best known and most compre-
hensive hurricane plan for a facility was 
devised by the Houston Yacht Club after 
Hurricane Alicia wrecked the club’s docks 
and 141 of its members’ boats in 1983. The 
plan, now used as a model for many other 
marinas and yacht clubs, is anchored by the 
individual efforts of all its members, each of 
whom is required to submit a hurricane plan 
with their harbor rental agreement. Each 
plan must include details on where the boat 
will be kept, what equipment is available, 
and the name of a “boat buddy“ who will 
take care of the boat if the member is sick 

Continued on page  11
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After a storm has passed and authorities 
are allowing travel, get to your boat quickly. 
It is a boat owner’s responsibility to protect 
the boat from further damage, and its 
equipment from theft, regardless of its 
condition. If there is severe damage at the 
marina, you will be needed to help arrange 
moving the boat. An important task is 
calling your insurance company. They need 
to know the exact location and condition of 
the boat, and will assist you in what steps 
to take. The BoatU.S. Emergency Dispatch 
phones are manned 24 hours a day, and will 
be heavily staffed after a storm to assist 
BoatU.S. insureds.

Don’t take chances. A marina can be a 
hostile environment after a storm. Leave 
children and sightseers at home. Be cautious 
of exposed electrical lines, leaking fuel, 
sewage backups, missing dock boards, and 
other dangers. And don’t mind if you are 
challenged to show proof of ownership or 
asked to keep out of damaged areas. Marina 
management and authorities should restrict 
access to damaged and undamaged boats.

Some things to take to the boat include duct 
tape to secure broken rigging or railings 
and seal cracks or holes; pencil and paper to 
inventory damage; and lots of cleaning gear 
and anti-corrosion spray. Removing salt, 
mud, and moisture should begin as soon 
as it can be done safely. Take trash bags to 
remove leaking cans and debris that could 
clog bilges and pumps. Don’t forget bug 
spray, boots, and gloves. 

after the storm 

If the boat appears undamaged or 
has only minor scrapes, inspect 
for chafed lines and broken ports 
or hatches where rain can enter. 
Monitor water level in the bilge 
in the event there is underwater 
damage. Make sure the galley 
and main engine fuel systems are 
undamaged and the bilge pump 
is working. Report damage to the 
insurance company.

If the boat is sunk, beached, or 
otherwise in need of salvage, 
contact your insurance represen-
tative on how to proceed. While you have the 
right to salvage your boat,  contracting with 
salvors can be tricky business and is best 
left to insurance professionals. Inexperi-
enced, poorly equipped, or overpriced crews 
can cause delays and additional damage that 
may keep you ashore longer than necessary. 
If the marina wants to act as a contractor, 
it should have your permission and the 
agreement of your insurance company 
before moving or salvaging your boat. 

Boat owners insured with BoatU.S. should 
call the 24-hour Emergency Dispatch 
Center, 1-800-937-1937, before contracting 
for salvage or removal work. If communi-
cations are impaired, look for BoatU.S. 
Catastrophe Team field people who will 
be in the area immediately after a major 
hurricane. 

Whoever raises a sunken boat should 
begin cleaning the boat and “pickling” 

BoatU.S. Marine Insurance Damage Avoidance Program 11

Some Guidelines to Help Get You 
Back on the Water Sooner

or out of town.  The plan must be approved 
by the club’s Hurricane Committee. 

Individual plans must conform to the 
overall guidelines set by the club. For 
example, boats in the outer harbor have 
to be evacuated, and arrangements must 
be made to move them to hurricane holes 
and alternative dock sites further inland. 
During hurricane season, owners of boats 
in the outer harbor are required to keep 
fuel tanks topped off and extra mooring 
gear aboard. 

In the event of a storm, boat owners report to 
one of the 14 dock captains, who coordinate 
the preparation efforts at each of the club’s 

and preserving the engine and machinery 
immediately. Flush everything with fresh 
water, remove cushions and clothing to dry, 
and dry out the interior. Your yacht policy 
should cover the reasonable cost of any 
steps you take to reduce further damage. 

Your policy should also reimburse any costs 
incurred for security you may hire if the 
boat is exposed. After past storms, boats 
thrown onto beaches or parking lots fell 
victim to looters. In one sad case, a classic 
yawl cast onto a New England beach by 
a storm was dismembered by souvenir 
hunters with chain saws. After Wilma, 
boats stranded in marshes were stripped 
clean before salvors could reach them. After 
Andrew, someone painted a claim on a 
large yacht, mistakenly thinking that an 
“abandoned” boat was up for grabs. Police 
will be occupied with higher priorities and 
it is up to you to protect your damaged boat 
and its equipment. 

docks. There are other captains and teams 
to haul and secure boats in the club’s one-
design fleets and strip them of masts and 
sails. Each captain has a backup.

In addition to the dock and fleet captains, 
there are also crew chiefs who are responsible 
for the crane operations, harbor operations, 
and securing the clubhouse and grounds. 
The crew chief for the grounds, for example, 
is responsible for seeing that volunteers 
board windows, store outdoor furniture, 
shut off electricity, store emergency water, 
and provide sources of electricity. 

The captains and chiefs report to the 
hurricane operations group at the clubhouse, 

and the entire effort is coordinated by the 
club’s Commodore and Vice Commodore. 
Preparations are implemented in carefully 
planned phases, beginning 72 hours before 
the hurricane’s ETA. 

Perhaps the most notable accomplishment 
of the Houston Yacht Club is that their 
plan wasn’t written and then left on a shelf 
to gather dust. Although it has been over 
a decade since the club was devastated by 
Alicia, the plan continues to be examined 
and revised. Members must still submit 
individual plans whenever they bring a boat 
into the facility. And every year at the start 
of hurricane season, the entire membership 
gathers together to rehearse the plan. 

HOUSTON YACHT CLUB, from page 10
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Plotting a Storm
Hurricane center positions are given by latitude and longitude. 
For example, “the storm’s center is located near 41.5 degrees 
North and 63.0 degrees West.” On the chart, read North to 41.5 
degrees and then West to 63.0 degrees as shown above.

REMEMBER, hurricanes are large powerful storms that can suddenly change direction. Check 
frequently on the storm’s progress until all Watches and Warnings for your area from the 
National Weather Service are canceled.

HURRICANE WATCH:       Hurricane may threaten within 36 hours
  • Be prepared to take action
HURRICANE WARNING:  Hurricane expected to strike within 24 hours
  • Leave beachfront and low-lying areas
  • Stay in your home if it is sturdy, on high ground, and not  
     near the beach, but if you are asked to leave by authorities, Go!
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For up-to-date hurricane information, including tracking models and NOAA forecasts, go to BoatUS.com/hurricanes.
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Coastal Resources Center

If your boat is moored, docked, or stored in a recreational harbor on the East Coast, the
threat of hurricanes is a very real concern. Even the least severe Category 1 hurricane can
have devastating effects in today's crowded harbors. These high density areas can be
disasters waiting to happen because of the close proximity of vessels to one another,
faulty mooring maintenance, and lack of hurricane preparedness.

Although the harbor manager, harbormaster, or port director tries to ensure that boats in
their harbor are safe, the final responsibility falls upon the boat owner. Owners are
ultimately responsible for their vessel. In order to protect personal property and the
vessels around them, owners must: (1) know their boats and their own skills; (2) know the
surrounding area; and (3) have a plan.

Creating a plan and being ready for a hurricane starts well in advance of the boating
season. When vessel owners prepare their vessels for the boating season, they should
also prepare a hurricane plan. This plan should review all the options available. Prior to
the hurricane season, decisions should be made as to where the safest place for the
vessel would be, the adequacy of the present mooring or dock, and what type of
equipment is necessary to have on board.

The following are options for safeguarding recreational boats. Only the vessel owner can
decide which is best.

Hurricane Plan for Boaters http://seagrant.gso.uri.edu/factsheets/hurricane.html

1 of 4 10/3/2012 2:32 PM



If the vessel is small and trailers easily, it should be taken out of the water and moved to
higher ground. This is the safest means of protecting a vessel. Getting a vessel out of the
water, however, does not automatically mean that it is safe. It is only protected from the
storm surge and wave action—rain and wind must still be considered. The best solution is
to store these vessels in a covered area, such as a garage. If this is impossible, then all
equipment, including oil and gas cans, personal flotation devices, oars, paddles, and
other loose gear, should be removed and stored indoors. The trailer frame should be
placed on blocks so that the frame will carry the boat's weight instead of the axle and
springs.

The drain plug should be installed, and the boat should be partially filled with water if the
hull is strong enough to withstand flooding (as are most fiberglass hulls).

If the hull is not strong enough to hold water (plywood-or wooden-planked hulls), use
multiple anchor tie downs to hold the boat and trailer in position, and remove the plug.
Consider large tent pegs (2 feet) or house trailer tie-downs for this anchoring system.

Staying in the water assumes that the vessel will either: (1) stay on the mooring or dock;
(2) go to a hurricane hole to anchor; or (3) head out to sea. Each of these options should
be considered and accurate information collected well in advance of the hurricane season.

Dock
The decision to remain in port will probably depend on the intensity of the storm, the
protection afforded by the harbor, and the condition of the dock or mooring. If the decision
is made to stay at the dock, then precautions need to be taken. Ensure that all lines are
doubled and that chafing protection is in place where dock lines pass through fairleads
and chocks or over the side of the vessel. The best chafing protection is to cover lines with
a rubber hose of the same diameter as your line, then tightly wind it with heavy fabric and
fasten with a heavy commercial tape. A vessel tied to a dock should have ample fenders to
provide protection to the hull. Dock lines should be attached to the high end of the pilings,
rather than to the cleats or other fastenings on the dock. As flooding and the storm surge
raises the water level, dock lines will move up the pilings.

Mooring
Staying at the mooring may be the best option if you've ensured that the mooring tackle
meets safety standards and has been inspected for wear. Any mooring gear that has worn
by onethird of its original diameter should be considered unsafe.

One of the drawbacks of staying at the mooring, like staying at the dock, is the threat of a
storm surge. If the water level rises even moderately above present conditions, the
mooring scope may not provide aufficient holding power. This can be combatted by
checking with expected storm surge reports prior to the hurricane.

Regardless of whether you choose to stay at the dock or mooring, there are some
fundamental steps that need to be taken. The first is to minimize windage, or the amount
of surface area that the wind can act against. The more surface area for the wind to act
on, the greater the strain on your vessel and the dock or mooring. If possible, remove sails
entirely and stow them below decks, especially roller furler jibs. If it is not possible to
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remove sails, then it is imperative to fasten them as securely as possible. Next, look
around for other possible objects that could result in added windage, including flags and
pennants, and store them properly. Make sure that all ports are closed securely and that
all funnels are removed and capped. Using stiff lines from both sides, secure the tiller or
wheels that operate the rudders; do not leave coils of line on the deck without proper
stops or other means of rendering them immovable; and take out all the slack from any
running lines on the deck or mast. Finally, you must face the possibility that your vessel,
or a vessel nearby, may break loose. In order to minimize the impact of loose vessels in a
crowded harbor, it is important to remove and stow all protruding objects and set fenders
on both sides, if at a mooring, or outside of a docked boat.

Hurricane Holes
If your boat is in a crowded anchorage zone, you may consider moving your vessel to a
"hurricane hole" or area for safe anchorage. Small soft bottom coves that are less crowded
are traditional spots. Before making such a move, consider the fact that hurricane holes
can become crowded with vessels seeking refuge from impending storms. This instantly
eliminates one of the reasons for going to such places. If you do decide to utilize a
hurricane hole, consider the following: Hurricane holes should be located before the storm
season by consulting an inland chart. It is best to look for a location that has deep water
(you may have to arrive at low tide) and is close. The best spots have a route that is free of
highway and railroad bridges and has good protection, such as a high bluff, an outer reef,
or tall trees on as many sides as possible. It is a good idea to visit potential hurricane
holes prior to the hurricane season, test the bottom, and note the surroundings. Multiple
hurricane holes should be tested and several options should be available in the event of a
hurricane.

Arrive at a hurricane hole at least 12 hours prior to landfall, and set your anchor with at
least a 7-to-1 scope (i.e., in 30 feet of water, 210 feet of anchor line is needed). Nylon is
the best anchor line because of its elasticity. Chafing protection should be used where the
anchor line passes through the anchor chute chocks. Experts recommend that you leave
by means of a small boat once your vessel is securely anchored, and that all automatic
switches have been double checked.

If you elect to stay aboard, stay in touch with all weather advisories. It is important to have
stocked up on fuel, water, food, ice, clothing, a portable radio and flashlight with extra
batteries, and any prescription medicines. It might be necessary to put the engine in gear
during the worst part of the storm to ease the strain on the anchor line, as well as to have
someone stay awake on anchor watch at all times to prevent the boat from drifting. To
help maintain your position, use a spot light and/or radar at night. To see if water or debris
is accumulating, and to make sure the pumps are operating, check the bilge regularly.
Finally, traditional markers or navigation aids may have been rearranged by the storm. It is
important, therefore, not to rely solely on those aids to guide you.

Do Not Go Offshore
Unless you are the owner of a large recreational vessel, 100 feet or greater, experts do not
recommend that you go offshore. Hurricane conditions at sea are extremely violent. Going
offshore should not be considered as a viable option for most recreational boaters.
Remember, the objective is to minimize property loss without jeopardizing safety.

--------------------------------------------
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For Further Reading:
"Hurricanes," Rhode Island Sea Grant, April 1992.

"How to Deal With the Aftermath of a Hurricane," Rhode Island Sea Grant, April 1992.
---------------------------------------------

Source: South Carolina Sea Grant.

Return to Rhode Island Sea Grant Fact Sheets

Hurricane Plan for Boaters http://seagrant.gso.uri.edu/factsheets/hurricane.html

4 of 4 10/3/2012 2:32 PM



346

APPENDIX D-3  

PROTECTING YOUR BOAT AGAINST SEVERE WEATHER - TEXAS SEA GRANT



Protecting Your Boat 
Against Severe Weather

Texas Sea Grant College Program



Protecting Your Boat
 Against Severe Weather

B oatowners along the Texas coast  
should consider hurricane prepara‑

tion part of normal boat maintenance. 
The entire coast is vulnerable to extended 
severe weather and, in many cases, extreme 
devastation caused by hurricane‑related 
tidal surges, winds, waves and rain during 
hurricane season, June through Novem‑
ber. The best protection for you and your 
boat is advance planning. Deciding what 
to do before severe weather strikes gives 
boatowners a chance to test and evaluate 
their plans before an emergencv. Plus, a 
hurricane or severe storm can develop and 
change direction quickly. When a weather 
warning is issued, there is little time to pro‑
tect your boat from the approaching storm 
if you haven’t already planned what to do 
and gathered and practiced with the neces‑
sary equipment. Remember, a hurricane 
or severe storm can develop and change 
direction quickly.

This publication outlines procedures 
that can help protect boats during severe 
weather. Following these procedures will 
not exempt a boatowner from legal respon‑
sibility if his boat causes damage to other 
property, nor will it ensure that a boat or its 
occupants will escape damage and injury. 
However, knowing what to expect from 
a hurricane, what storm warnings mean, 
and how to best prepare your boat, can 
help increase chances that your boat can 
withstand or avoid possible damage.

This publication includes a brief diction‑
ary of hurricane and severe weather terms; 
a description of hurricanes and accompany‑
ing weather; a general checklist of prepara‑
tions for severe weather; lists to evaluate a 
variety of places to moor or store boats and 
steps to follow for each alternative; a list of 
ground tackle; descriptions of safe dry and 
wet storage areas; a list to analyze the risks 
to your boat at its current location; and 
advice on what to do after the storm and if 
a boat is damaged.

Hurricanes and 
accompanying 

WeatHer
Hurricane winds may reach up to 200 

rnph and tornadoes often accompany 
hurricanes, carrying their own wind and 
rain threats and causing severe damage 
and casualties. Unfortunately, a variety of 
other weather hazards usually accompany 
hurricanes. Ten‑ to 20‑foot storm surges, 
which generally cause the most property 
loss during a hurricane, can rip boats from 
their moorings. Lowering barometric pres‑
sure causes sea level to rise drastically and, 

at the same time, higher tides and winds are 
pushing water shoreward and rain is adding 
even more water to already rising bay waters 
and seas. Rising water and high winds 
can batter,  heavily damage,  s ink or 
even destroy boats.

The position of your boat and property 
relative to the center of the hurricane will 
determine the degree of force and damage 
you experience. You can rely on National 
Weather Service reports to determine your 
position.

If, as the storm approaches you head 
on, you see a clockwise shift of motion in 
the storm, you are about to encounter the 
“right” or most critical quarter of the circular 
motion of the hurricane (See Fig. 1). For 
example, if you are facing east, the storm 
motion veers southeast. This “right” quarter 
produces three critical forces: greater wind 
velocity, tidal surge and the most intense 
rainfall. Depending on the storm’s intensity, 
maximum tidal surge is normally about 15 
to 20 miles to the right of the hurricane 
eye (the relative calm area in the center of 
a storm).

The “left” quarter of the storm has less 
force than the right quarter, but is still dan‑
gerous. Since the “left” quarter is the back 
side of the hurricane, winds will blow from 
the coast to the sea, changing the direction 
of wave action against boats and reducing 
water depth. Your moorings should be set 
to handle this change.

When a hurricane threatens, monitor 
storm reports and keep a log and display of 
the hurricane’s position using a hurricane 
tracking chart. Hurricane eye positions are 
given by latitude and longitude to the near‑
est one‑tenth of a degree, but since the eye 
position does not indicate the true possible 
impact of the hurricane, you should plot an 
area 100 to 200 miles wide or 50 to 100 
miles on either side of the eye, to reflect the 
potential danger zone.

by Dewayne Hollin
Texas Marine Advisory Service



general steps for all BoatoWners
The key to protecting your boat from winter storms, hurricanes or any severe threaten‑

ing weather is planning, preparation and timely action. The following checklists are meant 
as guides only. Each boatowner needs a plan unique to his type of boat, the local boating 
environment, the severe weather conditions likely to occur in that region and the charac‑
teristics of safe havens and/or plans for protection.

1. Prior to the storm season, develop a 
detailed  plan of action to remove  your 
boat from the storm area to a previously 
identified safe haven to secure your ves‑
sel in the marina, or to take your boat 
to a previously identified hurricane 
hole. Specifically identify  and assemble  
needed  equipment and supplies. Keep 
them together and test your plan to see 
if it works before storm season.

2. Arrange for a friend to carry out your 
plans if you are out of town during the 
storm season.

3. Check  your lease or storage rental 
agreement with the marina or storage 
area. Know your responsibilities and li‑
abilities as well as those of the marina.

4. Consolidate all records including insur‑
ance policies, vessel registration, equip‑
ment inventory, lease agreement with 
marina or storage area, and telephone 
numbers of appropriate authorities, i.e. 
harbor master, Coast Guard, insurance 
agent, National Weather Service, etc., 
and keep them in your possession. 

These may be needed when you return 
to check on your boat.

5. Maintain an inventory of items removed 
and left on board. Items of value should 
be marked with social security num‑
bers.

6. Before a storm threatens, analyze how 
you will strip the boat and how long it 
will take so you will have an accurate 
estimate of the time and work involved. 
When a storm is pending, and after 
you have made anchoring or mooring 
provisions, strip the boat of all mov‑
able equipment such as canvas, sails, 
dinghies, radios, cushions, biminis 
and roller furling sails and lash down 
everything you cannot remove such as 
tillers, wheels, booms, etc. Make sure 
the electrical system is cut off unless you 
plan to leave the boat in the water, and 
remove the battery to eliminate the risk 
of fire or other damage.

7. Close and seal openings and tape any 
windows that may break from the wind 
force.

In addition to these general steps, which should be considered no matter where you plan 
to leave your boat during a hurricane or other severe weather, the following specific steps 
should be taken depending on the option you select.

Trailerable Boats
1. Determine the requirements to load and 

haul your boat to a safe area. Be sure 
your tow vehicle is capable of properly 
and adequately moving the boat. Check 
your trailer—tires, bearings and axles 
should be in good condition. Too often 
a flat tire, frozen bearings  or a broken  
axle prevents an owner from moving a 
boat.

2. Once at a “safe” place, lash your boat to 
the trailer and generously place blocks 
between the frame members and the 
axle inside each wheel. Let about half 
the air out of the tires, then fill the boat 
one‑third full of water to help hold it 
down. (The blocks will prevent damage 
to the springs from the additional weight 
of the water.)

3. Secure your boat with heavy lines to fixed 
objects. Try to pick a location that allows 
you to secure it from four directions since 
winds in a severe storm tend to rotate 
and change direction. 

Non‑trailerable Boats 
in Dry Storage

Determine the safest realistically ob‑
tainable haven for your boat and make 
arrangements to move your boat there. 
When selecting a “safe” location, be sure 
to consider whether tides could rise or 
surge into the area. Wherever you choose 
to locate your boat for the duration of the 
storm, lash the boat to its cradle with heavy 
lines and, based on the weight of the boat, 
consider adding water to the bilge to help 
hold it down.

Non‑trailerable Boats 
in Wet Storage

The owner of a larger boat, usually one 
moored in a berth, has three options:
1. Remain in the marina berth
2. Moor the boat in a previously identified 

safe area
3. Haul the boat

Each action requires a separate strat‑
egy. Another alternative, running from the 
storm, is not encouraged along most of the 
Texas coast and should be used only as a 
last resort.

1. steps to remain in 
place—Wet storage

1. Top fuel tanks and change filters prior to 
storm season to ensure that engines can be 
easily started and will run to accommodate 
any measures needed to protect the craft. 
Also top off freshwater tanks aboard the 
boat, because fresh water may not be avail‑
able after the storm.

2. Prior to the severe weather season, obtain 
necessary lines, chafing gear, fenders or 
ground tackle. Don’t wait until the storm 
is at hand to test your plan. Try it out be‑
forehand. Stripping and securing a boat is 
a difficult, time‑consuming task and often 
a boatowner is simultaneously concerned 
with securing a house and protecting family 
members.

 For boats remaining in the harbor:
•	 Double	all	lines.
•	 Rig	crossing	spring	lines	fore	and	aft.
•	 Attach	 lines	high	on	pilings	 to	allow	 for	

tidal rise or surge.
•	 Make	sure	lines	will	not	slip	off	pilings.
•	 Inspect	 pilings	 and	 choose	 those	 that	

seem strongest and tallest and are prop‑
erly installed.

•	 Cover	all	lines	at	rough	points	to	prevent	
chafing. Wrap with tape, rags and rubber 
hoses, etc.

•	 Install	 fenders	 to	protect	 the	boat	 from	
rubbing against the pier, pilings and other 
boats.

•	 Monitor	 the	 tide	and	storm,	 if	possible,	
and adjust lines as circumstances change. 
Make allowances for rising and falling 
tides.

3. Some fixed pier marinas provide “tide ris‑
ers” or self‑adjusting mooring guides that 
allow lines to move up or down the piling 
during tidal changes. These “tide risers” are 
for the convenience of the boater and will 
hold the boat under most storm conditions, 
but most harbor masters prefer that boaters 
use double lines during storm conditions 
with lines also attached directly to the pil‑
ings. Some marine hurricane protection 
programs suggest that “tide risers” not be 
used for hurricane mooring and that dock 
lines be secured directly to pilings.

4. Assess the attachment of primary cleats, 
winches and chocks. These should have 
substantial back plates and adequate stain‑
less steel bolt sizes (Fig. 2).

5. Batteries should be fully charged and 
checked to ensure their capability to run 
automatic bilge pumps for the duration 
of the storm. Consider backup batteries. 
Disconnect all electrical devices except 
bilge pumps.

6. Radio equipment for monitoring weather 
information should be available ocnstantly 
during the storm threat.

7. Do not stay aboard. Winds, even during 
small hurricanes, can exceed 100 mph and 
tornadoes are often associated with these 
storms. First and foremost, safeguard hu‑
man life. Saving a person that chooses to 
stay aboard may be virtually impossible.





2. steps to moor a 
Boat in a “safe” area

1. Research potential safe areas prior to 
hurricane season and select one on the 
basis of the nature of the storm. Particu‑
lar concern should be given to hurricanes 
and severe weather conditions from 
storms passing north or south of your 
location. Requirements for a safe haven 
will be substantially different according 
to your relative position to the storm. 
Ensure that water depth is sufficient 
to deal with changing water levels that 
could result from the storm (Fig. 6).

2.  Practice runs should be made to deter‑
mine accessibility, depth of water and 
location of bridges, and to locate aides 
or obstructions to navigation, objects 
on which to secure lines and best areas 
to drop anchors. Keep in mind that 
drawbridges may not open during storm 
evacuations. Leave early for your safe 
harbor or you may not have time to get 
to or find a place for your boat. Be sure 
your mooring location does not block the 
passage of other boats into a waterway 
with moorings. Cooperation is vital. You 
need to act safely and prudently, and 
make sure you have appropriate radio 
equipment to monitor weather reports 
constantly so that you do not get caught 
unprepared in a bad situation.

3. Install fenders to protect the boat from 
rubbing against other boats.

Continued

Dry Storage Safe 
Area Hurricane Hole 

Characteristics
Figure 6

Consider the nature of the severe 
weather approaching, the nature of the 
boat you are protecting and your position 
in relation to the on‑coming system. Select 
an area that:

•	 Affords	natural	protection	 from	storm	
surge

•	 Provides	adequate	depth	to	moor	your	
boat

•	 Is	 not	 likely	 to	 experience	 an	 un	due	
amount of floating debris

•	 Is	not	likely	to	be	subject	to	severe	tidal	
surge or rising tides

•	 Is	 reasonably	accessible	 from	your	per‑
manent storage area

•	 Is	not	 subject	 to	excessive	competition	
for mooring

•	 Is	not	located	in	a	navigable	waterway
•	 Has	bottom	characteristics	that	facilitate	

proper anchoring techniques and/or 
moorings



Ground Tackle 
System

A ground tackle system might in‑
clude:
•	 Double	anchors	set	at	a	narrow	angle	

(less than 45 degrees).
•	 Two	 45‑pound	 Bruce	 anchors	 or	

a combination Bruce and Plow an‑
chor.

•	 100	 to	 150	 feet	 of	 5/16	 inch	 chain,	
followed with 300 feet of 3/4 inch 
nylon anchor rope.
Double or triple chafing gear on a 

bridle through the chocks, with enough 
chafing gear to protect the line should it 
wrap around the bow of the boat.

After cleating, the bridle can be led 
to the primary winches and then to the 
primary cleats (as backup).

With this system, take time to set each 
anchor hard by backing down on each 
for several minutes or turning the boat 
around 180 degrees and setting the an‑
chor with the boat in forward gear, then 
turning the boat head‑to‑wind to secure 
the anchor to the tow. Use extreme cau‑
tion in anchoring with this system.

The Danforth anchor is more difficult 
to set hard in the mud bottom: it does 
not dig as deeply as the Bruce and the 
Plow anchors. Once loose, it tends to 
skip along the bottom.

Checking Out the 
Marina/Storage Facility

After carefully reviewing severe weather 
conditions likely to jeopardize your boat and 
analyzing alternative methods to protect 
your boat, you should carefully consider 
the degree of risk to your craft at its current 
location. The following checklist can help 
you analyze risks:

Does the marina/storage area have a 
severe weather preparedness plan? The 
owner/operator should be able to answer 
“yes” to a majority of the following ques‑
tions:
•	 Is	 there	 a	detailed	 standard	operating	

procedure for severe weather that clearly 
outlines what staff reactions should be 
to various severe weather conditions? Is 
there a disaster preparedness kit for that 
particular marina outlining responses to 
particular weather conditions?

•	 Is	there	a	formal	communication	system	
that spells out the need for boatowners 
to react properly to impeding storms and 
that outlines the requirements they need 
to fill to protect their craft and to fulfill 
their responsibilities to the facility?

•	 Does	the	owner/operator	have	a	battery	
operated NOAA alert radio system and a 
portable AM/FM radio system to allow 
the staff to keep up to date on weather 
and changing local events that could 
affect the severe weather preparedness 
plan? Should you consider adding  a 
radio system that has a weather channel 
and a VHF radio for marine communica‑
tions?

•	 Is	 the	 facility	 adequately	 staffed	 and	
equipped and are employees trained to 
effectively and efficiently carry out the 
severe weather plan?

•	 Is	 there	a	 formal	program	to	 train	boat‑
owners in methods and their responsibili‑
ties to plan, prepare and protect their 
boats? Remember, it is not the marina’s 
responsibility to prepare the boat for 
severe weather; the boat owner must 
make ready the boat by following the 
severe weather preparedness plan.

•	 Is	 there	 a	plan,	 or	 have	 specific	provi‑
sions been made, to haul and remove 
large boats that are dry or wet stored 
from the tidal surge area?

•	 Have	safe	wet	areas	been	identified	and	
have owners been advised about the 
requirements to properly anchor their 
boats in these areas in a timely fash‑
ion?

•	 Is	 there	a	plan	 for	 removing	 trailerable	
boats?

•	 Have	evacuation	 routes	been	 identified	
and owners notified of the same?

•	 Are	pilings	where	 craft	 are	moored	of	
adequate size, properly installed and 
properly maintained to restrain craft 
during severe weather?

•	 Are	pilings	structurally	sound?
•	 Is	 the	 facility	 properly	 designed	 and	

maintained to minimize the risk of dam‑
age to boats from airborne debris?

•	 Is	 the	 facility	 in	 an	 area	 that	has	been	
subject to substantial rising tides or tidal 
surge in the past? (Facilities located on 
the bay front in the upper quadrant of a 
storm traditionally receive greater tidal 
surges than bay front facilities on the 
opposite lee shore.)

•	 Is	 the	 facility	 located	 in	 an	 area	 that	
provides natural protection for stored 
boats (land mass, elevation, etc.)?

•	 Is	 there	 a	possibility	 that	 buildings	or	
other developed areas nearby could be 
dismantled by severe weather, sending 
debris airborne that could strike and 
damage boats?

•	 Is	the	facility	subject	to	floating	debris?

What to Do after the 
Storm

1. Safeguarding human life is more impor‑
tant than protecting or checking on your 
boat. Driving may not be safe after the 
storm. Wait to check on your boat until 
travel hazards are removed. Boatowners 
should be aware of hazards such as dan‑
gling wire, fuel leaks, weakened docks. 
bulkheads, seawalls, bridges, pilings 
floating under the water, etc. Take your 
records, including insurance policies, 
your marina lease agreement, a list of 
authorities to contact, etc., with you to 
facilitate any prompt action needed to 
protect your craft.

2. An owner is obligated to take reason‑
able measures to protect his craft if it is 
damaged or in jeopardy, even though 
the craft is insured. Conduct a thorough 
check for seaworthiness and damages. 
Report your findings immediately to your 
insurance agent.

3. Make sure you know the insurance 
company ‘s responsibilities, your respon‑
sibility to the company and what you 
are required to do to try to protect the 
craft from further damage. Understand 
the surveyor’s responsibility and his 
relationship to you and the insurance 
company.

4. If the boat is submerged, after raising it, 
pickle the engine immediately. If the boat 
is obstructing a navigable waterway, you 
must try to remove it immediately.

5. If your boat was damaged but not sub‑
merged, check it over thoroughly for 
seaworthiness, potential damages, leaks 
or equipment losses before attempting to 
move it, in the event of damage to your 
vessel or another person’s property, 
obtain full details and report them to 
your insurance company promptly.  

2. steps (continued)
Make preparations for transportation to 

take you safely from the moored boat back 
to land.

After returning to shore, carefully take 
anchor bearings on the boat to monitor 
movement.

Sample mooring techniques are illustrated 
in Figures 3, 4 and 5. Anchoring principles 
are covered in Figures 7, 8 and 9.

3. steps to Haul a Boat
1. Be sure that the marina can, in fact, haul 

your boat and safely store and secure your 
boat quickly. In past storms, owners have 
based their plans on this assumption only 
to find that the marina could not meet the 
sudden demand for hauling, leaving own‑
ers unprepared and with no alternative 
plans. Have a prearranged contract for 
hauling and an alternative plan.

2. Ensure that the boat will be hauled to a 
safe location and properly secured. An 
area subject to tidal rise or surge is not a 
viable alternative.

3. Make plans in advance to get safely from 
your boat’s refuge site to wherever you 
plan to stay during the storm. When plan‑
ning your route, consider the possibility 
of flooded roadways, excessive traffic and 
other storm‑created hazards.
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general procedures to process a Vessel 
damage or loss claim

Once you determine you have a loss, the 
following steps should be taken to process 
your claim:
1. For the record, photograph the dam‑

aged vessel and make a list of all 
damages and suspected problems. If 
the vessel is in peril, take all necessary 
steps to preserve the vessel and prevent 
further damage. Do not begin repairs 
other than those necessary to prevent 
further damage.

2. Promptly call your insurance agent to 
report the claim or loss. Estimate the 
percentage of damage — cosmetics, 
water damage, total loss, etc.

3. Contact repair yards to get estimates 
for repairs. You do not have to wait for 
an adjuster/surveyor to get estimates.

4. An adjuster,  insurance company 
surveyor or independent surveyor 
acceptable to the insurance company 
will be instructed to survey the dam‑
aged vessel. The boatowner can elect 
to hire a second independent survey 
of the vessel. The boatowner should 
arrange to accompany the surveyor 
on the initial damage survey.

5. Have your inventory list, receipts, in‑
ventory pictures, pictures of damages 
and repair estimates ready for inspec‑
tion by the adjuster/surveyor. You will 
need to provide both a “proof of loss” 
and “release/payment order.”

6. After conducting the survey, the survey 
files a surveyor’s damage report with 
the insurance company, and may send 
a copy to the boatowner, if required.

7. The boatowner files a statement of loss 
with the insurance company explain‑
ing what took place, when, where and 
why. It includes specific lists of known 
damages along with sketches or draw‑
ings.

8. In the event of a dispute, the procedure 
is for the boatowner to hire a second 
surveyor/adjuster, at his expense, to 
represent his side of the dispute. A 
third party will be designated to listen 
to both sides and arrive as a decision. 
In some cases, it may be necessary to 
involve your attorney in the state insur‑
ance commission.

9. If the boatowner agrees on the esti‑

mates and firms to do the repairs, the 
insurance company issues a check with 
both the repair firm and boatowner/
mortgagee  listed as payees on the 
check.

10. When the work is completed to the 
boatowner’s satisfaction and approval, 
the check is co‑signed and the repair 
firm is paid.

11. Keep in mind that, with all the confu‑
sion accompanying the aftermath of 
a hurricane, the underwriters will first 
settle claims having all the appropriate 
paperwork completed.

12. In the event of a total loss, when it 
comes time to settle the loss, be pre‑
pared to surrender the vessel’s docu‑
mentation papers, original insurance 
policy, any remaining equipment and 
the damaged vessel.

13. If a total constructive loss of the vessel 
exists, a check is issued by the insur‑
ance company to the boatowner and 
mortgagee, usually for an amount equal 
to the agreed value of the fair market 
value of the vessel.



seVere WeatHer terms

Advisory —A message released by a hur‑
ricane center, usually at 6‑hour intervals, 
updating information on the storm or 
hurricane, including watches and warnings 
whenever they are in effect. A special advi‑
sory is a warning given any time there is a 
significant change in weather conditions or 
change in warnings previously released. An 
immediate advisory updates information in 
advisories at 2‑ to 3‑hour intervals, when‑
ever a watch or warning is in effect.

Flash Flood Watch ‑ Flash flooding is 
possible within a designated area.

Flash Flood Warning ‑ Flash flooding has 
been reported or is imminent and people 
in affected areas should take necessary 
precautions.

Gale Warning ‑ A warning of sustained 
winds within the range of 39 to 54 miles 
per hour.

Hurricane ‑ A tropical cyclone (a storm 
that rotates counterclockwise) with sus‑
tained winds of 74 mph or greater.

Hurricane Advisories ‑ Messages issued 
by the National Hurricane Center summariz‑
ing all coastal warnings in effect, including 
hurricane watches, a description of the 
storm, its position, anticipated movement 
and prospective threat of landfall.

Hurricane Watch ‑ The first alert when 
a hurricane poses a possible, but as yet 
uncertain, threat to a certain coastal area. 
Small craft advisories are issued as part of 
a hurricane watch advisory.

Storm Warning ‑ When associated with 
a hurricane or tropical storm, a warning 
of sustained winds in the range of 55 to 
73 mph.

Small  Craft  Warnings ‑  When a hur‑

ricane or tropical storm threatens a coastal 
area, small craft are advised to remain in 
port or not to venture into the open sea.

Storm Surge ‑ A rise in tide caused by 
a hurricane as it moves over or near the 
coastline. It can be much higher than mean 
sea level with high, breaking waves, higher 
than the normal tidal rise.

Tornado Watch ‑ Tornadoes and severe 
thunderstorms are possible in your area. 

Tornado Warning ‑ A tornado has been 
detected in your area. Take shelter.

Tropical Depression ‑ A rotary circulation 
at the surface of the water with a sustained 
wind speed of 38 mph or less. 

Tropical Disturbance ‑ A moving area of 
thunderstorms of tropical origin that main‑
tains its identity for 24 hours or more.
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APPENDIX D-4  

MARINA BAY YACHT HARBOR: GENERAL BERTHING AGREEMENT



1340 Marina Way South 
Richmond, CA 94804 

510.236.1013 
Fax 510.236.1957 

www.MarinaBayYachtHarbor.com 
info@mbyachtharbor.com 

GUEST BERTHING AGREEMENT 
 

Please print and complete in full.  Read this Agreement before you sign. 
This agreement is between Marina Bay Yacht Harbor (the “Marina”), the boat named below (the “Boat”) and 
the boat owner named below (”Boat Owner”), under the following terms and conditions: 

 
Boat Owner’s Name: ______________________________________ Driver’s Lic. # __________________  State: ____ 
 
Residence Address: ________________________________________________________________________________ 
 
City: _________________________________________________   State:  ________________              Zip:  _______________________ 
 
Phone #: (Home) _______________________  (Work) _______________________  (Cell) _______________________ 
 
Email Address:  _____________________________________ 
 
VESSEL: 
Name:  _________________________________________   Doc./Reg. #:  _________________  Exp. Date: _________ 
 
Homeport:  ______________________________________________________________________________________ 
 
Make/Model: ____________________________ Year: ________    Description:_______________________________ 
         (Color,  type, i.e. sloop, trawler etc.) 
 
Length of Vessel:  (LOA):__________Beam: __________ Draft: __________  Boat Type:  Sail  [   ]  Power  [   ] 
 
Hull Type:    Wood [   ]    Steel [   ]    Fiberglass [   ]    Alum  [   ]        Holding Tank [   ]   Porta-Potty [   ]   None [   ] 
 
Motor:  Inboard  [   ]   Outboard  [   ]   Auxiliary  [   ]   Other  [   ]     Fuel Type:  Diesel [   ]   Gas [   ] 
 
Insurance Company: _______________________________________________ Exp. Date: ___________________ 
 
The undersigned boat owner hereby certifies that the foregoing information is true and correct and agrees as 
follows: 

 
• To pay in advance a daily rate of $ ___________ to the Marina for the use of the assigned berth and to pay to the Marina 

upon demand for any damages caused by the boat, guests, agents and any other members of the crew. 
• To berth the boat only in the berth assigned by the Marina.  The assigned berth is subject to change at the discretion of 

the Marina.  To promptly move the boat upon the request of the Marina.  Failing to do so, the Marina may move the boat 
and charge the Boat Owner for the cost of that move. 

• To comply with all Marina Rules and Ordinances. 
• To indemnify, defend and hold harmless the Marina, its officers, employees and agents from any and all losses, claims, 

damages and liabilities arising out of the undersigned’s use, occupancy or possession of the slip and the Marina facilities. 
• That this Agreement may be unilaterally rescinded and use of the slip may be revoked at any time by the Marina. 
• To return the Marina key immediately upon vacating the slip.  If the key is not returned within 72 hours you will 

forfeit any deposits paid and may be charged additional daily fees for each day up to 30 days. 
 

IT IS A PUBLIC OFFENSE FOR ANY PERSON TO USE MARINA FACILITIES AND TO LEAVE THE 
PREMISES WITHOUT PAYING FOR USE OF THE FACILITIES.  California Penal Code section 537. 

 
 

___________________________________ ___________________________________ 
Boat Owner    Date  Marina Bay Yacht Harbor   Date 



CREDIT CARD USERS – Please complete and sign below: 
 
I DO HEREBY AUTHORIZE THE MARINA TO USE MY CREDIT CARD FOR THE SOLE PURPOSE 
OF PAYING DOCKAGE, UTILITY AND OTHER DEPOSITS AND FEES. 
 
Credit Card Number: ____________________________________   Expiration Date: __________________ 
 

[   ] VISA    [   ] Mastercard    [   ] American Express    [   ] Other 
 
Name (as it appears on the card):   ___________________________________________________________ 
 
Signature (as it appears on the card):   ________________________________________________________ 

 
PAYMENT RECORD: 
 
Key Deposit Paid $ ____________   Key Received By: _______________ Key Tag # ________________ 

Keys must be returned within 72 hours of vacating slip or deposit will be forfeited. 
 
Date Paid: _______________ [  ]  Check   [   ]  Cash  [   ]  CC   Payment Received By:_____________ 
 
Key Returned Date: ______________     Key Returned By: ___________________________ 
 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
 
Slip No.:  _________   Fee Paid $ ____________   [  ]  Check   [   ]  Cash  [   ]  CC    Rec’d by:__________ 
 
For Period: __________________ To: _____________________        Date Paid: _____________ 
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APPENDIX E    STORMWATER MANAGEMENT AND EROSION CONTROL

Assistance is available through most state environmental protecti on agencies to help marina 
owners determine the quality of the water surrounding their establishments.  All states are 
required under secti on 305 (b) of the Clean Water Act (CWA) to submit a Water Quality Report 
to the U.S. Environmental Protecti on Agency.  This report is generally available at the State’s 
environmental agency website and outlines water quality conditi ons at all surface waters in the 
state.  In additi on, states are required by secti on 303 (d) of the CWA to submit to the EPA a listi ng 
of impaired waters, or those waterbodies not fully supporti ng their designated uses. 

Agency Department or 
Program 

Website

Florida Department 
of Environmental 
Protecti on 

Watershed 
Monitoring 

htt p://www.dep.state.fl .us/water/
monitoring/index.htm

Alabama Department 
of Environmental 
Management 

Water Quality htt p://adem.alabama.gov/programs/water/
waterquality.cnt

Mississippi 
Department of 
Environmental Quality 

Surface Water 
Quality Assessments

htt p://www.deq.state.ms.us/mdeq.nsf/
page/FS_SurfaceWaterQualityAssessments

Louisiana Department 
of Environmental 
Quality 

Water Quality 
Standards & 
Assessments

htt p://www.deq.louisiana.gov/portal/
tabid/69/default.aspx

Texas Commission on 
Environmental Quality 

Water Quality > 
Assessment

htt p://www.tceq.texas.gov/waterquality/
assessment/305_303.html

E.1  STORMWATER FACT SHEET: BIORETENTION 
Bioretenti on is a best management practi ce developed to 
remove pollutants from stormwater.  This practi ce uses a 
retenti on area to encourage infi ltrati on and vegetati on to 
promote pollutant removal by processing through root-
system uptake.  Bioretenti on is commonly used to treat 
stormwater from impervious surfaces such as paved parking 
areas.  Bioretenti on is esti mated to remove approximately 
70% of total phosphorus and 90% of metals in runoff  
through infi ltrati on.  The EPA provides guidance on the 
best management practi ce in its Stormater Management Fact Sheet: Bioretenti on provided as 
Appendix E-1.

E.2  BEST MANAGEMENT PRACTICES FOR MARINAS

Biorententi on is just one of many best management practi ces which marinas can incorporate.  In 
February 2012, the EPA published Best Management Practi ces for Marinas.  This guide provides 
examples of practi ces which can be uti lized to improve a marina’s Clean and Resilient status.  
Some of the practi ces discussed in the document, provided in its enti rety here as Appendix E-2, 



include non-structural stormwater practi ces, landscaping best management practi ces, and ti ps 
to minimize dredging impacts.

E.3  STORMWATER FACT SHEET: CONSTRUCTED WETLANDS

Filtrati on BMPs such as fi lter strips, vegetated swales, pervious pavement, and constructed 
stormwater wetlands, are used to aid in the removal of pollutants from stormwater. Constructed 
Stormwater Wetlands are designed or enhanced wetland areas used to temporarily store and 
treat stormwater runoff .  Wetland areas, because of their diverse fl ora and fauna are natural 
fi ltrati on areas.   The EPA has developed a fact sheet on Constructed Wetlands which is provided 
here as Appendix E-3. 

Please Note: Any type of land disturbance in and around natural wetlands should be discussed 
with local state environmental agencies prior to disturbance.  Wetland areas are protected from 
degradati on by Secti on 404 of the Clean Water Act.  (Wetland permitti  ng is beyond the scope of 
this appendix and should be discussed with the local state agency and U.S. Corps of Engineers 
offi  ce.)

E.4  LIVING SHORELINES: A NATURAL APPROACH TO EROSION CONTROL

Erosion control and stabilizati on techniques can be as simple as planti ng vegetati on on bare soil 
or as complicated as installing off shore structures to att enuate wave acti on.  With all shoreline 
habitats it is recommended that alterati ons be discussed with and reviewed by local state coastal 
protecti on programs in order to ensure protecti on of Waters of the U.S.  These local programs can 
provide more informati on on the permitti  ng requirements, if any, as well as recommendati ons 
for nati ve vegetati on, strategies that have worked in your area, and other planning and design 
advice. The U.S. Army Corps of Engineers provides a wonderful resource for shore protecti on 
measures in their Coastal Shore Protecti on Structures and Techniques toolbox. This resource 
is avaiable online at htt p://chl.erdc.usace.army.mil/chl.aspx?p=s&a=Arti cles;199.  This website 
provides both structural and non-structural methods for Coastal Shore Protecti on.  

Living shorelines is an alternati ve approach to combati ng shoreline erosion.  Typically, armoring 
the shoreline is the tried and true method.  Living shorelines focus on providing more natural 
slopes, vegetati on, and sand/soil management techniques designed to att enuate wave acti on.  
Because of the site-specifi c components, living shorelines require careful planning and design 
in order to provide proper protecti on.  Appendix E-4 is provided as a design guide for living 
shorelines. 
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APPENDIX E-1 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY. STORMWATER 
TECHNOLOGY FACT SHEET: BIORETENTION



Source: PGDER, 1993.

FIGURE 1  BIORETENTION AREA

United States
Environmental Protection
Agency

Office of Water
Washington, D.C.

EPA 832-F-99-012
September 1999

Storm Water
Technology Fact Sheet
Bioretention

DESCRIPTION

Bioretention is a best management practice (BMP)
developed in the early 1990's by the Prince George's
County, MD, Department of Environmental
Resources (PGDER).  Bioretention utilizes soils
and both woody and herbaceous plants to remove
pollutants from storm water runoff.  As shown in
Figure 1, runoff is conveyed as sheet flow to the
treatment area, which consists of a grass buffer

strip, sand bed, ponding area, organic layer or
mulch layer, planting soil, and plants.  Runoff
passes first over or through a sand bed, which slows
the runoff's velocity, distributes it evenly along the
length of the ponding area, which consists of a
surface organic layer and/or ground cover and the
underlying planting soil.  The ponding area is
graded, its center depressed. Water is ponded to a
depth of 15 centimeters (6 inches) and gradually
infiltrates the bioretention area or is



evapotranspired.  The bioretention area is graded to
divert excess runoff away from itself.  Stored water
in the bioretention area planting soil exfiltrates over
a period of days into the underlying soils.

The basic bioretention design shown in Figure 1
can be modified to accommodate more specific
needs.  The City of Alexandria, VA, has modified
the bioretention BMP design to include an
underdrain within the sand bed to collect the
infiltrated water and discharge it to a downstream
sewer system.  This modification was required
because impervious subsoils and marine clays
prevented complete infiltration in the soil system.
This modified design makes the bioretention area
act more as a filter that discharges treated water
than as an infiltration device.  Design modifications
are also being reviewed that will potentially include
both aerobic and anaerobic zones in the treatment
area.  The anaerobic zone will promote
denitrification. 

APPLICABILITY

Bioretention typically treats storm water that has
run over impervious surfaces at commercial,
residential, and industrial areas.  For example,
bioretention is an ideal storm water management
BMP for median strips, parking lot islands, and
swales. These areas can be designed or modified so
that runoff is either diverted directly into the
bioretention area or conveyed into the bioretention
area by a curb and gutter collection system.
Bioretention is usually best used upland from inlets
that receive sheet flow from graded areas and at
areas that will be excavated.  The site must be
graded in a manner that minimizes erosive
conditions as sheet flow is conveyed to the
treatment area, maximizing treatment effectiveness.
Construction of bioretention areas is best suited to
sites where grading or excavation will occur in any
case so that the bioretention area can be readily
incorporated into the site plan without further
environmental damage. Bioretention should be used
in stabilized drainage areas to minimize sediment
loading in the treatment area. As with all BMPs, a
maintenance plan must be developed. 

Bioretention has been used as a storm water BMP
since 1992.  In addition to Prince George's County

and Alexandria, bioretention has been used
successfully at urban and suburban areas in
Montgomery County, MD; Baltimore County, MD;
Chesterfield County, VA; Prince William County,
VA; Smith Mountain Lake State Park, VA; and
Cary, NC.

ADVANTAGES AND DISADVANTAGES

Bioretention is not an appropriate BMP at locations
where the water table is within 1.8 meters (6 feet)
of the ground surface and where the surrounding
soil stratum is unstable.  In cold climates the soil
may freeze, preventing runoff from infiltrating into
the planting soil.  The BMP is also not
recommended for areas with slopes greater than 20
percent, or where mature tree removal would be
required.  Clogging may be a problem, particularly
if the BMP receives runoff with high sediment
loads.

Bioretention provides storm water treatment that
enhances the quality of downstream water bodies.
Runoff is temporarily stored in the BMP and
released over a period of four days to the receiving
water.  The BMP is also able to provide shade and
wind breaks, absorb noise, and improve an area's
landscape.

DESIGN CRITERIA

Design details have been specified by the Prince
George's County DER in a document entitled
Design Manual for the Use of Bioretention in Storm
Water Management (PGDER, 1993).  The
specifications were developed after extensive
research on soil adsorption capacities and rates,
water balance, plant pollutant removal potential,
plant adsorption capacities and rates, and
maintenance requirements.  A case study was
performed using the specifications at three
commercial sites and one residential site in Prince
George's County, Maryland.   

Each of the components of the bioretention area is
designed to perform a specific function.  The grass
buffer strip reduces incoming runoff velocity and
filters particulates from the runoff.  The sand bed
also reduces the velocity, filters particulates, and
spreads flow over the length of the bioretention



area. Aeration and drainage of the planting soil are
provided by the 0.5 meter (18 inch) deep sand bed.
The ponding area provides a temporary storage
location for runoff prior to its evaporation or
infiltration.  Some particulates not filtered out by
the grass filter strip or the sand bed settle within the
ponding area.  

The organic or mulch layer also filters pollutants
and provides an environment conducive to the
growth of microorganisms, which degrade
petroleum-based products and other organic
material.  This layer acts in a similar way to the leaf
litter in a forest and prevents the erosion and drying
of underlying soils.  Planted ground cover reduces
the potential for erosion as well, slightly more
effectively than mulch.  The maximum sheet flow
velocity prior to erosive conditions is 0.3 meters per
second (1 foot per second) for planted ground cover
and 0.9 meters per second (3 feet per second) for
mulch. 

The clay in the planting soil provides adsorption
sites for hydrocarbons, heavy metals, nutrients and
other pollutants.  Storm water storage is also
provided by the voids in the planting soil.  The
stored water and nutrients in the water and soil are
then available to the plants for uptake.  

The layout of the bioretention area is determined
after site constraints such as location of utilities,
underlying soils, existing vegetation, and drainage
are considered.  Sites with loamy sand soils are
especially appropriate for bioretention because the
excavated soil can be backfilled and used as the
planting soil, thus eliminating the cost of importing
planting soil.  An unstable surrounding soil stratum
(e.g., Marlboro Clay) and soils with a clay content
greater than 25 percent may preclude the use of
bioretention, as would a site with slopes greater
than 20 percent or a site with mature trees that
would be removed during construction of the BMP.
Bioretention can be designed to be off-line or
on-line of the existing drainage system.  The "first
flush" of runoff is diverted to the off-line system.
The first flush of runoff is the initial runoff volume
that typically contains higher pollutant
concentrations than those in the extended runoff
period.  On-line systems capture the first flush but
that volume of water will likely be washed out by

subsequent runoff resulting in a release of the
captured pollutants.  The size of the drainage area
for one bioretention area should be between 0.1 and
0.4 hectares (0.25 and 1.0 acres).  Multiple
bioretention areas may be required for larger
drainage areas.  The maximum drainage area for
one bioretention area is determined by the amount
of sheet flow generated by a 10-year storm.  Flows
greater than 141 liters per second (5 cubic feet per
second) may potentially erode stabilized areas.  In
Maryland, such a flow generally occurs with a
10-year storm at one-acre commercial or residential
sites.  The designer should determine the potential
for erosive conditions at the site.  

The size of the bioretention area is a function of the
drainage area and the runoff generated from the
area.  The size should be 5 to 7 percent of the
drainage area multiplied by the rational method
runoff coefficient, "c," determined for the site.  The
5 percent specification applies to a bioretention area
that includes a sand bed; 7 percent to an area
without one.  An example of sizing a facility is
shown in Figure 2.  For this discussion, sizing
specifications are based on 1.3 to 1.8 centimeters
(0.5 to 0.7 inches) of precipitation over a 6-hour
period (the mean storm event for the
Baltimore-Washington area), infiltrating into the
bioretention area.  Other areas with different mean
storm events will need to account for the difference
in the design of the BMP.  Recommended
minimum dimensions of the bioretention area are
4.6 meters (15 feet) wide by 12.2 meters (40 feet) in
length.  The minimum width allows enough space
for a dense, randomly-distributed area of trees and
shrubs to become established that replicates a
natural forest and creates a microclimate.  This
enables the bioretention area to tolerate the effects
of heat stress, acid rain, runoff pollutants, and insect
and disease infestations which landscaped areas in
urban settings typically are unable to tolerate.  The
preferred width is 7.6 meters (25 feet), with a length
of twice the width.  Any facilities wider than 6.1
meters (20 feet) should be twice as long as they are
wide. This length requirement promotes the
distribution of flow and decreases the chances of
concentrated flow.  

The maximum recommended ponding depth of the
bioretention area is 15 centimeters (6 inches).  This



1.  With Sand Bed (5% Sum of C x Area)
          = 05 x 23,900 = 1,195 OR SAY 1,200 sq. ft.
2.  Without Sand Bed (7% Sum of C x Area)
          = 07 x 23,900 = 1,1673 OR SAY  1,700 sq. ft.

* SEE CHAPTER IV. PRINCE GEORGES COUNTYSTORMWATER MANAGEMENT MANUAL

Source: PGDER, 1993.

FIGURE 2  BIORETENTION AREA SIZING

depth provides for adequate storage and prevents
water from standing for excessive periods of time.
Because of some plants' water intolerance, water
left to stand for longer than four days restricts the
type of plants that can be used. Further, mosquitoes
and other insects may start to breed if water is
standing for longer than four days.

The appropriate planting soil should be backfilled
into the excavated bioretention area.  Planting soils

should be sandy loam, loamy sand, or loam texture
with a clay content ranging from 10 to 25 percent.
The soil should have infiltration rates greater than
1.25 centimeters (0.5 inches) per hour, which is
typical of sandy loams, loamy sands, or loams.  Silt
loams and clay loams generally have rates of less
than 0.68 centimeters (0.27 inches) per hour.  The
pH of the soil should be between 5.5 and 6.5.
Within this pH range, pollutants (e.g., organic
nitrogen and phosphorus) can be adsorbed by the



soil and microbial activity can flourish.  Other
requirements for the planting soil are a 1.5 to 3
percent organic content and a maximum 500 ppm
concentration of soluble salts.  In addition, criteria
for magnesium, phosphorus, and potassium are 39.2
kilograms per acre (35 pounds per acre), 112
kilograms per acre (100 pounds per acre), and 95.2
kilograms per acre (85 pounds per acre),
respectively.  Soil tests should be performed for
every 382 cubic meters (500 cubic yards) of
planting soil, with the exception of pH and organic
content tests, which are required only once per
bioretention area.   

Planting soil should be 10.1 centimeters (4 inches)
deeper than the bottom of the largest root ball and
1.2 meters (4 feet) altogether.  This depth will
provide adequate soil for the plants' root systems to
become established and prevent plant damage due
to severe wind. A soil depth of 1.2 meters (4 feet)
also provides adequate moisture capacity.  To
obtain the recommended depth, most sites will
require excavation.  Planting soil depths of greater
than 1.2 meters (4 feet) may require additional
construction practices (e.g., shoring measures).
Planting soil should be placed in 18 inches or
greater lifts and lightly compacted until the desired
depth is reached.  The bioretention area should be
vegetated to resemble a terrestrial forest community
ecosystem, which is dominated by understory trees
(high canopy trees may be destroyed during
maintenance) and has discrete soil zones as well as
a mature canopy and a distinct sub-canopy of
understory trees, a shrub layer, and herbaceous
ground covers.  Three species each of both trees and
shrubs are recommended to be planted at a rate of
2500 trees and shrubs per hectare (1000 per acre).
For example, a 4.6 meter (15 foot) by 12.2 meter
(40 foot) bioretention area (55.75 square meters or
600 square feet) would require 14 trees and shrubs.
The shrub-to-tree ratio should be 2:1 to 3:1.  On
average, the trees should be spaced 3.65 meters (12
feet) apart and the shrubs should be spaced 2.4
meters (8 feet) apart.  In the metropolitan
Washington, D.C., area, trees and shrubs should be
planted from mid-March through the end of June or
from mid-September through mid-November.
Planting periods in other areas of the U.S. will vary.
Vegetation should be watered at the end of each day
for fourteen days following its planting.

Native species that are tolerant to pollutant loads
and varying wet and dry conditions should be used
in the bioretention area.  These species can be
determined from several published sources,
including Native Trees, Shrubs, and Vines for
Urban and Rural America (Hightshoe, 1988). The
designer should assess aesthetics, site layout, and
maintenance requirements when selecting plant
species.  Adjacent non-native invasive species
should be identified and the designer should take
measures (e.g., provide a soil breach) to eliminate
the threat of these species invading the bioretention
area.  Regional landscaping manuals should be
consulted to ensure that the planting of the
bioretention area meets the landscaping
requirements established by the local authorities.

The optimal placement of vegetation within the
bioretention area should be evaluated by the
designers.  Plants should be placed at irregular
intervals to replicate a natural forest.  Shade and
shelter from the wind will be provided to the
bioretention area if the designer places the trees on
the perimeter of the area.  Trees and shrubs can be
sheltered from damaging flows if they are placed
away from the path of the incoming runoff.  Species
that are more tolerant to cold winds (e.g.,
evergreens) should be placed in windier areas of the
site.  

After the trees and shrubs are placed, the ground
cover and/or mulch should be established.  Ground
cover such as grasses or legumes can be planted
during the spring of the year.  Mulch should be
placed immediately after trees and shrubs are
planted.  Five to 7.6 cm (2 to 3 inches) of
commercially-available fine shredded hardwood
mulch or shredded hardwood chips should be
applied to the bioretention area to protect from
erosion.  Mulch depths should be kept below 7.6
centimeters (3 inches) because more would interfere
with the cycling of carbon dioxide and oxygen
between the soil and the atmosphere.  The mulch
should be aged for at least six months (one year is
optimal), and applied uniformly over the site. 

PERFORMANCE

Bioretention removes storm water pollutants
through physical and biological processes,



including adsorption, filtration, plant uptake,
microbial activity, decomposition, sedimentation
and volatilization. Adsorption is the process
whereby particulate pollutants attach to soil (e.g.,
clay) or vegetation surfaces.  Adequate contact time
between the surface and pollutant must be provided
for in the design of the system for this removal
process to occur.  Therefore, the infiltration rate of
the soils must not exceed those specified in the
design criteria or pollutant removal may decrease.
Pollutants removed by adsorption include metals,
phosphorus, and some hydrocarbons.  Filtration
occurs as runoff passes through the bioretention
area media, such as the sand bed, ground cover and
planting soil.  The media trap particulate matter and
allow water to pass through.  The filtering
effectiveness of the bioretention area may decrease
over time.  Common particulates removed from
storm water include particulate organic matter,
phosphorus, and suspended solids.  Biological
processes that occur in wetlands result in pollutant
uptake by plants and microorganisms in the soil.
Plant growth is sustained by the uptake of nutrients
from the soils, with woody plants locking up these
nutrients through the seasons.  Microbial activity
within the soil also contributes to the removal of
nitrogen and organic matter.  Nitrogen is removed
by nitrifying and denitrifying bacteria, while aerobic
bacteria are responsible for the decomposition of
the organic matter (e.g., petroleum).  Microbial
processes require oxygen and can result in depleted
oxygen levels if the bioretention area is not
adequately aerated.  

Sedimentation occurs in the swale or ponding area
as the velocity slows and solids fall out of
suspension.  

Volatilization also plays a role in pollutant removal.
Pollutants such as oils and hydrocarbons can be
removed from the wetland via evaporation or by
aerosol formation under windy conditions.  The
removal effectiveness of bioretention has been
studied during field and laboratory studies
conducted by the University of Maryland (Davis et
al, 1998).  During these experiments, synthetic
storm water runoff was pumped through several
laboratory and field bioretention areas to simulate
typical storm events in Prince George's County,
MD.  Removal rates for heavy metals an nutrients

are shown in Table 1.  As shown, the BMP
removed between 93 and 98 percent of metals,
between 68 and 80 percent of TKN and between 70
and 83 percent of total phosphorus.  For all of the
pollutants analyzed, results of the laboratory study
were similar to those of field experiments.
Doubling or halving the influent pollutant levels
had little effect on the effluent pollutants levels
(Davis et al, 1998).  For other parameters, results
from the performance studies for infiltration BMPs,
which are similar to bioretention, can be used to
estimate bioretention's performance.  These
removal rates are also shown in Table 1.  As shown,
the BMP could potentially achieve greater than 90
percent removal rates for total suspended solids,
organics, and bacteria. The microbial activity and
plant uptake occurring in the bioretention area will
likely result in higher removal rates than those
determined for infiltration BMPs.

  TABLE 1  LABORATORY AND ESTIMATED
BIORETENTION 

Pollutant Removal Rate

Total Phosphorus 70%-83% 1

Metals (Cu, Zn, Pb) 93%-98% 1

TKN 68%-80% 1

Total Suspended Solids 90% 2

Organics 90% 2

Bacteria 90% 2

Source: 1Davis et al. (1998)
2PGDER (1993)

OPERATION AND MAINTENANCE

Recommended maintenance for a bioretention area
includes inspection and repair or replacement of the
treatment area components.  Trees and shrubs
should be inspected twice per year to evaluate their
health and remove any dead or severely diseased
vegetation.  Diseased vegetation should be treated
as necessary using preventative and low-toxic
measures to the extent possible.  Pruning and
weeding may also be necessary to maintain the
treatment area's appearance.  Mulch replacement is
recommended when erosion is evident or when the
site begins to look unattractive. Spot mulching may



be adequate when there are random void areas;
however, once every two to three years the entire
area may require mulch replacement.  This should
be done during the spring.  The old mulch should be
removed before the new mulch is distributed. Old
mulch should be disposed of properly.

The application of an alkaline product, such as
limestone, is recommended one to two times per
year to counteract soil acidity resulting from
slightly acidic precipitation and runoff.  Before the
limestone is applied, the soils and organic layer
should be tested to determine the pH and therefore
the quantity of limestone required.  When levels of
pollutants reach toxic levels which impair plant
growth and the effectiveness of the BMP, soil
replacement may be required (PGDER, 1993). 

COSTS

Construction cost estimates for a bioretention area
are slightly greater than those for the required
landscaping for a new development.  Recently-
constructed 37.16 square meter (400 square foot)
bioretention areas in Prince George's County, MD
cost approximately $500.  These units are rather
small and their cost is low. The cost estimate
includes the cost for excavating 0.6 to 1 meters (2
to 3 feet) and vegetating the site with 1 to 2 trees
and 3 to 5 shrubs.  The estimate does not include
the cost for the planting soil, which increases the
cost for a bioretention area.  Retrofitting a site
typically costs more, averaging $6,500 per
bioretention area.  The higher costs are attributed to
the demolition of existing concrete, asphalt, and
existing structures and the replacement of fill
material with planting soil.  The costs of retrofitting
a commercial site in Maryland (Kettering
Development) with 15 bioretention areas were
estimated at $111,600.  

The use of bioretention can decrease the cost for
storm water conveyance systems at a site.  A
medical office building in Maryland was able to
reduce the required amount of storm drain pipe
from 243.8 meters (800 feet) to 70.1 meters (230
feet) with the use of bioretention.  The drainage
pipe costs were reduced by $24,000, or 50 percent
of the total drainage cost for the site (PGDER,
1993).  Landscaping costs that would be required at

a development regardless of the installation of the
bioretention area should also be considered when
determining the net cost of the BMP. 

The operation and maintenance costs for a
bioretention facility will be comparable to those of
typical landscaping required for a site.  Costs
beyond the normal landscaping fees will include the
cost for testing the soils and may include costs for
a sand bed and planting soil. 
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ADDITIONAL INFORMATION

The City of Alexandria, Virginia
Warren Bell
Department of Transportation and Environmental
Services
P.O. Box 178, City Hall
Alexandria, VA  22313

The Town of Cary, North Carolina
Tom Horstman
Department of Development Review
P.O. Box 8005
Cary, NC  27513

Center for Watershed Protection
Tom Schueler
8391 Main St.
Ellicott City, MD  21043

Northern Virginia Planning District Commission
David Bulova
7535 Little River Turnpike, Suite 100
Annandale, VA  22003

Prince Georges County, Maryland
Larry Coffman
Department of Environmental Resources
9400 Peppercorn Place
Largo, MD  20774

The mention of trade names or commercial
products does not constitute endorsement or
recommendation for the use by the U.S.
Environmental Protection Agency. 
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Introduction 
This document highlights a limited number of practices that EPA believes can greatly improve 
the environmental performance of marinas in reducing pollution through the more efficient use 
of materials, energy, water and land. It complements the work of EPA’s Enforcement and 
Compliance program in Region 2 EPA (New York, New Jersey Puerto Rico and the U.S. Virgin 
Islands) and also the efforts of the New York State Department of Environmental Conservation 
(NYSDEC).   
 
The Pollution Prevention Team of EPA Region 2 compiled the information contained in this 
guide from a number of reference documents prepared by NYSDEC and the New York Sea 
Grant Extension Program. The following people spent valuable time reviewing and commenting 
on this document, providing input that helped make it a more useful informational resource for 
marina facility owners and managers:    
 
• Christina Falk, Bureau of Water Permits, New York State Department of Environmental 

Conservation     
• Philip Greco, Division of Environmental Compliance and Assistance, EPA Region 2 
• Jay Tanski, New York Sea Grant Program 
• Lawrence R. Wilson, Region 3 New York State Department of Environmental 

Conservation     
 
In depth information on techniques, resources and equipment to reduce pollution at marina 
facilities may be found in a variety of sources listed in the references section of this guide. We 
strongly suggest that these references be consulted to help ensure your facility’s compliance with 
state and federal regulations.   
 
These BMPs are not designed to replace or overrule local, state, or federal regulatory 
requirements applicable to marina operations. You must consult with the appropriate regulatory 
agencies in your area to ensure compliance with all applicable laws and regulations. 

1. Fuel Management 
Storage 

Keep all information about registered underground storage tanks, subsequent updates from your 
state environmental agency, and maintenance records in file in a central location. 

Regularly inspect above ground fuel storage tanks (ASTs) and associated piping for leaks. All 
ASTs should have a secondary containment area that contains spills and allows leaks to be more 
easily detected. Secondary containment for ASTs must be impermeable to the materials being 
stored.  Methods include berms, dikes, liners, vaults, and double-walled tanks. To keep out rain 
and reduce evaporation losses and moisture condensation, paint ASTs a reflective color, install 
them in an east-west direction, install a low-pressure valve on top of the tank, and cover the 
structure. A roof structure covering a tank will help conserve gasoline, which would have 
escaped by evaporation without the shade cover. 
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If an AST has remained out of service for more a year or more, many states require owners to 
maintain and monitor the tank, declare the tank inactive, or remove it. If the tank is declared 
inactive, remove all substances from the AST system (including pipes) and completely clean the 
inside. Secure tanks by bolting and locking all valves, as well as capping all gauge openings and 
fill lines. Clearly label tanks with the date and the words “Out of Service.” Samples may be 
required when removing tanks to determine if any contamination has occurred. Most States 
require out-of-service tanks to be inspected and meet leak detection requirements before they are 
put back into service.   

Fuel Tank Disposal 

Use, recondition or recycle all usable fuel before disposing of the tank. 
 
Store tanks awaiting disposal away from ignition sources like heat or sparks. 

Clearly label tanks "Waste Gasoline” or “Waste Diesel." 

Fuel Station Operation 

To the extent possible, locate fuel docks in protected areas to reduce potential for accidents due 
to passing boat traffic, and design them so that spill containment equipment can be easily 
deployed to surround a spill and any boats that may be tied to the fuel dock.  

Store spill containment and control materials in a clearly marked and easily accessible location, 
attached or adjacent to the fuel dock. A rule of thumb is that you should have an oil absorbent 
boom three times as long as the length of the longest vessel that will be using the facility.  

Keep oil absorbent pads and pillows available at the fuel dock for staff and customers to mop up 
drips and small spills. 

Provide a stable platform for fueling personal watercraft, if your facility services significant 
numbers of them. 

Routinely inspect and repair fuel transfer equipment, such as hoses and pipes. 

Place plastic or nonferrous drip trays lined with oil absorbent materials beneath fuel connections. 
 
Train fuel dock staff to handle and dispense fuel properly. Fuel dock staff should be trained to: 

• Fill tanks slowly and carefully. 
• Prevent overfilling of gas tanks by listening to or keeping a hand at the air vent, if 

possible; a pronounced flow of air is emitted when the tank is nearly full. 
• Remember that fuel expands in warm weather and to leave at least 5% of space in a fuel 

tank to allow for that expansion. 
• Attach a container or absorbent pad to the external vent fitting to collect overflow, as a 

precautionary measure. Several products attach to the boat with suction cups. 
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• Keep an absorbent pad or pillow ready to catch spills, drips, or overflow. 
• Put a drip pan under portable fuel tanks. If possible, fill portable fuel tanks ashore. 
• Prevent spills as well as respond to spills promptly if they do occur. 
• Give information and direction to customers. 

2. Facility Cleaning and Maintenance  
Use cleaning products which may have less of an impact on the environment because they are 
less toxic and contain lower concentrations of volatile organic compounds (VOCs), ozone 
depleting chemicals (ODCs), and/or carcinogens. 

EPA's Design for the Environment (DfE) works in partnership with industry, environmental 
groups, and academia to reduce risk to people and the environment by finding ways to prevent 
pollution. The DfE program has evaluated and allowed more than 2,500 products including all 
purpose cleaners, biological-based products such as bilge maintainers and a variety of other 
products that could be used at marina facilities to carry the DfE logo. For further information go 
to: http://www.epa.gov/dfe/ 

Read product labels. Avoid cleaning products with: 
 

Alcohol formaldehyde perchloroethylene 
Ammonia glycols Petroleum distillates 
Bleach hydrochloric acid Phenol 
Butyl cellosolve Hydrofluoric acid Phosphoric acid 
Cresol lye Propellants 
Dye naphthalene Sulfuric acid 
Ethanol PDCBs 

(paradichlorobenzenes) 
TCE 
(trichloroethylene) 

 

Depending on the cleaning job, always try cleaning with water and a coarse cloth first. Clean 
more often with fresh water only. If you must use a cleaner, use the product sparingly. Consider 
non-toxic alternatives for cleaning products. Even non-toxic substances can cause temporary 
harm to the environment and should therefore be used sparingly. Some non-toxic alternatives to 
typical cleaning products are: 
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Floor Drains Area 

Permanently seal floor drains with concrete if they do not connect to a sewer or holding tank. If 
the floor drain in a maintenance shop discharges to a dry well, the owner is required to report to 
the Underground Injection Control (UIC) program in Region 2 EPA at r2_uic@epa.gov.   

Avoid or minimize the use of any ammoniated, petroleum or chlorinated solvent-based cleaning 
agents.  

Sweep or vacuum floors often and immediately before floor washing. 

Clean up fluid spills quickly with absorbent material. The absorbent must be disposed of 
properly.  

Cover floor drains if there is a spill. There are inexpensive covers available for this purpose.  

Air Compressors 

Air compressor blow down water commonly contains lubricating oil or other potential pollutants. 
These hydrocarbons can contaminate surface and groundwater when improperly managed. 

Evaluate the need for installing a dehumidifying system in the air compressor which would 
reduce the moisture content of the compressed air and therefore the volume of wastewater 
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generated. This practice may also prolong the life of the compressor by reducing loss of 
lubrication and rusting. 

Visually inspect the exterior of air compressor equipment for the presence of oil leaks on a 
regular basis. 

Establish a preventative maintenance program that includes, but is not limited to, a schedule for 
cleaning parts, a schedule for replacing oil, and a schedule for replacing filters for the air 
compressor equipment, as recommended in the manufacturer's specifications. 

Remove or retain any floating layer of oil prior to discharge. 

Investigate the purchase of an oil-free air compressor that would eliminate oil from the blow 
down water. 

3. Boat Maintenance 
Pressure Washing 

Avoid in-water bottom cleaning or hull scraping or any process that occurs underwater to remove 
antifouling paint from the boat hull. While this is a popular practice for racing sailboats prior to a 
race to reduce drag, it makes it impossible to capture and treat what's cleaned from the boat 
bottom. 

Pressure wash waste water should not be discharged directly to surface waters or the ground 
without a permit from your state environmental agency (the New York State Department of 
Environmental Conservation permits the use of an infiltration pad for wash water without a 
permit). To the extent possible, marina facilities should try to collect the wash water, treat it and 
either dispose of it at a sewage treatment plant (through discharge to a sanitary sewer or by 
hauling using a licensed hauler) or recycle it. Discharge to the sanitary sewer requires local water 
pollution control authority approval.  

Where feasible, wastewater from the washing operation may be collected and reused through a 
closed loop pressure wash treatment system. Minimize the use of detergents, caustic cleaners and 
other additives when pressure washing. 

Minimize the amount of pressurized water used when boats are power washed. For example, 
wash the hull above the waterline by hand. 

Winterizing 

Use propylene glycol antifreeze (usually pink) which is less toxic than ethylene glycol (usually 
green) to winterize all systems except "closed" or freshwater cooling systems. Even though 
propylene glycol is considered less toxic, it is still not permissible to discharge this chemical.   



 

7 
 

Inspect and clean bilges prior to extended vessel storage. Clean all water, oil, or foreign materials 
from the bilge using absorbent material.  

4. Stormwater Non-structural Practices 

Perform as much boat repair and maintenance as practicable inside work buildings. 

Where an inside workspace is not available, perform abrasive blasting and sanding within spray 
booths or tarp enclosures. 

Where buildings or enclosed areas are not available, provide clearly designated land areas as far 
from the water's edge as possible for debris-producing maintenance. Collect as much 
maintenance debris on tarps, filter fabric, or paved surface. 

Use vacuum sanders to collect dust and chips while removing paint from hulls.  

Establish a list of "yard rules" that do-it-yourselfers and contractors must follow when 
performing debris-producing boat maintenance. 

Clean hull maintenance areas immediately after any maintenance is done to remove debris, and 
dispose of collected material properly. 

Capture pollutants out of runoff water with permeable tarps, screens, and filter cloths. 

Sweep or vacuum around hull maintenance areas, parking lots, and driveways frequently, where 
appropriate. 

Store all potential pollutants such as pesticides, used oil containers, detergents, etc. under cover. 

5.  Stormwater Structural Best Management Practices 
Over land or via storm sewer systems, polluted runoff is discharged, often untreated, directly into 
local water bodies. When left uncontrolled, this water pollution can result in the destruction of 
fish, wildlife, and aquatic life habitats, a loss in aesthetic value, and threats to public health due 
to contaminated food, drinking water supplies, and recreational waterways. 

The National Pollutant Discharge Elimination System (NPDES) Stormwater Program is a 
comprehensive two-phased national program for addressing the non-agricultural sources of 
stormwater discharges which may adversely affect the quality of our nation's waters.∗ The 
program uses the permitting mechanism to require the implementation of controls designed to 
prevent harmful pollutants from being washed by stormwater runoff into local water bodies. 

                                                             
∗ More detailed information about industrial stormwater permit compliance and associated BMPs may be found in 
the References Section 



 

8 
 

The regulated entities must obtain coverage under a NPDES stormwater permit and implement 
stormwater pollution prevention plans (SWPPPs) that effectively reduce or prevent the discharge 
of pollutants into receiving waters. Some suggested measures for marinas include the following: 

• Plant a vegetated filter strip or buffer between impervious areas and the marina basin. A 
vegetated filter strip is a densely vegetated strip of land engineered to accept runoff from 
upstream development as overland sheet flow. Designed properly, a filter strip can 
provide a recreational amenity for your customers and enhance the appeal of your 
facility.  

• Minimize impervious areas on the marina site by paving only where absolutely 
necessary. Use porous pavement for parking lots and lightly traveled access roads, or 
other penetrable materials such as gravel or crushed concrete. 

• Direct roof runoff to drywells or position downspouts so that they drain to vegetated 
areas. Avoid draining to concrete or asphalt. 

• Explore the feasibility of using new techniques and innovative products to capture, pre-
treat, and filter the first flush of stormwater runoff before it can reach your basin.  

• Use catch basins with deep sumps where stormwater flows to the marina basin in large 
pulses.  

• Install oil/grit separators to capture pollutants in runoff. Water from parking lots and 
other areas likely to have hydrocarbons should be directed through oil/grit separators 
before entering any other management structure (Note: this practice requires a lot of 
maintenance). 

• Maintain catch basins regularly. Typical maintenance of catch basins includes trash 
removal if a screen or other debris-capturing device is used, and removal of sediment by 
a hired contractor or on-site wet-vacuum system. At a minimum, catch basins should be 
cleaned at the beginning and end of each boating season. 

• Add filters to storm drains that are located near work areas to screen solid materials out 
of runoff. 

• Place absorbent materials in drain inlets to capture oil and grease. 

6. Minimize Dredging Impacts. 

Dredging has the potential to reduce fish spawning and juvenile fish survival. Areas dredged 
may suffer destruction of spawning habitat, destruction of fish eggs, and mortality of fish within 
the dredging area due to removal of bottom substrates and resulting high levels of suspended silt. 
Currents can move silt particles suspended during dredging away from the site and deposit them 
in spawning or juvenile fish habitats some distance away.   
 
Do not dredge during critical migration or spawning periods of important species of fish and 
wildlife.   
 
Avoid colonial waterbird nesting areas and historic waterfowl staging and concentration areas.  
 
Employ dredging methods that have minimal detrimental environmental consequences such as 
hydraulic dredging.  
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Use turbidity curtains to contain suspended sediments in areas with mud or silt bottoms. 

7. Recycling and Waste Management  
Recycling 

Provide clearly marked, conveniently located recycling containers for customers and staff to use, 
particularly for plastic, glass and metal food/beverage containers and other recyclables generated 
at your facility. 

Do not put trash or recycling containers on docks, as waste can easily blow into the water. 

Purchase products made with recycled contents to close the recycling loop (i.e., create a market 
for the materials you recycle). Buy recycled printing and writing paper, towels, tissue, re-refined 
motor oil and antifreeze. 

Educate employees about separation requirements and your recycling program. 

Encourage boaters to exchange excess paints, thinners, and varnishes rather than dispose. 
Provide a bulletin board where boaters can post notices if they have or need a particular 
substance, or establish a paint and maintenance chemical swap area for customers. 

Use reusable or recyclable boat covers for boat storage. Recycle used plastic boat covers. 

Consider cooperating with other nearby businesses to simplify recycling and reduce costs. Your 
municipal recycling coordinator may be able to help you find or establish a cooperative business-
recycling program. 

Waste Management Practices 

Place covered trash receptacles in convenient locations away from the water for use by marina 
patrons. 

If practical, secure trash receptacles at night to prevent "midnight dumping," since marina 
operators are responsible for the content of dumpsters. 

Train employees to pick up stray trash as a daily practice. 

Fish Waste 

Recommended general practices regarding the handling of fish waste:  

Prohibit disposal of fish waste in the marina basin. Post signs displaying the rules. 
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Do not permit fish cleaning on docks and floats. 

Install a fish cleaning station at your marina.  

Clearly identify the fish cleaning stations with signs that list the rules and regulations for their 
use. 

Direct rinse water from fish cleaning areas to a sand filter or sanitary sewer. It should be free of 
solids. 

Use one of the following disposal methods: 

• Compost fish waste where appropriate and use compost on landscaping. 
• Encourage boaters to freeze fish parts and reuse them as bait or chum on the next fishing 

trip. Use grinder to make chum out of fish carcasses. Freeze and sell chum at marina 
store. 

• If composting or freezing is not an option, encourage boaters to double-bag their fish 
parts and home-compost or discard in their regular trash.  

Encourage boaters to clean fish offshore where the fish are caught and discard of the fish in 
unrestricted waters, unless there are length limits for the type of fish caught.∗ 

Pet Waste 

Provide a dog walking area that is identifiable by signs. 

Require customers to clean up after their pets. Provide bags for boaters to scoop up waste and 
dispose of in trash. 

Specify pet waste rules in marina slip contract. 

Encourage cat owners to maintain a litter box on their boat. 

8.  Land Use  
 
Use Upland and Inland Areas 
 
Locate buildings, workshops, and waste storage facilities in upland areas, as distant from fragile 
shore side ecosystems as possible. Upland areas also provide a measure of protection against 
floods. 
 
Locate parking and vessel storage areas away from the water. 
 

                                                             
∗ See Appendix for guidance specific to New York State’s Fish Carcass Law 
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Conduct boat repair activities and winter storage inland. Hydraulic trailers can facilitate moving 
boats to inland storage locations. 
 
Locate new septic systems at least 100 feet from the water’s edge in soils with a depth to the 
seasonal high water table of at least four feet. 
 
Expand Upward 
 
Where local regulations allow, rather than adding wet slips, expand storage capacity by adding 
dry-stack storage.  
 
Boatels provide the following environmental benefits: 
• Dry-stacked boats do not accumulate marine growth. Consequently, toxic antifouling 

paints are unnecessary and the associated need to wash, scrape, and paint is eliminated. 
• Dry-stacked boats are less likely to accumulate water in their bilges.  Therefore, they are 

less likely to discharge oily bilge water. 
 
Control stormwater runoff from dry-stack areas as well as from any expanded parking areas. 
 
Keep forklifts well tuned to prevent grease or oil from dripping onto staging areas or into the 
water. 

9.  Energy Efficiency  
 
Energy Efficiency  

Use energy efficient products where possible at your marina. Consult the EnergyStar products 
list at http://www.energystar.gov/  to identify products that use less energy to operate and save 
on utility bills. Once you identify products that you may wish to purchase, use the store locator 
provided on the EnergyStar website. Also consider using the Database for State Incentives for 
Renewables and Efficiency (DSIRE) at http://www.dsireusa.org/ for information on state, local, 
utility and federal incentives and policies that promote renewable energy and energy efficiency.     

10. Water Efficiency 
 
Promote the WaterSense program at your facility. The program seeks to help consumers make 
smart water choices that save money and maintain high environmental standards without 
compromising performance. Products and services that have earned the WaterSense label have 
been certified to be at least 20 percent more efficient without sacrificing performance. 
More information about WaterSense may be found at: http://www.epa.gov/WaterSense/.   
 
Simple conservation steps include: 
 
• Fix leaks and drips. 
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• Install “low-flow” faucets, toilets, and showerheads.  
• Equip all freshwater hoses with automatic shutoff nozzles.   
• Water plants only when necessary. Indicators include wilting shrubs and grass that lies 

flat and shows footprints. Water in the cooler early morning or early evening to avoid 
stressing plants and to minimize water evaporation. 

• Select plants suited to the existing conditions (i.e., soil, moisture, and sunlight) so that 
they will require little care in terms of water, fertilizer, and pesticides.  

• Water deeply and infrequently rather than lightly and often. Deep watering promotes 
stronger root systems that enable plants to draw on subsurface water during hot spells and 
droughts.  

• Cluster plants with similar water requirements. This practice will ease your maintenance 
burden, conserve water, and benefit the plants.  

• Replace lawn areas with wildflowers, groundcover, shrubs, and trees. 
• Direct downspouts into covered containers. Use the collected water on your landscaped 

areas. 

11.  Green Products 

EPA has developed a Greener Products portal that identifies a number of environmentally 
friendly products that can be used at marinas and other business establishments. Information 
about a variety of products for cleaning, office equipment, building, appliances, etc. can be found 
at the following website: http://www.epa.gov/greenerproducts/ 

12. Landscaping  
 
EPA's GreenScapes program provides cost-efficient and environmentally friendly solutions for 
landscaping. Designed to help preserve natural resources and prevent waste and pollution, 
GreenScapes encourages more holistic decisions regarding waste generation and disposal and the 
associated impacts on land, water, air, and energy use. More information about GreenScapes 
may be found at:  http://www.epa.gov/greenscapes/  

Use native plants for landscaping. Plants that are native to the region and climate compete well 
with weeds and other pests. They also require less fertilizer and pest control than non-native 
plants. Native plants can be purchased at your local nursery. 

Avoid planting invasive species. Invasive species multiply rapidly and take over areas very 
quickly. Your local Soil and Water Conservation District or Cooperative Extension Service 
should also be able to provide you with information on invasive species specific to your area. 

Save water by watering in the early morning or late afternoon. Oscillating sprinklers can lose up 
to 50% of water to evaporation on hot days.  

Plant a vegetated filter strip or buffer between impervious areas and the marina basin.  
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Minimize fertilizer use. The excess nutrients from unused fertilizer will run off into the marina 
basin and potentially cause an algal bloom.  
 
Compost leaves, branches, grass trimmings, and other organic matter. Use the mature compost to 
nourish your soil. Alternatively, chip branches and leaves and use as mulch to discourage weeds 
and to conserve moisture. 
 
Recycle “gray water.” Gray water is water used once for dishwashing or in a washing machine, 
but is not overly contaminated. It can be filtered and used to water landscaped areas. However, 
regulations vary, so be sure to check local ordinances for permit requirements and written 
approval before pursuing this option. 
 
Pull weeds by hand to reduce reliance on herbicides.  
 
Do not use pesticides outdoors just before a rainfall or on a windy day. 
 
Apply insecticides during the evening when honeybees and other beneficial insects are less 
active. 
 
Do not apply pesticides near water, e.g., shore, wells, streams, ponds, bird baths, swimming 
pools, etc. 

13. Boater Education  
Post signage in the boat yard describing environmentally preferable practices.∗ Train employees 
about clean boating practices. Let them know what information is available to distribute to 
customers.  

The NJ Marine Sciences Consortium and New York Sea Grant have developed a series of fact 
sheets for boaters on topics such as petroleum control, vessel cleaning and maintenance, vessel 
sewage and waste management practices, available at:  
http://www.njcleanmarina.org/guidebk.htm and 
http://www.seagrant.sunysb.edu/marinabmp/section7/factsheets.htm. 

Consider the following: 

• Hosting an environmental workshop for marina members. 
• Including environmental information in facility newsletters. 
• Including environmental boating practices in slip contracts. 
• Providing a list of "yard rules" to your customers who do their own boat maintenance and 

include them in your contracts.  

                                                             
∗ See Appendix for suggested boater signage 
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14. Emergency Planning  
Contact local emergency response providers or local U.S. Coast Guard Marine Safety Office to 
obtain basic information about how to handle emergencies and/or for training opportunities. 

List and describe actions to be taken during an emergency and, based on likely threats, what 
equipment should be deployed. 

Develop an action checklist for severe weather. Preparations to reduce environmental risks 
include securing all dumpsters, removing or securing all objects which could potentially blow or 
wash away, and securing waterside sewage pumpouts and/or dump stations.  

Develop a site plan of the facility, showing valves, pipes, tanks, structures, roads, hydrants, 
docks, power and fuel shutoffs, hazardous material storage locations, telephones, and location of 
emergency response materials. 

Describe the type, amount, and location of hazardous and potentially hazardous materials stored 
on-site. 

Review the emergency response plan with employees, and train them on proper use of 
containment material. Identify which staff member will take what action in the event of an 
emergency. 

Include a list of emergency phone numbers for: local fire and police; facility owner; local 
harbormaster; neighboring marinas that have emergency response equipment; and spill response 
contractors. Inform local fire department and harbormaster of your emergency response plan. 

Update the emergency response plan as necessary. 

 

 

 

 

 

 

 

 

 



 

15 
 

Appendix 

New York State’s Fish Carcass Disposal Law 

Under New York State’s Fish Carcass Disposal Law, it is illegal to discard any fish carcass, or 
parts thereof, into the freshwaters of the state within 100 feet of shore or upon any public or 
private lands contiguous to and within 100 feet of such water, except: 

• On private lands by owners of such lands. 

• If properly disposing into suitable garbage or refuse collection systems or by burial. 

• Where incidental cleaning of fish for consumption is permitted. However, resulting waste 
may not be disposed of within 100 feet of any public launching or docking site unless 
into a suitable refuse collection system. Live fish and fish which must be returned to the 
water because of size limits, open seasons and creel limits are not subject to the fish 
carcass disposal law. 
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Suggested Boater Signage 

 

Environmental Policy
It is the policy of this marina to 
protect the health of our 
patrons, staff, and the 
environment by minimizing the 
discharge of pollutants to the 
water and air.

 

 

Vessel Maintenance Area
� All major repairs (e.g., stripping, fiberglassing) must be performed in 

the Vessel Maintenance Area
� All blasting and spray painting must be performed within the enclosed 

booth or under tarps
� Keep all bottom paint chips and run off from entering surface waters.  

Use tarps, filter fabrics or closed loop pressure wash treatment systems 
for  bottom paint removal operations.  

� Use vacuum sander
� Use high-volume low-pressure spray paint guns 
� Use drip pans with all liquids
� Reuse solvents
� Store waste solvents, rags, and paints in covered containers
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Keep Fuel Out of the Water
�Do Not Top Off Tank

�Listen and Anticipate When Tank is 
Full

�Wipe up Spills Immediately
 

 

Do Not Discharge Sewage
�Please use our clean, comfortable 

restrooms while you are in port

�Nutrients and pathogens in sewage 
impair water quality

 

 



 

18 
 

Think Before You Throw
The following items may not be placed in this dumpster:

� Oil
� Antifreeze
� Paint or varnish
� Solvents
� Pesticides
� Lead batteries
� Transmission f luid
� Distress f lares
� Loose polystyrene peanuts
� Hazardous waste

 

 

 

Marine Sanctuary
This marina provides food and shelter 
for  young fish

� Prevent oil spills!

� Keep bilge clean!

� Use oil absorption pads!

Help by recycling or properly disposing of used oil, 
antifreeze, solvents, cleaners, plastics, and other wastes.
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No Fish Scraps
Please do not discard fish scraps 

within the marina basin
�Use our fish cleaning station

�Bag the scraps and dispose of in dumpster 
or at home
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The Galveston Bay Foundation (GBF) is a 501(c)(3) non-profit organization established 
in 1987 under the laws of the State of Texas. The Foundation’s strength is that it 
involves a true cross-section of Bay interests to address issues and concerns related to 
Galveston Bay. It is managed by a strong Board of Trustees whose members represent 
sport and commercial fishing groups, government agencies, recreational users, 
environmental groups, shipping, development, and business interests. The mission of 
the Foundation is to preserve, protect, and enhance the natural resources of the 
Galveston Bay estuarine system and its tributaries for present users and for posterity. 
Its programs in advocacy, conservation, education, and research strive to ensure that 
Galveston Bay remains a beautiful and productive place for generations to come. 
 

Galveston Bay Foundation 
17330 Highway 3 

Webster, TX 77598 
Phone: 281-332-3381 

Fax: 281-332-3153 
www.galvbay.org
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LLIIVVIINNGG  SSHHOORREELLIINNEESS::  AA  NNAATTUURRAALL  AAPPPPRROOAACCHH  TTOO  
EERROOSSIIOONN  CCOONNTTRROOLL  AANNDD  PPRREEVVEENNTTIIOONN  

 

Introduction 
A common concern of many landowners with shoreline property is erosion. A common 
response to erosion is “armoring”: the installation of bulkheads, rip-rap, or other hard 
structures directly onshore to stop erosion and protect property. These shoreline 
protection methods, particularly bulkheads, can actually increase erosion on adjacent 
properties and in front of the structure itself. Wave energy from wind, boat wakes, and 
storm events is reflected back from the armored shoreline causing scouring in front of, 
and increased erosion on each side of, the bulkhead or armored area. Bulkheads are 
prone to undercutting and structural failure requiring costly periodic maintenance and 
eventual replacement. Additionally, bulkheads and other hard structures placed directly 
onshore often eliminate or reduce access to valuable shoreline marsh and other riparian 
habitats. Shoreline hardening separates uplands from lowlands and causes the loss of 
important vegetated shallows as the area in front of the armoring is typically converted 
to open water. These intertidal marshes are important habitat for many wildlife species 
including birds and economically valuable fisheries species. 
 
Since the 1950s, Texas estuarine (saltwater) wetlands have decreased approximately 
9.5 percent, or roughly 59,600 acres. This is an average net loss of 1,600 acres per 
year.1 The Galveston Bay system has lost over 20 percent of its tidal marshes since the 
1940s.2  Some areas, such as the bay side of Galveston Island, have been hit even 
harder with marsh losses upwards of 80 percent.3 In part, these losses can be attributed 
to subsidence which drowns the marshes as the water levels become too deep too 
rapidly for the marsh grasses to survive. The loss of soil-stabilizing vegetation makes 
the shoreline more vulnerable to erosion. The loss of vegetation exacerbates the 
negative effects of wind driven waves and boat wakes. In this way, marsh and shoreline 
are rapidly converted to open water. For these and other reasons, landowners face a 
constant battle to protect their property from loss due to erosion. 
  

                                                 
1 Moulton, D.W. et al, “Texas Coastal Wetlands: Status and Trends, Mid-1950s to Early 1990s” 1997, USFWS, 17 
October 2000 < http://library.fws.gov/Wetlands/TexasWetlands.pdf>  
2 The State of the Bay- A Characterization of the Galveston Bay Ecosystem, 2nd Ed.  Galveston Bay Estuary 
Program Publication GBEP T-7.   Lester and Gonzalez, Eds., 2002, 162 pages. 
3Galveston Bay Estuary Program Publication GBNEP-49, The Galveston Bay Plan; The Comprehensive 
Conservation and Management Plan for the Galveston Bay System, 1994, 457 pages 
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What are Living Shorelines? 
Innovative shoreline protection methods have been implemented within the Galveston 
Bay estuary system in an attempt to deal with shoreline erosion by mimicking natural 
coastal processes through the strategic placement of plants, stone, fill, and other 
structural and organic materials. Restoration specialists at some public lands, such as 
those near Anahuac and Brazoria National Wildlife Refuges, have built wave break 
structures from shell and/or rip-rap just offshore rather than directly onshore. Not only 
do these structures act as wave breaks, robbing the waves of their energy, they cause 
sediment-laden waves to deposit materials landward of the wave break. This process 
can build up sediment raising the elevation behind the wave break sufficiently to support 
marsh grasses without the need for extra fill-dirt. Many times, the wave break itself 
becomes encrusted with oysters and other crustaceans creating an artificial reef. 
 
Local private landowners have incorporated smaller versions of the above projects and 
other techniques to stabilize their shorelines. Landowners are even creating projects 
incorporating these principles and techniques along canals or in front of existing 
armoring. This allows them to design a shoreline that incorporates environmental 
benefits, prolongs the life of their bulkhead, reduces long term maintenance and 
replacement costs, and protects their property from erosion. In addition to these 
important features, the end result is a shoreline that is functional as well as aesthetically 
appealing, often creating a lush green band of vegetation or a winding reef that follows 
the shoreline. Birds and fish are attracted to the restored areas, providing recreational 
opportunities and enjoyment for the landowner.  
 
Living Shorelines are shoreline management options that provide erosion control  
while working with nature to restore, create or protect valuable habitat. As 
opposed to bulkheads or armoring, Living Shorelines are designed to allow natural 
coastal processes to take place by allowing the movement of organics in and out of the 
marsh; absorbing wave energy from wind, boats, and storm events; and filtering  
pollutants from runoff. In addition, they create and/or maintain vital habitat for 
economically and ecologically important fish and shellfish, and they provide nesting and 
foraging areas for resident and migratory birds. They can be built in front of bulkheads 
or armoring providing additional protection to existing structures while restoring 
shoreline habitat. Living Shorelines help protect landowner investments while 
enhancing the ecological value of the property. They are often less expensive than  
traditional shoreline armoring methods, and in some instances, grant funding is 
available to offset costs to landowners who are willing to protect and create habitat.  
 
This document is intended to provide the reader with general guidelines for starting a 
Living Shoreline project through technical guidance and real examples. At the end of 
the document is a list of resources and agencies that are available to answer questions 
and help design a shoreline that meets landowner needs and plays an active role in 
protecting and restoring bay systems. 
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LLIIVVIINNGG  SSHHOORREELLIINNEESS  DDEESSIIGGNN  GGUUIIDDEELLIINNEESS  
 

When considering a Living Shoreline project the first question one must ask is, “Do I 
have an erosion problem?” If there is measurable land loss due to currents or waves 
and action is needed to stop or slow the loss of property, a Living Shoreline might be 
an option. If the shoreline is stable and stocked with quality, native high and low marsh 
plants – STOP! The first, and best, option in this situation is to do nothing. Local experts 
can help determine whether the shoreline is experiencing erosion and/or if it is already 
supporting beneficial plants that could be incorporated into the project design. 
(Agencies that can provide assistance are listed at the end of this document). If there is 
property loss or it is felt that action must be taken to prevent future loss, the following 
steps may be helpful. Depending on the reader’s background or level of knowledge, this 
document may be all that is needed to get started. However, it is more likely to be a 
starting place to provide information and to raise questions that will need to be asked 
when contacting the agencies for assistance. 

Site Assessment 
In order to determine what sort of shoreline enhancement is right for a property, one 
must first answer some questions about the particular shoreline and what factors are 
occurring:    
  

• Rate of erosion: Can property loss be measured in inches or feet per year, 
or is the erosion noticeable over a span of many years? Rapid erosion might 
indicate the need for a more permanent solution such as a rock or concrete 
breakwater, whereas a temporary breakwater and dense planting might be 
enough to protect where erosion is minimal.  

 

• Type of shoreline: Is the shoreline severely cut like a bluff? How high is the 
bluff? Is the bluff undercut? Alternatively, is the shoreline sloped but not 
supporting plants? The severity of the erosion can help one choose the right 
protective measures. 

 

• Erosional forces: Is the property routinely subjected to waves generated by 
passing boats and/or jet-skis? If so, how often? Is the property subject to a  
prevailing wind that keeps relatively strong waves hitting the shore much of 
the time? Is the property in a protected area that gets occasional boat traffic 
or storm generated waves? Understanding the factors contributing to the 
erosion at the property will help determine how strong and/or permanent a 
wave break will be needed. Additionally, if the property is in an area 
frequently used by commercial or recreational boat traffic, navigational 
hazards and signage must be considered. 

 

• Water depth: How deep is the water just offshore? Will the area behind the 
breakwater require filling to raise the elevation to support plants? How quickly 
does the depth increase? Does the bottom drop off steeply or slope gently 
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getting gradually deeper? These questions can help determine what steps will 
be necessary to achieve satisfactory plant growth. 

 

• Substrate: Is the bottom offshore from the property sand, silt, clay, or shell? 
Is it hard or soft? Understanding the substrate can help determine what 
methods will or won’t work in an area and how much settling of materials 
might occur after installation. 

 

• Salinity: Is the water body fresh or salty? Salinity will determine what plants 
are chosen for a Living Shoreline installation. 

 

Project Design 
Once the questions above have been answered, a project plan can begin to take shape. 
By looking at the methods available, a landowner can begin to determine what is right 
for the property. In some instances, a landowner in a high wave energy environment 
with an eroded, steep, bluff shoreline may have to install a substantial offshore rock or 
concrete breakwater to trip the waves and calm the waters so that plants can establish 
and grow in a permanently protected area. In lower energy conditions, shoreline grading 
and planting might be all that is needed. 
 
This document presents case studies from actual projects and is intended to be a guide 
to help landowners decide what options are best for their unique situations. The 
examples presented here are not exhaustive, and there are many combinations of 
methods that may be implemented to address erosion and habitat loss. The most 
important thing to remember is that ONE SIZE DOES NOT FIT ALL. 

Plant Selection 
In most areas around Galveston Bay, smooth cordgrass (Spartina alterniflora) is an 
appropriate choice for establishing vegetation along the shoreline. This aquatic plant’s 
elaborate root structure helps hold the substrate intact to reduce erosion and provide 
habitat for marine organisms. Spartina alterniflora is a perennial grass that grows from 
extensive rhizomes. The plant grows in intermediate to saline marshes, often forming 
dense stands over broad areas. It is a major contributor of organic material to aquatic 
food chains. This plant is native to the Gulf coast. 
 

In areas farther up rivers or bayous, lower salinity levels dictate that different plants be 
selected. There are many species of plants suited to this type of environment that can 
be selected based on habitat value, aesthetic appeal and availability.  
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Examples of some of these plants include but are not limited to the plants listed in the 
table below. 

 

Table 1. Some common beneficial plants for low salinity environments 

Common name Scientific name 
Swamp lily Crinum americanum 
Black needle rush Juncus roemerianus 
Palmetto Sabal minor 
Spider lily Hymenocallis liriosme 
Iris Iris virginica 
Cutgrass Zizaniopsis miliacea 
Bulltongue Sagittaria lancifolia 

 

When planting in intertidal zones subject to changing water levels, sprigs (individual 
stems) are typically planted approximately three feet apart. To increase the chance of 
survival, the sprigs should be planted deeply enough that the roots are covered. Also, 
the stem must be secured by compacting the soil around the base of the stem to 
prevent the plant from washing out. In higher energy environments, it may be necessary 
to plant sprigs more densely, perhaps one or two feet apart. When planting behind a 
wave break, plants can be spaced three feet apart closer to shore decreasing to one 
foot apart directly behind the wave break.  If plants are available and the budget allows, 
additional plants will increase vegetative cover and will help stabilize the shoreline more 
quickly. 

 

 
Figure 1. Planting diagram showing ideal plant spacing behind a wave break 
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Timing 
If possible, it is best to begin construction on Living Shoreline projects during the 
winter months -- ideally November through January. Winter usually provides the lowest 
tides, making offshore construction easier. Also, beginning the project during the winter 
allows adequate time for any fill materials to settle before planting begins. The ideal 
months to begin planting are February through May. Planting during these months 
provides the plants a chance to become established during the growing season and 
allows the vegetation several months of growth before the following winter arrives. 
Obtaining the required construction and transplanting permits can take several months, 
so the application process should ideally be started in early summer; however, this is a 
guideline and not a rule. 

 

 

Figure 2. Living Shoreline, Galveston Island 
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Permitting 
Typically, when attempting shoreline work, there are four agencies that are part of the 
permitting process. These agencies must grant approval before work can commence. 
The U.S. Army Corps of Engineers (USACE) will determine whether the water body on 
which you are working is under their jurisdiction. If so, the landowner may be required to 
apply to the USACE for a permit under provisions of the Clean Water Act and/or the 
Rivers and Harbors Act. Certification from the Texas Commission on Environmental 
Quality (TCEQ) may also be required. During processing of the USACE permit 
application, the TCEQ will review the application to determine if the work will comply 
with state water quality standards. Since most submerged lands are considered “waters 
of the state” (i.e. they are the property of the State of Texas), a landowner may also 
have to apply for a state lease through the Texas General Land Office. An application 
must also be filed with the Texas Parks and Wildlife Department to gain approval to 
transplant vegetation into state waters. Finally, other agencies, including the National 
Ocean and Atmospheric Administration, the Environmental Protection Agency, and the 
U.S. Fish and Wildlife Service, will also review any proposed USACE applications to 
ensure environmental safeguards are taken into account during the permit review 
process. 

 

While this may sound daunting at first, the agencies have worked together to simplify 
the process for landowners by forming the Permit Service Center (PSC). Established in 
1999, the Permit Service Center is available to the public to assist with permitting on the 
Texas coast by acting as a clearinghouse for all permitting activities and offering 
information, guidance, and forms to those seeking to get their projects permitted. By 
consolidating forms and directing the forms to the responsible agencies, the PSC can 
be of great assistance in the permitting process. Landowners can also ask questions 
and seek guidance from state and federal agency experts through regular monthly pre-
application meeting forums scheduled through the USACE.  These meetings provide an 
informal setting through which applicants can obtain valuable advice prior to or during 
the formal permit application process. 
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Figure 3. Permit Service Center flow chart, Amy Gohres, Weeks Bay Foundation
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Costs 
The current estimated pricing given in the tables below has been gathered from a variety of 
vendors and is presented for use as a comparison tool only. Pricing for individual projects will 
vary based on location, size, scope, materials and plants selected, and availability of materials. 
 
Table 2. Pricing guidelines: Shoreline armoring 
Type Unit Installed Cost - $/Unit 

(Labor and materials included) 

Vinyl  bulkhead* Linear Foot $125.00 - $200.00 

Vinyl bulkhead* w/ toe protection Linear Foot $210.00 - $285.00 

Wooden bulkhead Linear Foot $115.00 - $180.00 

Wooden bulkhead w/ toe protection Linear Foot $200.00 - $265.00 

Concrete bulkhead Linear Foot $100.00 - $200.00 

Revetment Cubic yard (yd3) $25.00 - $45.00 base cost 
$120.00 - $180.00 installed 

*(based on 4-8’ height) 

Miscellaneous Costs: Possible need for earthwork or backfill 

Maintenance: Additional fill and vegetation over time, structural repair due to scour or storm damage 

 
Table 3. Pricing guidelines: Offshore/nearshore breakwater materials 
Material Unit Base Cost 

$/Unit 

Installed Cost 

$/Unit 

Oyster shell Yd3 (loose shell) $50.00 - $60.00/yd3 Varies 

Bag $5.00 without spat 
$30.00 with spat 

Concrete bags Bag $4.00 - $6.00/bag $12.00 - $16.00/LF 

Limestone rock Linear Foot Varies ~$125.00 - $200.00 

Reef domes Linear foot --  $44.00 (incl. delivery)* 

Erosion control (“snow”) 
fence 

100 feet $45.00 Varies 

Coir logs 10’ lengths $57.25 (incl. delivery) Varies 

*Delivery charges can be impacted by number of domes ordered, distance driven, fuel prices and other factors and can vary greatly. 

Maintenance: Possible need for additional shell or rock over time, possible repair after storms, removal of fencing 
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Table 4. Pricing guidelines: Plants 

Plant Unit Base Cost 
$/Unit 

Installed Cost 
$/Unit 

Smooth cordgrass 
(Spartina 
alterniflora) 

Plug $1.25 $2.00 - $3.00 
 

Marshhay cordgrass 
(Spartina patens) 

Plug $1.25 $2.00 - $3.00 

Mangrove Gallon pot $5.00 $10.00 
Salt grass 
(Distichlis spicata) 

2” Plug 
4” Plug 

$0.60 
$1.00 

$2.00 
$3.00 

Bitter Panicum 
(Panicum 
vaginatum) 

Node $1.00 $2.00 - $3.00 

Freshwater species Gallon pot $5.00 - $6.00 Varies 
 
Maintenance: Cost of additional plants/labor to replant any areas that don’t take in the first planting 

 

 
Figure 4. Living Shoreline, Galveston Island 
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EEXXAAMMPPLLEE  MMEETTHHOODDSS  AANNDD  CCAASSEE  SSTTUUDDIIEESS  
 

The Galveston Bay Foundation and its agency partners have implemented various shoreline 
protection methods around the bay. These methods are chosen for and tailored to the specific 
needs of each individual site. Things to consider include but are not limited to: exposure to 
wave action caused by wind, boat wakes or other factors; water depth; existing shoreline 
conditions; and salinity. It is important to note that every site is unique and one size does not 
fit all.  
Below are some of the methods that have worked at various locations around the Galveston 
Bay watershed, with example projects given as case studies to illustrate implementation. 
These methods can be expanded to work on any part of the Texas coast as long as local 
hydrological processes and native plant selections are taken into consideration. 

Permanent Installations 

A. Offshore Rock or Concrete 
In higher wave energy areas, hard materials such as rock, rip-rap or bags of concrete (sacrete) 
can be used just offshore to create a wave break in front of an eroded shoreline.  
 

 
Figure 5.  BEFORE: Heavily eroded bluff shoreline suitable for construction of an offshore wave break 
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This method works equally well in front of existing shoreline armoring (e.g. an existing 
bulkhead) where habitat creation and additional protection are the goals. By installing a wave 
break and planting behind it, one can provide valuable cover and food for small fish, shrimp, 
and crabs as well as habitat for birds that are attracted to the food and shelter behind the wave 
break. The area behind the wave break may fill naturally or may be filled with materials to 
achieve elevations suitable for planting. In order to create conditions that will encourage 
natural filling and mimic natural marsh conditions, the breakwater height should fall between 
mean high and mean low tide. At high tide, waves should wash over the breakwater bringing in 
fresh nutrients and organics and dropping sediments. At low tide, water should be allowed to 
run out of the marsh to allow for flushing of the area. Additionally, the breakwater should be 
planned with gaps (a one foot break for every 50 feet of wave break is typical) to allow ingress 
and egress of marine resources. The gaps may be staggered or overlapping to slow the flow of 
water which may carry sediments out of the project area.  Maintaining sediment behind the 
breakwater is key to project success. 

 

 
Figure 6. Pyramid vs. single stacking of sacrete in reference to mean high and mean low tide 
 

 
Figure 7. Gaps in the breakwater allow for flow of nutrients and organics 
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If rip-rap (broken concrete blocks) already exists along the present shoreline, all or part of it 
can be used to construct the wave break by moving and stacking it a short distance from and 
parallel to the existing shoreline. If rip-rap is not available, sacrete can be used. Sacrete can 
be purchased under the brand names QUIKRETE ® or Sakrete®.  The material is packaged in 
biodegradable 80-pound paper bags so it can be stacked offshore where it is needed. Salinity 
can impact the ability of the concrete to set, so one should check with the vendor to determine 
which product is right for each project. The bags must be abutted against each other to ensure 
that the fill materials placed behind the wave break do not wash out. The bags may also be 
stacked in staggered rows to prevent wash-out and further stabilize the wave break. Also, shell 
hash or oysters placed behind the breakwater can minimize sediment loss.  

 
Three 80-pound sacrete bags stacked vertically provide approximately one foot of elevation, 
and seven bags laid end-to-end provide about five feet of length. If the height of the wave 
break is more than a foot or so, stacking the sacrete in a pyramid shape is suggested to 
ensure that the structure does not fall over. Also, consider stacking the materials with the 
pyramid method if wave energy is high. Sacrete breakwaters can be reinforced by driving rebar 
through the bags and into the substrate, strengthening the structure. 
 
Once a breakwater is complete, the elevation of the area behind the breakwater must be 
raised to a sufficient level to support marsh plants. The filled area should slope from the mean 
high water mark to the breakwater. A 10:1 slope is generally acceptable, but this will vary from 
site to site depending on local conditions, e.g. the distance from the mean high water mark to 
the breakwater. 

 

 
Figure 8. Standard drawing showing a 10:1 slope 
 



17 

Example:  Diagrams and calculations for constructing a 300 foot long breakwater, 3 feet wide 
at the base, 30 feet from shore  

Table 5. Estimated material needs for constructing an example breakwater 

Calculations for 300’ Example Breakwater 
Item               Size 

Front Wall 300’ x 3 ‘ = 900 square feet 

Sides 3’ x 30’ = 90 square feet 

Total 990 square feet 

Wave break calculations:  
    170 bags of material are needed for 100 square feet of barrier 

    990 square feet / 100 square feet = 9.9 

    9.9 x 170 bags = 1,683 bags of material 

 

 
Figure 9. Dimensions of example 300’ breakwater 

Table 6. Estimated material needs for fill behind example breakwater 

Fill Materials for 300’ Example Breakwater 
Calculations: 

30’ x 2’ x 300’ = 18,000 cubic feet 

18,000 cubic feet / 2 (half the square) = 9,000 cubic feet 

9,000 cubic feet / 27 (convert cubic feet to cubic yards) = 333 cubic yards 

 

 
Figure 10. Dimensions of fill material behind example breakwater 
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Case Study: Asher Project 
One of the Galveston Bay Foundation’s early Living Shoreline projects involved the creation 
of a 450-foot rip-rap and sacrete breakwater that was constructed and backfilled to create 
approximately 4,000 square feet of tidal marsh along Dickinson Bayou in Galveston County, 
Texas. The bluff shoreline shown in Figure 5 above was graded to allow for more plantable 
area (Figure 11 below). A breakwater was constructed approximately 8-feet offshore, and the 
area between the breakwater and newly graded shoreline was filled with clean fill. The filled 
area was planted with Spartina alterniflora.  
In addition to creating habitat, the project generated interest in the local community, serving as 
a prime example of an alternative method of shoreline protection that provides aquatic habitat 
while being significantly less expensive than traditional armoring. 

 

.  
Figure 11. DURING: Planting in constructed fill area behind rock breakwater at Asher site 
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Figure 12. AFTER: Asher shoreline six months after planting behind rock breakwater 
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B. Reef Domes  
In some instances, landowners wish to specifically create oyster habitat in combination with 
their shoreline protection project.  To achieve this goal, there are several routes that can be 
taken.  In some instances, landowners can place old oyster shell or crushed concrete on open 
bottom offshore to provide a place for oyster larvae to attach and grow. Alternatively, reef 
domes can be used to encourage oyster colonization while also acting as a breakwater. Reef 
domes are patented hollow concrete dome-like structures used for shoreline protection and 
habitat creation. Reef domes placed offshore act to trip waves and calm waters near shore to 
allow for planting and shoreline stabilization. Because reef domes are large and heavy,  
barges or boats are often needed to move them from an onshore staging area to their offshore 
resting place. Galveston Bay Foundation or the agency resources listed at the end of this 
document can assist with determining whether reef domes would be suitable for specific 
projects. Once reef domes are installed, the area behind the domes can be allowed to fill 
naturally as waves drop sediment behind them or clean fill can be manually placed behind the 
domes. 
 
Case Study: Sweetwater Property 
Galveston Bay Foundation has placed over 1,000 feet of reef domes along the shore of its 
Sweetwater Property on Galveston Island. The property has approximately 3,500 feet of 
shoreline affected by severe erosion from wave energy that has resulted in the loss of fringing 
salt marsh habitat. At this property, reef domes were deployed both in single and double rows 
to allow for increased erosion control and sediment accretion.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Reef domes installed at Sweetwater (left), encrusted with oysters (right)  
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C. Vinyl Sheetpile 

In areas where space is a concern, such as on a canal, one does not want to take up valuable 
planting area with rock or sacrete. In these cases, a plantable shelf can be created by driving 
vinyl sheetpile vertically into the substrate leaving some sticking up from the bottom to form the 
edge of the shelf. Just as with a rock or sacrete breakwater, the top of the vinyl sheetpile 
should fall between the mean high and mean low tide marks so that water will overtop the 
breakwater at high tide and leave it exposed at low tide.  
 
Case Study: Alonso Project 
Vinyl sheetpile has been employed successfully in the Lafitte’s Cove canal subdivision on 
West Galveston Island. The property owners wished to create habitat in front of their existing 
bulkhead on the canal. Existing high marsh found on the property was incorporated into the 
final project design. In total, the project created approximately 2700 square feet of inter-tidal 
marsh along 180 feet of waterfront on a 150 foot wide canal. The amount of marsh created 
would have been significantly diminished had sacrete or rock been used as a breakwater. In 
this instance, a barge was used to bring in the sheetpile and the machinery used to install it. 
Fill material was dredged from the canal itself and deposited behind the sheetpile.  
 
 

 
Figure 14. DURING: Vinyl sheetpile installation 
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Figure 15. AFTER: Canal planting 
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D. Shoreline Grading 
In some instances, placing hard material offshore is not practical perhaps because it presents 
a hazard to navigation, or because the near shore bottom drops off steeply, or because of 
space limitations. One method that has been successful in such environments is grading the 
shoreline back from the waterline to maximize the suitable area for planting. By scraping back 
and gently sloping the shoreline, a larger area is made plantable.  

 

Case Study: Scarborough Property 
Located along a diversionary canal near Hitchcock, Texas, the Scarborough property offered a 
low wave energy environment on a relatively narrow water body. The near shore bottom 
dropped steeply leaving only a narrow band of ground suitable for planting between the bluff 
shoreline and the point where the water became too deep to support plants.  

 

 
Figure 16. BEFORE: Scarborough shoreline before grading and planting 
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By grading the shoreline back from the waterline, the bluff was leveled out and the plantable 
area was widened toward the upland area. Pushing fill into the water was not feasible given 
the steep drop in the bottom just offshore. Smooth cordgrass was planted densely to increase 
its ability to take root and establish quickly. Because wave energy from boat wakes or wind 
driven waves is low in this area, no hard structure or even temporary fencing was deemed 
necessary.  
 
 

 
Figure 17. AFTER: Scarborough shoreline six months after planting 
Photo: Tom Scarborough 
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Temporary Wave breaks 

A. Erosion Control Fencing 
In many areas around Galveston Bay, subsidence due to the pumping out of groundwater is 
the main culprit in marsh loss. As the ground has sunk, marsh grasses have died.   If other 
erosional forces are minimal, a temporary wave break such as erosion control fencing may be 
installed to temporarily cut down on wave action until plants installed behind the fence become 
established. Once the vegetation has taken hold and developed a strong root system, the 
fencing can be removed leaving behind a natural wave break of plants that will trap and hold 
additional sediments and filter impurities out of the water.  

 
Case Study: Sullivan Project 
The loss of marsh grass contributed to increased erosion and shoreline loss along this Trinity 
Bay property. To combat this, the property owner installed 955 linear feet of double row 
erosion control fencing and planted Spartina alterniflora behind it creating approximately 
13,000 square feet of marsh. The fencing will be removed once the plants have established 
and grown dense enough to withstand the wind driven waves along his portion of the shore.  
 

 
Figure 18. Double-row erosion control fencing 
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Figure 19. Planting behind erosion control fence 
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B. Coir Logs 
Coir logs are constructed of interwoven coconut fibers that are bound together with 
biodegradable netting. Commercially produced coir logs come in various lengths and 
diameters. Coir logs are best used in low energy environments, as they are intended to 
biodegrade over time after plants have had a chance to become established. While the plants 
are growing and getting established, the coir logs provide a wave break to still the waters 
behind them. Plants can be planted into the coir logs themselves as well as behind them.  
 
Coir logs will need to be secured to ensure that they are not dislodged by moving water. 

Stakes can be driven through the coir log 
netting and then into the substrate to 
anchor them. The higher the wave energy, 
the more stakes are required to hold the 
coir logs in place. Coir logs should not be 
used in areas where wave energy is 
significant. Logs should not be secured in 
areas where they are submerged most of 
the time. Excessive wave energy can 
cause the material to fall and the log to 
fail. Coir logs are an inexpensive 
alternative that can easily be deployed by 
a landowner or small work group.  Placing 
the logs parallel to the shoreline has 
shown success. However, when wave 
energy is more significant, it may work 
better to place the logs perpendicular to 
the shoreline. This technique has shown 
success and works similar to a mini-jetty. 
The logs are biodegradable, and it is 
anticipated that the vegetation will 
establish before the logs fail. 
 
 
 
 
 

Figure 20. Staked coir logs 
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CCOONNCCLLUUSSIIOONN  
 

Whatever methods are chosen, a Living Shoreline can provide erosion control with the added 
benefits of water quality improvement, habitat creation or restoration, and increased aesthetic 
value, often for less than the cost of traditional shoreline armoring. By installing a Living 
Shoreline, property owners are adding to cumulative habitat benefits within a water body. 
Small incremental landowner projects, when added together and taken into account with larger 
scale restoration and protection projects in a geographic area, can add up to big watershed 
level changes. Living Shorelines are a viable, beneficial method for controlling shoreline 
erosion that allows coastal residents to play an important part in saving habitat in their own 
backyard for the benefit of future generations. 

 

 
Figure 21. Sunset on a Living Shoreline property 
Photo: Bob Moore
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SSTTAATTEE  AANNDD  FFEEDDEERRAALL  AAGGEENNCCIIEESS    
 
 

U.S. Army Corps of Engineers 
Regulatory Branch, CESWG-CO-RE 

U.S. Army Engineer District, Galveston  
CESWG-PE-R 
P.O. Box 1220 

Galveston, TX 77551 
Phone: 409-766-3930 
Fax: 409-766-3931 

http://www.swg.usace.army.mil 
 
 

Texas General Land Office: 
Permit Service Centers 

PO Box 1675 
Galveston, Texas 77553-1675 

Phone: 409-741-4057; 1-866-894-7664 (toll free) 
Fax: 409-741-4010 

http://www.glo.state.tx.us/psc 
 

Texas A&M University-Corpus Christi 
6300 Ocean Dr., NRC #2800, Unit 5841 

Corpus Christi 78412-5841 
 

Texas General Land Office – Field Office 
11811 North D. St. 

LaPorte, Texas 77571 
Phone: 281-470-1191 

Fax: 281-470-8071 
http://www.glo.state.tx.us 

 
 

Texas Commission on Environmental Quality 
Watershed Management Division 

P.O. Box 13087 
Capitol Station 

Austin, Texas 78711 
http://www.tceq.state.tx.us 
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NOAA National Marine Fisheries Service 

Habitat Conservation Division 
4700 Avenue U 

Galveston, TX 77551-5997 
Phone: 409-766-3699 

Fax: 409-766-3575 
http://sero.nmfs.noaa.gov/hcd/hcd.htm 

 
 

U.S. Fish and Wildlife Service 
Clear Lake ES Field Office 

17629 El Camino Real #211  
Houston, TX 77058-3051 

Phone: 281-286-8282 
 

 
Natural Resource Conservation Service 

7705 W. Bay Rd. 
Baytown, Texas 77520 
Phone: 281-383-4285 

Fax: 281-383-4286 
http://www.nrcs.usda.gov/ 
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APPENDIX F    OUTREACH AND EDUCATION FOR MARINA OPERATORS 
AND BOATERS

Outreach and educati on are key elements in the successful implementati on of a marina’s 
Hurricane Preparedness Plan.  Regular training of marina employees regarding acti ons to take 
before, during and aft er a storm makes landfall will result in reduced personal injuries, reduced 
property damage, and quicker recovery.  Also, educati ng the boat owners regarding what is 
expected of them in case of a hurricane or tropical storm.  A variety of educati on methods 
should be considered by the marina owner or operator.  Writt en informati on provided in boat 
owners’ packets is a successful method of disseminati on of educati onal materials.  In additi on, 
having berthing agreements, brochures, signs, website, and newslett er are useful tools for 
marinas.  Miscellaneous educati onal publicati ons are provided in the table below:

Agency Existi ng Boater/Marina Educati onal Informati on
Internati onal Hurricane 
Protecti on Associati on

htt p://www.inthpa.com/Whatt odo.asp

Florida htt p://disaster.ifas.ufl .edu/pdfs/chap07/dpr-0718-web.pdf
htt p://www.usps.org/localusps/marblehead/PDF/Preparing-for-a-
storm.pdf

Boat Safe htt p://boatsafe.com/nauti calknowhow/61798ti p2.htm
Boat US htt p://www.boatus.com/hurricanes/brochure.asp
Texas htt p://texas-sea-grant.tamu.edu/WhatWeDo/Publicati onsArhives

/1984Publicati ons/84-511r.pdf

APPENDIX F-1  SEMPIER, T.T., D.L. SWANN, R. EMMER FOR SEA GRANT, NOAA, GULF OF 
MEXICO ALLIANCE
The Coastal Resilience Index is created for community leaders to use as a method of predicti ng 
their community’s resilience aft er a storm.  The Coastal Resilience Index is provided as Appendix 
F-1 and can be modifi ed to be used by a marina owner or operator to assess how well the 
marina may recover aft er a disaster.  

APPENDIX F-2 HURRICANE PREPAREDNESS PLAN FOR BOAT OWNERS - UNIVERISTY OF 
FLORIDA
The Hurricane Preparedness Plan for Boat Owners is created to give boat owners general 
guidelines to address when preparing for Hurricanes.  The Hurricane Preparedness Plan for Boat 
Owners is provided as Appendix F-2 and should be consulted with the understanding that each 
situati on is unique and other considerati ons may need to be addressed.

APPENDIX F-3 CLEAN AND RESILIENT MARINA BROCHURE PREPARED BY ECO-SYSTEMS
The Clean and Resilient Marina Brochure is created to provide educati on and outreach material 
for marina operators.  This brochure gives a brief overview of the Clean and Resilient Marina 
program, what is resilience and what steps marina’s can take to become resilient.  The brochure 
is provided as Appendix F-3.
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APPENDIX F-1  

SEMPIER, T.T., D.L. SWANN, R. EMMER  FOR SEA GRANT, NOAA, GULF OF MEXICO 
ALLIANCE



C O A S T A L  R E S I L I E N C E  I N D E X

Understanding how prepared your 
community is for a disaster 

A Community Self-Assessment

“On the road to coastal resilience”

masgc.org

November 2010



Coastal Resilience Index Critical Facilities Tool
http://csc.noaa.gov/criticalfacilities/
•assists communities in completing sections of the Index
•includes drop down menus for selecting your state, then county, or municipality
•generate and print reports directly from the site

StormSmart Coasts Network
http://stormsmart.org/
•Learn how to identify your community’s risks
•Find ways to reduce those risks (and the funding to do so)
•Discover what other communities across the Gulf and the nation are doing to address their risks
•Find others working to protect their communities

Supplemental information and additional resources are available on the Web at masgc.org/ri 
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Resilience Index:  A Community Self-Assessment

The purpose of this self-assessment is to provide 
community leaders with a simple and inexpensive 
method of predicting if their community will reach 
and maintain an acceptable level of functioning 
after a disaster. Experienced local planners, 
engineers, floodplain managers or administrators 
can complete this self-assessment using existing 
sources of information from their community. 
The goal is for every community to become highly 
resilient. The assessment may identify problems 
your community should address before the next 
disaster and where resources should be allocated. 

Results of the assessment are presented as a 
Resilience Index that estimates the adaptability 
of your community to a disaster. This self-
assessment was created to identify areas in which 
your community may become more resilient. 
Your community’s unique Resilience Index is an 
internal evaluation tool and should not be used to 
compare your community with others.   

The Resilience Index and methodology does not 
replace a detailed study just as a self-examination 
for skin cancer is not a substitute for a check-up 
and tests by a dermatologist. But, the Resilience 
Index resulting from this Community Self-
Assessment may encourage your community to 
seek further consultation.  

INTRODUCTION

RESULTS OVERVIEW
After completing this self-assessment, you should 
complete the summary that will help you calculate 
your Resilience Index (see pages 9 and 10). 

The Resilience Index used in this self-assessment 
will be defined as LOW, MEDIUM or HIGH.

The rating will give you an idea of how long it may 
take your community to provide basic services and 
reoccupy homes and businesses after a disaster.

For more details about interpreting Resilience 
Index results, go to page 11.

1

NOTE:  This Community Self-Assessment is date-
specific and should be periodically applied as the 
community grows and/or the landscape changes, such 
as when shoreline erosion accelerates. Your community 
officials should conduct new assessments on a regular 
basis (annual, biannual, etc.) because of this growth 
and/or  change.

DISASTER RESILIENCE is the 
capacity of a community exposed to 
hazards to adapt, by resisting or changing, 
in order to reach and maintain an 
acceptable level of functioning  
and structure.  

RESILIENCE is determined by the 
degree to which the community is 
capable of organizing itself to increase its 
capacity for learning from past disasters. 

Definitions are from the Subcommittee on Disaster 
Reduction.  2005. Grand Challenges for Disaster 
Resilience. National Science Technology Council, 
Committee on Environment and Natural Resources. 
Washington, D.C.:  National Science and  
Technology Council.
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Variables

Bad Storm (benchmark)
Scenario 1
Name:

Future Storm (greater intensity) 
Scenario 2
Name:

Wind speed at landfall (mph)

Rain (total/24hours)

Storm Surge (height in feet)

Direction

Speed of Movement

Duration

Tidal Influence (high or low)

Landfall Location

BUILD YOUR SCENARIOS
Use the definitions of Bad and Future Storm below to complete the table. Decide as a group what the best 
benchmarks would be based upon your past experience, historical records, and prior knowledge. You will 
then refer to these benchmark storms to complete the rest of the Index.

Bad Storm: Select a benchmark storm you will use to answer questions on the Index. Look back at histori-
cal events to help you determine as a group which storm would be the best to use. Remember, this is a 
self-assessment, so try and select a benchmark you feel will give you the most information about where the 
community vulnerabilities may be.

Future Storm (greater intensity): Select a storm which would be 50 percent worse than the “bad storm” 
you selected. For example, what if the storm surge was higher? The rainfall greater? This is to assist you in 
preparing for a future event that has not been witnessed in the historical records.

2
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1.

The following are key indicators that will give a preliminary assessment of your community’s disaster  
resilience.  A more detailed assessment process is available in the FEMA 386-2 publication (fema.gov).  

Place a check mark in the column where your community’s critical infrastructure and facilities are 
located. You may need to use flood maps to determine where the boundaries would be. If the facility 
is located in multiple areas, put a check in all that are applicable. Then put a check mark in the last 
column if the infrastructure or facility is functional after a disaster (assuming Scenario 1). Use the 
total check marks in the last column for Section A and Section B to complete page 9, “Determining 
Your Resilience Index”.  

CRITICAL INFRASTRUCTURE AND FACILITIES

Special Flood 
Hazard Area 

(SFHA)
Bad Storm
Scenario 1

Future Storm
Scenario 2

Infrastructure or 
facility functions  

after disaster
Example: Power grid      √            √
Section A: Critical Infrastructure

Wastewater treatment  
system
Power grid

Water purification  
system
Transportation/ 
evacuation routes
Total check marks  
for Section A:
Section B: Critical Facilities* 

City Hall or other local 
government building(s)
Police station or other law 
enforcement building(s)
Fire station(s)

Communications main 
office or substations
Emergency  
operation center
Evacuation shelter(s)

Hospital(s)

Critical record storage

Total check marks for 
Section B:

*Critical facilities may be defined a certain way in an ordinance. However, each community may identify other structures they 
consider critical. If you need assistance locating critical infrastructure and facilities, you can refer to the mapping tool that 
accompanies the Index.

3
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2. Assuming Scenario 1, if any of the following affect your transportation/evacuation route(s), will your 
community regain a pre-storm level of service within one week? Check Yes or No.

Transportation issue* Yes No

Example: Will flood-prone areas (tunnels, roads in low-lying areas) be operational within one week?       √
Will primary bridge(s) be out for less than one week?

Will roads blocked by storm debris (trees, wrack) be cleared in less than one week?

Will washouts (roads) be passable in less than one week?

Will flood-prone areas (tunnels, roads in low-lying areas) be operational within one week?

Is public transportation available to assist evacuation of residents unable to evacuate on 
their own?
Is there more than one evacuation route?

Is there a plan for post-storm traffic management?

Total number of  Yes answers and No answers:

TRANSPORTATION ISSUES

ADDITIONAL NOTES

4

Communities can receive 
up to 50 points through 
the National Flood 
Insurance Program’s 
Community Rating System 
for protecting critical 
access routes.

DID YOU KNOW?

*Some communities use waterways as transportation infrastructure and/or evacuation routes (canals, docks, streams, marinas, and ferries).
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3.
Does your community: Yes No

Example: Have a certified floodplain manager?    √
Participate in the FEMA Community Rating System? (Rating of 8 or lower)

Use an early flood warning system?

Have a certified floodplain manager?

Have planning commissioner(s) with formal training in planning?

Have a planning staff with credentials from the American Institute of Certified Planners (AICP)?

Have a FEMA-approved and state EMS-approved mitigation plan?

If you have an approved mitigation plan, has it been revised in the past two years?

Have Memorandums of Understanding (MOUs) or Memorandums of Agreement (MOAs) with 
neighboring communities to help each other during times of disaster?

Have a comprehensive plan or strategic plan that addresses natural disasters?

Have a floodplain manager or planner who participates in the following organizations:
     Association of State Floodplain Managers or State Floodplain Management Association?
     American Planning Association (APA) or state APA chapter?

     American Society of Civil Engineers (ASCE) or state or local section of ASCE?

     American Public Works Association?

Have first-hand experience with disaster recovery within the last 10 years?

Have a communication system to use before, during and after a disaster?

Total number of  Yes answers and No answers:

Does your community have the following plans, personnel or agreements in place? Check Yes or No.

COMMUNITY PLANS AND AGREEMENTS

ADDITIONAL NOTES

DID YOU KNOW?
Communities with a multi-
hazard mitigation plan can 
receive up to 294 points 
through the Community 
Rating System.
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*Note that the Association of State Floodplain Managers recommends communities consider higher elevations than the minimum National Flood Insurance 
Program standard.

4.
MITIGATION MEASURES

Has your community implemented the following ongoing mitigation measures or projects?  
Check Yes or No.

Mitigation measures in place Yes No

Example: Relocation of buildings and infrastructure    √
Elevation of residential, nonresidential buildings, or infrastructure  
to National Flood Insurance Program standards for your community*
Relocation of buildings and infrastructure from flood-prone areas

Flood-proofing of nonresidential structures

Education programs about mitigation options for your community

Acquisition of repetitive loss structures, infrastructure, or property

Incentives-based mitigation measures

Adoption of the most recent International Building Codes

Hiring certified building inspectors

Staffing an adequate number of people to enforce building codes

Have completed or planned shoreline restoration projects for critically eroding 
areas
Require the protection and maintenance of sensitive coastal habitats, ecosystems, 
and natural features (dunes, barrier islands, salt marshes, mangroves)
Have undeveloped public lands, such as parks, forests or preserves in the coastal 
high hazard areas (V-zone on FIRM map)

Total number of  Yes answers and No answers:

6

ADDITIONAL NOTES

DID YOU KNOW?
Creating permanent 
no-build areas can earn 
a community up to 
900 points through the 
Community Rating System. 
For buildings in hazardous 
areas that cannot be 
relocated or removed, 
retrofitting of existing 
structures is an option that 
can earn communities up 
to 2,800 points.
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5.

Business equipment/plans*
Yes

(50% or more)
No

(Less than 50%)

Example: Generators                 √
Generators

Backup options for basic needs (water, sewer, 
food, and communications)
Plans to bring in staff to help reopen the 
business (considering impacts to staff)
Plans for restocking

Plans for ice distribution

Total number of  Yes and No answers:

BUSINESS PLANS
What assets do the large retail stores (The Home Depot, Wal-Mart, etc.), grocery stores and fuel 
distributors in your community have to reopen after a disaster? If more than 50 percent of the 
businesses in your community have the following equipment or plans, mark yes. If fewer than 50 
percent have the equipment or plans, check no.

ADDITIONAL NOTES

DID YOU KNOW?
Communities that create 
a Post Disaster Recovery 
Plan can earn up to 
10 points through the 
Community Rating System. 
This requires working 
with all sectors of the 
community.

*Businesses may include functioning marinas or ports as important distribution points after a disaster. If so, consider the assets these busi-
nesses have to reopen after a disaster.
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6.
SOCIAL SYSTEMS

Social system category Yes No If yes, describe relationship

Example: Strong faith-based networks   √ Church networks
Strong faith-based networks (counted on during a disaster)

Cultural identity  
(unified Hispanic,  Asian or other ethnic communities)

Neighborhood associations  
Support members in times of need

Business cooperative or working relations  
(industries that employ many residents, Chamber of Commerce, other 
business-related networks, etc.)

Strong civic organizations 
(Kiwanis Club, Rotary Club, etc.)

Total number of  Yes answers and No answers:

Are there social systems that define your community or serve as the core of your community?  
Check Yes or No.

8

ADDITIONAL NOTES

DID YOU KNOW?
Several agencies, 
organizations, and 
programs provide 
information on flooding, 
erosion, and other coastal 
hazards. Communities that 
make hazard information 
available and accessible 
to the general public 
can earn up to 30 points 
through the Community 
Rating System.
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DETERMINING YOUR RESILIENCE INDEX
To determine your Resilience Index for each section, use the following tables, which are based on the 
totals you entered for each section of the Index. 

Section 1A: Critical Infrastructure
Total number of infrastructure functioning after a disaster:                   

Number  
of check 
marks

Percentage of critical 
facilities 

 functioning  
after a disaster Resilience Index

1 13% LOW

2 25% LOW

3 38% LOW

4 50% MEDIUM

5 63% MEDIUM

6 75% MEDIUM

7 88% HIGH

8 100% HIGH

Your critical facilities Resilience Index is                    .

Find out what your Resilience Index means on page 11.

Section 1B: Critical Facilities
Total number of critical facilities functioning after a disaster:                   

Number  
of check 
marks

Percentage  
of infrastructure  

and facilities functioning  
after a disaster Resilience Index

0 0% LOW

1 25% LOW

2 50% MEDIUM

3 75% MEDIUM

4 100% HIGH

Your critical infrastructure Resilience Index is                   .

Find out what your Resilience Index means on page 11.

9
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Sections 2-6

Number  
of  Yes  

answers

Translate number 
of  Yes answers to 
Resilience Index

Resilience 
Index Comments

(Example) Section 2: 
Transportation issues 1

2 or fewer (LOW)
3 to 4 (MEDIUM)
5 or more (HIGH) LOW

A road construction project will  create an 
additional evacuation route within a year. 
Also, we are in talks with the local public 
transportation provider about a program 
to assist evacuation. 

Section 2: Transportation  
Issues

2 or fewer (LOW)
3 to 5 (MEDIUM)
6 or more (HIGH)

Section 3: Community Plans 
and Agreements

4 or fewer (LOW)
5 to 8 (MEDIUM)
9 or more (HIGH)

Section 4: Mitigation  
Measures

4 or fewer (LOW)
5 to 8 (MEDIUM)
9 or more

Section 5: Business Plans 1 or fewer (LOW)
2 to 3 (MEDIUM)
4 or more (HIGH)

Section 6: Social Systems 1 or fewer (LOW)
2 to 3 (MEDIUM)
4 or more (HIGH)

Sections 2-6: Transportation, Community Plans, Mitigation Measures,  
Business Plans and Social Systems
Use the box labeled “Total number of Yes answers” from Sections 2-6 to complete the following chart.

ADDITIONAL NOTES

10
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INTERPRETING RESILIENCE INDEX RESULTS
RESILIENCE INDEX: A Resilience Index is an 
indicator of your community’s ability to reach and 
maintain an acceptable level of functioning and 
structure after a disaster.  

After completing the Summary section of this self-
assessment, your Resilience Index was identified as 
LOW, MEDIUM or HIGH in different categories.

LOW Resilience Index. A low Resilience Index 
indicates that your community should pay specific 
attention to this category and should make efforts 
to address the areas of low rating. If the critical 
infrastructure category received this rating, then 
reoccupation of your community may take more 

than 18 months before basic services are restored. 

MEDIUM Resilience Index. A medium Resilience 
Index indicates that more work could be done to 
improve your Resilience in this category. If the 
critical infrastructure category received this rating, 
reoccupation of your community may take less than 
2 months before basic services are restored.

HIGH Resilience Index.  A high Resilience Index 
indicates that your community is well prepared for 
a storm event. If the critical infrastructure category 
received this rating, then the community probably 
will  not suffer or will have minimal damage (can be 
functional in less than two weeks) to basic services.

NEXT STEPS
Regardless if your city has a HIGH, MEDIUM OR LOW Resilience Index, you should learn about 
and investigate the weaknesses you have identified during this process. Refer to the references page for 
additional information on resources, training, and support.

For more information, contact the NOAA Gulf of Mexico Coastal Storms Program Outreach 
Coordinator, Mississippi-Alabama Sea Grant Consortium, 703 East Beach Drive, Ocean Springs, MS, 
39564, or (228) 818-8829.

ACKNOWLEDGMENTS
Appreciation is extended to the following communities for donating their time, sharing their expertise, 
and assisting us in strengthening the Index through their participation as pilot communities. In alphabeti-
cal order: 

A special thank you to members of the Gulf of Mexico Alliance Resilience Team and Gulf of Mexico 
Sea Grant Extension Specialists for their assistance in making suggested changes, pilot testing the draft 
versions, and promoting the use of the Index in local communities.

Bayou La Batre, AL
Biloxi, MS
Cameron Parish, LA
Cedar Key, FL

Dauphin Island, AL
Ft. Myers Beach, FL
Gulf Shores, AL
Marco Island, FL

Ocean Springs, MS
Orange Beach, AL
Pascagoula, MS
Pass Christian, MS

Port Arthur, TX
Sarasota, FL
St. Tammany Parish, LA
Steinhatchee, FL
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REFERENCES
Useful Definition
Critical facility (also called critical action) means facilities for which the effects of even a slight chance of flood-
ing would be too great.  The minimum floodplain of concern for critical facilities is the 0.2 percent chance flood 
level.  Critical facilities include, but are not limited to facilities critical to the health and safety of the public such 
as: emergency operations centers, designated public shelters, schools, nursing homes, hospitals, police, fire and 
emergency response installations, vital data storage centers, power generation and water and other utilities 
(including related infrastructure such as principal points of utility systems) and installations which produce, use or 
store hazardous materials or hazardous waste (as defined under the Clean Water Act and other Federal statutes 
and regulations). Such facilities and access to such facilities will be constructed outside the one percent chance 
Special Flood Hazard Area or elevated/protected to or above the 0.2 percent chance flood level.

Additional Resources
Resilience Index Critical Facilities Mapping Tool: www.csc.noaa.gov/criticalfacilities
Risk and Vulnerability Assessment Tools: www.csc.noaa.gov/rva_tools  
Community Rating System: http://www.fema.gov/business/nfip/crs.shtm 
StormSmart Coasts Network: http://stormsmart.org
NOAA Coastal Storms Program: www.coastalstorms.noaa.gov
Gulf of Mexico Alliance Resilience Team: www.gulfofmexicoalliance.org/issues/resilience.html

Training
Gulf of Mexico Sea Grant College Programs: http://gulfseagrant.org
 Florida Sea Grant: http://www.flseagrant.org
 Louisiana Sea Grant: http://www.laseagrant.org
 Mississippi-Alabama Sea Grant: http://www.masgc.org
 Texas Sea Grant: http://texas-sea-grant.tamu.edu 

Coastal Services Center: http://www.csc.noaa.gov/training/ 

National Estuarine Research Reserves Coastal Training Program: http://gulfalliancetraining.org/ 

Federal Emergency Management Agency: http://training.fema.gov/ 
 AL Emergency Management Agency Training: http://ema.alabama.gov/Organization/Preparedness/Training.cfm
 FL Division of Emergency Management Training: http://floridadisaster.org/TrainingCalendar/index.asp 
 LA Homeland Security & Emergency Preparedness Training: http://www.ohsep.louisiana.gov/Training/
 MS Emergency Management Agency Training: http://www.msema.org/training/ 
 TX Division of Emergency Management Training: http://www.txdps.state.tx.us/dem/pages/Training.htm 

Networking
StormSmart Connect: http://stormsmartconnect.org 

Contacts
Tracie Sempier
Coastal Storms Outreach Coordinator
Mississippi-Alabama Sea Grant Consortium
(228) 818-8829
tracie.sempier@usm.edu

12

Jody Thompson
Regional Outreach Coordinator
Auburn University Marine Extension & Research Center
(251) 438-5690
jody.thompson@auburn.edu
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The original concept for the Resilience Index was born from the 
work Dr. Emmer conducted in local communities through Louisiana 
Sea Grant. With his passing, the Gulf region lost a great resource of 
knowledge and experience in the fields of floodplain management, 
hazard mitigation, geography, and culture. Although he was not able 
to see this final version of the Index, it is sincerely hoped he would 
approve of the transformation this tool has made and its potential to 
assist many communities across the Gulf and the nation.

In Memoriam
DR. ROD EMMER

1944 — 2008
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ADDITIONAL NOTES



Coastal Resilience Index Critical Facilities Tool
http://csc.noaa.gov/criticalfacilities/
•assists communities in completing sections of the Index
•includes drop down menus for selecting your state, then county, or municipality
•generate and print reports directly from the site

StormSmart Coasts Network
http://stormsmart.org/
•Learn how to identify your community’s risks
•Find ways to reduce those risks (and the funding to do so)
•Discover what other communities across the Gulf and the nation are doing to address their risks
•Find others working to protect their communities

Supplemental information and additional resources are available on the Web at masgc.org/ri 

MASGP-08-014

This project  was funded by the U.S. Department of Commerce through a cooperative agreement between the National 
Oceanic and Atmospheric Administration’s Coastal Storms Program and the Mississippi-Alabama Sea Grant Consortium 
under NOAA Grant NA07OAR4170510.  Additional support was provided by the Gulf of Mexico Alliance Coastal 
Community Resilience Team under NOAA grant number NA08NOS473398. The views expressed herein do not 
necessarily reflect the views of these organizations. 
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Document designed by Diana Reid, The University of Southern Mississippi 
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HURRICANE PREPAREDNESS PLAN FOR BOAT OWNERS - UNIVERITY OF FLORIDA



The Disaster Handbook — National Edition Hurricane Preparedness for Boat Owners
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University of Florida Page    1

Chapter 7: Hurricanes

Hurricane Preparedness for
Boat Owners
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The key to protecting your boat from hurricanes or any threatening severe
weather is planning, preparation and timely action. If a boat causes damage
during a natural disaster, the boat owner/operator may be held responsible.
Normally the National Weather Service will issue a 24-hour warning; however, in
some instances only a 12-hour warning will be given. Upon receiving this
warning the boat owner/operator should immediately take precautionary
measures to see that his/her boat is properly secured.

Each boat owner needs a plan unique to the type of boat, the local boating
environment, the severe weather conditions and the characteristics of safe havens
and/or plans for protection. The following preparation and precautionary
suggestions are issued as guidelines to be used by the marine community. The
following precautions and checklists are meant as guides only. It is stressed that
following these guidelines does not necessarily exempt the owner/operator from
being held responsible should his boat cause damage to another’s property; nor
will acquisition of required safety equipment and following the suggested safety
procedures necessarily assure that no damage will occur to the boat.

General Precautions
Prior to the hurricane season, develop a detailed plan of action to secure your
vessel in the marina, if permitted, to remove your boat from the threatened area,
or to take your boat to a previously identified hurricane refuge. Specifically
identify and assemble needed equipment and supplies.

Hurricane moorings should be located in advance. Permission should be obtained
from appropriate persons. For keel boats, make certain there is enough water at
low tide.

A practice run should be made to check accessibility, depth of water, bridges,
location of aids and/or obstructions to navigation and locations to secure lines or
drop anchors. According to a Florida statute beginning in 1993, drawbridges will
not open for boats during evacuation procedures.
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Before a hurricane threatens, plan how you will remove valuable equipment from the boat. Determine how long it
will take so you will have an accurate estimate of the time and work involved. After you have made anchoring or
mooring provisions, remove all movable equipment such as canvas, sails, dinghies, radios, cushions, biminis and
roller furling sails. Lash down everything you cannot remove, such as tillers, wheels, booms, etc. Seal all openings
(use duct tape) to make the boat as watertight as possible. Make sure the electrical system is off unless you plan to
leave the boat in the water. If the boat is not to remain in the water, remove the battery to eliminate the risk of fire
or other damage.

Arrange for a reliable person to learn and carry out your hurricane  plan if you are out of town during a hurricane
or severe storm. Check your lease or rental agreement with the marina or storage area. Know your responsibilities
and liabilities as well as those of the marina or storage area.

Consolidate all documents including insurance policies, a recent photograph or video tape of your vessel, boat
registration, equipment inventory, lease agreement with the marina or storage area, and telephone numbers of
appropriate authorities, such as the harbor master, Coast Guard, insurance agent, National Weather Service, etc.
Keep the documents in your possession in a locked water-proof box. They may be needed when you return to
check on your boat after the hurricane.

Maintain an inventory list of both the items removed and those left on board. Items of value should be marked so
that they can be readily identified.

Trailerable Boats
Determine the requirement to load and haul your boat to a safer area. Be sure your tow vehicle is capable of
properly moving the boat. Check the condition of your trailer; tires, bearings and axle. Too often a flat tire, frozen
bearings or broken axle prevents an owner from moving a boat.

Once at a safe place, lash your boat to the trailer and place blocks between the frame members and the axle inside
each wheel. Owners of lightweight boats may wish to consider letting out about half the air in the tires, then filling
the boat one-third full of water to help hold it down. (The blocks will prevent damage to the springs from the
additional weight of the water.) Consult with the manufacturer for the best procedure for your lightweight boat.

Secure your boat with heavy lines to fixed objects. Because hurricane winds rotate and change direction, try to
pick a location that allows you to secure the boat from four directions. It can be tied down to screw anchors
secured in the ground.

Non-Trailerable Boats in Dry Storage
Determine the safest obtainable haven for your boat and make arrangements to move your boat there. When
selecting a safe location, be sure to consider whether storm surge could rise into the area. Wherever you choose to
locate your boat for the duration of the hurricane, lash the boat to its cradle with heavy lines. Based on the weight
of the boat, consider adding water to the bilge to help hold it down. Never leave a boat in davits or on a hydro-lift.

Non-Trailerable Boats in Wet Storage
The owner of a large boat, usually one moored in a berth, has three options. Each action requires a separate
strategy. Another alternative, running from the storm, is not encouraged except for large commercial vessels.

N Secure the boat in the marina berth.
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N Moor the boat in a previously identified safe area.

N Haul the boat.

Boats Remaining in Marina Berth
Double all lines. Rig crossing spring lines fore and aft. Attach lines high on pilings to allow for tidal rise or surge.
Make sure lines will not slip off pilings. Inspect pilings and choose those that seem strongest and tallest and are
properly installed. All storm lines should be at least one size larger than regular lines.

Cover all lines at rough points to prevent chafing. Wrap with tape, rags, rubber hoses, etc. Install fenders to protect
the boat from rubbing against the pier, pilings and other boats.

Assess the attachment of primary cleats, winches and chocks. These should have substantial back plates and
adequately sized stainless steel bolts.

Batteries should be fully charged and checked to ensure their capability to run automatic bilge pumps for the
duration of the storm. Consider backup batteries. Turn off all other devices consuming electricity.

Do not stay aboard. First and foremost, safeguard human life. Winds during any hurricane can exceed 100 mph,
and tornadoes are often associated with these storms. In addition, when winds and seas warrant, marine agencies
remove their boats from service and will be unavailable to rescue foolish boaters.

Prior to the Hurricane Season
Make sure your vessel is in sound condition. This includes the hull, deck hardware, rigging, ground tackle,
machinery and electronics. Absentee owners should arrange for a boatyard haulout or a supervised inspection of
the vessel prior to, and in preparation for, the hurricane season. Make sure batteries are charged, bilge pumps are
operable and all equipment is secured.

Inspect the vessel’s deck hardware in light of planned mooring arrangements. Assess the size and structural
attachment of the primary chocks, cleats, bitts, bollards and winches. These high load/high stress points should
have substantial backing plates and be secured with bolts of adequate size.

Avoid chafing of mooring lines. Chafing gear that has been proven successful is a double neoprene hose arrange-
ment. Storm moorings, whether at dock or otherwise, should have doubled lines. The second set of lines should be
a size larger than the normal lines, including spring lines at a dock.

Purchase necessary materials ahead of time, such as additional lengths of mooring lines, screw anchors, fenders,
fender boards, chafing gear and anchors. These items may not be readily available during the hurricane season or
just prior to a hurricane.

If the vessel is to be unattended during the hurricane season, make arrangements for the vessel to be hauled to a
storage yard on its trailer, if trailerable. Arrangements for wet storage at a protected dock, mooring or marina is
another alternative.

Make up an inventory of all vessel equipment. Note items to be removed from the vessel. Take photographs or
videotapes of your vessel. Keep a copy of these documents on board and ashore in a safety deposit box or a locked
water-proof box.
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For wet berthing locations, ensure that seawalls and docks are sound, mooring bitts and cleats are secure, and that
dock pilings and dolphins are in good condition. At private berthing and dock facilities in residential areas, check
with neighbors and other vessel owners in the area. Coordinate safety and mooring arrangement plans. At marina
facilities find out from the dock master or marina management personnel what their hurricane plans and/or
procedures are in regard to vessels left at the facility.

Check with local marine and law enforcement organizations for local plans. This is especially important in boating
centers of south Florida where access to inland protected rivers and canals is limited by bridges that may be
permanently closed for land evacuation routes when a hurricane warning is issued.

If your plan calls for moving your vessel from its current berthing location to an inland waterway location, know
your route, your vessel navigation requirements at different tides and the restrictions along the route such as
bridges (auto and train) and channels. This is especially important for sailboats or large vessels.

Rehearse your planned vessel movement, including an actual visit to the alternate dock or hurricane mooring/
anchoring location. If rental of a protected dock or slip space is required, make arrangements well ahead of time.
Be sure that family or key crew members know your hurricane plan or arrangements and how to contact you or
your designated representative or agent.

Hinge your plan on quick response. Moving a vessel, stripping sails and derigging, and anchoring in seas resulting
from 35 mph winds is extremely difficult—impossible in 45 mph winds.Prepare your hurricane plan in writing
and make copies of it. Keep a copy on the vessel and at home. Extra copies should also be made for marina or
yacht club facilities which may require you to have one on file with them.

Make sure your insurance policy is current. Read the policy thoroughly. Your policy may contain helpful
information relative to what the vessel owner should and should not do if there is storm or hurricane related loss or
damage to the vessel. Understand the coverages, exclusions and your duties as a vessel owner.

Prior to the Hurricane
If your plan calls for moving your vessel, move it at least 48 to 72 hours before the hurricane is estimated to strike
the area. This may be before a hurricane watch is issued. Make sure that:

N Fuel tanks are full.

N Fuel filters are clean.

N Batteries are charged.

N Bilges are clean.

N Cockpit drains are free and clear.

N Fire fighting equipment is in good order.

N Lifesaving equipment is in good condition, in place and readily accessible (these items will be secured
later).

Remove and/or secure all deck gear, portable gear, radio antennas, outriggers, fighting chairs, deck boxes, bimini
tops and side canvas/curtains, sails, booms, dorades, extra halyards, canister rafts, and dinghies. Make sure that
you secure all hatches, ports, doors, lazarettes and sailboat rudders. (The dinghy may be required to take lines
ashore.)
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Enhance the watertight integrity of your boat, both above and below the water line. Seal windows, doors and
hatches, if necessary, with duct tape. Shut sea cocks and cap off or plug unvalved through-hull fittings, such as
sink drains.

If your vessel is moored at a dock on a canal, river, or in a marina near the ocean, it is possible that with an
additional 5- to 10-foot or greater storm surge the vessel could take a beating against the dock or even impale
itself on the pilings. The best offshore mooring location for a vessel to ride out a storm is in the center of a canal
or narrow river where at least doubled mooring lines can be secured to both shores, port and starboard, fore and
aft. Do not raft vessels together at moorings or docks, especially if larger and smaller vessels are involved. The
probability of damage to the vessels is greater than if they are moored separately.

If the vessel must remain dockside at a private dock or marina, heavy duty fender boards (2x6) should be installed
on a bare wood center piling to prevent damage. Lines should be doubled and even tripled where necessary to
hold a vessel in the center of a berth or off seawall or dock pilings. Preventers should be installed at the top of the
pilings so lines cannot slip off the top. Note that nylon line will stretch five to ten percent of its length.

During the Hurricane
Do not stay aboard any vessel during a hurricane. If you have taken all the preliminary precautions previously
outlined, you have done all that can be done in anticipation of the storm. Stay in a protected and safe place. Attend
to the safety of family, home and  other personal property. Stay tuned to news broadcasts and weather advisories
concerning the hurricane so that you will know when the danger has passed.



465

APPENDIX F-3   

CLEAN AND RESILIENT MARINA BROCHURE PREPARED BY ECO-SYSTEMS.



To fi nd out more, visit

www.gulfofmexicoalliance.org

CLEAN AND 
RESILIENT MARINA 

INITIATIVE

Is Your Marina a 
Certi fi ed Clean and 
Resilient Marina?   

Don’t Wait for a 
Rainy Day!!!

RESOURCES AND TOOLS:

1)  Clean and Resilient Marina 
Checklist

2)  Outreach Materials

3)  Educati onal Presentati on

4)  Guidebook-at-a Glance

5)  Clean and Resilient Marina 
Policy Guide

6)  Clean and Resilient Marina 
Guidebook & Appendices



CLEAN AND RESILIENT

The Clean and Resilient Marina Initi ati ve is 
a Gulf of Mexico Alliance (GOMA) project.  
GOMA is a partnership of the states of 
Alabama, Florida, Louisiana, Mississippi, 
and Texas, with the goal of signifi cantly 
increasing regional collaborati on to 
enhance the ecological and economic 
health of the Gulf of Mexico.  GOMA made 
it a priority to provide marina operators 
and owners with strategies and practi ces 
to bett er design, develop and manage 
their marinas before, during and aft er a 
storm.

INCENTIVE-BASED PRACTICES

The Clean Marina Programs in the fi ve Gulf 
of Mexico States are voluntary, incenti ve-
based programs promoted by NOAA and 
cooperati ng state agencies.  They are 
designed to encourage marina operators 
and owners to protect coastal water quality 
by employing best management practi ces 
to prevent or reduce water polluti on.  
Practi ces promoted address stormwater 
runoff  management, proper wastewater 
and waste management, spill preventi on, 
emergency preparedness, and sensiti ve 
species habitat protecti on.

RESILIENCE

Resilience is the capacity of humans and 
natural/physcial systems to adapt to and 
recover from change.

For marinas on the Gulf of Mexico directly 
exposed to tropical storms, fl ooding and 
land loss, being resilient means being able 
to prevent loss of life and personal injury, 
reduce property damage, and resume 
normal buisness acti viti es as soon as 
possible following a hazardous storm.

INFORMATION PROVIDED FOR 
SPECIFIC ISSUES OF CONCERN

The key marina issues are addressed 
in the Clean and Resilient Marina 
Guidebook.  Useful informati on, tools 
and recommended practi ces are provided 
for each issue identi fi ed below, including 
references and additi onal resources:

• Marina Design and Siti ng, 
• Emergency Preparedness, 
• Evacuati on Procedures,
• Climate Adaptati on and Sea Level Rise, 

and 
• Outreach and Educati on for Marina 

Operators and Boaters.

In additi on, an example Hurricane 
Preparedness Plan and a Clean and 
Resilient Marina Checklist are provided 
for your use.

EASY STEPS TO BECOME CLEAN 
& RESILIENT

1) Pledge
2)  Self Assessment
3) Engage State Agency
4) Certi fy

The Clean and Resilient Marina Initi ati ve 
builds on the fi ve Gulf of Mexico 
States’ Clean Marina Programs and was 
established to “promote and expand 
resilient and environmentally responsible 
operati ons and best management practi ces 
at marinas.”
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APPENDIX G    CLIMATE ADAPTATION & SEA LEVEL RISE

Marinas can take an acti ve role in planning their own long-term strategies to adapt to climate 
and sea level changes.  Several federal agencies off er tools that help marinas visualize real and 
potenti al changes at their own locati on. NOAA is a valuable source of basic data on wind, waves, 
water level and storm frequency needed for more detailed studies of specifi c marinas.  The 
agencies and resources in the table below, including the Nati onal Oceanic and Atmospheric 
Administrati on (NOAA), Federal Emergency Management Agency (FEMA), the United States 
Geologic Survey (USGS), the Gulf of Mexico Alliance (GOMA) and the Environmental Protecti on 
Agency (EPA) all off er resources to reduce potenti al climate change impacts on marinas.

Enti ty Sea Level Change Informati on
NOAA Nati onal Climati c Data Center Historic Storm Events

htt p://www.ncdc.noaa.gov/stormevents/
NCDC U.S. Climate at a Glance (Monthly temperature & precipitati on by State)
htt p://www.ncdc.noaa.gov/oa/climate/research/cag3/state.html 
Tides and Currents
htt p://ti desandcurrents.noaa.gov/sltrends/index.shtml
Sea Level Rise Viewer
htt p://www.csc.noaa.gov/slr/viewer/# 

USGS Nati onal Assessment of Coastal Vulnerability to Sea Level Change
htt p://pubs.usgs.gov/of/2000/of00-179/

GOMA Sea Level Rise Aff ecti ng Marshes Model
htt p://stormsmart.org/goma/slr/interface/index.html

EPA Maps of Lands Vulnerable to Sea Level Rise
htt p://papers.risingsea.net/coarse-sea-level-rise-maps-gulf.html

Where risks are identi fi ed, a number of strategies can help marinas survive. For example, some 
operati ons can be located on higher ground while other storage, vending and water/sewer 
hookups can be moved as hurricanes approach.  Although some eff ects of these changing 
weather and oceanographic conditi ons remain unknown, planning ahead can extend the useful 
and profi table life of a marina.

APPENDIX G-1 ASSESSMENT OF SEA LEVEL RISE IN COASTAL MISSISSIPPI
The State of Mississippi’s Department of Marine Resources commissioned this study by Eco-
Systems, Inc. to determine the potenti al impact of sea level rise on Mississippi Gulf Coast 
communiti es.  By examining current scienti fi c research and the best available data on Gulf Coast 
sea level trends in Mississippi and its surrounding states, this assessment esti mates the most 
likely outcomes for Mississippi’s Coast.  Marina operators may also benefi t from strategies to 
adapt to sea level rise and to meet the related goals of natural resource protecti on, protecti on 
of man-made infrastructure, water quality maintenance, and maintenance and restorati on of 
protecti ve wetlands.  The Sea Level Rise document is provided as Appendix G-1.
 
APPENDIX G-2 NOAA TIDES & CURRENTS: SEA LEVELS MAPS ONLINE 
NOAA maintains ti dal gauges on the Gulf, Pacifi c and Atlanti c Coasts that are used to track local 
trends in water levels and mean sea level (MSL).  Using data dati ng back at least 30 years, the 
maps in Appendix G-2 refl ect local sea level rise trends. These fi gures are averaged on a monthly 
basis so their numbers are not distorted by extreme events such as hurricanes.



APPENDIX G-3 SEA LEVEL RISE: RESEARCH AND SCENARIOS FOR A CHANGING COAST. -  
htt p://slr.stormsmart.org/
This Sea Level Rise Research Partnership is a team eff ort funded by the Gulf of Mexico Alliance 
and led by The Nature Conservancy. It is a partnership including, but not limited to: the Gulf 
of Mexico Alliance, the Gulf of Mexico Foundati on and the Mississippi Department of Marine 
Resources.  Research revolves around three spati al modeling eff orts, which include:

A) Sea Level Aff ecti ng Marsh Models (SLAMM) – A computer model that uses historical and 
current wetland data to predict movement or other change to ti dal marsh under future sea 
level rise conditi ons.

B) Storm Surge Modeling – Surge modeling employing the standard model used by the U.S. 
Army Corps of Engineers (USACE) and the Federal Emergency Management Agency (FEMA).

C) Coastal Conservati on and Resiliency Analysis – Analyses of the potenti al impacts of sea level 
rise and storm surge on human communiti es and natural habitats and to provide tools to help 
improve the resiliency of coastal communiti es.

An introducti on to this study is provided as Appendix G-3.

APPENDIX G-4 NATIONAL ASSESSMENT OF COASTAL VULNERABILITY TO SEA-LEVEL RISE: 
PRELIMINARY RESULTS FOR THE U.S. GULF OF MEXICO COAST
The overall goal of this study commissioned by the USGS is to develop and use a relati vely 
simple, objecti ve method to determine which Gulf Coast environments are at risk of sea-
level rise as well as the nature of that risk.  The method uses basic available informati on on 
coastal form, historic sea-level change, past shoreline evoluti on, and other factors. The coastal 
system’s suscepti bility to change is considered along with its natural ability to adapt to changing 
environmental conditi ons.  Marina owners and operators can bett er understand the method 
as it applies to their locati on and the study’s assessment of their risk through viewing this 
document, which is provided as Appendix G-4.  

APPENDIX G-5 NOAA SENTINEL SITE PROGRAM - htt p://oceanservice.noaa.gov/senti nelsites/
welcome.html
The NOAA Senti nel Site Program (SSP) is a collaborati ve eff ort to bring existi ng research eff orts, 
tools and resources to bear to reduce the risks associated with sea level rise in low-lying, 
sensiti ve marsh areas of the Gulf Coast.  Research taking place in NOAA’s Nati onal Estuarine 
Research Reserves (NERR) from Florida to Louisiana provide the base data for this program.  
Its goal is to allow for improved assessments of risk and planning, bett er coastal constructi on 
guidelines, resource protecti on and other sustainability needs both NOAA Trust Resources and 
their surrounding communiti es.

APPENDIX G-6 GULF OF MEXICO CLIMATE ADAPTATION INVENTORY - NOAA COASTAL SERVICES 
CENTER.
This NOAA document identi fi es current publicati ons and research regarding Sea Level Rise on the 
U.S. Gulf Coast. The focus is on Coastal Community Resilience.  A brief descripti on, authorship, 
website and contact informati on are identi fi ed for each research initi ati ves. 
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1.0  EXECUTIVE SUMMARY 
 
The Assessment of Sea Level Rise in Coastal Mississippi (the Assessment) borrows from 
FEMA’s Hazard Mitigation Planning process to the extent that the research methodology 
assumes sea level rise as a natural hazard warranting mitigation.  The assessment document 
includes an expanded outline containing the four primary mitigation planning steps associated 
with risk assessment plus a detailed vulnerability assessment addressing natural systems, public 
and private man-made systems including residential land uses, and other “concurrent” 
vulnerabilities such as impacts to flood zones and elevations, erosion potential, ground water 
level increases, and salinity.  The Assessment is developed in accordance with the following 
outline: 
 

1. Executive Summary 
2. Overview of the Planning Process 
3. Introduction to the Planning Area 

a. Demographics 
b. Geographic Setting 
c. Natural Setting 

4. Risk Assessment 
a. Overview of Global Sea Level Rise Data 
b. Overview of Regional Sea Level Rise Data 
c. Mississippi-specific Research and Data 

5. Vulnerability Assessment (Potential Impacts) 
a. Natural Systems 
b. Man-made Systems    
c. Sea Level Rise Impacts on Coastal Storms 

6. Mitigation Strategies 
a. Armor 
b. Retreat 
c. Adapt 

7. Conclusion and Recommendations 
8. Plan Maps 

 
An analysis of global, regional, and local data indicates future sea level increases ranging from .1 
inch on a local level per year to .84 inches per year on a global level with potential impacts to 
natural and man-made environments along the Mississippi coast.  In addition, cumulative 
impacts associated with increased flood levels, higher storm surges, and generally higher tide 
levels can cause a multiplier effect to impacts associated with sea level rise.  An assessment of 
the coast’s vulnerability to these impacts considering variables including geomorphology, coastal 
slope, sea level rise, shoreline erosion or accretion, mean tide range, and mean wave height 
indicates the coastal region is at moderate risk to the impacts of sea level rise.  The projected 
increases in sea level rise in coastal Mississippi should be a factor of consideration in planning 
efforts. 
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A number of mitigation strategies designed to minimize these risks and vulnerabilities and to 
increase the coast’s resilience to sea level rise are included and are generally categorized in three 
primary response pathways including armoring, retreating, and adapting.  Through a treatment 
train approach in implementing these strategies, local and regional entities have the potential to 
address future impacts of sea level rise and also address secondary management goals related to 
natural resource protection, protection of man-made systems, water quality maintenance, and 
maintenance and restoration of wetlands ecosystems.  
 
Based on information collected in the development of this document and identified data gaps, it 
is recommended that the State of Mississippi consider development of a comprehensive strategy 
addressing potential impacts from sea level rise in coastal Mississippi.  Such a strategy should be 
developed with input from a diverse group to include but not necessarily limited to resource 
managers, biologists, local planners, engineers, housing authorities, utility districts, business 
leaders, port directors, casino operators, and civic leaders.    
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Figure 2.1 FEMA Planning Cycle

2.0  DESCRIPTION OF THE PLANNING PROCESS 
 
The Federal Emergency Management Agency (FEMA) utilizes and recommends a standardized 
planning methodology for States and local governments in planning for mitigation actions related 
to a variety of natural hazards.  These state and local mitigation plans typically address multiple 
hazards by FEMA for consideration.  The multi-hazard mitigation planning process includes four 
primary steps: 1) Organization of resources, 2) Assessment of risks, 3) Development of 
mitigation strategies, and 4) Implementation and monitoring of progress.  FEMA illustrates the 
planning process as cyclical with an appropriate frequency of reviews and updates (Figure 2.1). 
 

A similar process to that of multi-hazard 
mitigation planning has been adopted for 
the development of this Assessment 
addressing sea level rise for the 
Mississippi Gulf Coast with two primary 
differences.  The first difference is that 
unlike multi-hazard mitigation plans, this 
action plan addresses one particular 
hazard type, sea level rise.  The second 
primary difference is that typical multi-
hazard mitigation plans address only 
those potential impacts to man-made and 
human systems.  This Assessment is 
intended to address these concerns but 

also addresses potential impacts and concerns related to natural systems such as estuaries, 
marshes, wetlands, and other coastal ecosystems.   
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Figure 3.1 Planning Area

3.0  INTRODUCTION TO THE PLANNING AREA 
 
The assessment area includes cities 
and counties in coastal Mississippi 
with the highest probability of being 
impacted by sea level rise.  The listing 
of cities and counties included in the 
planning study area are depicted in 
Table 3.1.  The jurisdictions listied in 
Table 3.1 includes the three counties 
adjacent to the coastline of the Gulf of 
Mexico and the incorporated cities 
located in those counties.  These cities 
represent the most densely populated 
regions of the Mississippi Gulf Coast 
as represented in the population 
density map found in Appendix A: 
Maps and Figures.   Mississippi’s 
three coastal counties and the 
municipalities located within these 
counties represent the primary jurisdictions within the State of Mississippi most susceptible to 
the potential impacts of sea level rise.  This Assessment focuses primarily on these jurisdictions 
as the primary planning study area.  The following plan sections provide details specific to the 
demographic, geographic, and natural settings of the planning area in order to establish the 
context for this planning effort. 
 
Table 3.1 Planning Study Area Cities and Counties 

Hancock County Harrison County Jackson County 
Bay St. Louis Biloxi Gautier 
Waveland D’Iberville Moss Point 
 Gulfport Ocean Springs 
 Long Beach Pascagoula 
 Pass Christian  
 

3.1  DEMOGRAPHIC SETTING 
 
The Mississippi Gulf Coast, including Hancock, Harrison, and Jackson Counties, represents one 
of the more densely populated regions of the State of Mississippi with a total population of 
370,702 (2010 Census) and an average population density of 202 persons per square mile 
compared to 63.25 persons per square mile for the State of Mississippi.  A population density 
map is included in Appendix A and demonstrates population densities within the three coastal 
counties.  The three coastal counties have an average population that is 77.76% white and 
22.24% non-white compared to the State as a whole with a population that is approximately 60% 
white and 40% non-white.  Population trends since 1960 show a consistent increase in 
population with the exception of a period from 2005 through 2006 as a result of Hurricane 
Katrina.  Census population estimates from 2007 and 2008 along with data from the 2010 
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Census, indicate populations are increasing and are currently estimated to be within 10% of pre-
Katrina populations1.  Table 3.2 provides a historic record of housing unit totals for the three 
counties from 2000 through 2008.   
 
Table 3.2 Coast County Housing Units2 

Mississippi Gulf Coast Housing Units 
Year Jackson Harrison Hancock 
2009 58,061 83,360 20,357 
2008 57,159 80,920 19,009 
2007 55,784 76,634 17,859 
2006 54,320 74,105 16,466 
2005 56,732 88,138 23,531 
2004 55,548 86,555 22,997 
2003 54,750 84,940 22,868 
2002 54,019 83,680 22,480 
2001 53,023 82,573 21,939 
2000 51,946 80,224 21,245 

 
Tables 3.3 and 3.4 provide population projections for the three coastal counties and eleven 
coastal municipalities through 2030 using a linear regression model for population forecasting.  
Population projections indicate consistent population growth through time.   
 
 Table 3.3 Mississippi Coastal County Population Projections 

Year 
Jackson 
County 

Harrison 
County 

Hancock 
County Totals 

1960 55,522 119,489 14,039 189,050
1970 87,975 134,582 17,387 239,944
1980 118,015 157,665 24,537 300,217
1990 115,243 165,365 31,760 312,368
2000 131,420 189,601 42,967 363,988
2008 130,694 178,460 40,140 349,294
2010 139,668 187,105 43,929 370,702
2015 149,887 197,378 47,467 394,733
2020 157,125 206,599 50,609 414,333
2024 162,915 210,195 53,123 426,233
2030 171,599 216,965 57,256 445,820
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Table 3.4 Mississippi Coastal Municipalities Population Projections 

Year 
Moss 
Point Pascagoula Gautier 

Ocean 
Springs

Bay St. 
Louis Waveland Gulfport Biloxi D'Iberville 

Long 
Beach 

Pass 
Christian Total 

1960 6631 17,155 N/A 5,025 5,073 1,106 30,204 44,053 3,005 4,770 3,881 120,903 
1970 19321 27,264 2,087 9,580 6,752 3,108 40,791 48,486 7,288 6,170 2,979 173,826 
1980 18,998 29,318 8,917 14,504 7,891 4,186 39,676 49,311 13,369 7,967 5,014 199,151 
1990 17,837 25,899 10,088 14,658 8,063 5,369 40,775 46,319 6,566 15,804 5,557 196,935 
2000 15,851 26,200 11,681 17,225 8,209 6,674 71,127 50,644 7,608 17,320 6,579 239,118 
2007 13,951 23,609 16,306 17,149 8,052 5,249 70,055 45,670 7,928 12,234 3,993 224,196 
2010 13,704 22,392 18,572 17,442 9,260 6,435 67,793 44,054 9,486 14,792 4,613 228,543 
2015 16,324 25,506 19,187 19,892 9,314 6,620 73,928 46,805 8,424 11,557 5,283 242,839 
2020 16,536 27,827 20,971 21,053 9,631 6,915 78,105 46,781 8,523 12,195 5,395 253,931 
2024 16,706 26,518 22,399 21,982 9,884 7,150 81,447 46,762 8,602 11,835 5,484 258,768 
2030 16,960 24,862 24,540 22,701 10,019 7,285 87,178 45,427 8,718 13,237 5,618 266,545 
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Current estimates indicate a total of 5,734 individual businesses and industries located 
throughout the coast.  A report from the Mississippi Development Authority indicates that from 
August 2005 through January 2010 the coastal counties experienced a significant level of growth 
in expansion of existing facilities and creation of new facilities.  Table 3.5 provides a summary 
of the data generated from the report3. 
 
Table 3.5 Coast Business and Industry Expansion August 2005 – January 20104 

  Number of 
Facilities 

Estimated 
Number of New 

Jobs

Estimated Capital 
Investment 

Manufacturing Facilities 
Expanded 103 2,012 $510,396,599 

New 8 729 $275,250,000 
Total 111 2,741 $785,646,599 

Non-Manufacturing Facilities 
Expanded 73 2,971 $3,140,965,933 

New 53 3,944 $3,127,123,150 
Total 126 6,915 $6,268,089,083 

Overall Total 237 9,656 $7,053,735,682 
 

 

3.2  GEOGRAPHIC SETTING 
 
As previously stated, the study area for this Assessment consists of Mississippi’s three coastal 
counties and the eleven municipalities located within these counties.  Each of the counties has a 
southern boundary on the Gulf of Mexico, and all eleven municipalities have boundaries either 
directly on the coastline or on bays that connect directly to the gulf.  The three counties 
combined encompass approximately 1,785 square miles of land area, or 3.8% of the land area in 
Mississippi.  In addition, the three counties combined have a total of approximately 787 square 
miles of water area or approximately 52% of the State’s total water area5.  The total shoreline 
length spanning across the three counties is approximately 75 miles, exclusive of shorelines 
bordering the various bays and inlets across the coast.  Of these 75 miles of shoreline, 20 are in 
Hancock County, 27 in Harrison County, and 28 in Jackson County6.  The total shoreline 
including all bays and inlets is approximately 360 miles.  In addition, 26 of the 75 miles of 
shoreline exist as public beaches with multiple public access points.  Table 3.2 provides details 
on the geographic setting of the planning area and Figure 2 included in Appendix A: Maps and 
Figures provide a graphic depiction of the planning area, as well as its geographical context in 
the State of Mississippi. 
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Table 3.6 Planning Study Area Geographic Setting 
County Total Area (in 

Square Miles) 
Total Land Area 
(in Square Miles) 

Total Water Area 
(in Square Miles) 

Population 
Density (in 
Persons per 

Square Mile) 
Hancock 553 477 76 92.09 
Harrison 976 581 395 322.04 
Jackson 1043 727 316 192.12 
Study Area Totals 2572 1785 787 202 (Average) 
Mississippi 48,434 46,914 1520 63.25 

 

3.3  NATURAL SETTING 
 
The Mississippi Gulf Coast is an ecologically-diverse region of the State with a wide range of 
habitat types, species, and natural ecosystems.  To understand the potential impacts of sea level 
rise on the coastal region, it is necessary to understand the ecological context of the region. In 
characterizing the ecological setting of the Mississippi coast, the various coastal ecosystems, 
regions, characteristics, and other natural areas protected by state or federal administrative 
mechanisms have been divided into thirteen categories and are characterized as either 
inland/near-shore or offshore resources.  While it is understood that some of these categories are 
defined by man-made boundaries, they do contain critical habitats and natural systems that 
should be addressed within the context of sea level rise. 
 

3.3.1  Inland and Near‐Shore Ecological Resources 
 
The identified inland and near-shore ecological resources include land-based natural features 
such as the following: 
 
 Watersheds   Wetlands   Wildlife Management Areas 
 Forest Habitats   Surface Geology   National Wildlife Refuges  
 Gulf Ecological 
Management Sites 

 Major Land Resource 
Areas 

 Oyster Reefs 
 Essential Fish Habitat 

 Sea Grasses   Barrier Islands   Freshwater Wetlands 
 
Maps depicting each of these features and their geographical context within the coastal region 
are included in Appendix A: Maps and Figures. 
 

3.3.2  Watersheds 
 
The Mississippi Gulf Coast Region lies within three major drainage basins (8-Digit HUC) 
including the Pearl River Basin, the Coastal Streams Basin, and the Pascagoula River Basin.  
Each basin is further divided into smaller watersheds (12-Digit HUC) identified with a lower 
order stream or river.  All basins and watersheds in the coastal region drain either directly to the 
Gulf of Mexico or indirectly to the gulf via connected bays and inlets.  Each basin and each 
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watershed represents a unique ecological sub-region of the coast and may be associated with 
specific habitat areas, geographic features, or other natural elements.   
 
Basins and watersheds are natural features and are not deferential to political and administrative 
boundaries.  From a water quality and water quantity standpoint, this attribute of watersheds 
creates a natural connection between the coastal region and other inland regions of the state.  
Table 3.7 provides an overview of the basins and watersheds, as well as their HUC number and 
associated water feature. 
 

Table 3.7 Coastal Basins and Watersheds7 
Basin / Watershed Name HUC Code HUC Name 

Coastal Streams Basin 03170009 Jourdan River 
Bayou Casotte 03170009-070 Coastal Streams 

Bayou LaCroix 03170009-130 Coastal Streams 
Biloxi River 03170009-140 Coastal Streams 

Lower Wolf River – Cane Creek 03170009-090 Coastal Streams 
Rotten Bayou 03170009-110 Coastal Streams 

Turkey Creek – Old Fort Bayou 03170009-160 Coastal Streams 
Tuxachanie Creek 03170009-150 Coastal Streams 

Upper Jourdan River 03170009-100 Coastal Streams 
Upper Wolf River 03170009-080 Coastal Streams 

Pearl River Basin 03180004 Lower Pearl River 
Hobolochitto Creek 03180004-120 Lower Pearl River 

Nicholson-Pearlington 03180004-140 Lower Pearl River 
Pascagoula River Basin 03170006 Pascagoula River 

Bluff Creek 03170006-030 Pascagoula River 
Indian Creek 03170006-010 Pascagoula River 

Pascagoula River Basin 03170007 Black and Red Creeks 
Cypress Creek 03170007-030 Black and Red Creeks 

Lower Red Creek 03170007-050 Black and Red Creeks 
Pascagoula River Basin 03170008 Escatawpa River 

Lower Escatawpa River 03170008-080 Escatawpa River 
 

3.3.3  Wetlands 
 
Wetlands are defined by 33CFR328 as “areas that are inundated or saturated by surface or 
groundwater at a frequency and duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions. Wetlands generally include swamps, marshes, bogs, and similar areas.”    
Ecologically, wetlands provide a number of valuable functions including habitat and foraging 
opportunities for many species of animals.  From a water quality perspective, wetlands provide 
attenuation of floodwaters, processing of nutrients, and infiltration of stormwater, all of which 
improve water quality.   
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The Coastal Region contains a variety of 
wetland community types including 
bottomland hardwood and riverfront 
forests, wet pine savannas/flatwoods, 
swamp forests/freshwater marshes, and 
estuarine marshes.  Bottomland hardwood 
and riverfront forests are primarily found in 
and around rivers and streams throughout 
the Coastal Region.  Swamp forests and 
freshwater marshes are also associated with 
smaller streams within the Coastal Region.  
Wet Pine Savannahs are found in areas 
where frequent rainfall occurs during the 

growing season and dense subsoils restrict infiltration of stormwater.  Wet Pine Savannahs are 
generally found in the southern portion of the Coastal Region where low coastal relief impacts 
natural drainage function.  Estuarine marshes include intertidal salt, brackish and tidal freshwater 
marshes and are found along the coastline and on the barrier islands.  They are most often found 
surrounding bays, bayous and at the mouths of streams.  The tidal marshes of the Gulf Coast are 
highly functional ecosystems that provide nursery habitat for a variety ocean species, protect the 
coastline from erosion during storm surges, and improve water quality by removing pollutants.8   
 

3.3.4  Major Land Resource Areas and Forest Habitat Characteristics9 
 
Major Land Resource Areas (MLRA) are boundary delineations based on soil and landscape 
characteristics, vegetation and climate.  MLRA designations may contain a wide range of soil, 
plant, and landscape conditions.  The Coastal Region is defined by two primary MRLAs 
including the Southern Coastal Plain in the northern-most sections of the region, and the Eastern 
Gulf Coast Flatwoods in the central to southern-most areas of the region.  The following is a 
general description of conditions associated with each MLRA.  Figure 5 found in Appendix A 
includes a map depicting the specific MLRA’s found in the coastal region.10 
 
Southern Coastal Plain11 
 
The Southern Coastal Plain MLRA in Mississippi extends from the northern portions of the 
coastal counties into the northern portion of the state with the primary exception of the Delta 
Region in northwest Mississippi and the Mississippi River Valley along the western edge of the 
state.  
 

Land Use in the Southern Coastal Plain typically consists of approximately 69% 
woodland, 17% cropland, and 11% pastureland with the remaining 3% in urban 
development or other uses.  Throughout this MLRA, timber production is important and 
other cash crops include soybeans, corn, peanuts, and cotton.   
 
Elevation and Topography:  Elevation ranges from 82’ to 656’ above mean sea level 
and increases gradually from the lower coastal plain northward.  Stream valleys in this 
MLRA are narrow in their upper reaches but become broad with widely meandering 
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stream channels as they approach the coast.  Local relief in the southern regions is 
generally limited to a few meters. 
 
Climate: Average annual precipitation is around 60” with average annual temperatures 
of around 68 degrees.  Maximum precipitation is typically in early winter and mid-
summer and the average freeze-free period is from 250-280 days. 
 
Water:  Precipitation, perennial streams, and ground water provide an abundance of 
water.  Municipal water supply is generally derived from deep water aquifers and 
domestic water supply is typically obtained from shallow wells.  Ecological and natural 
resource concerns have historically prevented the damming of perennial streams for use 
as potable water supplies. 
 
Natural Vegetation:  This MLRA supports mixed oak-pine forest vegetation, loblolly, 
longleaf, slash, and shortleaf pines; sweetgum, yellow poplar, and red and white oaks are 
among the predominant overstory species.  Dogwood, American holly, southern 
bayberry, and native lespedezas are common understory species. 

 
Eastern Gulf Coast Flatwoods12 
 
The Eastern Gulf Coast Flatwoods MLRA extends east to west from the State’s common 
boundaries with Alabama and Louisiana and south to north from the coast line to the northern-
most extension along the Pascagoula River and its major tributaries in to Perry County.   
 

Land Use:  Very little of this area is in production farms.  Historically, much of it is in 
large land holding owned by pulp and paper companies.  However, recent changes in land 
uses have diminished the amount of land set aside for these historical land uses.  With a 
considerable amount of land placed in conservation areas or converted for residential 
development.  Areas of this MLRA nearest the coastline are defined by urbanization 
associated with coastal communities and cities with the City of Gulfport existing as the 
second largest city in the state.   
 
Elevation and Topography:  Elevations range from sea level to around 80’ above mean 
sea level.  Locally relief is almost flat with variations of 8-10’ feet at the most. 
 
Climate:  Average annual precipitation is around 64 inches with maximum precipitation 
in mid-summer and early winter.  Average annual temperatures range from 68-70 degrees 
with average freeze-free periods of approximately 290 days. 
 
Water:  Abundant rainfall and numerous perennial streams provide important sources of 
water for wildlife and marine life.  Municipal water supply is typically obtained from 
deeper aquifers.  Shallow groundwater is plentiful by is affected by salinity in many areas 
adjacent to the coastline. 
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Natural Vegetation:  This area supports pine forest vegetation with palmetto and wax 
myrtle as common woody shrubs.  Longleaf and slash pine are the more common tree 
species. 

 

3.3.5  Surface Geology 
 
The planning area consists of three geological formations ranging in age from Late Pleistocene to 
Pliocene, which include the Late Pleistocene Pamlico Formation, the Pliocene Citronelle 
Formation, and the Pliocene Graham Ferry Member of the Pensacola Formation (Smith, 1975).  
The sediments were deposited in transitional marine environments.13  
 
The Pamlico Formation is approximately 25 feet thick and consists of low terrace, windblown 
sand deposits that are tan, gray, and yellow in color.  The southern edge of the Pamlico is 
covered by recent beach deposits and sand dunes.  The Pamlico is exposed in broken belts 
several miles wide extending east to west across the counties (Smith, 1975). 
 
The Citronelle is approximately 130 feet thick and sediments consist of reddish-brown fine to 
very coarse quartz sand, light-gray, orange, and brown sandy clay, and clayey gravel.  Lenses of 
sandy clay and clayey sand, which range in thickness from 5 to 15 feet, are interbedded with 
gravelly sand. Sediments near the base of the formation have a high clay content.  The Citronelle 
is exposed in the higher uplands of the counties (Carlston, 1950).14 
 
The Graham Ferry Member of the Pensacola Formation is approximately 113 to 975 feet thick 
and consists of undifferentiated clays, clayey sands, and silty sands.  Exposure is in the very 
northern part of the counties with road cuts and stream banks exposing a few feet of the Graham 
Ferry Member throughout the counties (Smith, 1975). 
 

3.3.6  Wildlife Management Areas 
 
Four individual Wildlife Management Areas (WMA) exist in Harrison and Jackson Counties.  
These include the Little Biloxi WMA in Harrison County, the Red Creek WMA in Harrison and 
Jackson Counties, the Pascagoula River WMA in Jackson County, and the Ward Bayou WMA in 
Jackson County.  All designated WMAs in the coastal counties are in the northern reaches of the 
counties.15 
 

3.3.7  National Wildlife Refuges 
Jackson County, Mississippi is home to two designated National Wildlife Refuges (NWR), 
including the Mississippi Sandhill Crane NWR and the Grand Bay NWR.  Both refuges exist in 
areas that have potential to be impacted by projected sea level rise increases.  The Mississippi 
Sandhill Crane NWR encompasses approximately 19,336 acres and was established in 1975 
under the authority of the Endangered Species Act to protect the critically endangered 
Mississippi sandhill cranes and their unique habitat.  The habitat consists primarily of Pine 
Savannah, Wet Pine Savannah, and Pine Flatwoods and it particularly suited to the habitat needs 
of the sandhill crane.16   
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The Grand Bay NWR encompasses 
approximately 2,572 acres in Jackson County 
and was established in 1992 to help protect 
one of the largest remaining expanses of Gulf 
Coast wet pine savanna habitat.  Other refuge 
habitats contained in the Grand Bay NWR 
include maritime forest, tidal and non-tidal 
wetlands, salt marshes, salt panes, bays, and 
bayous.17 
 
As previously mentioned, both NWRs are 
potentially susceptible to impacts related to 

rising sea levels.  Both contain wildlife and plant habitats that may be affected by increased 
water levels, salt intrusion, higher tide levels, and other effects of sea level rise. 
 

3.3.8  Gulf Ecological Management Sites (GEMS)/Coastal Preserves 
 
The Gulf Ecological Management Sites (GEMS) program is a partnership between the DMR, 
EPA and the Gulf of Mexico Program to study ecologically important areas of the Gulf region.  
The information gathered through this study is utilized to educate the public and promote 
restoration and preservation of ecologically significant areas.  The State of Mississippi has 22 
GEM sites, which have been included in the Mississippi Coastal Preserves.  For each of the sites 
listed below the following information is provided on the Mississippi GEMS website18 1) Site 
Information and Points of Contact; 2) Geographic Information including: Narrative Description 
of the Site, Location, and Area of Influence; 3) Ecological/Cultural Characteristics including: 
Habitat Type and Uniqueness of Natural Community; 4) Current and Potential Use of Site, 5) 
Management Status; 6) Site Viability; and 7) Links for Additional Information.  Generally, the 
GEMS sites have become synonymous with coastal preserve sites.  The Coastal Preserves 
Program is dedicated to effectively preserve, conserve, restore, and manage Mississippi’s coastal 
ecosystems to perpetuate their natural characteristics, features, ecological integrity, social, 
economic, and aesthetic values for future benefit.  The long-term vision of the Coastal Preserves 
Program is the management of Mississippi’s Coastal Preserves sites to provide long-term 
benefits to the natural resources and economic value of the region.  The 22 GEMS sites are 
located within tidal zones and are as follows: 
 
Gulf Ecological Management Sites/Coastal Preserves in Mississippi: 
 Bayou La Croix   Bayou Portage   Bellefontaine Marsh 
 Biloxi River Marshes   Cat Island   Davis Bayou 
 Deer Island   Deer Island Restoration Project  Escatawpa River 
 Grand Bay   Grand Bayou   Graveline Bay 
 Hancock County   Horn Island   Jourdan River 
 Old Fort Bayou   Pascagoula River   Petit Bois 
 Round Island   Sandhill Crane Refuge   Ship Island 
 Wolf River     
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3.3.9  Grand Bay National Estuarine Research Reserve (NERR) 
 
The Grand Bay NERR, managed by the Mississippi Department of Marine Resources is part of a 
national network of protected estuaries, one of twenty-seven sites nationally that make up the 
National Estuarine Research Reserve System (NERRS).  The reserves were established for long-
term research, monitoring, education, and stewardship.  In addition, the reserves provide 
excellent opportunities for study of coastal ecosystems and management.  The NERRS recently 
initiated a Climate Change Program which will seek to provide a greater understanding of issues 
related to climate change such as sea level rise. 
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4.0  RISK ASSESSMENT 
 
In considering the issue of sea level rise as a natural hazard to be mitigated, several key issues 
must be considered with respect to the overall assessment of the level of risk associated with 
rising sea levels and the levels of vulnerability on the Mississippi Gulf Coast.  In general terms, 
the risk assessment relates to the probability and potential severity of the hazard or event.  The 
vulnerability assessment analyzes those natural or man-made systems potentially vulnerable to 
the adverse impacts of the hazard or event.  Conducting the risk assessment includes an analysis 
of the historic progression of sea level rise combined with existing models and predictions for 
future sea levels as affected by conditions such as climate change, subsidence, and erosion.  The 
most critical component of conducting the risk assessment lies in determining which data set or 
sets are most credible and which have the most relevance for the particular geographical study 
area, in this case, the Mississippi Coastal Region.   
 

4.1  OVERVIEW OF SEA LEVEL RISE MODELS AND DATA 
 
Numerous organizations have been engaged in the art and science of predicting sea level rise in 
recent years.  The broad application of science to issues related to sea level rise has resulted in 
often contradictory conclusions with respect to the potential severity of sea level rise on a global 
scale.  Attempts to predict localized impacts of sea level rise are emerging and represent more 
recent efforts to understand the problem.  However, these models are often referred to as 
“bathtub” models because they generally assume a static increase in sea level rise without 
consideration of subsidence, erosion, and other site-specific factors.  The following sections will 
briefly outline the more notable sea level rise research and modeling efforts from both a global 
and regional perspective.   
 
A general overview of the research and publications seems to indicate the prediction of sea level 
rise is not a perfectly exact science.  As technologies and knowledge of the subject increase and 
improve, the predictive methodologies improve.  While not entirely accurate, one method of 
predicting future events is to consider the past.  Evidence indicates global sea levels have risen at 
a consistent rate of approximately 0.04 to 0.5 inches per year since 1900.19  Since 1992, new 
methods of satellite altimetry using the TOPEX/Poseidon satellite indicate a rate of rise of 3 
millimeters per year (NOAA Science on a Sphere).  There are generally two separate mechanics 
involved in global sea level rise.  The first is directly attributed to global temperature increases, 
which warm the oceans waters and cause them to expand.  The second is attributed to the melting 
of ice over land which simply adds water to the oceans.  Global sea level rise is likely caused by 
a combination of these two mechanics and can be exasperated on the local level by factors such 
as erosion and subsidence.  To fully explore the risks associated with sea level rise, an overview 
of the predominant global and local or regional models and predictions will be presented. 
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4.1.1  International Panel on Climate Change (IPCC) 2007 
 
One of the more commonly cited sources for global climate change and sea level rise prediction 
is the International Panel on Climate Change (IPCC).  The IPCC convenes every six years and 
the most recent (IPCC 2007) provided the Fourth Assessment Report.  This fourth report 
describes progress made in understanding the causal factors in both climate change and sea level 
rise and builds upon the Third Assessment Report by taking advantage of new findings, new and 
more comprehensive data, and improved analytical and predictive technologies.20  IPCC 2007 
utilized six different scenarios to establish its findings which ranged from 7.09 inches to 23.23 
inches globally by the year 2099.  However, the IPCC 2007 does not include variables related to 
climate-carbon cycle feedback and the potential effects of ice sheet flow, citing the overall lack 
of basis in published literature.  The summary report does, however, indicate that larger values of 
sea level rise cannot be excluded.  The overall understanding of the effects of the aforementioned 
variables is too limited at the time of publishing to provide accurate predictions.  
 
To fully understand the context of the IPCC 2007 Report and other sources cited in this report, it 
is important to have an understanding of the scenarios of the future as described in IPCC 2007.  
While none of the following scenarios are intended to be predictive of a certain future, they do 
allow for estimations in sea level rise variables based on a number of probable future worlds. 
 
Scenario A1:  The A1 Scenario describes a future world of rapid economic growth with global 
populations peaking and beginning to decline in mid-century.  A1 also describes a world that 
includes the rapid development and introduction of new technologies, greater social interaction, 
and significant reductions in regional differences in per capita incomes.  The A1 Scenario is 
further divided into three groups as an attempt to describe possibilities for technology change 
with respect to energy production and use.  A1FI is primarily fossil intensive; A1T describes a 
future that is primarily dependent on non-fossil energy sources; and A1B explores a world that is 
balanced and does not rely too heavily on one particular energy source.21 
 
Scenario A2:  The A2 Scenario describes a heterogeneous world with major themes relating to 
self-reliance and preservation of local identities.  The A2 Scenario describes constantly 
increasing global populations with economic development, economic growth, and technology 
development being more regionally oriented resulting in slower and more fragmented growth 
and technological change as compared to other scenarios.22 
 
Scenario B1:  The B1 Scenario relates to a world with peaking and declining populations in 
mid-century as with A1 but with an economy primarily focused on service and information that 
would include the introduction of clean and efficient technologies.  The B1 Scenario relies 
heavily on global solutions to economic, social, and environmental sustainability.23 
 
Scenario B2:  The B2 Scenario emphasizes local solutions to economic, social, and 
environmental sustainability with increasing global populations, moderate levels of economic 
development and more diverse technological change.24 
 
Predictions with respect to climate change and global sea level rise based on the six scenarios 
presented in IPCC 2007 are summarized in Table 4.0 
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Table 4.0 IPCC 2007 Projected Global Average Surface Warming and Sea Level Rise25 

Scenario 

Temperature Change 
(⁰C at 2090‐2099 relative to 1980‐
1999) 

Sea Level Rise 
(feet at 2090‐2099 relative to 1980‐
1999)

Best Estimate Likely Range Model Based Range

Constant Year 2000 
Concentrations  0.6  0.3 ‐ 0.9 Not Available 
B1 Scenario  1.8  1.1 ‐ 2.9 0.59 – 1.25 
A1T Scenario  2.4  1.4 ‐ 3.8 0.66 – 1.48 
B2 Scenario  2.4  1.4 ‐ 3.8 0.66 – 1.41 
A1B Scenario  2.8  1.7 ‐ 4.4 0.69 – 1.57 
A2 Scenario  3.4  2.0 ‐ 5.4 0.75 – 1.67 
A1FI Scenario  4  2.4 ‐ 6.4 0.85 – 1.94 

 

4.1.2  Stefan Rahmstorf 
 
Rahmstorf has been one of the more vocal critics of the IPCC reports, citing the general lack of 
quantifiable data concerning ice sheet flow.  Using semi-empirical modeling, Rahmstorf argues 
that there is a direct and distinct connection between global sea level rise and mean surface 
temperatures.  While acknowledging that the processes related to melting ice sheets are poorly 
understood, they do have the potential for a much greater impact on sea level rise than rising 
temperatures alone.  Rahmstorf indicates an approximate proportionality constant of 3.4 
millimeters per year per degree centigrade.  Rahmstorf’s semi-empirical model as applied to the 
IPCC future warming scenarios results in a projected global sea level rise of 19.68 to 55.12 
inches above the 1990 level by the year 2100.26 
 

4.1.3  Vermeer and Rahmstorf 
 
In a later article, Martin Vermeer and Stefan Rahmstorf furthered their exploration into the 
potential impacts of ice sheet flow on global sea level rise as applied to the IPCC 2007 
Scenarios.  The revised model proposes a rapid-response term based on assumptions that some 
components of sea level have the potential to adjust quickly to a temperature change.  Part of the 
impetus of the revised model was based on data indicating observed sea rise exceeded modeled 
predictions by nearly 50% for time periods including 1961-2003 and 1990-2006.  Data generated 
from the revised model provides projections of sea level rise ranging from 29.53 to 74.8 inches 
from 1990-2100.27 
 

4.1.4  Radley Horton et al. 
 
In a 2008 paper, Horton, et al. combined the IPCC 2007 Scenarios and the Rahmstorf semi-
empirical models and applied them to eleven individual Coupled Global Climate Models with 
each using differing formulations of atmospheric physical processes, and sea, ice, and land 
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components.  Horton et al. also based their modeling efforts on current data as opposed to 1990 
levels.  The application of this modeling effort produced projections ranging from 29.13 – 39.37 
inches by 2100.28 
 

4.1.5  Grinsted et al. 
 
In another modeling effort, Grinsted et al. used similar semi-empirical models coupled with the 
IPCC A1B Scenario with the addition of historical data dating to 200 A.D.  The authors argue 
that accurate modeling must include historic data from a longer time period to be more accurate.  
The paper indicates that minimum sea level rise occurred during a time period around 1730 A.D. 
(-7.48 to -10.24 inches) and maximum sea level rise occurred around 1150 A.D. (4.72 to 8.27 
inches).  The determination is that IPCC projections of sea level rise are under-estimated by a 
factor of 3.  The results indicate a 2090-2099 sea level rise projected at 116 to 167 feet for the 
IPCC 2007 A1B Scenario.29 
 

4.1.6  Jevrejeva et al. 
 
In a more recent report, Jevrejeva, et al. considered both natural and anthropogenic forcings and 
the potential impacts on sea level rise by 2100.  Their methodology involved the use of an 
inverse statistical model to examine potential sea level rise responses to changes in natural and 
anthropogenic forcings.  The model again used the IPCC 2007 scenarios to estimate sea level rise 
of 23.62 to 62.99 inches by 2100.  In this study, the authors estimated global sea level rise 
considering sea level rise as an integrated response of the entire global climate system with mean 
global sea level as an independent measurement of global response as opposed to simply a 
response to mean global temperature.30 
 

4.1.7  Global Sea Level Rise Projection Summary 
 
Figure 4.1 provides a summary of conclusions of the reviewed literature to provide a 
comprehensive context of the current conventional wisdom relative to sea level rise projections.  
All projections reflected in Figure 4.1 are through the year 2100. 
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Figure 4.1 Sea Level Rise Projection Summaries 

 
 

4.1.8  Summary of Global Sea Level Rise Data 
 
In summary, the global sea level rise projections prepared through the cited sources indicates a 
mean global sea level increase from 1.34 to 2.99 feet by 2100.  This mean translates into a linear 
mean increase of .18 to .40 inches per year.  The data presented within the context of global sea 
level rise also represents a potential worst case scenario equal to approximately 6.25 feet of sea 
level rise by the year 2100 or approximately .83 inches per year.  Based on this worst-case 
scenario, the Mississippi Gulf Coast could experience sea level increases of 4.15 inches in five 
years, 8.3 inches in ten years, 16.6 inches in twenty years, 41.5 inches in fifty years, and 74.7 
inches by the year 2100. 
 

4.2  REGIONAL PROJECTIONS, STUDIES, AND DATA 
 

4.2.1  Introduction 
 
Data relative to local or regional sea level rise projections is scarce.  Regional projections must 
account for a greater number of variables.  Historic data indicates that variations occur over time 
and also seasonally and interannually.  In addition, recent data indicates regional variations 
throughout the northern Gulf of Mexico.  Other local and/or regional variables to consider 
include local topography, erosion rates, subsidence, atmospheric pressure, water column density, 
thermocline depth, ocean circulations, and storm surges.   
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One indicator of future sea level lies in an analysis of recent history and trends in sea levels in 
the northern Gulf of Mexico.  The NOAA Center for Operational Oceanographic Products and 
Services has maintained sea level data for approximately 150 years through measurements 
obtained from 128 long-term water level stations operating on all U.S. coasts.  Through the 
National Water Level Observation Network, NOAA has computed changes in mean sea level 
(MSL) using a minimum span of 30 years of observations at each station.  Data collected at these 
stations is averaged to remove the effect of high frequency phenomena such as tropical storms 
and hurricanes.31   
 
Through this program, NOAA operates tide gauging stations throughout the northern Gulf of 
Mexico.  The gauging stations in Mississippi waters do not have the depth of historical data that 
others have such as Pensacola, Florida and Dauphin Island, Alabama.  To project trending over 
time and on a regional scale, data from five tide gauging stations was reviewed and analyzed.  
These stations include Pensacola, Florida; Dauphin Island, Alabama; Pascagoula NOAA Lab; 
Gulfport Harbor; and Bay Waveland Yacht Club.  Trends represented at the Dauphin Island and 
Pensacola stations are illustrated in Figures 4.2 -4.7: 
 
Figure 4.2 Dauphin Island, Alabama Sea Level Trend 

 
 
The mean sea level trend is 2.98 millimeters/year (.12 inches) with a 95% confidence interval of 
+/- .87 mm/year based on monthly mean sea level data from 1966 to 2006 which is equivalent to 
a change of .98 feet (11.76 inches) in 100 years.32 
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Figure 4.3 Dauphin Island, Alabama Average Seasonal Cycle 

 
 
Figure 4.3 represents the average seasonal sea level cycle for Dauphin, Alabama as caused by 
regular fluctuations in coastal temperature, salinities, winds, atmospheric pressure, and ocean 
currents and indicates seasonal variations of from -4.15 inches below mean sea level to 4.96 
inches above mean sea level. 
 
Figure 4.4 Dauphin Island, Alabama Interannual Variation Since 1980 

 
 
Figure 4.4 represents interannual variations in sea level trends for Dauphin Island, Alabama.  
Interannual variations are caused by irregular fluctuations in coastal ocean temperatures, 
salinities, winds, atmospheric pressures, and ocean currents. 
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Figure 4.5 Pensacola, Florida Sea Level Trend 

 
 
The mean sea level trend is 2.10 millimeters/year (.08 inches per year) with a 95% confidence 
interval of +/- 0.26 mm/yr based on sea level data from 1923 to 2006 which is equivalent to a 
change of .69 feet (8.28 inches) in 100 years.33 
 
Figure 4.6 Pensacola, Florida Average Seasonal Cycle 

 
 
Figure 4.6 represents the average seasonal sea level cycle for Pensacola, Florida as caused by 
regular fluctuations in coastal temperature, salinities, winds, atmospheric pressure, and ocean 
currents and indicates seasonal variations of from -4.15 inches below mean sea level to 4.96 
inches above mean sea level. 
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Figure 4.7 Pensacola, Florida Interannual Variation Since 1980 

 
 
Figure 4.7 represents interannual variations in sea level trends for Pensacola, Florida.  
Interannual variations are caused by irregular fluctuations in coastal ocean temperatures, 
salinities, winds, atmospheric pressures, and ocean currents. The mean sea level rise of the two 
stations combined is approximately .1 inches/year or approximately 10 inches in a 100 year 
period.  This mean is approximately equal to the median of the ranges represented by the 
literature review discussed in Section 4.1.  Figure 4.8 provides a summary of the regional data 
discussed in this section. 
 
Figure 4.8 Summary of Regional Sea Level Rise Projection Data 
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Biloxi Lighthouse, Circa 1892 

4.2.2  Summary of Regional Sea Level Rise Data 
 
The absence of long-term sea level trend data for the Mississippi Sound necessitated an overview 
and analysis of trend data for nearby coastal regions with similar geomorphologies and other 
natural features.  The closest tide gauging stations with long-term data in areas 
geomorphologically similar to the Mississippi Gulf Coast includes Dauphin Island, Alabama and 
Pensacola, Florida.  An analysis of long-term data including approximately sixty years of sea 
level trends for Alabama and the Florida Panhandle indicates a linear trend of approximately .10 
inches of sea level rise per year.  Extrapolated over time, this trend indicates increases of ½, 1, 2, 
5, and 10 inches in the 5, 10, 20, 50, and 100-year timeframes respectively. 
 

4.3  MISSISSIPPISPECIFIC RESEARCH AND DATA 
 
As previously stated, much of the current research 
on sea level rise in the Gulf of Mexico has focused 
on areas such as the Mississippi River Delta, the 
Florida Keys, and the major bay along the Texas 
Gulf Coast.  To accommodate for the lack of 
empirical data providing credible sea level rise 
projections for Mississippi, this plan will focus on 
data representing historical shoreline changes in 
Mississippi dating from the 1850s through the early 
21st century.  To fully understand both the natural 
and man-made processes affecting shoreline 
changes during this time period, it is important to 
briefly understand the history of development of the 
Mississippi Gulf Coast and specifically development of the man-made sand beaches that help 
define the shoreline today.  Prior to the 1940s, the shoreline of the Mississippi Sound was still in 
its natural state and was primarily defined by natural outcroppings of trees and marshy areas.  In 
the 1940s as “Beach Boulevard” or Highway 90 began to be developed as a four-lane highway, 
many areas of the shoreline were hardened and defined by a step seawall.  It wasn’t until the 

early 1950s when the sand beach was created by 
pumping dredged sand materials onto the 
shoreline.34  From 1850 through 1950, the 
Mississippi Gulf Coast experienced a net loss of 
approximately 1,224 acres mostly through 
natural processes.  In contrast, from 1950 
through 1986, the Mississippi Gulf Coast 
experienced a net gain of 9 acres, primarily due 
to the development of the sand beach, 
reclamation of wetlands and other man-made 
processes. 35   

 
A broader view of these changes can be seen in calculations of marsh losses from the 1950s 
through the 1990s.  During this time period, the Mississippi Gulf Coast lost approximately 8,500 
acres of marshland with approximately 2,300 acres of this loss attributed to water gain or sea 
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level rise and approximately 3,500 acres lost due to human activities.  The loss of marsh lands 
since the 1950s averages to approximately 172 acres of loss per year.36   
 
Additional studies of long-term shoreline change trends indicate a mean shoreline change of 7.54 
feet per year (+- 6.23 feet) with 80% of the change attributed to erosion and 20% of the change 
attributed to accretion.  These historical shoreline changes combined with current rates of sea 
level rise indicate a continued habitat loss.  Expected increases in sea level rise rates will serve to 
heighten potential coastal loss. 
 
Long-term rates of loss for the Mississippi mainland are moderated by extensive armoring and 
periodic beach nourishment along the Mississippi Sound.  These man-made protective measures 
have served to slow rates of loss for the mainland.  However, long and short-term rates of 
erosion and land loss of the barrier islands indicate land loss rates ranging from 10.17 feet per 
year to approximately 19 feet per year. 37   
 

4.3.1  Mississippi‐Specific Sea Level Trends 
 
Through the process of determining sea level change trends specific to the Mississippi Coast, 
data from three NOAA tide gauging stations located in the Mississippi Sound was collected and 
analyzed.  This data was also compared and correlated to known data from tide stations at 
Dauphin Island, Alabama and Pensacola, Florida.  The comparisons to these two gauging 
stations with long-term data were conducted to normalize the short-term nature of the data from 
Mississippi with longer-term data from Alabama and Florida.  An analysis of short-term data 
from Mississippi compared to data from Alabama and Florida for the same time periods indicates 
a strong correlation and consistency in the data.  Data for each of the three Mississippi gauging 
stations was graphed as a scatter plot with a trend line representing the trend in sea level change 
over time.  Short-term data for the Mississippi tide gauging stations is illustrated in the following 
figures.38 
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Figure 4.9 Station 8741533 – Pascagoula NOAA Lab 5-Year Sea Level Trend (feet)39 

 
 
 
 
Figure 4.10 Station 8745557 – Gulfport Harbor 5-Year Sea Level Trend (feet)40 
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Figure 4.11 Station 8747437 – Bay Waveland Yacht Club 5-Year Sea Level Trend (feet)41 

 
 
Comparing the short-term trends of the Mississippi tide gauging stations to those in Alabama and 
Florida provide confidence that historic trends will continue throughout the region in a similar 
linear fashion.  This understanding provides the ability to conceptually project sea level into the 
future to help provide a context for planning considerations for the Mississippi Gulf Coast and 
the local governments located along the coast.  Figure 4.12 provides projection data for the 
Mississippi Gulf Coast. 
 
Figure 4.12 Summary of Local and Regional Sea Level Rise Projections 
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4.3.2  Summary of Local Sea Level Rise Data 
 
As illustrated in Figure 4.12, the linear trend for the Mississippi Tide Stations is statistically 
consistent with the trend illustrated for the Dauphin Island, Alabama and Pensacola, Florida Tide 
Stations.  Given the data presented, Mississippi can expect a minimum sea level rise of 
approximately ten inches by the year 2100.  However, data gaps including the lack of long-term 
historical sea level trends does impact the accuracy of data presented here.  Actual sea level rise 
levels potentially experienced in the future are dependent on a number of factors that are 
potentially difficult to predict.  These factors include erosion, accretion, and subsidence as local 
contributing factors.  Other factors such as glacial melt and climate change are more global in 
nature but still have potential to impact future sea levels on the Mississippi coast. 
 
The methodology used to determine linear projections of sea level rise for the Mississippi coast 
included an analysis of both short and long-term data for the Dauphin Island and Pensacola Tide 
Stations and a comparison of data from those stations to the short-term data available for 
Mississippi Tide Stations including stations located at the Pascagoula NOAA Lab, the Gulfport 
Harbor, and the Bay-Waveland Yacht Club.  The lack of long-term data from Mississippi 
stations necessitated comparison of short-term data from all stations to determine the presence of 
statistical consistencies.  It was determined that statistical consistencies existed.  As a result, the 
mean projected linear sea level rise trend for Mississippi was determined to be an average of .10 
inches per year, yielding projections of .5 inches in five years; 1 inch in ten years, 2 inches in 
twenty years; 5 inches in fifty years, and 10 inches in 100 years.  This trend represents a best-
case scenario for the Mississippi Gulf Coast.  This best-case scenario combined with the worst-
case scenario illustrated in Section 4.1.8 provides a range of predictions for future sea levels on 
the Mississippi coast ranging from .10 inch per year to approximately .83 inches per year.  Maps 
provided in Appendix A as Figures 14 – 15 and are designed to assist in visualizing potential 
impacts from sea level rise within the best and worst-case scenarios as presented.42 
 

4.3.3  On‐going Mississippi Sea Level Rise Research and Monitoring 
 
In recent years, several sea level rise research, monitoring, and modeling efforts have been 
initiated to address sea level rise along the northern Gulf of Mexico, including in Mississippi.  
Additional efforts are also underway such as the NOAA Climate Community of Practice aimed 
at providing and sharing knowledge about climate change impacts with local community leaders 
in Mississippi.  The following table provides an overview of examples of on-going research and 
monitoring activities: 
 
Table 4.1 Current and On-going Sea Level Rise Research Projects 
Project Name Principal Investigators 
Modeling Impacts of Global Climate Change on 
Gulf of Mexico Marsh Birds: What We Know, 
What We Need to Know, and How We Learn  

Bob Cooper, University of Georgia, Julia Cherry, 
University of Alabama, Mark Woodrey, Grand Bay 
NERR 

SLAMM Analysis of Grand Bay NERR and 
Environs 

Jorge Brenner, the Nature Conservancy 

Integrated Modeling for the Assessment of 
Ecological Impacts of Sea Level Rise 

Scott Hagen, University of Central Florida 



Assessment of Sea Level Rise in Coastal Mississippi 
Mississippi Department of Marine Resources 
July 2011 

31 
 

Project Name Principal Investigators 
Enhancing Gulf Coast Spatial Infrastructure for 
Resilience and Restoration (Tide Station, CORS, 
SETS 

Galen Scott, NOAA – National Geodetic Survey 
Office, Grand Bay NERR Staff, Weeks Bay NERR 
Staff 

Long-Term Study of the Effects of Natural 
Disturbances (Fires, Hurricanes, Etc.) on Coastal 
Transition Habitats Along the Northern Gulf of 
Mexico 

Grand Bay NERR Staff; Loretta Battaglia, 
University of Southern Illinois, Weeks Bay NERR 

The Role of Seedbanks in Coastal Vegetation 
Response to Incursions of the Sea 

Hannah Kalk, University of Southern Illinois 

Climate Change and Chinese Tallow (Tridica 
sebifera) Invastion in Grand Bay NERR 
Mississippi, USA 

Shishir Paudel, University of Southern Illinois 

The Utility of FEMA/MEMA Buyout Properties 
for Adaptation to Sea Level Rise 

Diane Harsberger, University of Southern Illinois 

Fire Effects Study on Marsh Accretion Julia Cherry, University of Alabama; Grand Bay 
NERR Staff 

Will Climate Change Cause Wetland Loss on the 
Mississippi Gulf Coast More than Upland Land 
Use/Land Cover Change within the Next Century 

Wei Wu 

The Impact of Accelerated Sea Level Rise on Tidal 
Marshes and Storm Surge 

Wei Wu; Maria Kalcic; Kevin Yeager 

Modeling of the Hydrochemical Responses of High 
Elevation Watersheds to Climate Change and 
Atmospheric Deposition 

Charles T. Driscoll; John L. Campbell; Katarine 
Hayhoe; Wei Wu 
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5.0  VULNERABILITY ASSESSMENT 
 
The previous sections illustrate some of the issues related to identifying a viable, quantitative 
method of predicting future sea levels with great accuracy.  However, the relative vulnerability 
of different coastal environments to sea level rise can be quantified on a regional and national 
level using a few basic variables.  The vulnerability assessment approach combines a coastal 
system’s susceptibility to change and its natural ability to adapt to constantly changing 
environmental conditions.  This approach also yields a relative measure of a systems’ natural 
vulnerability to the effects of sea level rise, regardless of the predicted rate. 
 
The USGS, in order to develop a means of assessing coastal vulnerabilities related to sea level 
rise, developed a Ranking of Coastal Vulnerability Index (CVI) based on six physical variables 
including: 

 Geomorphology, 
 Coastal slope (percent), 
 Rate of relative sea-level rise (inches/year), 
 Shoreline erosion and accretion rates (inches/year), 
 Mean tidal range (feet), and  
 Mean wave height (feet). 43 

 
The method developed and employed by USGS was created with the goal of predicting future 
coastal changes with a degree of certainty useful for planning considerations and coastal 
management.  The approach also follows similar methods developed to determine vulnerabilities 
associated with seismic and volcanic hazards.  The comprehensive vulnerability assessment of 
the Mississippi Gulf Coast will include a compilation of the CVI, social vulnerabilities, 
vulnerabilities of natural systems, and vulnerabilities of manmade systems.  The combination of 
these different vulnerabilities will be considered as a whole to gauge the overall vulnerability of 
the coast.  Each of these vulnerabilities will be detailed in subsequent sections.44 
 
Each of these physical variables is assigned a relative risk value based on the potential 
magnitude of its contribution to potential physical changes as sea levels rise.  Table 5.0 provides 
the risk values associated with each of the six physical variables used in the CVI.  The purpose 
of using the CVI is to quantify vulnerabilities that may exist due to current geomorphological 
and hydrological conditions regardless of the projected rate of sea level increase.  The CVI 
provides a static quantification of the region’s vulnerability to the effects of sea level rise but 
does not provide an indicator of future sea level increases or decreases. 
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Table 5.0 Ranking of Coastal Vulnerability Index45 
Ranking of Coastal Vulnerability Index 

Variable Very Low 
1 

Low 
2 

Moderate 
3 

High 
4 

Very High 
5 

Geomorphology Rocky, cliffed 
coasts, fiords 

Medium cliffs, 
indented 

coasts 

Low cliffs, 
Glacial drift, 

Alluvial Plains 

Cobble 
beaches, 
Estuary, 
Lagoon 

Barrier 
beaches, sand 
beaches, Salt 
marshes, Mud 
flats, Deltas, 
Mangrove, 
Coral reefs 

Coastal Slope (%) >11.5 11.5 to 5.5 5.5 to 3.5 3.5 to 2.2 <2.2 
Sea Level Rise 
(in/yr) <.07 .07 to .098 .098 to .12 .12 to .134 >.134 

Shoreline 
Erosion/Accretion 
(ft/yr) 

>6.56 3.28 to 6.56 -3.28 to +3.28 -3.61 to  -6.56 >-6.56 

Mean Tide Range 
(ft) 19.69 13.45 to 19.69 6.56 to 13.12 3.28 to 6.23 <3.28 

Mean Wave 
Height (ft) 1.81 1.81 to 2.79 2.79 to 3.44 3.44 to 4.10 >4.10 

 
The Coastal Vulnerability index uses the variables as indicated in Table 5.0 which are then 
applied to the formula as follows:  CVI=√ ((a*b*c*d*e*f)/6), where: 

 a = geomorphology 
 b = coastal slope 
 c = relative sea-level rise rate 
 d = shoreline erosion/accretion rate 
 e = mean tide range 
 f = mean wave height46 

 
In calculating the CVI, certain variables add more weight to the index than others.  In those 
cases, the variables with the highest ranking is said to dominate the index.  In other words, 
certain variables may have a higher impact on an area’s vulnerability than others.  The following 
sections provide data specific to the vulnerability of the Mississippi Gulf Coast.  Table 5.1 
provides generalized rankings for each of the three coastal counties and a coast-wide average 
using the NOAA CVI.  CVI values below 8.7 are considered low risk for sea level rise 
vulnerability.  Values from 8.7 to 15.6 are considered moderate risk.  Values from 15.6 to 20.0 
are considered high risk, and values greater than 20.0 are considered very high risk.47  The three 
coastal counties and the Mississippi Coast as a whole ranked in the moderate risk range.   
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Table 5.1 Coastal Vulnerability Index – Coastal Mississippi 

Variable 
Harrison 

Value 
Harrison 

Rank
Hancock 

Value
Hancock 

Rank
Jackson 
Value

Jackson 
Rank 

Coast 
Wide 
Value

Coast 
Wide 
Rank

Geomorphology     5   5   5     5
Coastal Slope (%)48  3.56%  3 4.45% 3 6.53% 2  4.85% 3
Relative Sea Level 
Rise Rate 
(inches/year)49  0.1  3 0.1 3 0.1 3  0.1 3

Shoreline 
Erosion/Accretion 
Rate (feet/year)50  ‐7.54  5 ‐7.54 5 ‐7.54 5  ‐7.54 5
Mean Tide Range 
(feet)51  1.652  5 1.602 5 1.429 5  1.561 5

Mean Wave Height 
(feet)52  1.41  1 1.41 1 1.41 1  1.41 1

CVI 
 

13.69 
 

13.69
 

11.18 
 

13.69

 

5.1  VULNERABILITY OF NATURAL SYSTEMS 
 
Specific natural areas vulnerable to the effects of sea level rise include the Mississippi GEMS 
sites, the Mississippi Sandhill Crane and Grand Bay NWRs, the coastal barrier islands, and the 
approximately 300 miles of natural shoreline that exists in the three coastal counties.  Along this 
natural shoreline are estuaries, marshes, and wetlands.  Off shore natural assets to be considered 
include various ocean and reef habitats including the oyster reefs located throughout the 
Mississippi sound and other natural and man-made reefs that provide habitat to a variety of 
marine species.  The GEMS/Coastal Preserves Sites, NWRs, and the barrier islands were 
selected for analysis of vulnerabilities of natural systems due to the presence of ecosystems in 
these areas representing a broad cross-section of the various ecosystems that exist on the 
Mississippi coast and in the Mississippi Sound.   
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5.1.1  Mississippi GEMS/Coastal Preserve Sites and National Wildlife Refuges 
 
As previously mentioned the Mississippi GEMS sites include twenty-two areas specifically 
designated by the State as coastal preserves.  Each site is designated as a result of unique and 
ecologically valuable habitats.  The goals of the program are: 

 to promote information exchange about the ecology and management of GEMS sites, 
 to increase awareness of the national and international significance of GEMS, 
 to improve understanding of the Gulf of Mexico ecosystem, and 
 to further conservation through interagency coordination, public/private partnerships, and 

targeting of research, monitoring, and action projects.53 
 
The Mississippi GEMS/Coastal Preserves sites include representations of many of the near-shore 
ecological resources previously discussed and therefore provide a good comprehensive snapshot 
of the potential impacts of sea level rise to near-shore environments and ecosystems.  Most, if 
not all Mississippi GEMS/Coastal Preserves sites contain a combination of fresh and saltwater 
marshes and wetlands and many of these are tidal in nature due to the proximity to the 
Mississippi Sound, the Gulf of Mexico, or various bays and inlets that exist along the Mississippi 
shoreline.  These wetlands provide a variety of critical functions to the overall coastal ecosystem 
and include: 
 
Water and Water Quality Buffer Zones Critical Habitats 
 Recharging groundwater  Flux control  Nursery areas 
 Water quality control  Storm protection  Primary habitat for migratory species 
 Salt extraction  Sediment retention  High biodiversity habitat 
 Nutrient retention & 

recycling 
 Erosion control & coast 

stabilization 
 Fish and shellfish habitat 

 
Two GEMS/Coastal Preserve sites are also designated by the U.S. Fish and Wildlife Service as 
National Wildlife Refuges.  These include the Grant Bay NWR and the Mississippi Sandhill 
Crane NWR.  Potential impacts and vulnerabilities for these NWR’s are similar in nature to those 
presented for all the GEMS/Coastal Preserves sites and will be addressed concurrently. 
 
Sea level rise has the potential to convert areas such as wetlands with emergent and submerged 
vegetation into areas of open water, resulting in a subsequent loss of wetland functions 
associated with the loss of vegetated wetlands.  If coastal wetlands are not able to accrete 
vertically (through sediment deposition or other means), at rates equal to relative sea level rise, 
they become stressed and ultimately disappear. 54   
 
The rate of wetland conversion due to sea level rise largely depends on the topography of the 
coastal zone.  Shallow sloped shorelines fare better for wetland migration than do steep 
shorelines.  However, multiple factors including the complexity of the topography and overall 
drainage density can have equivalent impacts on wetland conversion and wetland migration.55 
 
It is anticipated that the loss of wetlands along the Mississippi coast as a result of sea level rise 
will not be uniform, just as the topography and coastal conditions are not completely uniform.  
The high rate of dependency of gulf coast fisheries and other critical habitats on estuarine 
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wetlands increases the potential natural resource impacts of sea level rise.  Over 90% of all 
commercial and recreational species spend some part of their life cycle in coastal wetlands.  The 
potential loss of coastal wetlands and wetland habitats due to sea level rise could have significant 
adverse impacts on coastal fisheries and in-turn, significant impacts on local economies that rely 
heavily on commercial and recreational fishing.56   
 

5.1.2  Oyster Reefs 
 
In the same manner that coral reefs are critical to tropical marine habitats, oyster reefs provide 
critical functions to estuarine environments.  Through their natural processes, oyster reefs: 

 Provide important filtration and water quality functions.  A single oyster can filter as 
much as 50 gallons per day. 

 Oyster reefs provide food and habitat to a variety of estuarine and marine species 
including fish, crabs, and birds. 

 Oyster reefs also provide natural coastal buffers from boat wakes, sea level rise, and 
tropical storms.57 

 
While oyster reefs play a role in protecting estuarine areas from the affects of sea level rise, they 
can also be susceptible to impacts of sea level rise including changes in water level, changes in 
pH, and changes in salinity.58 
 

5.1.3  Mississippi’s Barrier Islands 
 
The Mississippi Sound is defined by a series of six barrier islands including Cat Island, Ship 
Island, Horn Island, Petis Bois Island, and the more near shore Dear Island and Round Island.  
These barrier islands play a critical role in protection of the shore line and critical habitats found 
in and around the Mississippi Sound.   
 
The Mississippi Barrier Islands provide habitat to important marine species, help define the 
natural ecosystem of the Mississippi Sound, and provide protection to the mainland from 
hurricanes and other tropical weather activity.  While we know that the habitat, ecosystem, and 
even the geographic shape of the islands are ever changing, impacts from sea level rise have the 
potential to adversely affect both the condition and function of the barrier islands.   
 
Uncertainties relative to land loss associated with the barrier islands are attributed to multiple 
factors including sediment availability, sediment transport, and rising sea levels.  In contrast to 
barrier islands in neighboring states, the Mississippi barrier islands are not migrating landward as 
they decrease in size.  Rather, they are gradually moving westward in the direction of the 
predominant littoral drift through processes of up-drift erosion and down-drift deposition.  
Research indicates the sand spits and shoals of the islands are being transferred westward while 
the vegetated interior cores of the islands remain fixed.  While sea level increases are the primary 
factor in coastal land loss over geological time scales, land loss potential can be minimized if 
sufficient sediment supply is available.  When sediment supply is significantly reduced, land loss 
is exacerbated due to an inability of natural systems to replenish and redistribute these 
sediments.59   
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5.1.4  Essential Fish Habitat 
 
Sea level rise could potentially impact essential fish habitat by altering water depths, changing 
pH of ocean waters, warming waters, and by drowning certain habitats.  The Gulf States Marine 
Fisheries Commission has addressed sea level rise in Regional Fisheries Management Plans for 
flounder, sheepshead, and striped bass and to a lesser degree for blue crab, menhaden, and 
spotted sea trout.  Future plans should consider changes in sea level rise affecting various life 
history stages of marine and estuarine aquatic resources. 
 

5.1.5  Summary of Vulnerabilities of Natural Systems 
 
Natural ecosystems within the Mississippi Sound are vulnerable to direct and indirect impacts of 
sea level rise.  Direct impacts include impacts to wetlands and other estuarine environments that 
have the potential to affect these systems’ ability to migrate as sea levels increase or decrease.  
Indirect impacts include changes in salinity, impacts to emergent vegetation, and the ability of 
sediments to migrate and settle in areas of potential land loss.  Area including GEMS sites, 
NWRs, and the Mississippi Barrier Islands provide a good cross-representation of the various 
marine and estuarine ecosystems that exist across the Mississippi Coast.  Impacts to these 
systems have already been realized and are evidenced by changes and shifts in the shape and 
location of the barrier islands, and loss of wetlands over time.  Continued increases in sea levels 
will continue to place these systems at risk and will serve to increase the vulnerability of 
Mississippi’s coastal ecosystem. 
 

5.2  VULNERABILITY OF MANMADE SYSTEMS 
 
Coastal Mississippi, as one of the more populated regions of the state, includes a variety of types 
of man-made systems that are potentially vulnerable to the effects of sea level rise.  These 
systems include 1) the built environment such as residential, commercial, institutional, and 
industrial structures; 2) the socio-economic environment such as at-risk populations; 3) public 
infrastructure including utilities, transportation systems and critical facilities such as hospitals 
and public safety facilities; and 4) recreational facilities such as parks, playgrounds, and public 
access points.   
 

5.2.1  The Built Environment 
 
The vast majority of population in the three coastal counties exists south of Interstate 10 and in 
areas likely to be impacted by potential increases in sea level and by associated impacts of storm 
surge and increasing flood levels.  Counties located within the planning area have an average of 
40 or more Severe Repetitive Loss Properties (SRL) as defined by FEMA.  A SRL property is 
one that has had at least four National Flood Insurance Program (NFIP) claim payments over 
$5,000 each, with at least two claims occurring within a ten-year period; and with a cumulative 
claim amount exceeding $20,000.  Supplemental to that definition are properties that have 



Assessment of Sea Level Rise in Coastal Mississippi 
Mississippi Department of Marine Resources 
July 2011 

39 
 

experienced at least two separate claims exceeding the total value of the property within a ten-
year period.60  In addition, data indicates 11.07% of the land area in Hancock County, 3.51% of 
the land area in Harrison County, and 8.35% of the land area in Jackson County exists with 
potential sea level rise zones.61  The existence of numerous severe repetitive loss properties is an 
indication of properties that have potential vulnerability related to sea level rise.  As the 
population on the Mississippi coast continues to increase and new development and 
infrastructure is developed, additional properties become at risk to sea level rise impacts.  
Potential impacts include increased flooding frequency, potential damage to critical 
infrastructure, and increasing public costs associated with flood insurance claims, infrastructure 
repair and maintenance, and increased costs associated with emergency management efforts. 
 
Concurrent to concerns related to vulnerability of the built environment are social vulnerabilities 
associated with potentially at-risk populations located in coastal Mississippi.  Approximately 
44% (145,697) of the coast’s population resides within FEMA designated flood zones.  In 
addition, 35% (20,373) of the coasts population living at or below the poverty level and 47% 
(17,704) of the coast’s population over the age of 65 live in designated flood zones.62  These at-
risk populations represent segments of the population particularly vulnerable to impacts related 
to sea level rise. 
 

5.2.2  Critical Facilities 
 
Critical facilities such as fire stations, police stations, hospitals, clinics, and shelter facilities 
located in areas potentially susceptible to sea level rise present concerns related to a 
community’s ability to effectively respond to emergency situations and to provide an appropriate 
level of response and recovery from flood events and other natural disasters potentially 
exacerbated by sea level rise.  Recent data indicates 45 schools, 4 police stations, 8 fire stations, 
1 emergency center, and 2 communications facilities currently existing within FEMA designated 
flood zones.63  Mapping of existing infrastructure and critical facilities combined with 
appropriate levels of public capital facilities and land use planning are critical to minimizing and 
potentially eliminating vulnerabilities associated with critical public facilities. 
 

5.2.3  Summary of Sea Level Rise Impacts on Man‐Made Systems 
 
With high population densities and relatively high development densities in the near-shore areas 
of the Mississippi Gulf Coast, several categories of man-made systems on the coast are 
potentially vulnerable to direct and indirect impacts of sea level rise.  These include residential 
and commercial land use areas, critical facilities and infrastructure, and potentially vulnerable 
populations.  Compounding potential impacts to these man-made systems is the presence of 
existing FEMA designated flood zones that have a significant history of flooding during 
“normal” rain events.  Increases in sea levels combined with man-made systems located in areas 
considered to be at-risk will potentially increase the impacts to these systems.  The saying, 
“Today’s flood is tomorrow’s high tide” is particularly applicable to areas that are frequently 
inundated due to seasonal rain events.  Careful considerations relative to land use planning and 
site selection for critical facilities and infrastructure are important considerations in reducing the 
potential vulnerabilities and impacts of sea level rise on man-made systems. 
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5.3  SEA LEVEL RISE AND EFFECTS ON COASTAL STORMS 
 
A significant consideration within the context of climate change and sea level rise for the 
Mississippi Gulf Coast is the potential for variations in water temperature and sea levels to affect 
the frequency, duration, and intensity of tropical weather activity.  Atlantic hurricanes are high 
pressure systems with clockwise rotation that typically originate in the eastern Atlantic Ocean, 
Caribbean Sea, or the Gulf of Mexico.  The Atlantic hurricane season extends from June 1 to 
November 30th and coincides with warm weather periods in the south Atlantic, Caribbean, and 
Gulf of Mexico region.  One of the primary factors contributing to the origin and growth of 
tropical storm and hurricanes systems is water temperature.  Ideal conditions are 80⁰ ocean 
temperatures to a depth of approximately 150 feet.64   
 
Significant theoretical and research data supports the position that temperature increases in the 
world’s oceans and rising sea levels may potentially increase the frequency, duration, and 
intensity of hurricanes originating in the Atlantic Basin.  Much of this same data supports the 
idea that increases in sea level will also equate to increased storm surges driven by hurricanes 
affecting the gulf coast region.  Evidence of these factors is seen in an analysis of Accumulated 
Cyclone Energy (ACE) data from 1950 – 2009.  While the data shows no clear trend in hurricane 
intensity, it does indicate a noticeable increase in intensity over the previous 20 years with six of 
the ten most active hurricane seasons occurring since the mid-1990s.65 
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6.0  SEA LEVEL RISE PLANNING AND POLICY STRATEGIES 
 
Local and regional responses to sea level rise generally fall into one of three primary categories 
including armoring, retreating, or adapting.  Armoring strategies are those that are intended to 
physically armor the shoreline against rising sea levels.  Retreating strategies are associated with 
policies related to “no-build” zones, deed restrictions, rolling easements, and other mechanisms 
designed to minimize impacts to the human and built environment.  Adaptation strategies include 
measures such as elevation of structures and including consideration of sea level rise into local 
and regional planning documents such as comprehensive plans and local hazard mitigation plans.  
In determining specific pathways of response to sea level rise, it is rarely an “either-or” scenario 
but rather a decision process to determine which combination of pathways or strategies are most 
effective and most sustainable for a given situation.   
 
Retreating and accommodating strategies may also have the potential to raise significant legal 
issues related to 5th Amendment rights and certain legal considerations related to common law 
and the Public Trust Doctrine.  The 5th Amendment to the U.S. Constitution states in part that, 
“no person shall be deprived of life, liberty, or property without due process of law, nor shall 
private property be taken for public use without just compensation”.  This “takings clause” of the 
5th Amendment brings to light sensitive issues as they relate to shoreline retreat, extension of 
shoreline buffers, and other legal mechanisms such as rolling easements.66  The Public Trust 
Doctrine is a legal principal taken from English Common Law.  The essence of which is that 
waters of the state are a public resource owned by and available to all citizens equally for 
purposes of navigation, commerce, fishing, recreation, and similar uses.  Essentially, the Public 
Trust Doctrine limits public and private use of tidelands and other shorelands to protect the 
public’s right to use the waters of the state.67  Legal issues related to takings and public use rights 
are complex and it is not the intention of this plan to discuss in detail or clarify those issues as 
they relate to planning and mitigation strategies.  Rather, this plan seeks to provide a menu of 
potential mitigation, planning, and policy options to local and regional entities.  Local 
governments seeking to enact policies or planning measures that may relate to taking of private 
land for public use or the Public Trust Doctrine should consult with appropriate and expert legal 
counsel before enacting such measures.  
 
The various options that exist for local and regional responses to sea level rise must also be 
weighed within the contexts of sustainability, environmental sensitivity, local political 
feasibility, and fiscal feasibility.  Figures 6.1-6.4 depict the relative feasibility of different 
response options.68  In addition, a “no action” option exists as local communities work through 
their response decision pathways.  The no action option must also be considered within the 
context of environmental sensitivity, sustainability, political feasibility, and fiscal feasibility. 
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Figure 6.1 Response Pathways: Environmental Sensitivity69 
 
 
 
Figure 6.1 represents the relative environmental 
sensitivity of the three primary sea level rise response 
pathway approaches with armoring generally being the 
least environmentally sensitive and retreating options 
being the most environmentally sensitive.  Exceptions 
to this may exist depending on the particular strategy or 
set of strategies to be employed.  Overall environmental 
sensitivity will be dependent on the particular 
ecosystem potentially impacted by a given strategy, 
materials employed in execution of the strategy, and the 
potential long or short-term nature of the strategy. 
 
 

 
 
 
 
 
Figure 6.2 Response Pathways: Sustainability70 

 
 
 
 
Figure 6.2 illustrates the relative sustainability of the 
three primary sea level rise response pathways with 
adaptation being generally the least sustainable and 
options associated with the retreat pathway seen as the 
most sustainable.  Exceptions to this illustration of 
relative sustainability will exist depending on the 
particular strategy or set of strategies to be employed. 
 
  



Assessment of Sea Level Rise in Coastal Mississippi 
Mississippi Department of Marine Resources 
July 2011 

43 
 

Figure 6.3 Response Pathways: Political Feasibility71 
 
 
Figure 6.3 illustrates the relative political feasibility of 
the three primary sea level rise response pathways.  In 
general terms, options related to retreating from sea 
level rise are seen as the least politically feasible and 
options related to armoring are seen as the most 
politically feasible.  This illustration of political 
feasibility has a high potential for relativity due to 
potential various in local and state political climates, 
local stakeholder views on sea level rise and apparent 
risks, and local and state regulations governing 
implementation of various sea level rise response 
options. 
 
 

 
 
Figure 6.4 Response Pathways: Fiscal Feasibility72 

 
 
 
Figure 6.4 illustrates the relative fiscal or financial 
feasibility of the three primary sea level rise response 
pathways with armoring generally seen as the least 
fiscally feasible (or most expensive) long-term option 
and adaptation seen as the most fiscally feasible (or 
least expensive) long-term option.  As with the other 
variables illustrated in Figures 6.1-6.3 some variation 
will exist with respect to fiscal feasibility of a given 
response option or set of options. 
 

 

 

 

6.1  ARMOR  
 
Sea level rise mitigation measures and strategies related to armoring are generally engineer 
designed structures or systems designed to hold back the sea and to protect primarily man-made 
assets from sea level increases.  Examples include levees, groins, sea walls, and other hard 
structures.  Table 6.1 provides specific details of armoring practices that could potentially be 
deployed along the Mississippi coast. 
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Table 6.1 Armoring Strategies73 

Armoring Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

Trap sand through 
construction of groins 
– a barrier-type 
structure that traps 
sand by interrupting 
longshore transport. 

Maintenance of 
sediment 
transport. 

Preserve coastal 
land/development; 
maintain 
shorelines. 

Creates more 
natural shore 
face than 
bulkheads or 
revetments; 
quick fix. 

Can potentially 
trigger or 
accelerate erosion 
on the down drift 
side and loss of 
beach habitat. 

Manage realignment 
and deliberately 
realign engineering 
structures affecting 
rivers, estuaries, and 
coastlines. 

Preservation of 
coastal land and 
development 
including 
infrastructure. 

Preserve habitat 
for vulnerable 
species; maintain / 
restore wetlands; 
maintain sediment 
transport. 

Reduces 
engineering 
costs; protects 
ecosystems and 
estuaries; allows 
for natural 
migration of 
rivers. 

Can be costly. 

Install rock sills and 
other artificial 
breakwaters in front of 
tidal marshes along 
energetic estuarine 
shores. 

Shoreline 
maintenance 
(“soft” 
measures”). 

Preserve coastal 
land / 
development; 
maintain water 
quality. 

Naturally 
protect 
shorelines and 
marshes and 
inhibit erosion 
inshore of the 
reef; will induce 
sediment 
deposition. 

May not be 
sustainable in the 
long-term because 
breakwaters are not 
likely to provide 
reliable protection 
against erosion in 
major storms. 

Composite systems – 
Incorporation of 
elements of two or 
more methods (e.g. 
breakwater, sand fill, 
and planting 
vegetation. 

Shoreline 
maintenance 
(“soft” 
measures”). 

Preserve coastal 
land / 
development. 

Incorporates 
benefits of 
multiple 
systems; can 
address longer 
stretches of 
coastline. 

“Softer” 
approaches require 
more maintenance 
over time and can 
become costly. 

Fortification of 
existing dikes. 

Shoreline 
maintenance 
(“hard” 
measures). 

Maintain water 
quality, preserve 
coastal land / 
development. 

Protect land 
subject to 
flooding and 
storm surges. 

Can be costly, does 
not necessarily 
address migrating 
salinity gradients. 

Harden shorelines 
with bulkheads – 
anchored, vertical 
barriers constructed at 
the shoreline to block 
erosion. 

Shoreline 
Maintenance 
(“hard” 
measures). 

Preserve coastal 
land / 
development. 

Most common; 
simple materials 
used for 
construction; 
quick fix. 

Loss of intertidal 
habitats; adjacent 
properties must be 
bulkheaded to 
maintain consistent 
shorefront – where 
does it end? 

Harden shorelines 
with seawalls. 

Shoreline 
maintenance 
(“hard” 
measures). 

Preserve coastal 
land / 
development. 

Withstand 
greater wave 
energy than 
bulkheads; 
simple materials 

Loss of intertidal 
habitats.  As with 
bulkheads, adjacent 
properties must be 
seawalled to 
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Armoring Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

used for 
construction; 
quick fix. 

maintain consistent 
shorefront – where 
does it end? 

Harden shorelines 
with revetments that 
armor the slope face of 
the shoreline. 

Shoreline 
maintenance 
(“hard” 
measures). 

Preserve coastal 
land / 
development. 

Simple materials 
used for 
construction; 
quick fix. 

Loss of intertidal 
habitats; often 
constructed poorly 
and lead to 
destabilization of 
banks, increasing 
erosion. 

Harden shorelines 
with breakwaters – 
structures placed 
offshore to reduce 
wave action. 

Shoreline 
maintenance 
(“hard” 
measures). 

Maintain water 
quality; preserve 
coastal land / 
development. 

Employs 
materials that 
are locally 
available; quick 
fix; creates good 
habitat for 
marshes and 
other calm water 
systems. 

Down drift coast 
may be deprived of 
sediment, 
increasing erosion; 
loss of habitat. 

Headland control – 
reinforce or accentuate 
an existing 
geomorphic feature or 
create an artificial 
headland (e.g. 
geotextile tube). 

Shoreline 
maintenance 
(“hard” 
measures). 

Preserve coastal 
land / 
development. 

Can be cost 
effective. 

May reduce 
sediment supply to 
adjacent shores, 
increasing erosion; 
loss of habitat. 

 
 

6.2  RETREAT 
 
Sea level rise mitigation strategies related to retreating are typically policy-related measures that 
seek to prevent or minimize development in near shore areas of the coastline.  Examples of 
retreat options include enhanced buffer zones, no-build zones, conservation easements, and 
rolling easements.  Since these policies are typically associated with land use and land ownership 
rights, care should be taken in choosing options presented here.  As previously mentioned, legal 
issues associated with 5th Amendment rights and rights provided through the Public Trust 
Doctrine have the potential to be associated with these particular measures.  Table 6.2 provides a 
variety of options related to measures and strategies associated with the retreat option. 
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Table 6.2 Retreating Strategies74 

Retreating Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

Allow coastal 
wetlands to migrate 
inland (e.g. through 
setbacks, density 
restrictions, land 
purchases). 

Maintaining / 
restoring 
wetlands. 

Preservation of 
habitat for 
vulnerable 
species; 
preservation of 
coastal land / 
development. 

Maintains 
species habitats; 
maintains 
protection for 
inland 
ecosystems. 

In highly 
developed areas, 
there is often little 
or no land available 
for wetland 
migration, or could 
potentially be 
costly to 
landowners. 

Establish rolling 
easements. 

Maintaining / 
restoring 
wetlands. 

Maintain water 
quality; maintain 
sediment 
transport. 

Lower long-
term costs; 
sediment 
transport 
remains 
undisturbed; 
property owner 
bears risks of 
sea level rise. 

Does not prevent 
migration of 
salinity gradient. 

Land exchange 
programs – owners 
exchange property in 
the floodplain for 
publicly-owned land 
outside of the 
floodplain (i.e. transfer 
of development 
rights). 

Preservation of 
coastal land / 
development. 

Preserves habitat 
for vulnerable 
species; maintain / 
restore wetlands. 

Preserves open 
spaces; more 
land available to 
protect 
estuaries. 

Program is 
voluntary; land 
must be available 
for development 
elsewhere; not 
currently allowed 
legislatively in 
Mississippi. 

Create permitting rules 
that constrain 
locations for landfills, 
hazardous waste 
dumps, mine tailings, 
and hazardous 
materials facilities. 

Preservation of 
coastal land / 
development. 

Preserve habitat 
for vulnerable 
species; maintain / 
restore wetlands; 
maintain sediment 
transport. 

Zones 
accordingly to 
protect estuaries 
and coastal 
zones. 

Enactment of these 
types of zoning 
regulations may be 
difficult. 

Land acquisition 
program – purchase 
coastal land that is 
damaged or prone to 
damage and reuse for 
conservation purposes. 

Preservation of 
coastal land / 
development. 

Preserve habitat 
for vulnerable 
species; maintain / 
restore wetlands. 

Can provide a 
buffer to inland 
areas; prevents 
development on 
the land. 

Can be cost 
prohibitive; land 
may not be 
available; 
voluntary. 

Create marsh by 
planting the 
appropriate species – 
typically grasses, 
sedges, or rushes – in 
the existing substrate. 

Shoreline 
maintenance 
(“soft” 
measures). 

Maintain water 
quality; maintain / 
restore wetlands; 
preserve habitat 
for vulnerable 
species; invasive 

Provides 
protective 
barrier; 
maintains and 
often increases 
habitat. 

Conditions must be 
right for marsh to 
survive (e.g. 
sunlight for 
grasses, calm 
water) can be 
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Retreating Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

species 
management. 

affected by 
seasonal changes. 

Restrict or prohibit 
development in 
erosion zones. 

Shoreline 
maintenance 
(“soft” 
measures). 

Preserve coastal 
land / 
development; 
maintain / restore 
wetlands. 

Allows for more 
land available to 
protect 
estuaries. 

Will not help areas 
already developed; 
difficult to get all 
parties to agree; 
potential takings 
issues. 

Increase shoreline 
setbacks. 

Shoreline 
Maintenance 
(“soft” 
measures). 

Preserve coastal 
land / 
development. 

Protects coastal 
property in the 
long term and 
prevents 
development 
directly on the 
shoreline. 

Will not help areas 
already developed; 
potential takings 
issues. 

Retreat from, and 
abandonment of, 
coastal barriers. 

Preservation of 
habitat for 
vulnerable 
species. 

Maintain / restore 
wetlands. 

May help 
protect 
estuaries, 
allowing them 
to return to their 
natural habitat. 

Generally not 
politically favored 
due to the high 
value of coastal 
property and 
infrastructure; 
potential takings 
issues. 

Purchase upland 
development rights or 
property rights. 

Preservation of 
habitat for 
vulnerable 
species. 

Maintain / restore 
wetlands; 
maintain water 
quality. 

Protects habitats 
downstream. 

Costly; uncertainty 
about sea level rise 
leads to uncertainty 
in the amount of 
property purchased; 
similar to transfer 
of development 
rights, not currently 
allowed 
legislatively in 
Mississippi. 

Prevent or limit 
groundwater 
extraction from 
shallow aquifers. 

Maintain water 
quality. 

Preserve coastal 
land / 
development; 
maintain / restore 
wetlands; 
maintain water 
availability. 

Will limit 
relative sea level 
rise by 
preventing 
subsidence and 
reducing 
saltwater 
intrusion into 
freshwater. 

May create a costly 
need to identify 
alternative 
municipal water 
sources. 
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6.3  ADAPT 
 
Policies and strategies related to adaptation are those that provide some level of flexibility in 
policy, design, and implementation of strategies.  Adaptation strategies include measures such as 
elevation of structures and including consideration of sea level rise into local and regional 
planning documents such as comprehensive plans and local hazard mitigation plans.  As 
previously mentioned, these strategies are not meant to be a “one size fits all” approach but 
rather a “treatment train” approach should be considered and adopted that uses one or more 
strategies working concurrently and in concert to address specific management goals.  Table 6.3 
provides details on a variety of adaptation strategies. 
 
Table 6.3 Adaptation Strategies75 

Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

Promote wetland 
accretion by 
introducing sediment. 

Maintain / restore 
wetlands. 

Maintain 
sediment 
transport. 

Maintains 
sediment 
transport to 
wetlands, which 
protects coastal 
lands from 
storms. 

Requires continual 
maintenance; can be 
very costly. 

Prohibit hard shore 
protection. 

Maintain / restore 
wetlands. 

Preserve habitat 
for vulnerable 
species; maintain 
sediment 
transport. 

Allows for 
species 
migration. 

Alternatives of 
bulkhead 
construction are 
more expensive and 
may be more 
difficult to obtain 
permits for. 

Remove existing hard 
protection or other 
barriers to tidal and 
riverine flow (e.g. 
riverine and tidal dike 
removal. 

Maintain / restore 
wetlands. 

Maintain 
sediment 
transport; 
maintain 
shorelines. 

May allow for 
wetland 
migration. 

Costly and 
destructive to 
shoreline property. 

Incorporate wetland 
protection into 
infrastructure planning 
(e.g. transportation 
planning, sewer 
utilities). 

Maintain / restore 
wetlands. 

Maintain water 
quality; preserve 
habitat for 
vulnerable 
species. 

Protects 
valuable and 
important 
infrastructure. 

 

Preserve and restore 
the structural 
complexity and 
biodiversity of 
vegetation in tidal 
marshes, and seagrass 
meadows. 

Maintain / restore 
wetlands. 

Maintain water 
quality; maintain 
shorelines; 
invasive species 
management. 

Vegetation 
protects against 
erosion, protects 
mainland 
shorelines from 
tidal energy, 
storm surge, and 
wave forces, 
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Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

filters 
pollutants, and 
absorbs 
atmospheric 
CO2. 

Identify and protect 
ecologically 
significant areas such 
as nursery grounds, 
spawning grounds, 
and areas of high 
species diversity (e.g. 
GEMS, coastal 
preserves). 

Maintain / restore 
wetlands. 

Invasive species 
management; 
preserve habitat 
for vulnerable 
species. 

Protecting 
critical areas 
will promote 
biodiversity and 
ecosystem 
services (e.g. 
producing and 
adding nutrients 
to coastal 
systems serving 
as refuges and 
nurseries for 
species). 

Some areas / 
circumstances may 
require federal or 
state protection. 

Trap or add sand 
through beach 
nourishment – the 
addition of sand to a 
shoreline to enhance 
or create a beach area. 

Maintain 
sediment 
transport. 

Preserve habitat 
for vulnerable 
species; preserve 
coastal land / 
development; 
maintain 
shorelines. 

Creates 
protective beach 
for inland areas; 
replenishes sand 
lost to erosion; 
potentially 
creates new 
public access 
and tourism / 
recreation areas. 

Periodic 
maintenance cycle 
required; potentially 
high costs to import 
beach material. 

Create a regional 
sediment management 
plan. 

Maintain 
sediment 
transport. 

Maintain water 
quality. 

Preserves 
natural sediment 
flow and 
protects water 
quality of 
downstream 
reaches. 

Improvements and 
plan 
recommendations 
may be costly. 

Develop adaptive 
stormwater 
management practices 
(e.g. promoting 
natural buffers, 
adequate culvert 
sizing). 

Maintain 
sediment 
transport. 

Maintain water 
quality. 

Preserves 
natural sediment 
flow and 
protects water 
quality of 
downstream 
reaches. 

Improvements and 
retrofits may be 
costly. 

Integrate coastal 
management into land 
use planning. 

Preservation of 
coastal land / 
development. 

Preserves habitat 
for vulnerable 
species; maintain 
/ restore wetlands. 

Potentially 
requires more 
state agency 
oversight; 
allows for 

May be difficult to 
have local and state 
agencies agree on 
specific plan 
elements; private 
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Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

conservation 
and 
management 
goals to be 
incorporated 
locally; allows 
for locally 
comprehensive 
coastal 
management in 
cooperation 
with state 
efforts. 

property rights; 
current legislation is 
prescriptive but not 
required. 

Consider Integrated 
Coastal Zone 
Management – using 
an integrated approach 
to achieve 
sustainability and 
resiliency. 

Preservation of 
coastal land / 
development. 

Preserve habitat 
for vulnerable 
species; maintain 
/ restore wetlands; 
maintain water 
availability; 
maintain water 
quality; maintain 
sediment 
transport; 
maintain 
shorelines. 

Considers all 
stakeholders in 
planning, 
balancing 
objectives; 
addresses all 
aspects of 
climate change. 

Stakeholders must 
be willing to 
compromise; 
requires much more 
effort in planning. 

Incorporate 
consideration of 
climate change and 
sea level rise impacts 
into planning for new 
infrastructure. (homes, 
buildings, water, 
sewer, streets, critical 
facilities, etc. 

Preservation of 
coastal land / 
development. 

Preserve habitat 
for vulnerable 
species; maintain 
/ restore wetlands. 

Engineering 
could be 
modified to 
account for 
changes in 
precipitation or 
seasonal timing 
of flows; siting 
decisions could 
take into 
account sea 
level rise. 

Land owners may 
resist relocating 
away from prime 
coastal locations. 

Replace shoreline 
armoring with living 
shorelines – through 
beach nourishment, 
vegetation, etc. 

Shoreline 
maintenance 
(“soft” 
measures). 

Maintain / restore 
wetlands; 
preserve habitat 
for vulnerable 
species; preserve 
coastal land / 
development. 

Reduces the 
negative effects 
of armoring 
(down drift 
erosion); 
maintains beach 
habitat. 

Can be costly; 
requires more 
planning and 
materials than 
armoring. 

Introduce submerged 
aquatic vegetation to 
stabilize sediment and 

Shoreline 
maintenance 
(“soft” 

Maintain / restore 
wetlands; 
preserve habitat 

Stabilizes 
sediment; does 
not require 

Seasonality – 
grasses diminish in 
winter months when 
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Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

reduce erosion. measures). for vulnerable 
species; preserve 
coastal land / 
development. 

costly 
construction 
procedures. 

wave activity is 
often more severe 
because of storms; 
natural light 
availability is 
critical. 

Create dunes along the 
backshore of beaches; 
includes planting dune 
grasses and sand 
fencing to induce 
settling of wind-blown 
sand. 

Shoreline 
maintenance 
(“soft” 
measures). 

Preserve coastal 
land / 
development. 

Protects both the 
beach and 
inland areas 
from sea level 
rise; potentially 
reduce volumes 
of wind-blown 
sand into other 
infrastructure 
such as 
Highway 90 / 
Beach 
Boulevard. 

Costs of importing 
sand; potentially 
takes land away 
from public use; 
may impair 
viewsheds in certain 
circumstances. 

Use natural 
breakwaters such as 
oyster reefs or other 
man-made / natural 
materials to dissipate 
wave action and 
protect shorelines. 

Shoreline 
maintenance 
(“soft” 
measures). 

Preserve coastal 
land / 
development; 
maintain water 
quality; invasive 
species 
management. 

Naturally 
protect 
shorelines and 
marshes and 
inhibit erosion 
inshore of the 
reef; will 
induces 
sediment 
deposition. 

May not be 
sustainable in the 
long-term because 
breakwaters are not 
likely to provide 
reliable protection 
against erosion in 
major storms. 

Redefine riverine 
flood hazard zones to 
match projected 
expansion of flooding 
frequency and extent. 

Shoreline 
maintenance 
(“soft” 
measures). 

Preserve coastal 
land / 
development; 
maintain / restore 
wetlands. 

Protects riverine 
systems and 
zones 
accordingly. 

Potential impacts on 
flood insurance 
(e.g. may place new 
properties/structures 
into the floodplain; 
may require 
changes to zoning 
ordinances or local 
flood hazard 
protection 
ordinances. 

Strengthen rules that 
prevent the 
introduction of 
invasive species (e.g. 
enforce no discharge 
zones for ballast 
water). 

Invasive species 
management. 

Maintain / restore 
wetlands; 
preserve habitat 
for vulnerable 
species. 

Prevents 
difficult and 
costly 
eradication of 
invasives by 
preventing their 
introduction. 

May require state 
action; may be 
difficult to regulate. 
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Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

Remove invasive 
species and restore 
native species. 

Invasive species 
management. 

Maintain / restore 
wetlands; 
preserve habitat 
for vulnerable 
species. 

Local removal 
of invasives is 
locally viable to 
improve marsh 
and wetlands 
characteristics 
that promote 
native fish and 
wildlife. 

Difficult (if not 
impossible) on 
larger scales. 

Expand the planning 
horizon of land use 
and comprehensive 
planning to 
incorporate longer 
climate predictions. 

Preservation of 
habitats for 
vulnerable 
species. 

Preserve coastal 
land / 
development. 

Could inhibit 
risky 
development 
and prove 
protection for 
estuarine 
habitats. 

Land use plans 
rarely incorporate 
hard prohibitions 
against 
development close 
to sensitive habitats 
and have limited 
durability over 
time; current 
legislation is 
prescriptive, not 
required. 

Adapt protections of 
important and critical 
habitats as the 
locations of these 
areas change with 
climate and sea level 
changes. 

Preservation of 
habitats for 
vulnerable 
species. 

Maintain / restore 
wetlands. 

Allows for 
migration of 
critical areas. 

Will require 
continuous 
monitoring efforts. 

Connect landscapes 
with habitat corridors 
to enable migrations. 

Preservation of 
habitats for 
vulnerable 
species. 

Maintain / restore 
wetlands. 

Allows for 
species 
migration with 
climate change; 
sustains wildlife 
biodiversity 
across the 
landscape. 

May require 
significant efforts 
and resources. 

Design estuaries with 
dynamic boundaries 
and buffers. 

Preservation of 
habitats for 
vulnerable 
species. 

Maintain / restore 
wetlands. 

Protects 
breeding and 
foraging 
habitats of 
highly 
migratory 
species. 

In highly developed 
areas, boundaries 
may be unmovable. 

Replicate habitat types 
in multiple areas to 
spread risks associated 
with climate change 

Preservation of 
habitats for 
vulnerable 
species. 

Maintain / restore 
wetlands; 
invasive species 
management. 

Protects 
biodiversity and 
critical areas. 

Land may not be 
available for habitat 
replication. 



Assessment of Sea Level Rise in Coastal Mississippi 
Mississippi Department of Marine Resources 
July 2011 

53 
 

Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

and sea level rise. 
Design and implement 
new coastal drainage 
systems. 

Maintain water 
quality. 

 Many systems 
may need to be 
restructured 
anyway. 

Planning, 
engineering, and 
construction can be 
very costly and time 
consuming. 

Integrate climate 
change scenarios into 
water supply system. 

Maintain water 
quantity. 

Preserve coastal 
land / 
development. 

Takes changes 
in temperature, 
precipitation, 
and sea level 
rise into account 
in planning. 

Could show that 
major restructuring 
is needed; changes 
could be costly. 

Manage water demand 
(through water reuse, 
recycling, rainwater 
harvesting, 
desalination, etc.). 

Maintain water 
quantity. 

 Increases 
availability of 
water for all 
uses. 

Requires 
coordination among 
water agencies, 
utilities, and 
districts. 

Consider 
modifications to local 
Flood Hazard 
Prevention Ordinances 
to increase freeboard 
requirements. 

Preserve coastal 
land / 
development. 

Maintain water 
quality; protect 
life and property; 
increased 
resiliency. 

Provide for 
additional 
protection of 
residential 
structures from 
higher tides, 
storm surges, 
flooding. 

Will require local 
adoption; will 
increase costs of 
development in 
coastal zones and 
flood prone areas. 

Consider 
incorporation of sea 
level rise and climate 
change impacts into 
local, regional, and 
state hazard mitigation 
plans. 

Preserve coastal 
land / 
development. 

Protect life and 
property; 
increased 
resiliency. 

Enhances a 
proven and 
required 
planning 
mechanism; 
includes input 
from 
stakeholders. 

Will require local 
adoption. 

Incorporate risk-based 
land use planning into 
local comprehensive 
plans.76 

Preserve coastal 
land / 
development. 

Protect life and 
property; 
increased 
resiliency. 

Integrates 
natural hazards 
into local land 
use planning; 
potentially 
provides 
incentives for 
selection of 
alternative 
development 
sites. 

Availability of 
alternate land for 
development; 
requires local 
adoption; current 
legislation is 
prescriptive, not 
required. 

Integrate climate 
change and sea level 
rise impacts into due 

Preserve coastal 
land / 
development. 

Protection of life 
and property; 
increased 

Allows 
investors and 
asset managers 

Will require 
cooperation among 
financial and real 
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Adaptation Strategy Benefiting 
System 

Secondary 
Management 

Goals Addressed 
Benefits Constraints 

diligence for 
investment and 
lending.77 

resiliency. to manage risks 
associated with 
real estate 
located in 
potentially 
impacted areas. 

estate sectors. 

For communities 
currently participating 
in FEMA’s 
Community Rating 
System (CRS) 
consider program or 
policy changes that 
would specifically 
address Activity 430 – 
Credit for Higher 
Regulatory Standard, 
Activity 430 – Credit 
for Coastal A Zone 
Regulations, and 
Activity 610 – Credit 
for Flood Warning 
Systems. 

Preserve coastal 
land / 
development;  

Protection of life 
and property; 
enhanced 
resiliency. 

Potentially 
increased 
premium 
discounts for 
National Flood 
Insurance policy 
holders; 
enhanced 
protection in 
flood prone 
areas. 

Requires existing 
participation in the 
CRS system, Rating 
upgrades can 
potentially be 
expensive and time 
consuming. 

For communities not 
currently participating 
in FEMA’s CRS, 
consider enrollment in 
the program. 

Preserve coastal 
land / 
development. 

Protection of life 
and property; 
enhanced 
resiliency. 

Potentially 
increased 
premium 
discounts for 
National Flood 
Insurance policy 
holders; 
enhanced 
protection in 
flood prone 
areas. 

Application and 
enrollment in the 
program can be 
expensive and time 
consuming. 

  



Assessment of Sea Level Rise in Coastal Mississippi 
Mississippi Department of Marine Resources 
July 2011 

55 
 

7.0  CONCLUSION AND RECOMMENDATIONS 
 
Current research and historical data indicate sea level rise is occurring on a global scale and on a 
regional scale specific to the Mississippi Gulf Coast.  Specific geographical areas in Mississippi 
potentially impacted by rising sea levels include Hancock, Harrison, and Jackson Counties and 
the eleven municipalities that exist within these three counties.  The three Mississippi coastal 
counties and eleven municipalities include a population of approximately 370,702 people, 
representing approximately 12% of the State’s total population.  In addition, the coast’s 
population is expected to increase by approximately 27% in the next twenty years.  Within the 
context of sea level rise, an existing high population density combined with anticipated 
population increases along the Mississippi Gulf Coast equates to potential impacts in the future.   
 
An analysis of the risks associated with sea level rise on the Mississippi coast indicates future sea 
level increases ranging from .1 inch per year on a local scale to .84 inches per year on a global 
scale.  These predictions are best and worst-case scenarios.  Data providing sea level rise 
projections were taken from global and regional research and provide a range of possible 
impacts.  An assessment of the coast’s overall vulnerability to sea level rise indicates the coast is 
at moderate risk to impacts related to sea level rise. 
 
Anticipated sea level increases have the potential to impact both natural and man-made systems 
including wetlands, essential fish habitat, a National Estuarine Research Reserve, the Gulf 
Islands National Seashore, designated coastal preserves, National Wildlife Refuges, commercial 
and residential land uses, and critical infrastructure.  The long-term vulnerability of these 
systems is partially dependent on choices made in the short-term, both on the local and regional 
levels.   
 
Strategies divided into three primary response “pathways” including Armoring, Retreating, and 
Adapting have been discussed in this assessment.  Within each of these primary pathways are 
numerous strategies designed to prepare the coastal region for rising sea levels.  In addition, each 
of the proposed strategies identifies secondary management goals that can be realized through 
implementation. 
 

7.1  RECOMMENDATIONS 
 
Strategic planning by local planners and decision makers within the overall context of a 
comprehensive approach to sea level rise management, natural resource and ecosystem 
management, land use planning, and capital facilities planning should be conducted.  The 
preferred approach in determining which strategies to utilize is a “treatment train” approach that 
seeks to incorporate a series of strategies designed to comprehensively address issues related to 
sea level rise, as well as other cumulative impacts and planning considerations. 
 
Planning for sea level rise on the Mississippi coast is complicated by an apparent shortage of 
historical data specific to the Mississippi Sound as well as limited available technologies capable 
of modeling sea level increases beyond simple “bathtub” models.  It is recommended that 
additional research be conducted specific to the Mississippi coastal region as new data becomes 
available and modeling technologies improve.   
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Sea level rise is a phenomenon that is expected to continue and potentially increase over time.  
The most important recommendation is to begin planning for impacts now.  Considerations for 
sea level rise should be incorporated into local and regional plans addressing land use, hazard 
mitigation, natural resource management, and capital facilities planning.  By effectively planning 
now for future impacts, the coastal region can become more resilient to sea level rise impacts and 
will be better positioned to respond to and address related issues as they arise.  
 
The next action steps in addressing sea level rise issues in coastal Mississippi are dependent in 
part on the will of state and local leaders.  The fact remains, sea level is rising along our coast 
and impacts will need to be addressed in a proactive manner.  The following recommendations 
should be considered as research or specific actions moving forward and are included as 
supplementary actions designed to mitigate data gaps and other research deficiencies specific to 
Mississippi: 
 

1. Establish a climate change commission/task force to consider and plan for the 
potential effects of sea level rise and other climate change effects. 

2. Development of a statewide research and monitoring effort to measure the affected 
environment including: 

a. Shoreline erosion; 
b. Storm frequency, intensity, rainfall, coastal flooding; 
c. Changes in coastal waters (i.e. pH, temperature, salinity, depth); 
d. Hydrological changes; 
e. Saltwater intrusion; 
f. Habitat loss/change; and 
g. Changes in population dynamics of coastal and marine species. 

3. Utilization of standardized monitoring techniques. 
4. Designation and maintenance of a central repository for statewide climate/sea level 

rise data, including mapping, models, and monitoring products. 
5. Assessments of sea level rise vulnerability requiring the following information: 

a. Accurate LIDAR topographic data; 
b. Continuous water level data; 
c. Wave height and frequency; 
d. Inundation maps/storm surge data; 
e. Historical and current marsh surface elevation change data; 
f. Inventory of public and private infrastructure at risk; 
g. Public perceptions of climate change/sea level rise; and 
h. Assessments of public support for strategic response options. 

6. Conduct detailed vulnerability assessments of public infrastructure to include: 
a. Drinking water; 
b. Transportation systems; 
c. Wastewater treatment facilities and infrastructure; 
d. Public utilities; and 
e. Industrial facilities. 

7. Development of specific adaptation strategies for affected sectors including: 
a. Forestry resources; 
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b. Marine resources; 
c. Water resources; 
d. Terrestrial ecosystems; and 
e. Human health. 

8. Development of location-specific vulnerability assessments and adaptation plans for 
coastal communities. 

9. Development of a state climate/sea level rise planning guidance to assist local 
adaptation and response efforts. 

10. Reauthorization of the Coastal Zone Management Act to include climate/sea level rise 
planning and implementation of adaptation strategies. 

11. Research on the potential impacts of sea level rise on property ownership. 
12. Research on the potential impacts to insurance coverage and costs related to sea level 

rise. 
13. Identification of high priority areas for habitat protection and restoration related to 

habitat migrations. 
14. Promotion of development of sustainable shorelines. 
15. Development and implementation of a communications strategy to engage local 

stakeholders, local support, and funding. 
16. Coordination of management across agencies for human health and safety. 
17. Development and implementation of long-range plans to minimize economic impacts 

of sea level rise to the natural resource based industries (i.e. commercial fishing, 
oystering, shrimping, etc.). 
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“Over 150 years, with ti de stati ons of the Nati onal Water Level Observati on Network operati ng 
on all U.S. coasts . Changes in Mean Sea Level (MSL), either a sea level rise or sea level fall, have 
been computed at 128 long-term water level stati ons using a minimum span of 30 years of 
observati ons at each locati on. These measurements have been averaged by month to remove 
the eff ect of higher frequency phenomena in order to compute an accurate linear sea level 
trend. The trend analysis has also been extended to a network of global ti de stati ons.” 
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APPENDIX G-3  

SEA LEVE RISE: RESEARCH AND SCENARIOS FOR A CHANGING COAST, AUTHORED  
BY THE GULF OF MEXICO ALLIANCE, THE NATURE CONSERVANCY AND THE GULF 
OF MEXICO FOUNDATION- htt p://slr.stormsmart.org/sea-level-rise/



Navigation:

Home

Scientific research indicates that the Global Mean Sea Level has been increasing since the 1990’s, which has
seen an SLR rate of around 3 millimeters (0.14 inches) per year, roughly twice the rate seen during the past
100 years.  Rise in sea levels is linked to several primary climate-related factors, all induced by this ongoing
global change:

Water thermal expansion: Simply put, as water heats up, it expands to fill more space. Almost half of the
past century’s rise in sea level has been attributed to warmer oceans, which occupy more space than
they did previously.
Melting of glaciers and polar ice caps: Large ice formations, including glaciers and polar ice caps,
naturally melt back as temperatures rise each summer. Normally in the winter colder temperatures
produce snow and ice, made primarily from evaporated seawater, in amounts that are normally sufficient
to balance out summer melting. Recently, however, persistent higher temperatures attributed to global
warming have led to above-average summer melting, diminished winter snow/ice production and earlier
spring thaws which cause a significant net gain in runoff versus evaporation for the ocean leading to
increasing sea levels.

Another factor, which is not directly climate related, that can increase the rate of habitat loss and intensify the
impacts of SLR is the subsidence of coastal lands.  Land subsidence, which is the sinking of a land mass, is
also occurring in many areas around the world.  When subsidence rates are combined with SLR the actual
loss of wetland habitats becomes accelerated.  In the US, subsidence is occurring in many areas but is of
particular concern in the Gulf States, especially in the Mississippi delta region.
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As sea levels continue to rise thousands of cities and villages around the world will be impacted creating a
likelihood that entire island chains and low lying coastal plains may become submerged by the end of the
century and their populations displaced.  As the global community braces for an uncertain future,
apprehensions about future impacts to coastal populations are leading to new scientific methods and
integrated approaches in an effort to develop new tools for governments, natural resource managers and
community planners to better inform their decision making processes with regard to rising sea levels.  One of
these tools, which is currently being use in natural resource management, is the Sea Level Affecting Marsh
Migration model (SLAMM), which uses advanced GIS technology to predict how marshes will be affected
over time as sea levels continue to rise.

Sea Level Affecting Marshes Model (SLAMM) is a spatial computer model that uses historical and current
wetland data with elevation datasets to predict tidal marsh migration and/or transformation under future sea
level rise (SLR) conditions.  The SLAMM model accounts for the dominant processes involved in wetland
conversion and shoreline modifications during long-term SLR and is used to predict changes in tidal marsh
area and habitat type in response to various SLR future scenarios.

SLAMM 6.0

SLAMM was developed with EPA funding in the mid-1980s and since its initial release has been through
multiple upgrades, including SLAMM 6 (2010 release), as a result of feedbacks from other scientists working
in the field.  For a thorough accounting of SLAMM model processes and the underlying assumptions and
equations, please see the SLAMM 6.0 Technical Documentation which can be found at
http://warrenpinnacle.com/prof/SLAMM.

A complex decision tree incorporating geometric and qualitative relationships is used to represent transfers
among coastal habitat classes as SLR. Within SLAMM, there are five primary processes that affect wetland
fate under different scenarios of SLR:

Inundation:  The rise of water levels and the salt boundary are tracked by reducing elevations of each
cell as sea levels rise, thus keeping mean tide level constant at zero. The effects on each cell are
calculated based on the minimum elevation and slope of that cell.
Erosion:  Erosion is triggered based on a threshold of maximum fetch and the proximity of the marsh to
estuarine water or open ocean. When these conditions are met, horizontal erosion occurs at a rate
based on site-specific data.
Overwash:  Barrier islands of under 500 meters width are assumed to undergo overwash during each
specified interval for large storms. Ocean beach migration and transport of sediments are calculated.
Saturation:  Coastal swamps and fresh marshes can migrate onto adjacent uplands as a response of the
fresh water table to rising sea level close to the coast.
Accretion:  SLR is offset by sedimentation and vertical accretion using average or site-specific values for
each wetland category. Accretion rates may be spatially variable within a given model domain and can
be specified to respond to feedbacks such as frequency of flooding.
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SLAMM predictions are generally obtained by two consecutive steps.  The first step involves calibrating the
model using available historical wetland and SLR data, which is referred to as the “hindcast”.  After calibration
the model is then run to develop various possible scenarios of wetland changes in response to a range of
estimated future SLR and different management regimes for the purpose of understanding how these various
factors might affect future wetland habitats. SLAMM was implemented in this project by Warren Pinnacle
Consulting, Inc., a consulting firm that specializes in running SLAMM.

SLAMM results for these analyses were run using scenario A1B from the 2007 Intergovernmental Panel on
Climate Change’s Special Report on Emissions Scenarios (SRES) – mean and maximum estimates. The A1
family of scenarios assumes that the future world includes rapid economic growth, global population that
peaks in mid-century and declines thereafter, and the rapid introduction of new and more efficient
technologies. In particular, the A1B scenario assumes that energy sources will be balanced across all
sources. Under the A1B scenario, the 2007 IPCC WGI Fourth Assessment Report suggests a likely range of
0.21 to 0.48 meters of SLR by 2090-2099 “excluding future rapid dynamical changes in ice flow”. The
A1B-mean scenario that was run as a part of this project falls near the middle of this estimated range,
predicting 0.39 m of global SLR by 2100. A1B-maximum predicts 0.69 m of global SLR by 2100. To allow for
flexibility when interpreting the results of these analyses, SLAMM was also run assuming 1, 1.5, and 2
meter(s) of eustatic SLR by the year 2100. The A1B- maximum scenario was scaled up to produce these
bounding scenarios.
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On the temporal scales used in this project, each SLAMM simulation is run starting from the National Wetland
Inventory (NWI) photo date as the initial condition. In these studies the time-step was selected to be 25 years
for forecasting and 5 years for hindcasting. This choice resulted in model output for years 2025, 2050, 2075,
and 2100 for forecasting simulations.
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National Assessment of Coastal Vulnerability to
Sea-Level Rise: Preliminary Results for the U.S.
Gulf of Mexico Coast
U.S. Geological Survey Open-File Report 00-179

E. Robert Thieler and Erika S. Hammar-Klose
Woods Hole, Massachusetts

Figure 1. Map of the Coastal Vulnerability Index (C.V.I.) for the U.S. Gulf Coast. The C.V.I.
shows the relative vulnerability of the coast to changes due to future rise in sea-level. Areas
along the coast are assigned a ranking from low to very high risk, based on the analysis of
physical variables that contribute to coastal change.

One of the most important applied problems in coastal geology
today is determining the physical response of the coastline to
sea-level rise. Predicting shoreline retreat and land loss rates is
critical to planning future coastal zone management strategies
and assessing biological impacts due to habitat changes or
destruction. Presently, long-term (>50 years) coastal planning
and decision-making has been done piecemeal, if at all, for the
nation's shoreline (National Research Council, 1990; 1995).
Consequently, facilities are being located and entire
communities are being developed without adequate
consideration of the potential costs of protecting or relocating
them from sea-level rise-related erosion, flooding and storm
damage.
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National Assessment of Coastal Vulnerability to Sea-Level Rise:
Preliminary Results for the U.S. Gulf of Mexico Coast

Introduction

Recent estimates of future sea-level rise based on climate
model output (Wigley and Raper, 1992) suggest an increase in
global sea-level of between 15-95 cm by 2100, with a "best
estimate" of 50 cm (I.P.C.C., 1995). This rate is more than
double the rate of eustatic rise for the past century (Douglas,
1997; Peltier and Jiang, 1997). Thus, sea-level rise will have a
large, sustained impact on coastal evolution at the societally-
important decadal time scale. For example, Zhang et al. (1997)
showed that sea-level rise over the past 80 years at two
locations on the U.S. East Coast contributed directly to
significant increases in the amount of time the coast is
subjected to extreme storm surges. From 1910-1920, the coast
near Atlantic City, New Jersey was exposed to anomalously
high water levels from extreme storms less than 200 hours per
year, whereas during the early 1990's the coast was exposed to
high water from storms of the same magnitude 700 to 1200
hours per year. Interestingly, the authors found that although
storm surge varied a great deal on annual to decadal scales,
there was no long-term trend showing increases in storm
intensity or frequency that might account for the increasing
anomalously high water levels. Zhang et al. (1997) concluded
that the increase in storm surge exposure of the coast was due
to sea-level rise of about 30 cm over the 80-year period. This
finding suggests that the historical record of sea-level change
can be combined with other variables (e.g., elevation,
geomorphology, and wave characteristics) to assess the relative
coastal vulnerability to future sea-level change.

The prediction of future coastal evolution is not straightforward.
There is no standard methodology, and even the kinds of data
required to make such predictions are the subject of much
scientific debate. A number of predictive approaches have been
used (National Research Council, 1990), including:

extrapolation of historical data (e.g., coastal erosion rates),
static inundation modeling,
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application of a simple geometric model (e.g., the Bruun Rule),
application of a sediment dynamics/budget model, or
Monte Carlo (probabilistic) simulation based on parameterized

physical forcing variables.

Each of these approaches, however, has its shortcomings or
can be shown to be invalid for certain applications (National
Research Council, 1990). Similarly, the types of input data
required vary widely and for a given approach (e.g. sediment
budget); existing data may be indeterminate or may simply not
exist (Klein and Nicholls, 1999). Furthermore, human
manipulation of the coastal environment in the form of beach
nourishment, construction of seawalls, groins, and jetties, as
well as coastal development itself, may drive federal, state and
local priorities for coastal management without regard for
geologic processes. Thus, the long-term decision to renourish
or otherwise engineer a coastline may be the sole determining
factor in how that coastal segment evolves.

Back to Top

Although a viable, quantitative predictive approach is not
available, the relative vulnerability of different coastal
environments to sea-level rise may be quantified at a regional to
national scale using basic information on coastal
geomorphology, rate of sea-level rise, past shoreline evolution,
and other factors. This approach combines the coastal system's
susceptibility to change with its natural ability to adapt to
changing environmental conditions, and yields a relative
measure of the system's natural vulnerability to the effects of
sea-level rise (Klein and Nicholls, 1999). The overall goal of this
study is to develop and utilize a relatively simple, objective
method to identify those portions of the U.S. coastal regions at
risk and the nature of that risk (e.g., inundation, erosion, etc.).
The long-term goal of this study is to predict future coastal
changes with a degree of certainty useful for coastal
management, following an approach similar to that used to map
national seismic and volcanic hazards (e.g., Miller, 1989;
Frankel et al., 1996; Hoblitt et al. 1998). This information has
immediate application to many of the decisions our society will
be making regarding coastal development in both the short-
and long-term.

This study involves two phases. The first phase, presented in
this report for the U.S. Gulf of Mexico coast and previous
reports for the U.S. Atlantic and Pacific coasts (Thieler and
Hammar-Klose, 1999; 2000), involves updating and refining
existing databases of geologic and environmental variables,
such as that compiled by Gornitz and White (1992). The
variables included in this database are geomorphology, regional
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coastal slope, rate of relative sea-level rise, shoreline erosion
and accretion rates, tide range and mean wave height. For all
of the variables in this data set, updated or new data exist and
are presented here. The second phase of the project has two
components. The first component entails integrating model
output such as eustatic, isostatic, and short-term climatic
sea-level change estimates in order to assess the potential
impacts on the shoreline due to these changes. The second
component involves developing other databases of
environmental information, such as relative coastal sediment
supply, as well as including episodic events (hurricane intensity,
track, and landfall location, Nor'easter storm intensity data, and
El Niño-related climate data such as short-term sea-level rise)
and human influences (e.g. coastal engineering).

In this preliminary report, the relative vulnerability of different
coastal environments to sea-level rise is quantified for the U.S.
Gulf of Mexico Coast. This initial classification is based upon
variables such as coastal geomorphology, regional coastal
slope, rate of sea-level rise, wave and tide characteristics, and
historical shoreline change rates. The combination of these
variables and the association of these variables to each other
furnishes a broad overview of regions where physical changes
are likely to occur due to sea-level rise.

Previous Page Contents Back to Top Title Page Next Page

Introduction Risk
Variables

Data
Ranking C.V.I. Results Discussion Summary References
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National Assessment of Coastal Vulnerability to Sea-Level Rise:
Preliminary Results for the U.S. Gulf of Mexico Coast

Risk Variables

In order to develop a database for a national-scale assessment
of coastal vulnerability, relevant data have been gathered from
local, state and federal agencies, as well as academic
institutions. The compilation of this data set is integral to
mapping potential coastal changes due to sea-level rise. This
database loosely follows an earlier database developed by
Gornitz and White (1992). A comparable assessment of the
sensitivity of the Canadian coast to sea-level rise is presented
by Shaw et al. (1998).

The input data for this database of coastal vulnerability have
been assembled using their original, sometimes variable
horizontal resolution and resampled to a 3-minute grid cell
resolution. A data set for each risk variable is then stored within
the 3-minute grid. For mapping purposes, data stored in the
3-minute grid is transferred to a 1:2,000,000 vector shoreline
with each segment of shoreline lying within a single grid cell.

Click on chart for larger image

Table 1 summarizes the six physical variables used here:

geomorphology,
coastal slope (percent),
rate of relative sea-level rise (mm/yr),
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shoreline erosion and accretion rates (m/yr),
mean tidal range (m) and
mean wave height (m). As described below, each variable is

assigned a relative risk value based on the potential magnitude of its
contribution to physical changes on the coast as sea-level rises.

The geomorphology variable expresses the relative erodibility of
different landform types (Table 1). These data were derived
from state geologic maps and USGS 1:250,000 scale
topographic maps, as well as correlated with descriptive
information found in the Living with the Shore book series
(Morton et al., 1983; Kelley et al., 1984; Canis et al., 1985 and
Doyle et al., 1985).

Back to Top

The regional coastal slope permits an evaluation not only of the
relative risk of inundation, but also the potential rapidity of
shoreline retreat, because low-sloping coastal regions should
retreat faster than steeper regions (Pilkey and Davis, 1987). The
regional slope of the coastal zone was calculated from a grid of
topographic and bathymetric elevations extending landward
and seaward of the shoreline. In order to compute the slope
from the subaerial coastal plain to the submerged continental
shelf, the slope for each grid cell was calculated by defining
elevation extremes within a 10 km radius for each individual grid
cell. In areas where the shelf/slope break was less than 10 km
offshore, the slope was recalculated with a more appropriate
radius. For the U.S. Gulf of Mexico coast, elevation data were
obtained from the U.S. Navy ETOPO5 digital topographic and
bathymetric elevation database with elevations to the nearest 1
meter for 5-minute grid cells. These data were subsampled to
3-minute (approximately 5 km) resolution to be consistent with
our other coastal databases (Thieler and Hammar-Klose, 1999;
2000).

The relative sea-level change variable is derived from the
increase (or decrease) in mean water elevation over time as
measured at tide gauge stations along the coast (e.g., Emery
and Aubrey, 1991). Relative sea-level change data were
obtained for seven National Ocean Service (N.O.S.) data
stations and contoured along the coastline. This variable
inherently includes eustatic sea-level rise as well as local
isostatic or tectonic land motion. Relative sea-level change data
are a historical record, and thus show change for only recent
time scales (past 50-100 yr).

Shoreline erosion and accretion rates for the U.S. have been
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compiled by May and others (1983) and Dolan and others
(1985) into the Coastal Erosion Information System (C.E.I.S.)
(May and others, 1982). C.E.I.S. includes shoreline change
data for the Atlantic, Gulf of Mexico, Pacific and Great Lakes
coasts, as well as major bays and estuaries. The data in
C.E.I.S. are drawn from a wide variety of sources, including
published reports, historical shoreline change maps, field
surveys and aerial photo analyses. However, the lack of a
standard method among coastal scientists for analyzing
shoreline changes has resulted in the inclusion of data utilizing
a variety of reference features, measurement techniques, and
rate-of-change calculations. Thus, while C.E.I.S. represents the
best available data for the U.S. as a whole, much work is
needed to accurately document regional and local erosion
rates.

Back to Top

Where higher-quality data are available, we replace and
augment the C.E.I.S. data with shoreline change data obtained
from states and local agencies. In this report, for example, the
updated erosion rates for the Gulf of Mexico are from a regional
study in the Northern Gulf of Mexico (Westphal et al., 1991), as
well as an Alabama coastal hazards assessment study
(N.O.A.A. Coastal Services Center, 1997). The long-term
erosion rates for Alabama were calculated using a linear
regression approach (Dolan et al., 1991) using data derived
from aerial photographs spanning the years 1970-1997. These
data were correlated with beach profile survey data from 92
points covering the Alabama coastline (N.O.A.A. Coastal
Services Center, 1997).

Tide range is linked to both permanent and episodic inundation
hazards. Tide range data were obtained from the N.O.S. for 117
tide stations along the U.S. Gulf of Mexico coast; the values
were contoured along the coastline.

Wave height is used here as an indicator of wave energy, which
drives the coastal sediment budget. Wave energy increases as
the square of the wave height; thus the ability to mobilize and
transport beach/coastal materials is a function of wave height.
In this report, we use hindcast nearshore mean wave height
data for the period 1976-1995 obtained from the U.S. Army
Corps of Engineers Wave Information Study (W.I.S.) (see
references in Hubertz et al., 1996). The model wave heights
were compared to historical measured wave height data
obtained from the N.O.A.A. National Data Buoy Center. Wave
height data for 122 W.I.S. stations along the U.S. Gulf of
Mexico coast were contoured along the coastline.
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Data Ranking

Click on chart for larger image

Table 1 shows the six physical variables described above,
ranked on a linear scale from 1-5 in order of increasing
vulnerability due to sea-level rise. In other words, a value of 1
represents the lowest risk and 5 represents the highest risk.
The database includes both quantitative and qualitative
information. Thus, numerical variables are assigned a risk
ranking based on data value ranges, whereas the
non-numerical geomorphology variable is ranked according to
the relative resistance of a given landform to erosion. For the
U.S. Gulf of Mexico coast, regional coastal slopes are
considered to be very low risk at values >0.115 percent; very
high risk consists of regional slopes <0.022 percent. The rate of
relative sea-level rise is ranked to reflect the regional to local
isostatic or tectonic effects, taking into account that these data
also reflect the modern rate of eustatic rise (1.8 mm/yr).
Shorelines with erosion/accretion rates between -1.0 and +1.0
m/yr are ranked as moderate. Increasingly higher erosion or
accretion rates are ranked as correspondingly higher or lower
risk. Tidal range is ranked such that microtidal coasts are high
risk and macrotidal coasts are low risk. Mean wave height
rankings range from very low (<0.55 m) to very high (>1.25 m).
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In previous and related studies (Gornitz, 1990; Shaw et al.,
1998), large tidal range (macrotidal; tide range > 4m) coastlines
were assigned a high risk classification, and microtidal coasts
(tide range <2.0 m) received a low risk rating. This decision was
based on the concept that a large tide range is associated with
strong tidal currents that influence coastal behavior. We have
chosen to invert this ranking such that a macrotidal coastline is
classified as low risk. Our reasoning is based primarily on the
potential influence of storms on coastal evolution, and their
impact relative to the tidal range. For example, on a tidal
coastline, there is only a 50 percent chance of a storm
occurring at high tide. Thus, for a region with a 4 m tide range,
a storm having a 3 m surge height is still up to 1 m below the
elevation of high tide for half a tidal cycle. A microtidal
coastline, on the other hand, is essentially always "near" high
tide and therefore always at the greatest risk of significant storm
impact.
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Coastal Vulnerability Index

The coastal vulnerability index (C.V.I.) presented here is similar
to that used by Gornitz et al. (1994), as well as to the sensitivity
index employed by Shaw et al. (1998). The index allows the six
physical variables to be related in a quantifiable manner that
expresses the relative vulnerability of the coast to physical
changes due to sea-level rise. This method yields numerical
data that cannot be equated directly with particular physical
effects. It does, however, highlight those regions where the
various effects of sea-level rise might be the greatest.

Click on chart for larger image

Table 1.   Ranking of coastal vulnerability index variables for the U.S. Gulf of Mexico.

Once each section of coastline is assigned a risk value based
on each specific data variable, the coastal vulnerability index is
calculated as the square root of the geometric mean, or the
square root of the product of the ranked variables divided by
the total number of variables as
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where,

a = geomorphology
b = coastal slope
c = relative sea-level rise rate
d = shoreline erosion/accretion rate
e = mean tide range
f = mean wave height

The C.V.I. values reported here apply specifically to the U.S.
Gulf of Mexico coast, but are also comparable to the values for
the U.S. Atlantic coast since the data ranges for the Gulf of
Mexico are categorized using overall values for both coasts.
Absolute C.V.I. values given for the Pacific coast, however,
(e.g., Thieler and Hammar-Klose, 2000) are not directly
comparable to the data presented here. We feel this approach
best describes and highlights the vulnerability for each of the
different continental margin types that make up the U.S. coast.
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National Assessment of Coastal Vulnerability to Sea-Level Rise:
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Results

The calculated C.V.I. values range from 1.2 to 39.5. The mean
C.V.I. value is 15.25; the mode is 7.3; and the median is 15.5.
The standard deviation is 7.89. The 25th, 50th, and 75th
percentiles are 8.7, 15.6, and 20.0, respectively.

Figure 1 shows a map of the coastal vulnerability index for the
U.S. Gulf of Mexico coast The C.V.I. scores are divided into low,
moderate, high, and very high-risk categories based on the
quartile ranges and visual inspection of the data. C.V.I. values
below 8.7 are assigned to the low risk category. Values from
8.7-15.6 are considered moderate risk. High-risk values lie
between 15.6 and 20.0. C.V.I. values above 20.0 are classified
as very high risk. Histograms of the C.V.I. values are shown in
Figure 2.

Figure 3.   Bar graph showing the percentage of shoreline along the U.S. Gulf of Mexico
coast in each risk category. The graph also shows the total length of shoreline (in kilometers)
in each risk category. The total length of mapped shoreline in this study is 8058 km.

Figure 3 shows a bar graph of the percentage of shoreline in
each risk category. A total of 8058 km of shoreline is evaluated
in the study area. Of this total, 42 percent of the mapped
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shoreline is classified as being at very high risk due to future
sea-level. Thirteen percent is classified as high risk, 37 percent
as moderate risk, and 8 percent as low risk.

In the calculation of the Coastal Vulnerability Index, certain
variables add more weight to the index than others. For
example, in a region where most variables score low in the risk
ranking (1-3), but one variable scores high (4 or 5), the high
variable adds the most weight to the index. This variable is said
to dominate the index. In most cases along the U.S. Gulf of
Mexico coast, two or three variables dominate the index, while
the other, lower-ranking variables have little impact on the index
value.

The mapped C.V.I. values show large areas of very high
vulnerability, particularly along the Louisiana - Texas coast. The
highest-vulnerability areas are typically lower-lying beach and
marsh areas; their susceptibility is primarily a function of
geomorphology, coastal slope and rate of relative sea-level rise.
On the Gulf of Mexico coast, much of the vulnerability is due to
geomorphology and tide range; two variables which are ranked
as generally high for the entire Gulf of Mexico region. The
western Gulf of Mexico is ranked as more vulnerable than the
eastern Gulf of Mexico when described in terms of relative
sea-level rise. Wave energy is highest along sections of the
Texas coast and on the southern tip of the Mississippi delta.
The slope variable has the highest risk ranking along the
Louisiana coast, the Texas coast north of Corpus Christi and the
southwest Florida coast. The erosion rates within the study area
range from low risk to very high risk. In contrast to the Pacific
and Atlantic coasts (see Thieler and Hammar-Klose, 1999;
2000), the erosion rates in the Gulf of Mexico do not vary
consistently on very short spatial scales. Instead, there are
reaches of coastline as long as 150 km with the same risk
ranking.
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National Assessment of Coastal Vulnerability to Sea-Level Rise:
Preliminary Results for the U.S. Gulf of Mexico Coast

Discussion

The data variables underlying the C.V.I. show variability at
several spatial scales. The geomorphology and tide range vary
over a spatial scale of >500 km. For geomorphology, this lack of
variability represents the large-scale, rather uniform patterns of
landform type along the Gulf coast (Figure 4). Barrier islands,
lagoons, marshes and deltas dominate the coast, which are
landforms that have a very high risk ranking (see Table 1). In
addition, the entire coast is microtidal; thus, this variable yields
a very high risk ranking (Figure 5).

Click on map for larger image

Figure 4.   Map of the geomorphology variable for the U.S. Gulf of Mexico coast. The
shoreline is composed predominantly of very high-risk barrier island complexes, lagoons,
marshes and deltas.

A second group of variables, consisting of relative sea-level rise
and wave height, vary on a ~200 km spatial scale. For example,
the low-energy Gulf of Mexico coast has mean wave heights
that on average are ~0.5 m (Figure 6), and vary between only
0.07 m and 1.04 m.
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Figure 9.

Changes in relative sea-level rise are greatest around New
Orleans, Louisiana, where the rates can be as much as 10
mm/yr (Figure 7). East of Louisiana, the rate of relative sea-level
rise is ~ 2 mm/yr. This lower value, however, is still higher than
the modern rate of eustatic rise (1.8 mm/yr), which reflects the
ongoing recent subsidence of this region. To the west of
Louisiana, rates of relative sea-level rise are also lower,
decreasing to the 3-5 mm/yr range, which again is well above
the modern eustatic rate and still within the very high risk range
of our rating system. These high rates of relative sea-level rise
within and surrounding Louisiana are primarily due to the
natural compaction of the Holocene deltaic sediments in the
Gulf of Mexico (Penland and Ramsey, 1990; Turner, 1991).

Back to Top

The coastal slope variable changes on a ~ 50 km spatial scale
(Figure 8). The areas with the lowest slope are those
surrounding the Mississippi delta. These data show slopes of
less than 0.02%. The highest slopes along the Gulf of Mexico
coast are found south of Corpus Christi, Texas, along the
Florida panhandle, and in the greater Tampa-St. Petersburg,
Florida region. While these values of slope yield a moderate to
low susceptibility ranking, they are only in the 0.5% range, and
thus are not steep slopes in an absolute sense.

In some cases, the data describing erosion and accretion rates
vary on a small spatial scales of about 5 km, but most of the
variation in erosion rates varies on the ~20 km scale. There are
long sections of coastline (~150 km), however, that show little to
no variation in erosion rates (Figure 9), both because of an
actual lack of change as well as an absence of comprehensive
erosion rate data.

The C.V.I. rankings for the Gulf of Mexico coast are governed by
the large-scale variations of its variables (Figure 1). The CVI
shows a regional distinction centered on the New Orleans
region. From the very high vulnerability New Orleans region to
the west, the CVI rankings remain as high vulnerability along
the coast with lower vulnerability in the inland bays. To the east
of New Orleans, the CVI values decrease to moderate. The one
exception to this trend is Appalachicola Bay, Florida, which due
to its high erosion rates, low slope, and moderate rate of
sea-level rise receives a very high susceptibility ranking. The
regional variation of higher vulnerability to the west and lower
vulnerability to the east is controlled by the mean wave height,
the relative sea-level rise and to some extent the coastal slope.

The CVI shows that the region around New Orleans is the most
vulnerable of all areas along the Gulf of Mexico coast. The
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Florida panhandle, as well as the West Florida coast, are
considered to be at low to moderate risk, primarily because of
the lower rates of relative sea-level rise, lower mean wave
heights, and a relatively higher coastal slope in this region. The
Texas coast is considered to be at a high to very high risk
because of the relatively high mean wave height and relative
sea-level rise vulnerabilities.
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Summary

The coastal vulnerability index (C.V.I.) for the Gulf of Mexico
coast provides insight into the relative potential of coastal
change due to future sea-level rise. The maps and data
presented here can be viewed in at least two ways:

as a base for developing a more complete inventory of variables
influencing the coastal vulnerability to future sea-level rise to which
other elements can be added as they become available; and

as an example of the potential for assessing coastal vulnerability to
future sea-level rise using objective criteria.

As ranked in this study, coastal geomorphology and tide range
are the most important variables in determining the C.V.I. for the
Gulf of Mexico coast since both variables reflect very high
vulnerabilities along nearly the entire shoreline. Wave height,
relative sea-level rise, and coastal slope provide large-scale
(50-200 km alongshore) variability to the coastal vulnerability
index. Erosion and accretion rates, where complete, contribute
the greatest variability to the C.V.I. at short spatial scales. The
rates of shoreline change, however, are the most complex and
poorly documented variable in this data set. The rates used
here are based on a dated, low-resolution data set and thus far
corrections have been made only on a preliminary level. To best
understand where physical changes may occur, large-scale
variables must be clearly and accurately mapped and
small-scale variables must be understood on a scale that takes
into account their geologic and environmental influences.
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APPENDIX G-5  

NATIONAL OCEAN SERVICE. NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION (NOAA) SENTINEL SITE PROGRAM.



National Ocean Service 
National Oceanic and Atmospheric Administration 

 

 

NOAA SENTINEL SITE PROGRAM 
 

Northern Gulf of Mexico Sentinel Site 

Cooperative   
Website: 

http://oceanservice.noaa.gov/sentinelsites/wel

come.html 

____________________________________ 

NOAA Sentinel Site Program: The NOAA 
Sentinel Site Program (SSP) utilizes existing 
assets, programs, and resources in a place-
based, issue-driven approach to ask and answer 
questions of local, regional, and national 
significance that affect both NOAA Trust 
Resources and the surrounding communities. 

 
Abstract 

This cooperative incorporates the coastline and barrier islands from the Suwannee River in the Florida 
panhandle west to the Pearl River, at the state line between Mississippi and Louisiana.  The area includes the 
Apalachicola, Weeks Bay, and Grand Bay National Estuarine Research Reserves as well as several National 
Wildlife Refuges and National Parks. This region, with low level topography and extensive marsh and 
other critical habitats, is highly susceptible to the effects of sea level change (SLC). The combined effects of 
sea level rise and tropical storms can have dramatic impacts on coastal communities and ecosystems, including 
more flooding, faster erosion, land loss, and saltwater intrusion into freshwater resources.  Impacts can also 
reach offshore to valuable resources like oyster reefs and seagrass beds. Considerable ongoing monitoring and 
research activities, particularly within three NERRs sites, provide the baseline information and parameters 
required for an integrative ecosystem approach to addressing SLC. Building off of an NCCOS-funded project, 
this Cooperative would leverage the combined capabilities of three NERRs, NOS, the Gulf of Mexico Alliance 
and the NOAA Gulf Regional Collaboration Team to assess the impacts of SLC and develop capabilities and 
tools to facilitate conservation of coastal resources by local, state, and regional managers. Key products will 
include coupled models of hydrodynamics, sedimentation, salinity, and vegetation dynamics as well as 
classified maps that delineate high and low risk areas. These tools and products are envisioned to allow for 
assessments of risk and planning, coastal construction guidelines, resource protection and sustainability needs, 
and set back guidance. 

 
Available Assets 

• Suite of surface elevation tables in marsh habitats, in coordination with NGS, GOMA, and NCCOS at 
three NERRs. Additional ongoing monitoring and research activities on a suite of biological (e.g. 
oyster and marsh productivity) and physical parameters (e.g. sediment transport and circulation). 

• Land cover data sets for the entire Cooperative region derived from 30-m resolution Landsat Thematic 
Mapper and Landsat Enhanced Thematic Mapper satellite. 

• In association with the Northwest Florida Water Management District and FEMA, complete LiDAR 
coverage of the Cooperative region and recent flood plain mapping. 

 
 

http://oceanservice.noaa.gov/sentinelsites/welcome.html
http://oceanservice.noaa.gov/sentinelsites/welcome.html


National Ocean Service 
National Oceanic and Atmospheric Administration 

 

 

• Suite of modeling platforms, including ADCIRC-2DDI, POM 3D, SWAN, WASH123D, and MEMII 
that will be coupled allowing for delineation of new tidal boundaries, marsh erosion estimates, and 
habitat land cover changes, for example. 

• Ongoing NCCOS-funded study, led by the University of Central Florida, on the Ecological Effects of 
Sea Level Rise in the region that will provide integrative capabilities and lead the development of tools 
and products to assess and predict impacts of sea level rise. 

• Engaged local, state, and federal stakeholders, with an established management advisory committee, 
that includes resource managers and coastal planners. 

• Capabilities for the dissemination of the information, products, and capabilities through partnerships 
that include the Coastal Training Program, CSC’s Sea Level Rise Viewer, and GOMA. 

 

Internal and External Partners Currently Involved 

 
• NOAA National Centers for Coastal and Ocean Science (NCCOS)  
• National Geodetic Survey (NGS) 
• Coastal Services Center (CSC)  
• Center for Operational Products and Services (CO-OPS) 
• National Estuarine Research Reserves (NERRs; Apalachicola, Grand Bay, and Weeks Bay) 
• NOAA Gulf Regional Collaboration Team 
• Sea Grant (Mississippi-Alabama, Florida) 
• Mobile Bay National Estuary Program (NEP)  
• Gulf of Mexico Alliance 
• Northwest Florida Water Management District 
• County planners (Wakulla, Escambia, Bay) 
• Academia (University of Central Florida, University of Florida, Florida State University, University of 

South Carolina) 
 
Management Goals Addressed 
The proposed Cooperative addresses several regional and national management goals. The Gulf Alliance 
Habitat Conservation and Restoration Priority Issue Team (PIT) has several long-term goals relevant to sea 
level change in this region, including improved conservation and restoration management tools, as does the 
Coastal Community Resiliency PIT. This Cooperative will also address needs outlined in the Surface Water 
Improvement  and  Management  plan  of  the  Northwest  Florida  Water  Management  District  as  well  as 
management plans of the numerous protected areas in the region (e.g. NERRs, NWR, Aquatic Preserves). A 
Management Committee associated with the NCCOS project, will provide guidance and direction for tool and 
product development to best address these and other management plans and efforts. 

 
Point of Contact 
David  Kidwell   
Program Manager 
Center  for  Sponsored  Coastal  Ocean  Research,   
National  Centers  for Coastal Ocean Science, NOS 
David.Kidwell@noaa.gov, (301) 713-3338  

 

 

mailto:David.Kidwell@noaa.gov
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GULF OF MEXICO CLIMATE ADAPTATION INVENTORY - NOAA COASTAL SERVICES 
CENTER



Website

http://gulfsealevel.org

State(s)

Unknown

Point of Contact

James Gibeaut

Organization

Harte Research Institute, Texas A&M University

Gulf of Mexico Climate Change Adaptation Inventory

2010 International Conference on Sea Level Rise in the Gulf of Mexico

Brief Description

The overall goal of the conference was to share knowledge among researchers studying the natural
processes and human dimensions of sea level rise in the Gulf of Mexico and to engage decision makers
and the public in planning for the future. The conference was designed to achieve the following
objectives:  1) Provide a forum for presentation of the latest research on sea level rise including the
physical, biological and human dimensions aspects of the phenomenon;  2) Renew, continue and start new
collaborations among researchers;  3) Inform government, industry and the public on the nature, causes,
and impacts of sea level rise;  4) Inform researchers and the public of the issues facing industry and
government regarding sea level rise; and 5) Examine, compare, and consider new policy and regulatory
frameworks impacting how society copes with sea level rise.

Current Status

Complete

City/County/Area

Type of Resource

Conference

Target Audience

Scientists, local elected officials, planners, attorneys, natural resource managers, and education, outreach,
and extension specialists

Project Partners

British Consulate Houston, Rice University,  Harte Research Institute, Texas A and M University Corpus
Christi,  The Gulf of Mexico Foundation, U.S. Environmental Protection Agency, University of Southern
Florida, Texas General Land Office, Comision Nacional para el Conocimiento y Uso de la Bioversidad
(Conabio), National Oceanic and Atmospheric Administration, U.S. Army Corps of Engineers, Texas Sea
Grant , U.S. Geological Survey , U.S. Fish and Wildlife Service

Funding Source

Point of Contact

Contact Phone

361-825-2060

Contact E-mail

james.gibeaut@tamucc.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

www.floridajobs.org/community-

State(s)

Florida

Point of Contact

Julie Dennis

Organization

Florida Department of Economic Opportunity

Gulf of Mexico Climate Change Adaptation Inventory

Adaptation Planning

Brief Description

This page on the Florida Department of Economic Opportunity's Community Planning and Development
website explains what it means to designate an area as an adaptation action area. Use of this designation
may allow local governments to consider coastal management policies that improve resilience to coastal
flooding. The web page explains impacts of sea level rise and suggests adaptation planning strategies that
are categorized as protection, accommodation, and retreat.

Current Status

Complete

City/County/Area

Type of Resource

Web Tool

Target Audience

Local elected officials, planners

Project Partners

Funding Source

Point of Contact

Contact Phone

850-717-8478

Contact E-mail

Julie.Dennis@deo.myflorida.com

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

State(s)

Louisiana

Point of Contact

Melissa Daigle

Organization

Louisiana Sea Grant

Gulf of Mexico Climate Change Adaptation Inventory

Adapting to Climate Change Through the Integration of Land Use Planning
and Hazard Mitigation in Coastal Communities: Mandeville, Louisiana

Brief Description

The community targeted in this project is Mandeville, Louisiana, located on the north shore of Lake
Pontchartrain in St. Tammany Parish. The city elevation is relatively low, and the risk of flooding from
both storm surge and rain events will only increase with climate change. At the same time, the population
is expected to increase. Our project will provide the community of Mandeville with the information it
needs to create a long-term plan that incorporates sea level rise into its decision making. This will allow
Mandeville to grow sustainably and resiliently.

Current Status

Complete

City/County/Area

Type of Resource

Adaptation Plan

Target Audience

Local elected officials, planners

Project Partners

Louisiana Sea Grant College Program, NOAA CSC

Funding Source

Point of Contact

Contact Phone

(225) 578-9968

Contact E-mail

Mtrosc2@tigers.lsu.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

floridajobs.org/adaptationplanning

State(s)

Florida

Point of Contact

Julie Dennis

Organization

Florida Department of Economic Opportunity

Gulf of Mexico Climate Change Adaptation Inventory

Community Resiliency: Planning for Sea Level Rise

Brief Description

In 2012, the Florida Department of Economic Opportunity initiated a five year project to integrate
adaptation to potential sea level rise into current planning mechanisms, including the local comprehensive
plan, local hazard mitigation plan and post-disaster redevelopment plan. This effort is steered by a Focus
Group of statewide experts on planning for sea level rise adaptation and stakeholders in the coastal area.
First the Department will research similar efforts in other states as well as how the adaptation action area,
an optional comprehensive plan designation authorized by Florida statute, may be implemented at the local
level. Next we will pilot adaptation planning projects in the state. Finally all lessons learned will be
compiled, statewide outreach will be conducted and the program will be offered statewide. The
Department has received additional funding to work with the City of Ft. Lauderdale as they integrate
Adaptation Action Areas into their local comprehensive plan.

Current Status

On-going

City/County/Area

Type of Resource

Other

Target Audience

Project Partners

National Oceanic and Atmospheric Administration (NOAA), Florida Coastal Management Program
(FCMP), Florida Department of Environmental Protection (FDEP)

Funding Source

Point of Contact

Contact Phone

850-717-8478

Contact E-mail

Julie.Dennis@deo.myflorida.com

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

geohazards.tamucc.edu

State(s)

Unknown

Point of Contact

James Gibeaut

Organization

Harte Research Institute, Texas A&M University
Ã??Ã?Â¢?? Corpus Christi

Gulf of Mexico Climate Change Adaptation Inventory

Developing a Barrier Island Geohazards Map: Galveston Island, TX

Brief Description

The Galveston Island Geohazards map shows areas that vary in their susceptibility to geological processes
such as sea level rise, land subsidence, erosion, and storm surge flooding. Areas at imminent risk include
existing critical habitats such as estuarine wetlands, freshwater wetlands, and the beach/dune system.
Future risk areas include areas of uplands projected to become critical environments in 60 years. The island
core unit has a low hazard potential because it is relatively high in elevation and in the interior of the
island making it less susceptible to geohazards than other parts of the island.

Current Status

Complete

City/County/Area

Type of Resource

Web Tool

Target Audience

Natural resource managers, planners, developers

Project Partners

Texas A&M University and the University of Texas at Austin

Funding Source

Point of Contact

Contact Phone

361-825-2060

Contact E-mail

james.gibeaut@tamucc.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

State(s)

Alabama,Florida,Mississippi

Point of Contact

Scott C. Hagen

Organization

University of Central Florida

Gulf of Mexico Climate Change Adaptation Inventory

Ecological Effects of Sea Level Rise in the Northern Gulf of Mexico

Brief Description

This multidisciplinary project led by the University of Central Florida will build on field observations
centered on three National Estuarine Research Reserves and laboratory experiments to inform a suite of
predictive models. The team will apply models of circulation, overland flow, and transport from the
watershed to the sea, including waves, to predict sediment inputs to coastal waters as well as shoreline
erosion and estuarine salinity transport. These models and assessments will allow for forecasts of intertidal
marsh evolution and inform marsh, seagrass, and oyster habitat models. Key findings from various sea
level rise scenarios will include: New tidal boundaries; Sediment loadings to estuaries; Estimates of marsh
dynamics; Habitat changes; and, Oyster and seagrass sensitivities.

Current Status

On-going

City/County/Area

Type of Resource

Decision-support Tool

Target Audience

Natural resource managers

Project Partners

The Universities of Central Florida, Florida, and South Carolina; Florida State University; Northwest
Florida Water Management District; and Dewberry

Funding Source

NOAA National Centers for Coastal Ocean Science/Center for Sponsored Coastal and Ocean Research

Point of Contact

Contact Phone

407-823-3903

Contact E-mail

scott.hagen@ucf.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://www.serdp.org/Featured

State(s)

Unknown

Point of Contact

Joseph Donoghue

Organization

Boone Pickens School of Geology, Oklahoma State
University

Gulf of Mexico Climate Change Adaptation Inventory

Effects of Near Term Sea Level Rise on Coastal Infrastructure

Brief Description

The primary goal of this study is to quantify the potential risk to coastal military infrastructure from
near-term sea level rise and increased hurricane activity. Objectives include: to identify and quantify the
responses of coastal system components to sea level rise; to refine a large-scale numerical model for
quantifying hazard risk to coastal military facilities; to develop probability models for quantifying and
managing uncertainty; and to enable cost-effective mitigation and adaptation strategies.

Current Status

Unknown

City/County/Area

Type of Resource

Risk Assessment

Target Audience

Coastal managers, modelers, and researchers

Project Partners

Department of Defense, Environmental Protection Agency, Department of Energy

Funding Source

Department of Defense Strategic Environmental Research and Development Program

Point of Contact

Contact Phone

405-744-6375

Contact E-mail

joseph.donoghue@okstate.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://www.southernclimate.org/

State(s)

Louisiana,Mississippi,Texas

Point of Contact

Lynne Carter

Organization

Louisiana State University

Gulf of Mexico Climate Change Adaptation Inventory

Gulf Coast Climate Information Needs Assessment

Brief Description

The Gulf Coast Climate Needs Assessment was conducted by the Southern Climate Impacts Planning
Program (SCIPP), a NOAA Regional Integrated Sciences Assessments (RISA) program to determine: 1) the
most significant climate-related issues facing stakeholders in Gulf coastal areas today 2) the spatial and
temporal scales in which Gulf Coast stakeholders make decisions 3) the most significant climate-related
issues that stakeholders in the Gulf Coast area will face in the future; and 4) what stakeholders perceive as
their biggest climate-related research needs and research gaps.

Current Status

Complete

City/County/Area

Type of Resource

Needs Assessment

Target Audience

Coastal decision makers (e.g., local government officials and staff)

Project Partners

NOAA, Louisiana State University, University of Oklahoma

Funding Source

Point of Contact

Contact Phone

(225) 578-8374

Contact E-mail

lynne@srcc.lsu.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

www.law.fsu.edu/journals/landuse/vol26_2.html

State(s)

Alabama

Point of Contact

Stephanie Showalter-Otts

Organization

National Sea Grant Law Center,University of
Mississippi

Gulf of Mexico Climate Change Adaptation Inventory

Implications of Takings Law on Innovative Planning for Sea Level Rise in
the Gulf of Mexico

Brief Description

Regulatory and planning officials sometimes hesitate to develop policies to address sea level rise because of
the fear of compensable Ã?Â¢??takingsÃ?Â¢?Ã¯Â¿Â½ claims under constitutional or statutory law. This
project will address this fear by analyzing existing takings laws, developing legal arguments that consider
sea level rise, and identifying innovative land use policies designed to withstand takings claims. The project
includes three phases. During Phase I, investigators will examine takings law in Florida, Alabama,
Mississippi, Louisiana, and Texas to provide a foundation for addressing the source of regulatory hesitancy,
which will take place in Phase II. Phase III will include the development of innovative land use planning
policies for sea level rise adaptation that are resistant to takings claims.

Current Status

On-going

City/County/Area

Type of Resource

Publication

Target Audience

Elected officials, planners

Project Partners

Mississippi-Alabama Sea Grant Legal Program

Funding Source

Mississippi-Alabama Sea Grant Consortium

Point of Contact

Contact Phone

662-915-7775

Contact E-mail

sshowalt@olemiss.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://www.masgc.org/pdf/masg

State(s)

Mississippi

Point of Contact

Dave Burrage

Organization

Mississippi-Alabama Sea Grant Consortium,
Mississippi State University Coastal Research and
Extension Center

Gulf of Mexico Climate Change Adaptation Inventory

Long-Term Implications of Sea Level Change for the Mississippi and
Alabama Coastlines

Brief Description

These proceedings document a sea level rise conference in Biloxi, Mississippi, September 27-28, 1990.

Current Status

Complete

City/County/Area

Type of Resource

Publication

Target Audience

Federal, state, and local natural resource management agencies, local elected officials, consultants,
developers, planners

Project Partners

Mississippi-Alabama Sea Grant Consortium, Mississippi Department of Wildlife Fisheries and Parks,
Mississippi Department of Marine Resources, U.S. EPA

Funding Source

NOAA National Sea Grant College Program

Point of Contact

Contact Phone

228-546-1028

Contact E-mail

daveb@ext.msstate.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://pubs.usgs.gov/of/2000/of00-179/

State(s)

Unknown

Point of Contact

E. Robert Thieler

Organization

U.S. Geological Survey

Gulf of Mexico Climate Change Adaptation Inventory

National Assessment of Coastal Vulnerability to Sea Level Rise: Preliminary
Results for the U.S. Gulf of Mexico Coast

Brief Description

The coastal vulnerability index (C.V.I.) for the Gulf of Mexico coast provides insight into the relative
potential of coastal change due to future sea-level rise. The maps and data presented here can be viewed in
at least two ways: first, as a base for developing a more complete inventory of variables influencing the
coastal vulnerability to future sea-level rise to which other elements can be added as they become available;
and second, as an example of the potential for assessing coastal vulnerability to future sea-level rise using
objective criteria.

Current Status

Complete

City/County/Area

Type of Resource

Risk Assessment

Target Audience

Planners, natural resource managers, floodplain managers

Project Partners

USGS

Funding Source

U.S. Geological Survey

Point of Contact

Contact Phone

Contact E-mail

rthieler@usgs.gov

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

State(s)

Unknown

Point of Contact

Tracie Sempier

Organization

NOAA Coastal Storms Program

Gulf of Mexico Climate Change Adaptation Inventory

Preparing Coastal Communities for Climate Hazards

Brief Description

NOAA's Coastal Storms Program is providing assistance to communities in Mississippi and Alabama to
help them incorporate sea level rise into their comprehensive plans.

Current Status

Unknown

City/County/Area

Type of Resource

Adaptation Plan

Target Audience

Local elected officials, planners, floodplain managers, emergency managers

Project Partners

Mississippi-Alabama Sea Grant Consortium, NOAA's Coastal Storms Program

Funding Source

NOAA's Coastal Storms Program

Point of Contact

Contact Phone

228-818-8829

Contact E-mail

tracie.sempier@usm.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

www.edf.org/sites/default/file

State(s)

Texas

Point of Contact

David W. Yoskowitz

Organization

Harte Research Institute for Gulf of Mexico Studies

Gulf of Mexico Climate Change Adaptation Inventory

Socio-Economic Impact of Sea Level Rise in the Galveston Bay Region

Brief Description

This report models the impacts of 2 scenarios of sea level rise over the next 100 years (0.69 meters and 1.5
meters). For each of these scenarios, researchers estimated the impacts on population including the number
of households displaced, the number of buildings impacted, and impacts to industrial, hazardous,
superfund, and solid waste sites.

Current Status

Complete

City/County/Area

Type of Resource

Publication

Target Audience

Planners, floodplain managers, elected officials, emergency managers

Project Partners

Harte Research Institute; Texas A&M University - Corpus Christi

Funding Source

Point of Contact

Contact Phone

361-825-2966

Contact E-mail

david.yoskowitz@tamucc.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://www.sfrpc.com/whatsnew

State(s)

Unknown

Point of Contact

Manny Cela

Organization

South Florida Regional Planning Council

Gulf of Mexico Climate Change Adaptation Inventory

South Florida Regional Planning Council Sea Level Rise Project

Brief Description

The Sea Level Rise Project is a study designed to illustrate what South Florida may look like in 200 years
if current predictions of global warming cause sea levels to rise significantly.

Current Status

Complete

City/County/Area

Type of Resource

Publication

Target Audience

Elected officials, Planners

Project Partners

EPA and Southwest Florida Regional Planning Council (SWFRPC)

Funding Source

Environmental Protection Agency

Point of Contact

Contact Phone

Contact E-mail

celam@sfrpc.com

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://AgroClimate.org

State(s)

Unknown

Point of Contact

Keith Ingram

Organization

Southeast Climate Consortium

Gulf of Mexico Climate Change Adaptation Inventory

Southeast Climate Consortium

Brief Description

The mission of the Southeast Climate Consortium is to use advances in climate sciences, including
improved capabilities to forecast seasonal climate and long-term climate change, to provide scientifically
sound information and decision support tools for agricultural ecosystems, forests and other terrestrial
ecosystems, and coastal ecosystems of the southeastern U.S.

Current Status

Unknown

City/County/Area

Type of Resource

Web Tool

Target Audience

Natural resource managers, agricultural producers

Project Partners

Auburn University, Clemson University, Florida State University, North Carolina State University, University
of Florida, University of Alabama at Huntsville, University of Georgia, University of Miami

Funding Source

Various, including NOAA, NSF, NASA, USDA, and USGS

Point of Contact

Contact Phone

352-392-1864 x261

Contact E-mail

ktingram@ufl.edu

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://stormsmartcoasts.org

State(s)

Alabama,Florida,Louisiana,Mississippi,Texas

Point of Contact

Wes Shaw

Organization

Blue Urchin

Gulf of Mexico Climate Change Adaptation Inventory

StormSmart Coasts

Brief Description

StormSmart Coasts is a web resource dedicated to helping decision makers in coastal communities address
the challenges of storms, flooding, sea level rise, and climate change. Each state's site features recent news
and five main sections: Before the Storm, During the Storm, After the Storm, Funding, and Your
Community (which allows local communities to create their own sites). A monthly newsletter and social
media updates are also available.

Current Status

Complete

City/County/Area

Type of Resource

Web Tool

Target Audience

Floodplain managers, planners, elected officials, emergency managers

Project Partners

NOAA Coastal Services Center, Gulf of Mexico Alliance, Coastal Storms Program, Mississippi-Alabama
Sea Grant Consortium, NOAA Coastal Storms Program, Environmental Protection Agency

Funding Source

NOAA, Gulf of Mexico Alliance, Environmental Protection Agency, Northeast Regional Ocean Council

Point of Contact

Contact Phone

360-639-6954

Contact E-mail

wes@blueurchin.com

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...
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Website

http://stormsmart.org/

State(s)

Alabama,Florida,Louisiana,Mississippi,Texas

Point of Contact

Wes Shaw

Organization

Blue Urchin

Gulf of Mexico Climate Change Adaptation Inventory

StormSmart Connect

Brief Description

This website provides a forum for decision-makers to share information, resources, and personal stories to
help each other protect coastal communities from weather and climate hazards

Current Status

On-going

City/County/Area

Type of Resource

Web Tool

Target Audience

Planners, floodplain managers, emergency managers, elected officials, developers

Project Partners

NOAA Coastal Services Center, Gulf of Mexico Alliance, Coastal Storms Program, Mississippi-Alabama
Sea Grant Consortium, NOAA Coastal Storms Program, Environmental Protection Agency

Funding Source

NOAA, Gulf of Mexico Alliance, Environmental Protection Agency, Northeast Regional Ocean Council

Point of Contact

Contact Phone

360-639-6954

Contact E-mail

wes@blueurchin.com

Gulf of Mexico Climate Change Adaptation Inventory http://www.csc.noaa.gov/dataservices/ClimateInventory/Search?Keywor...

19 of 19 2/14/2013 9:30 AM


	4 - U.S. Geological Survey, National Assessment (21).pdf
	4.1
	4.2
	4.3
	4.4
	4.5
	4.6
	4.7
	4.8
	4.9

	1 - HurricanePreparedness (29).pdf
	HURRICANE PREPAREDNESS GUIDELINES
	FOR
	MARINAS
	
	
	Prepared For


	Through a Grant
	from
	Prepared by



	Grant Services & Consulting, Inc.
	
	June 2002

	Using Hurricane Preparedness Guidelines for Marinas as a tool for severe weather planning will help the marina operator prepare for, respond to, and recover from hurricanes and severe weather.  Following these guidelines, however, will neither assure dam
	
	
	Prepared by




	Grant Services & Consulting, Inc.
	
	June 2002


	SECTION V
	Marina Hurricane Preparedness Plan – An Example
	HURRICANE PREPAREDNESS PLAN
	A. Introductory Comments
	B. Hurricane Information
	C.   Summary of Hurricane’s Eye Marina Hurricane Preparedness Plan

	Condition 4
	
	Condition 1
	D. The Hurricane Response Team
	Marina Employees
	Hold Harmless Agreement
	Wet Slip Evacuation is Strongly Advised
	Dry Stack Evacuation is Strongly Advised
	Boat Owner Emergency Plans
	Boat Handling Ceases When Winds Reach Sustained Speed of 25 Knots
	J.  Hurricane’s Eye Marina Hurricane Plan – Condition 2: 48-36 Hours to Landfall
	
	
	M.  Hurricane’s Eye Marina Hurricane Plan – Return and Recovery






	HURRICANE PREPAREDNESS GUIDELINES FOR MARINAS


	SECTION VI

	3 - Naval Berthing_4_152_07 (74).pdf
	CHAPTER 1 INTRODUCTION
	1-1 PURPOSE AND SCOPE
	1-2 APPLICABILITY
	1-3 GENERAL BUILDING REQUIREMENTS
	1-4 SAFETY
	1-5 FIRE PROTECTION
	1-6 ANTITERRORISM AND PHYSICAL SECURITY
	1-7 REFERENCES
	CHAPTER 2 APPLICABLE CLASSES AND CHARACTERISTICS OF SMALL CRAFT
	2-1 MILITARY SMALL BOATS AND CRAFT
	Figure 2-1—Summary of U.S. Military Small Boats and Craft in Use
	Figure 2-2 U.S. Military Small Craft Characteristics
	Figure 2-3 Vessel Beam vs. Length
	Figure 2-4 Vessel Height vs. Length
	Figure 2-5 Vessel Draft vs. Length
	2-2 RECREATIONAL BOATS.
	CHAPTER 3 SMALL CRAFT HARBOR PLANNING CRITERIA
	3-1 BASIN SITING CONSIDERATIONS
	Figure 3-1 Small Craft Harbor Site Classifications
	Figure 3-2 Example Military Small Craft Harbor and Shore Facility
	Figure 3-3 Maintenance of Entrance to Off-River Basin with Land-Based Equipment
	3-2 BERTHING FACILITY LAYOUT
	CHAPTER 4 BERTHING SYSTEM SITING CONSIDERATIONS
	4-1 ENVIRONMENTAL
	Figure 4-1: Criteria for a “good” wave climate in small craft harbors
	4-2 HARBOR ENTRANCE CHANNEL
	4-3 PROTECTIVE STRUCTURES
	Figure 4-2 Typical Bank Protection Structures
	4-4 AIDS TO NAVIGATION
	CHAPTER 5 BERTHING SYSTEM LAYOUT
	5-1 BERTHING SYSTEM ARRANGEMENTS
	5-2 BERTHING SYSTEM DIMENSIONAL REQUIREMENTS
	Figure 5-1 Typical Berthing Arrangement
	CHAPTER 6 BERTHING STRUCTURES
	6-1 FIXED VS. FLOATING BERTHING SYSTEMS
	Figure 6-1 Typical Fixed Finger Pier
	Figure 6-2 Typical Floating Finger Pier System
	6-2 COVERED VS. UNCOVERED BERTHS
	6-3 BERTHING SYSTEM LOADING CRITERIA
	Figure 6-3 Vertical Live Loads on Berthing Systems
	Figure 6-4 Wind Load on Small Craft
	Figure 6-5 Sample Calculation for Windloading on a Floating Pier System
	Figure 6-6 Cable Anchorage System
	6-4 BERTHING SYSTEM TYPICAL CONSTRUCTION
	Figure 6-7 Various Types of Floating Docks
	6-5 MOORING FITTINGS AND BUMPERS
	6-6 ACCESS PIERS AND GANGWAYS
	CHAPTER 7 HOTEL SERVICES (UTILITIES)
	7-1 POTABLE WATER
	7-2 SEWAGE AND OILY WASTEWATER
	7-3 ELECTRICAL
	7-4 COMMUNICATION
	7-5 FUEL
	7-6 LIGHTING
	7-7 FIRE FIGHTING
	7-8 LOCKER BOXES
	7-9 ALL-PURPOSE PEDESTAL
	CHAPTER 8 DRY STORAGE FACILITIES
	8-1 DESCRIPTION
	8-2 YARD STORAGE
	Figure 8-1, Yard Dry Storage
	Figure 8-2, Small Craft Crane Access (Jib-boom)
	8-3 DRY STACK STORAGE
	8-4 APPLICABILITY
	CHAPTER 9 BOAT REPAIR/MAINTENANCE
	9-1 GENERAL
	9-2 MAINTENANCE SCOPE
	9-4 MAINTENANCE PROGRAM
	9-5 FACILITIES
	Figure 9-1, Vessel Haul out Facility for Straddle Carrier
	Figure 9-2, Enclosed Shop Building, with Straddle Carrier
	CHAPTER 10 BOAT LAUNCH HOISTS AND LIFTS
	10 -1 GENERAL
	10-2 FIXED SYSTEMS
	10-3 MOVEABLE SYSTEMS
	CHAPTER 11 LAUNCHING RAMPS
	11-1 GENERAL REQUIREMENTS – WATER AREA
	Figure 11-1 Car/Trailer Parking Layout
	APPENDIX A REFERENCES


	Text1: 
	Text2: Thieler, E.R., and Hammar-Klose, E.S., 2000. National assessment of coastal vulnerability to sea-level rise: Preliminary results for the U.S. Gulf of Mexico Coast.  U.S. Geological Survey Open-File Review Report 00-179, 1 map sheet, http://pubs.usgs.gov/of/of00-179/"
	Text3: 
	E-Mail: 
	Boat Owners Name: 
	Drivers Lic: 
	State: 
	Residence Address: 
	City: 
	State_2: 
	Zip: 
	Phone  Home: 
	Work: 
	Cell: 
	Email Address: 
	Name: 
	DocReg: 
	Exp Date: 
	Homeport: 
	MakeModel: 
	Year: 
	Description: 
	LengthofVessel: 
	Beam: 
	Draft: 
	Sail: Off
	Power: Off
	Wood: Off
	Steel: Off
	Fiberglass: Off
	Aluminum: Off
	Holding Tank: Off
	Porta-Potty: Off
	None: Off
	Inboard: Off
	Outboard: Off
	Auxilliary: Off
	OtherMotor: Off
	Diesel: Off
	Gas: Off
	Insurance Company: 
	Exp Date_2: 
	DailyRate: 0
	Boat Owner: 
	Date: 
	Credit Card Number: 
	Expiration Date: 
	Visa: Off
	Mastercard: Off
	Amex: Off
	OtherCard: Off
	Name as it appears on the card: 
	Key Deposit Paid: $25.00
	Slip No: 
	FeePaid: 0
	ArrivalDate: 
	DepartureDate: 
	NumberofDays: 


