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FLOOD INSURANCE STUDY 

PALM BEACH COUNTY, FLORIDA AND INCORPORATED AREAS  

1.0 INTRODUCTION  

1.1 Purpose of Study 

This Flood Insurance Study (FIS) revises and updates information on the existence and 
severity of flood hazards in the geographic area of Palm Beach County, Florida including 
the Cities of Atlantis, Belle Glade, Boca Raton, Boynton Beach, Delray Beach, 
Greenacres, Lake Worth, Pahokee, Palm Beach Gardens, Riviera Beach, South Bay, and 
West Palm Beach; the Towns of Briny Breezes, Cloud Lake, Glen Ridge, Gulf Stream, 
Haverhill, Highland Beach, Hypoluxo, Juno Beach, Jupiter, Jupiter Inlet Colony, Lake 
Clarke Shores, Lake Park, Lantana, Loxahatchee Groves, Manalapan, Mangonia Park, 
Ocean Ridge, Palm Beach, Palm Beach Shores, and South Palm Beach; the Villages of 
Golf, North Palm Beach, Palm Springs, Royal Palm Beach, Tequesta, and Wellington; 
and the unincorporated areas of Palm Beach County (referred to collectively herein as 
Palm Beach County), and aids in the administration of the National Flood Insurance Act 
of 1968 and the Flood Disaster Protection Act of 1973. This study has developed flood-
risk data for various areas of the community that will be used to establish actuarial flood 
insurance rates and to assist the community in its efforts to promote sound floodplain 
management. Minimum floodplain management requirements for participation in the 
National Flood Insurance Program (NFIP) are set forth in the Code of Federal 
Regulations at 44 CFR, 60.3. 

In some states or communities, floodplain management criteria or regulations may exist 
that are more restrictive or comprehensive than the minimum Federal requirements. In 
such cases, the more restrictive criteria take precedence, and the State (or other 
jurisdictional agency) will be able to explain them. 

The Digital Flood Insurance Rate Map (DFIRM) and FIS Report for this countywide 
study have been produced in digital format. Flood hazard information was converted to 
meet the Federal Emergency Management Agency (FEMA) DFIRM database 
specifications and geographic information standards and is provided in a digital format so 
that it can be incorporated into a local Geographic Information System (GIS) and be 
accessed more easily by the community. 

1.2 Authority and Acknowledgments 

The sources of authority for this FIS report are the National Flood Insurance Act of 1968 
and the Flood Disaster Protection Act of 1973. 

This update combines all communities (References 1-10), as well as the unincorporated 
areas of Palm Beach County (Reference 11), into a countywide FIS, as compiled from 
previously published FIS narratives (References 1-11). In addition to previously 
published FIS reports, this study incorporates wave action studies associated with 
flooding from the Intracoastal Waterway (including Jupiter Sound), Loxahatchee River 
(including the North, Northwest, and Southwest Forks), North Palm Beach Waterway, 
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Table 1: Summary of Flooding Sources  
Presented in Current Study 

Flooding 
Source 

Completion 
Date Study Contractor(s) 

Contract or 
Inter -Agency 

Agreement No. 
Communities 

Affected 

Atlantic Ocean/ 
Intracoastal 
Waterway 
(Wave Height 
Analysis) 

May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas, Belle 

Glade, Boynton 
Beach, Briny 

Breezes, Delray 
Beach, Gulf Stream, 

Highland Beach, 
Juno Beach, Jupiter, 
Jupiter Inlet Colony, 
Lake Worth, Lantana, 
Manalapan, N. Palm 
Beach, Ocean Ridge, 
Pahokee, Palm Beach 
(Town), Palm Beach 
Shores, Riviera, S. 

Palm Beach, 
Tequesta 

Atlantic Ocean/ 
Intracoastal 
Waterway 
(Coastal 
Stillwater) 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Backwater 
Tributaries 1, 
2, 3, and 4 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Backwater 1 May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

C-15 Canal 
Subbasin May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 

Uninc. Areas 

C-16 Canal 
Subbasin May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 

Uninc. Areas 

C-17 Canal 
Subbasin May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 

Uninc. Areas 

C-18 Canal 
Subbasin January 1988 Mock, Roos and 

Associates, Inc. H-3839 Palm Beach Gardens 

 



Table 1: Summary of Flooding Sources 
Presented in Current Study (continued) 
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Flooding 
Source 

Completion 
Date Study Contractor(s) 

Contract or 
Inter -Agency 

Agreement No. 
Communities 

Affected 

C-51 May 2015 SFWMD  

Palm Beach Co., 
Uninc. Areas, Cloud 
Lake, Glen Ridge, 

Greenacres, 
Haverhill, Lake 

Clarke Shores, Lake 
Worth, Loxahatchee 

Groves, Palm 
Springs, Royal Palm 
Springs, Wellington, 

West Palm Beach 

C-51 June 2004 BPC Group Inc.  

Palm Beach Co., 
Uninc. Areas, Cloud 
Lake, Glen Ridge, 

Greenacres, 
Haverhill, Lake 

Clarke Shores, Lake 
Worth, Loxahatchee 

Groves, Palm 
Springs, Royal Palm 
Springs, Wellington, 

West Palm Beach 

C-51 May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

E-3 Canal February 2014 Mock Roos and 
Associates, Inc.  

Palm Beach Co., 
Uninc. Areas, Boca 

Raton 

E-3 Canal September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

E-3 Canal May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

E-4 Canal February 2014 Mock Roos and 
Associates, Inc.  

Palm Beach Co., 
Uninc. Areas, Boca 

Raton 

E-4 Canal September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 
 
 



Table 1: Summary of Flooding Sources 
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Flooding 
Source 

Completion 
Date Study Contractor(s) 

Contract or 
Inter -Agency 

Agreement No. 
Communities 

Affected 

E-4 Canal May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

E-4 Canal May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Hillsboro Canal May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

Hillsboro Canal May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Intracoastal 
Waterway April 1982 Tetra Tech, Inc.1 H-3839 

Palm Beach Co., 
Uninc. Areas, Belle 

Glade, Boynton 
Beach, Briny 

Breezes, Delray 
Beach, Gulf Stream, 

Highland Beach, 
Juno Beach, Jupiter, 
Jupiter Inlet Colony, 
Lake Worth, Lantana, 
Manalapan, N. Palm 
Beach, Ocean Ridge, 
Pahokee, Palm Beach 
(Town), Palm Beach 
Shores, Riviera, S. 

Palm Beach, 
Tequesta 

Intracoastal 
Waterway May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 

Uninc. Areas 

Jupiter Creek September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

Jupiter Creek May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

Keller Canal September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

Keller Canal May 2005 Dewberry & Davis, 
Inc.  Palm Beach Co., 

Uninc. Areas 
1Analyses performed by Tetra Tech, Inc., reported in August 1978 FIS Report for Palm Beach County 
Unincorporated Areas  

 



Table 1: Summary of Flooding Sources 
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Flooding 
Source 

Completion 
Date Study Contractor(s) 

Contract or 
Inter -Agency 

Agreement No. 
Communities 

Affected 

Keller Canal May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

L-14 Canal September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

L-14 Canal May 2005 Dewberry & Davis, 
Inc.  Palm Beach Co., 

Uninc. Areas 

L-14 Canal May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

L-16 Canal September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

L-16 Canal May 2005 Dewberry & Davis, 
Inc.  Palm Beach Co., 

Uninc. Areas 

L-16 Canal May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

Lake Ida Canal 
and 
Tributaries 

May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

Lake 
Okeechobee 
(Dam Breach 
Analysis) 

September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

Lake 
Okeechobee April 1982 Tetra Tech, Inc.1 H-3839 

Palm Beach Co., 
Uninc. Areas, Belle 

Glade, Pahokee,  

Lake 
Okeechobee May 1977 Tetra Tech, Inc. H-3839 

Palm Beach Co., 
Uninc. Areas, Belle 

Glade, Pahokee 

Lake Osborne 
and 
Tributaries 

September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

Lake Osborne 
and 
Tributaries 

May 2005 Dewberry & Davis, 
Inc.  Palm Beach Co., 

Uninc. Areas 
1Analyses performed by Tetra Tech, Inc., reported in August 1978 FIS Report for Palm Beach County 
Unincorporated Areas  

 



Table 1: Summary of Flooding Sources 
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Flooding 
Source 

Completion 
Date Study Contractor(s) 

Contract or 
Inter -Agency 

Agreement No. 
Communities 

Affected 

Lake Osborne 
and 
Tributaries 

May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

Lake Worth April 1982 Tetra Tech, Inc.1 H-3839 

Palm Beach Co., 
Uninc. Areas, 

Boynton Beach, Palm 
Beach Gardens 

Lake Worth May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Little Lake 
Worth April 1982 Tetra Tech, Inc.1 H-3839 Palm Beach Co., 

Uninc. Areas 

Little Lake 
Worth May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 

Uninc. Areas 

Loxahatchee 
River April 1982 Tetra Tech, Inc.1 H-3839 

Palm Beach Co., 
Uninc. Areas, Jupiter, 
Jupiter Inlet Colony,  

Loxahatchee 
River May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 

Uninc. Areas 

North Fork 
Loxahatchee 
River 

April 1982 Tetra Tech, Inc.1 H-3839 Palm Beach Co., 
Uninc. Areas 

North Fork 
Loxahatchee 
River 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

North Palm 
Beach 
Waterway 

April 1982 Tetra Tech, Inc.1 H-3839 Palm Beach Co., 
Uninc. Areas 

North Palm 
Beach 
Waterway 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Northwest Fork 
Loxahatchee 
River 

April 1982 Tetra Tech, Inc.1 H-3839 Palm Beach Co., 
Uninc. Areas 

1Analyses performed by Tetra Tech, Inc., reported in August 1978 FIS Report for Palm Beach County 
Unincorporated Areas  
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Flooding 
Source 

Completion 
Date Study Contractor(s) 

Contract or 
Inter -Agency 

Agreement No. 
Communities 

Affected 

Northwest Fork 
Loxahatchee 
River 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Rainfall 
ponding and 
shallow sheet 
flow 

May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 

Palm Beach Co., 
Uninc. Areas 

Rainfall 
ponding and 
shallow sheet 
flow 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Southwest Fork 
Loxahatchee 
River and 
Tributaries 

April 1982 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Southwest Fork 
Loxahatchee 
River and 
Tributaries 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

C-5 Canal and 
Tributaries 

September 
2012 Watershed IV Alliance EMA-2002-CO-

0011A 
Palm Beach Co., 

Uninc. Areas 

C-51 Canal and 
Tributaries May 1996 Engineering Methods 

& Applications 
EMW-94-C-

4392 
Palm Beach Co., 

Uninc. Areas 

C-51 Canal May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 

Various 
unnamed 
streams 

May 1996 Engineering Methods 
& Applications 

EMW-94-C-
4392 All  

Various 
unnamed 
streams 

May 1977 Tetra Tech, Inc. H-3839 Palm Beach Co., 
Uninc. Areas 
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Community Name Initial CCO Date Final CCO Date 

Boca Raton, City of  May 23, 1975 April 4, 1977 

Boca Raton, City of (wave 
height analysis) *  December 2, 1981 

Boynton Beach, City of *  June 27, 1977 

Briny Breezes, Town of *  June 27, 1977 

Cloud Lake, Town of  *  June 29, 1977 

Delray Beach, City of *  *  

Glen Ridge, Town of *  June 30, 1977 

Golf, Village of *  *  

Greenacres, City of *  *  

Gulf Stream, Town of *  *  

Haverhill, Town of *  *  

Highland Beach, Town of *  *  

Hypoluxo, Town of *  June 28, 1977 

Juno Beach, Town of *  June 27, 1977 

Jupiter, Town of *  *  

Jupiter Inlet Colony, Town of *  *  

Lake Clarke Shores, Town of *  February 14, 1977 

Lake Park, Town of *  June 29, 1977 

Lake Worth, City of *  June 28, 1977 

Lantana, Town of *  *  

Loxahatchee Groves, Town of *  *  

Manalapan, Town of *  *  

Mangonia Park, Town of *  February 15, 1977 

North Palm Beach, Village of *  July 26, 1977 

Ocean Ridge, Town of *  *  

Pahokee, City of *  July 1, 1977 

Palm Beach, Town of *  June 29, 1977 

Palm Beach County 
(Unincorporated Areas) *  July 25, 1977 

Palm Beach Gardens, City of *  June 29, 1977 
*Date not available 
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Flooding Source 
Reach 
Length 
(miles) 

Study Limits 

C-51 Canal1 20.8 

From the confluence with Lake 
Worth/Intracoastal Waterway to a point 
approximately 3.2 miles upstream of Flying 
Ranch Road 

E-3 Canal1 4.5 From the confluence with Hillsboro Canal to 
Yamato Road Control Structure 

E-4 Canal1    6.5 From the confluence with Hillsboro Canal to 
Congress Avenue Control Structure 

Hillsboro Canal1 4.0 
From the confluence with Intracoastal 
Waterway to a point approximately 1.2  miles 
upstream of Interstate 95 

Intracoastal Waterway  n/a Entire coastline 

Jupiter Creek1 1.6 
From a point approximately 100 feet 
downstream of Center Street to Toney Penna 
Drive 

Jupiter Sound 
(Intracoastal 
Waterway) 

n/a Entire coastline 

Keller Canal1 2.8 From the confluence with C-51 Canal to the 
confluence with Lake Osborne 

L-14 Canal1 2.2 From the confluence with Lake Osborne to 
Military Trail 

L-16 Canal1 2.2 From the confluence with Lake Osborne to 
Lantana Road 

Lake Boca Raton 
(Intracoastal 
Waterway) 

n/a Entire coastline 

Lake Okeechobee n/a Entire coastline 

Lake Osborne1 3.1 From the confluence with Keller Canal to 
Hypoluxo Road 

Lake Worth (Intracoastal 
Waterway) n/a Entire coastline 

Lake Worth Creek n/a Entire coastline 
Lake Wyman 

(Intracoastal 
Waterway) 

n/a Entire coastline 

Loxahatchee River n/a Entire coastline 
1 Flooding source with new or revised analyses incorporated as part of the current study 

update 
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The topography of Palm Beach County can be divided into three major regions: coastal 
(including coastal ridge), sandy flatlands, and Everglades. Paralleling the Atlantic Ocean, 
the coastal ridge extends approximately 3 miles inland in various locations of the county. 
Elevations in this region range between 25 and 40 feet (Reference 11). The sandy 
flatlands adjoin the coastal ridge and extend far inland. As its name implies, this region is 
uniformly flat, varying only from 10 to 15 feet in elevation. The Loxahatchee National 
Wildlife Refuge, located in the west and southwest region of the county, is part of the 
Florida Everglades. The refuge covers approximately 221 square miles. The Everglades 
is characterized by flat, swampy lands, with elevations ranging from only 6 to 14 feet.  

Groundwater in Palm Beach County is associated with a shallow unconfined aquifer 
composed of sands and limestones. The thickness of this aquifer ranges from a maximum 
of 250 feet near the coast to a minimum of approximately 100 feet near the western 
boundary of the county. This aquifer is a major source of freshwater for many 
communities in the county. 

The vegetation of the study area is typically subtropical. Along the coast, a variety of 
palms and trees such as the West Indies mahogany, sapodilla, and lignum vitae flourish in 
urban areas. The Water Catchment Area, comprising slightly more than one-half of the 
area of West Palm Beach, is covered primarily by native grasses and brush. The higher 
regions of the county provide a suitable habitat for pine, saw palmetto, broomgrass, and 
gallberry, with occasional hammocks of cabbage palm. In the sloughs and ponds, the 
principal growth consists of sedges, primarily sawgrass and water plants. The 
predominant plant in the Everglades is sawgrass, which grows with a variety of other 
plants. Flag, pickerel weed, maidencane, royal ferns, myrtle, willow, and buttonbush 
coexist in the sawgrass stands. This sawgrass plain is occasionally interspersed with 
small, green tree islands (hammocks). The predominant trees include willow, red bay, 
holly, strangler fig, maple, elderberry, cocoplum, custard apple, and groundsel bush.  

The major industries in Palm Beach County are tourism, construction and agriculture 
(Reference 34). About 32 percent of the county land is dedicated to the production of 
sugar cane. As of 2007, U.S. Census base population for the county was estimated at 
1,266,451 (Reference 35). The population of Palm Beach County grew an average of 1.6 
percent from July 2000 to July 2007. 

The City of West Palm Beach, located in the central and eastern portion of the county, is 
the county seat and largest city in Palm Beach County. The estimated 2008 population of 
West Palm Beach and the immediately adjacent Census Designated Places is 134,795. 
Most of the communities in Palm Beach County lie along the coast and experience a 
significant gain in population during the winter months. This seasonal influx is not 
considered in U.S. Bureau of the Census figures.  

Palm Beach County includes 45 miles of Atlantic shoreline, but for much of that distance, 
the mainland is separated from the ocean by barrier beaches and lagoons and other bodies 
of water. The mainland for the extreme northeastern portion of Palm Beach County is 
bordered on the east by the Indian River, a part of the Indian River lagoon system. This 
156-mile long estuary lies between the mainland and barrier islands from Volusia and 
Brevard Counties to the north, through Indian River County, and extending south to Palm 
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Beach County, where it connects to the Atlantic Ocean by Jupiter Inlet. The Atlantic 
Intracoastal Waterway runs through the Indian River Lagoon for its length. 

South of the Indian River lagoon between the Port of Palm Beach (Lake Worth Inlet) and 
Boynton Beach, the Intracoastal Waterway runs through the Lake Worth lagoon. The 
Lake Worth lagoon extends approximately 21 miles parallel to the coast, connected to the 
Atlantic Ocean by the two permanent, man-made inlets. 

The Intracoastal Waterway widens at three points within the City of Boca Raton, creating 
Lake Boca Raton, Lake Wyman, and Lake Rogers. The Atlantic Ocean is connected to 
the Intracoastal Waterway by the Boca Raton Inlet.  

Natural, well-defined drainage channels are apparent only close to the coast where the 
coastal ridge rises inland from the Atlantic Ocean. This is the only area in Palm Beach 
County with defined riverine floodplains. The Loxahatchee River serves as the border 
between Palm Beach County and Martin County to the north. This river flows 7.6 miles 
to the Atlantic Ocean via Jupiter inlet and includes several large tributaries. The other 
natural coastal flooding sources included in this study are the Earman River and several 
backwater tributaries.  

The general topography of the interior portions of Palm Beach County is essentially flat 
and there are no major natural streams. Instead, runoff occurs primarily as overland flow 
over wide, flat areas; in sloughs; and through man-made canal systems in populated 
areas. The major canals are managed by the South Florida Water Management District. 
These canals include the C-51 Canal, Hillsboro Canal, North New River Canal, Miami 
Canal, and the C-15, C-16, C-17, C-18 and L-8 Canals. The Earman River is the 
discharge point at various locations for several canals; which include the Bellwood, 
Gardenia, Lake Catherine, and C-17 Canals, all of which are part of the C-17 Canal 
Subbasin. 

In the populated coastal regions of the county, a system of smaller, or secondary, canals 
helps transport runoff water into the major canals. These smaller canals are administered 
by several localized authorities, including the Lake Worth Drainage District, the North 
Palm Beach Drainage District, and the Acme Drainage District.  

The interior area also includes three large lakes: Lake Mangonia (540 acres), Clear Lake 
(401 acres), and Lake Osborne (356 acres). Lake Mangonia and Clear Lake are located 
one mile inland and are connected by a channel. These lakes are the source of municipal 
water for the City of West Palm Beach. Although they are naturally a part of the surface 
hydrologic system, the topography around these two lakes has been modified to eliminate 
the inflow of significant quantities of storm runoff. Lake Osborne is a 378-acre 
freshwater lake located just west of the Intracoastal Waterway in the City of Lake Worth. 

Palm Beach County is one of five counties containing portions of Lake Okeechobee, on 
the northwestern boundary of the county. Lake Okeechobee is the largest freshwater lake 
in Florida at 488,000 acres, but has an average depth of only 9 feet. This lake is 
connected to the Indian River lagoon by the Okeechobee Waterway and the St. Lucie 
River. 
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2.3 Principal Flood Problems  

Flooding results from two major sources in Palm Beach County. Coastal areas are subject 
to inundation from ocean surges as the result of hurricanes and tropical storms. Inland 
areas become flooded during the rainy season when intense rainfall accumulates in low, 
flat areas and the capacity of streams is exceeded. A transition region near the coast is 
vulnerable to both rainfall and ocean surge flooding.  

Several communities in Palm Beach County are located on the open coast and are subject 
to flooding from tidal surges associated with hurricanes, including Briny Breezes, 
Boynton Beach, Delray Beach, Gulf Stream, Highland Beach, Juno Beach, Jupiter, 
Jupiter Inlet Colony, Lake Worth, Lantana, Manalapan, North Palm Beach, Palm Beach, 
Palm Beach Gardens, Palm Beach Shores, Riviera Beach, South Palm Beach, Tequesta, 
and West Palm Beach. Flooding from ocean storm surges may be augmented with storm 
surges on Lake Worth and subsequent rising water levels in areas adjacent to Lake Worth 
and the Intracoastal Waterway. The rise of the water level in Lake Worth causes a rise in 
the water level in the Intracoastal Waterway, which is compounded by any increases 
caused by rainfall runoff. These effects are complicated by wave action in Jupiter Inlet 
and Jupiter Sound for Jupiter Inlet Colony and by Pelican Pond for Juno Beach. The 
Cities of Pahokee and Belle Glade are vulnerable to flooding from similar storm surges 
on Lake Okeechobee. 

Most of the communities in Palm Beach County and the unincorporated areas are 
susceptible to surface flooding because of flat terrain. During the rainy season, the water 
table rises and the amount of water that can be absorbed decreases. As a result, water 
accumulates in low lying areas and either slowly infiltrates or eventually flows into a 
canal or storm drain (Reference 1). Much of the unincorporated land in the county is 
covered by ponded water during the rainy season and development has only taken place 
where measures such as drainage ditches, culverts, and elevated foundations are 
employed to minimize water damage. The flooding that results from extreme rainfalls is 
generally shallow and is characterized by its low velocities of flow.  

A few communities on the coastal ridge, including portions of Boca Raton, Hypoluxo, 
and Lake Park, have good natural drainage due to their topography. 

Some communities also experience flooding from specific sources. Drainage is provided 
by a canal system that readily accommodates the day-to-day rainfall. However, in periods 
of heavy rainfall, the aquifers discharge into the canals and the capacity of canals and 
streams to accommodate additional storm runoff is exceeded. The communities of Jupiter 
and Tequesta are affected by flooding of the Loxahatchee River and its tributaries. North 
Palm Beach is vulnerable to flooding from Canal C-17 and the North Palm Beach Canal. 

Reports from both the U.S. Army Corps of Engineers (USACE) and the NOAA 
document several damaging floods that have occurred in Palm Beach County (References 
36; 37; 38). Most of these floods have been attributable to hurricanes which have passed 
over Florida in the vicinity of Palm Beach County.  
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Since 1871, 12 hurricanes have passed through Palm Beach County. Among the more 
severe were the storms of September 1928, September 1947, October 1947, and August-
September 1964.  

The hurricane of September 1928 is considered one of the most violent ever to strike 
Florida. The center of the storm smashed into the West Palm Beach area with winds in 
excess of 100 miles per hour. Nearly 95 percent of the commercial and residential 
property in the West Palm Beach area was damaged. High tides ranged from 8 feet in 
Lake Worth to 10 feet at Palm Beach. As a result of the storm, the West Palm Beach area 
was left with 26 dead, 1,437 injured, and damages in excess of $11 million. Severe wave 
action was responsible for the washout of several bridges crossing Lake Worth. This 
storm also caused flooding from wind-driven tides in Lake Okeechobee, when winds of 
up to 75 miles per hour were reported on the lake. A wind-driven tidal wave, ranging 
from 5 to 10 feet, brought about widespread loss of life and destruction of property along 
the southwest shore of the lake.  

The hurricane of October 1947 climaxed an extremely wet rainy season in which 
precipitation in the county ranged from 70 to 85 inches (Reference 12). 

The hurricane of August 1949 was the worst to hit the Lake Okeechobee area since 
September 1928. However, the Herbert Hoover Dike, constructed in the early 1930s, 
prevented the occurrence of any flooding.  

Historically, the most intense rainfalls have resulted from thunderstorm activity. Large 
quantities of rain over somewhat longer periods also occur with the passage of 
hurricanes. The highest recorded rainfall for a Palm Beach County coastal area occurred 
in October 1965, when 18.9 inches fell within 1 day near Boca Raton (Reference 39).  

2.4 Flood Protection Measures   

Flood protection measures within Palm Beach County include the Herbert Hoover Dike 
system and its associated flood gates which were designed and constructed in the 1950s 
to provide hurricane surge and high lake level flooding protection from Lake 
Okeechobee.  The Herbert Hoover Dike and flood gate system is operated and maintained 
by the USACE.  The adjacent northwestern and western Palm Beach County areas are 
generally protected from flooding by the Herbert Hoover Dike.  Presently, the Herbert 
Hoover Dike cannot be certified by the USACE as being capable of providing flood 
protection during prolonged periods of high lake levels in Lake Okeechobee.  Adjacent 
low-lying floodplains and communities along the eastern reaches of the dike may be 
subject to flood inundation from Lake Okeechobee due to structural failure and breaching 
of the dike due to seepage.  The affected areas subject to this potential flood hazard have 
been identified through a Dam Breach Analysis completed in September 2012 and the 
flood risk has been shown on the FIRM for Palm Beach County. 

In addition to the Herbert Hoover Dike, there are other flood control canals, locks and 
pump stations near Lake Okeechobee and in numerous other locations within Palm Beach 
County which are operated and maintained by the SFWMD.  Other canals have been 
constructed to remove excess runoff from inland regions.  Water may be ponded for 
several months in areas that do not drain readily.  The canals serve as a path for flow and 
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have increased the fraction of rainfall that runs off land. They also tend to shorten the 
time required for water to travel from interior regions to the ocean. When runoff exceeds 
the capacity of the canal system, the excess is stored in the canal basin, with the stage 
increasing until the canal discharge surpasses inflow. The major canal systems include 
the Hillsboro Canal; the C-51 Canal; the North New River Canal; the Miami Canal; and 
the C-15, C-16, C-17, and C-18 canals.  The SFWMD regulates all these canals.  Some 
levees have been constructed to control the spread of water in swampy areas. 

Along the shorelines of the Atlantic coast and inland rivers and sounds, there are 
numerous individual seawalls and bulkheads protecting private property, but these do not 
provide a flood protection capacity.  There are several Federally-sponsored (USACE) and 
maintained beach nourishment projects located along the Atlantic Ocean coastal 
shoreline, including projects in Jupiter, Palm Beach, Ocean Ridge, and Boca Raton.  
These beach nourishment projects are not designed to provide protection during the 1-
percent-annual-chance flood.  There are also major seawall structures located in separate 
communities along the Atlantic coast, including Palm Beach, South Palm Beach, Lake 
Worth, Manalapan, Ocean Ridge, and Boca Raton. It is not known if these seawall 
structures have been designed to provide flood protection during the 1-percent-annual-
chance flood. 

Other non-structural floodplain management measures within the county are exercised.  
These include county zoning ordinances, building codes designed to reduce flood damage 
and hurricane advisories and emergency plans. 

Rapidly rising sand dunes and seawalls provide considerable protection along the open 
coast of Palm Beach County (Reference 11). These dunes and seawalls are expected to 
remain intact during the 1-percent-annual-chance storm surge and are considered 
effective wave energy dissipaters. Much of the shoreline along Lake Worth and the Intra-
coastal Waterway is protected by bulkheads. These bulkheads are capable of dissipating 
wave energy. 

3.0 ENGINEERING METHODS  

For the flooding sources studied by detailed methods in the community, standard hydrologic and 
hydraulic study methods were used to determine the flood-hazard data required for this study. 
Flood events of a magnitude that is expected to be equaled or exceeded once on the average 
during any 10-, 50-, 100-, or 500-year period (recurrence interval) have been selected as having 
special significance for floodplain management and for flood insurance rates. These events, 
commonly termed the 10-, 50-, 100-, and 500-year floods, have a 10-, 2-, 1-, and  
0.2-percent chance, respectively, of being equaled or exceeded during any year. Although the 
recurrence interval represents the long-term, average period between floods of a specific 
magnitude, rare floods could occur at short intervals or even within the same year. The risk of 
experiencing a rare flood increases when periods greater than 1 year are considered. For example, 
the risk of having a flood that equals or exceeds the 1-percent-annual-chance flood in any 50-year 
period is approximately 40 percent (4 in 10); for any 90-year period, the risk increases to 
approximately 60 percent (6 in 10). The analyses reported herein reflect flooding potentials based 
on conditions existing in the community at the time of completion of this study. Maps and flood 
elevations will be amended periodically to reflect future changes. 
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Table 6:  Summary of Discharges 

 
Flooding Source and Location 

  Drainage Area                Peak Discharges (Cubic Feet per Second) 
(Square miles) 10-percent        2-percent           1-percent                     0.2-percent 

      
E-3 CANAL      
  Control Structure at the downstream outlet 10.74 732 1,491 1,693 2,021 
  Palmetto Park Road 5.66 488 679 725 824 
  Potomac Road 1.02 255 373 383 405 

      
E-4 CANAL      
Southwest 18th Street 12.95 3,197 5,317 6,192 8,373 
NW 20th Street 6.54 1,084 1,796 2,033 2,382 
Clint Moore Road 0.42 106 196 252 279 

      
JUPITER CREEK      
  At mouth 2.45 1,063 1,401 1,556 1,775 
  At Indian Town Road 2.16 845 1,095 1,208 1,367 
  At Pennock Lane 0.8 399 481 496 501 
  At Toney Penna Drive 0.56 156 210 271 334 
      
KELLER CANAL                                                  
At confluence with                                                                                                  
C-51/ West Palm Beach Canal 

 
 

*  

 
 

1,162 

 
 

*  

 
 

1,232 

 
 

*  
      
LAKE OSBORNE      
  At Hypoluxo Road *  1,781 *  3,419 *  

      
L-14 CANAL      
  At mouth 5.8 735 *  1,363 *  
  At Military Trail  3.4 450 *  892 *  
          
* Data not available      
      
      
      



Table 6: Summary of Discharges - continued 
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Flooding Source and Location 

  Drainage Area                Peak Discharges (Cubic Feet per Second) 
(Square miles) 10-percent        2-percent           1-percent                     0.2-percent 

L-16 CANAL      
  At mouth\ 
  At Military Trail  

1.6 
0.9 

385 
191 

*  
*  

583 
411 

*  
*  

        
      
HILLSBORO CANAL      
  At Intracoastal Waterway 64 1,600 4,000 6,000 9,800 

      
* Data not available      
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Stillwater elevations for the 10- and 1-percent-annual-chance floods for the C-51 
canal in Palm Beach County are summarized in Table 7. Figure 1 shows the 
subbasin locations within the C-51 basin. 

Table 7: Summary of C-51 Stillwater Elevations 

 Water Surface Elevations (Feet NAVD881) 

Subbasin 10-percent 
annual-chance 

2-percent-
annual-chance 

1-percent-
annual-chance 

0.2-percent-
annual-chance 

 1 17.34 *  19.24 *  

 2A *  *  13.44 *  

 2B 13.04 *  13.84 *  

 3 13.64 *  14.54 *  

 4 14.94 *  15.54 *  

 5 15.84 *  17.24 *  

 6 17.04 *  17.24 *  

 7 17.54 *  17.64 *  

 8 18.14 *  18.54 *  

 9 15.84 *  17.24 *  

 10 17.54 *  17.64 *  

 11 17.54 *  17.64 *  

 12 17.54 *  17.64 *  

 13 14.04 *  15.44 *  

 14 14.04 *  15.44 *  

 15A 14.44 *  16.84 *  

 15B 17.94 *  18.64 *  

 16A 14.44 *  16.84 *  

 16B-1 17.64 *  18.64 *  

 16B-2 17.84 *  18.84 *  

 16B-3 17.54 *  18.34 *  

 17 12.94 *  14.54 *  

 18 12.94 *  14.54 *  

 20A 13.94 *  16.04 *  

 20B 14.44 *  15.54 *  
1North American Vertical Datum of 1988; The datum conversion factor from  

NGVD to NAVD 88 in Palm Beach County is -1.56 feet 
*Data not available 



Table 7: Summary of C-51 Stillwater Elevations (continued) 
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 Water Surface Elevations (Feet NAVD881) 

Subbasin 10-percent 
annual-chance 

2-percent-
annual-chance 

1-percent-
annual-chance 

0.2-percent-
annual-chance 

 21A 15.94 *  16.44 *  

 21B 16.24 *  16.64 *  

 22 15.24 *  16.54 *  

 23 14.64 *  15.84 *  

 24 15.34 *  16.44 *  

 25A 13.14 *  12.54 *  

 25B 13.14 *  12.64 *  

 26 11.74 *  12.44 *  

 27 9.34 *  12.74 *  

 28 9.84 *  11.54 *  

 29A 12.04 *  12.74 *  

 29B 12.44 *  13.44 *  

 30 10.94 *  11.94 *  

 31 9.04 *  11.14 *  

 32 9.24 *  11.34 *  

 33 9.44 *  11.14 *  

 34 10.74 *  11.04 *  

 35 9.64 *  11.64 *  

 36 11.24 *  12.54 *  

 37 14.04 *  14.94 *  

 38 15.34 *  17.44 *  

 39 11.84 *  11.94 *  

 Sect24 14.44 *  15.14 *  
1North American Vertical Datum of 1988; The datum conversion factor from  
NGVD to NAVD 88 in Palm Beach County is -1.56 feet. 
*Data not available 
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Figure 1: C-51 Subbasins 

Collective Water Resources first mapped AE zones from the C-51 model based on 
the subbasin shapefile provided by SFWMD.  Peak elevations from the model 
were used to map level-pool floodplains for each subbasin.   BFEs were first 
assigned based on the subbasin shapefile for the SFWMD C-51 model.  The 
subbasin shapefile was not created in GIS and preceded floodplain mapping 
needs, so the BFEs had to be adjusted based on floodplain connectivity.  If this 
adjustment was not made, multiple BFEs would be assigned for one continuous 
flooded area. Engineering judgment was used to assign BFEs for each flooded 
area when an adjustment was needed.  This engineering adjustment is the reason 
that some BFEs do not match the SFWMD reported values in all areas. 

3.1.2 Methods for Flooding Sources Incorporated from Previous Studies  

This section describes the methodology used in previous studies of flooding 
sources incorporated into this FIS that were not revised for this countywide study.  

Hydrologic analyses for previous FIS reports were based on rainfall depth, 
duration and frequency studies. The area that was affected by both coastal surge 
and rainfall was analyzed using a combined probability method. 

The hydrologic analysis for Palm Beach County included a hydrologic budget 
based on the following factors: rainfall, infiltration, groundwater levels, 
evapotranspiration, canal flow, and surface ponding. Three sources of rainfall data 
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Elevations." The analyses reported herein reflect the stillwater elevations due to 
tidal and wind setup, and include further contributions from wave action.  Wave 
setup effects are reflected only in the Atlantic Ocean open coast 1-percent-annual-
chance elevations tabulated here. 

The FEMA Region IV Office in Atlanta has undertaken a multiyear coastal 
engineering analysis and mapping effort to better identify, quantify, and 
communicate flood hazards and associated risks in South Florida (SFL) and other 
coastal areas of the Southeastern United States. The update hazard and risk 
information and produce new FIRMs for the SFL Study Area (Palm Beach 
County), FEMA has initiated studies through its Production and Technical 
Services mapping partner and is coordinating closely with the Florida Division of 
�(�P�H�U�J�H�Q�F�\���0�D�Q�D�J�H�P�H�Q�W�����)�'�(�0�������)�O�R�U�L�G�D�¶�V���1�D�W�L�R�Q�D�O��Flood Insurance Program 
(NFIP) Coordinator; community officials;  and other stakeholders in the affected 
communities.  
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Table 10: Summary of Coastal Stillwater Elevations 

FLOODING SOURCE AND LOCATION 

                               ELEVATION (feet NAVD 88)                                

10-PERCENT 2-PERCENT 1-PERCENT 0.2-PERCENT 

     
ATLANTIC OCEAN 
Along the coastline from the Martin 
County/Palm Beach County boundary 
extending south to Jupiter Inlet 2.8 4.6 7.41 6.7 
 
Along the shoreline from Jupiter 
Inlet extending south to the Town 
of Palm Beach near the intersection of 
Ocean Boulevard and Parc Monceau Court 2.7 4.4 7.21 6.5 
 
Along the coastline from the intersection 
of Ocean Boulevard and Parc Monceau 
Court to the southern limits of the 
Town of Palm Beach   2.8 4.5 7.31 6.6 

Along the coastline from the Town 
of Palm Beach/Town of Lantana 
corporate limits to east of Lewis 
Cove Road in the City of Delray Beach 2.8 4.6 7.41 6.7 
 
Along the coastline from east of Lewis 
Cove Road in the city of Delray Beach 
to the Palm Beach County/Broward 
County boundary 3.0 4.9 7.71 7.1 
 
JUPITER SOUND (INTRACOASTAL 
WATERWAY) 
 
From the Martin County/Palm Beach 
County boundary extending south to the 
confluence with the Loxahatchee River 1.5 3.8 4.4 5.9 
 
LAKE BOCA RATON (INTRACOASTAL 
WATERWAY) 
 
The entire length of Lake Boca 
Raton within the City of Boca Raton 2.8 4.7 5.4 7.1 
 

1Includes wave setup of 2.0 feet 
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Table 10:  Summary of Coastal Stillwater Elevations - continued 

FLOODING SOURCE AND LOCATION 

                               ELEVATION (feet NAVD 88)                                

10-PERCENT 2-PERCENT 1-PERCENT 0.2-PERCENT 
     

LAKE WORTH (INTRACOASTAL  
WATERWAY) 
   
  Along Lake Worth from the Palm Beach 
    County/Village of North Palm Beach 
    Boundary extending south to 
    Munyon Island 2.9 4.7 5.5 7.2 
 
  Along Lake Worth from Munyon Island 
    Extending south to the Palm Beach County/ 
    Town of Palm Beach boundary 2.9 4.7 5.4 7.1 
 
  Along Lake Worth from Palm Beach 
    County/Town of Palm Beach boundary 
    extending south to the City of West Palm 
    Beach and the Town of Palm Beach at 
    Southern Boulevard Bridge 3.0 4.8 5.6 7.3 
 
  Along Lake Worth from Southern 
    Boulevard Bridge extending south 
    to the confluence of the C-51Canal 3.0 4.8 5.7 7.4 
 
  Along Lake Worth from the confluence 
    of the C-51 Canal 
    south to the Town of Hypoluxo/ 
    City of Boynton Beach boundary 3.1 4.9 5.8 7.5 
 
  Along Lake Worth from the Town of 
    Hypoluxo/Boynton Beach south to the 
    confluence with Intracoastal Waterway 
    and Spanish River in the Town of 
    Ocean Ridge 3.0 4.8 5.7 7.4 
 
  Lake Worth Creek 1.5 3.8 4.4 5.9 
 
LAKE WYMAN (INTRACOASTAL  
WATERWAY) 
 
  The entire length of Lake Wyman 
    within the City of Boca Raton 2.8 4.7 5.4 7.1 
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Table 10:  Summary of Coastal Stillwater Elevations - continued 

FLOODING SOURCE AND LOCATION 

                               ELEVATION (feet NAVD 88)                                

10-PERCENT 2-PERCENT 1-PERCENT 0.2-PERCENT 
     

LOXAHATCHEE RIVER 
 
  Inland from the Martin County/ Palm Beach 
    County boundary extending south to 
    Jupiter Inlet in Jupiter Inlet Colony 
    including North and Northwest Forks 
    of the Loxahatchee River 1.5 3.8 4.4 5.9 
 
LAKE OKEECHOBEE 
 
  Along lake shoreline from Martin County/ 
    Palm Beach county boundary to 
    Pahokee State Park 18.9 20.8 21.4 22.9 
 
  Along lake shoreline from Pahokee 
    State Park Kreamer Island 19.7 22.2 23.2 24.7 
 
  Along lake shoreline from south of 
    Kreamer Island to South Bay 
    and Torry Island 19.9 22.6 23.7 25.2 
 
  Along lake shoreline from South Bay 
    to Lake Harbor just east of 
    Ritta Island 19.6 22.0 23.0 24.5 
 
  Along lake shoreline around Ritta 
    Island and Lake Harbor 19.4 21.8 22.7 24.2 
 
  Along lake shoreline from west of 
    Ritta Island past Little Bare Beach 
    to the Palm Beach County/ 
    Hendry County boundary 19.0 21.0 21.6 23.1 
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For overland flow, surface roughness coefficients (Manning's �³n� )́ were 
estimated from field observations. The values ranged from 0.1 to 0.2, depending 
on vegetation, ground cover, and estimated depth of surface water. 

Wave Height Analyses 

The wave height for coastal flooding in this FIS report was taken from the 1982 
Wave Height Analysis. This wave height analysis was performed to determine 
wave heights and corresponding wave crest elevations for the areas inundated by 
tidal flooding. The flooding sources included in this analysis were the 
Intracoastal Waterway (including Jupiter Sound), Loxahatchee River (including 
the North, Northwest, and Southwest Forks), North Palm Beach Waterway, Lake 
Okeechobee, Little Lake Worth, Lake Worth, and the Atlantic Ocean at the open 
coast.  

The methodology for analyzing the effects of wave heights associated with 
coastal storm surge flooding was National Academy of Sciences storm surge 
analysis (Reference 60). Wave height calculations were based on such 
parameters as the size and density of vegetation, natural barriers (such as sand 
dunes), buildings, and other manmade structures. This method is based on the 
following major concepts. First, depth-limited waves in shallow water reach a 
maximum breaking height that is equal to 0.78 times the stillwater depth. The 
wave crest is 70 percent of the total wave height above the stillwater level. The 
second major concept is that wave height may be diminished by dissipation of 
energy due to the presence of obstructions, such as sand dunes, dikes and 
seawalls, buildings, and vegetation. The amount of energy dissipation is a 
function of the physical characteristics of the obstruction and is determined by 
procedures prescribed in the National Academy of Sciences storm surge analysis. 
The third major concept is that wave height can be regenerated in open fetch 
areas due to the transfer of wind energy to the water. This added energy is related 
to fetch length and depth. 

The stillwater elevations were used as starting water-surface elevations for wave 
height analysis. All available source data required for wave height calculations 
were collected and analyzed to determine the physical and cultural features of the 
study area. The principal topographic data materials were USGS topographic 
maps, National Ocean Survey storm evacuation maps, phototopographic maps, a 
spot elevation map of Herbert Hoover Dike at Belle Glade, beach profiles from 
the South Florida Water District, beach profiles from the Florida Department of 
Natural Resources, a nautical chart of Lake Okeechobee, and highway bridge 
plans (References 49; 41; 61; 51; 52; 53; 54). Stereoscopic aerial photography 
and National Wetlands Inventory Maps were used to determine vegetation and 
building parameters and to supplement the topographic data materials  
(References 62; 63; 64). 

Wave heights were computed along transects (cross section lines) in accordance 
with the Use�U�¶�V��Manual for Wave Height Analysis (Reference 65). The transects 
were located along the coastline as shown in Figure 4A and along Lake 
Okeechobee as shown in Figure 4B. Transects were placed with consideration 
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given to the physical and cultural characteristics of the land so that they would 
closely represent conditions in their locality. Transects were spaced close 
together in areas of complex topography and dense development. In areas having 
more uniform characteristics, they were spaced at larger intervals. It was also 
necessary to locate transects in areas where unique flooding existed and in areas 
where computed wave heights varied significantly between adjacent transects. 

Each transect was taken perpendicular to the shoreline and extended to the inland 
limit of tidal flooding. Along each transect, wave heights and elevations were 
computed considering the combined effects of changes in ground elevation, 
vegetation, and physical features. The stillwater elevations developed for the 
1978 FIS were used as starting water-surface elevations. Wave heights were 
calculated to the nearest 0.1 foot, and wave elevations were determined at whole-
foot increments along the transects. The location of the 3-foot breaking wave for 
determining the terminus of the V Zone (area with velocity wave action) was also 
computed at each transect.  

Figure 3 represents a sample transect that illustrates the relationship between the 
stillwater elevation, the wave crest elevation, the ground elevation profile, and 
the location of the V/A zone boundary. This figure shows the wave elevations 
being decreased by obstructions, such as buildings, vegetation, and rising ground 
elevations, and being increased by open, unobstructed wind fetches. Actual wave 
conditions in Palm Beach County may not necessarily include all the situations 
illustrated in Figure 3�����³�7�U�D�Q�V�H�F�W���6�F�K�H�P�D�W�L�F���´ 

 

Figure 3: Transect Schematic 
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Table 13 provides a listing of the transect locations, stillwater starting elevations, 
and initial wave crest elevations. 

After analyzing wave heights along each transect, wave elevations were inter-
polated between transects. Various source data were used in the interpolation, 
including topographic maps (References 66; 67; 68), beach profiles (Reference 
69), and aerial photographs, along with engineering judgment (Reference 70). 
Controlling features affecting the elevations were identified and considered in 
relation to their positions at a particular transect and their variation between 
transects. 

The primary frontal dune zone is defined in 44 CFR Section 59.1 of the NFIP 
regulations. The primary frontal dune represents a continuous or nearly 
continuous mound or ridge of sand with relatively steep seaward and landward 
slopes that occur immediately landward and adjacent to the beach. The primary 
frontal dune zone is subject to erosion and overtopping from high tides and 
waves during major coastal storms. The inland limit of the primary frontal dune 
zone occurs at the point where there is a distinct change from a relatively steep 
slope to a relatively mild slope. 
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