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Beaches in the United States and around the world have

enormous economic, social, and recreational value. In the

United States, Houston (1996, 2013) placed the value of

beaches at $1.2 trillion annually, and in Florida, Murley

(2003) reported that the 825 miles of sandy beaches had an

annual impact of $41.6 billion in revenue at that time. The

economic value of beaches, particularly those devoted to public

recreation, is highly dependent on the aesthetic quality of the

beach. However, more than one-half of U.S. beaches are

considered to be critically eroded, putting this critical resource

at risk.

Beach sand-nourishment programs are increasingly em-

ployed to protect coastal development and recreational beaches

from the impacts of erosion and to maintain beaches as rates of

sea-level rise increase (Table 1). Beach sand-nourishment

projects are generally believed to be the most-effective, soft-

armoring method for mitigating the impact of erosion and,

consequently, for helping to maintain and enhance the

recreational value of beaches (Gill et al., 2006) (Figures 1 and

2). Although effective, beach-nourishment projects are known

to have potentially negative environmental effects if careful

consideration is not made to match sand sources with the

hydrodynamics, ecosystem functions, and recreational uses of a

particular beach.

Sand for projects comes from two sources: terrestrial quarries

and offshore (canals, ports, and borrow pits). Sand is deposited

on the beach by hydraulic pumping (Figure 1) or truck haul and

then spread over the beach with a variety of heavy equipment,

including dozers, backhoes, and graders (Figure 2). Both the

physical characteristics of the sand deposited and the methods

used for the nourishment must typically meet strict engineer-

ing specifications, regarding the potential mobilization of the

sand, and environmental standards, related to preserving

water quality and nesting habitat for endangered or threatened

species, such as sea turtles and/or shorebirds.

Because additional sand must be placed somewhere, renour-

ishment significantly alters the beach morphology and near-

shore bathymetry no matter what source, sand characteristics,

and deposition methods are used, until natural processes can

return the beach to its natural state. On some nourished

beaches, those alterations may persist for several years

(Hearin, 2014). At John U. Lloyd Beach State Park, for

example, 3-m escarpments caused by nourishment remain

more than 5 years after the fill was placed (Figure 3).

Only recently (Chester, 2013), has it been considered that

such highly perturbed beach morphologies may be negatively

affecting the safety of some renourished recreational beaches.

Although ample anecdotal evidence (some of which will be

presented here) and National Ocean Lifeguard statistics

suggest that beach nourishment and the accompanying

morphological changes in the beach are contributing to an

increase in serious aquatic accidents and drownings, there has

not been sufficient research conducted to firmly establish and

quantify those impacts (Fletemeyer, 2014). Such research is

necessary to develop protocols for project design, implementa-

tion, and monitoring to reduce the risks to a beach.

Examples of the anecdotal evidence suggesting that there

may be negative impacts on beach safety resulting from beach

restoration projects are numerous. In Ocean City, Maryland, a

lawsuit alleged that a beach-nourishment program substan-

tially modified the natural state of the beach, producing

sandbars that were more favorable for rip current formation.

This was deemed the proximate cause of a fatal drowning event

involving a 24-year-old man. (Sullivan, 2006). Other serious

accidents have been blamed on beach nourishments, including

the Labor Day, rip-current drowning of a 13-year-old boy on

John U. Lloyd Beach, Florida (Figure 4), and a spinal injury

resulting in quadriplegia of a man on Naples Beach, Florida.

A growing body of statistics on aquatic incidents also

suggests there may be a link between beach renourishment

aquatic accidents. Data collected by the United States

Lifesaving Association reports that, at Ocean City, Maryland,
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there was a 297% increase in serious aquatic accidents (87 to

345) in 2006, the year after the beach was nourished (Sullivan,

2006). After a second nourishment program in 2010, accidents

increased by 31% (233 to 306) (Chesler, 2013). At Cape May,

New Jersey, following a nourishment program completed in

2007, there was a 192% increase in accidents (12 to 35). The

most serious injuries sustained were head, spinal, and shoulder

dislocations, mostly by teenage males. Given that statistical

evidence for a link between renourishment and beach safety,

there remains a question of what, specifically, is the cause of

the increases in serious injuries and deaths.

Recent studies have pointed to the modified beach morphol-

ogy altering the nearshore hydrodynamic response to incoming

waves and thereby causing increased numbers of incidents

related to rip currents. Hearin (2017) analyzed data collected

by the Brevard County, Florida Ocean Rescue Division,

between 2011 and 2016, which indicated that there was an

increase in rip-current rescues and preventive rescues in the

North Reach after the most-recent beach nourishment project

in 2014 (Figure 5).

Rip currents are responsible for at least 100 fatal drownings

on American beaches every year (Lushine, 2011; Lushine et al.,

1999), and flash rip currents are often the most deadly because

they materialize quickly, unexpectedly, and sometimes during

moderate surf conditions (Fletemeyer, 2017; Slattery et al.,

2011). On Delray Beach, Florida, after a beach nourishment

project in 2008, the number of ‘‘flash’’ rip currents significantly

increased from three identified for the 120-day, prenourish-

ment monitoring period, to observations of rip currents on 22 of

Figure 1. Hydraulic dredging in Manalapan, Florida.

Figure 2. Mechanical nourishment involving dump trucking sand on the

beach in Ft. Lauderdale, Florida.

Figure 3. Beach escarpments on John U. Lloyd Beach State Park, Florida, 5

y after a beach nourishment project. A. Sullivan is demonstrating the use of

the cone penetrometer used to monitor compaction of sand after nourish-

ment.

Table 1. Cost of beach nourishment in 10 coastal states in 2012 (Data

obtained from North Carolina Sea Grant).

State Coastline miles Amount spent ($)

New Jersey 130 1.116 billion

Delaware 28 216 million

Maryland 31 165 million

New York 127 567 million

Virginia 112 239 million

North Carolina 301 610 million

South Carolina 187 353 million

Florida 1,350 1.984 billion

Alabama 53 71 million

Mississippi 44 56 million
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100 days after the completion of the nourishment program

(Figure 6). In most cases during those 22 days, multiple rip

currents were observed along the 3.8-km study area. Flete-

meyer (2017) reported that rip-current drowning events are

more likely to occur during moderate surf conditions because

bathers are more likely to enter the water than during times

when the surf is heavier and appears more ominous looking.

The physical links between the renourishment and the

increase in rip currents on Delray Beach was attributed to

vertical escarpments exceeding 3 m, which regularly formed

during periods of moderate and heavy surf conditions (Figure

7) and on changes in the compaction of the beach sand. After

the completion of the nourishment program in 2008, escarp-

ments were noted on more than 40% of the 3.8-km beach during

the first 40 days after nourishment. These escarpments

prevented wave energy dissipation, which would typically

occur on those otherwise, naturally sloping beaches with wide

planforms. Instead, when waves contacted the escarpment

barriers, the wave energy was reflected offshore (backwash)

increasing the likelihood of rip-current formation. Escarp-

ments with vertical profiles exceeding 3 m were also observed

on John U. Lloyd Beach, 5 years after the completion of a

nourishment project (Figure 3).

In addition, a significant increase in sand compaction

reduced the infiltration of sea water and, consequently, further

increased wave backwash. Sand compaction data were collect-

ed using a cone penetrometer (as shown in Figure 3) from

Delray Beach, John U. Lloyd Park Beach, and Ft. Lauderdale

Beach, Florida. Those data showed that shear-compaction

values doubled after nourishment. When combined, those

conditions promoted flash rip currents during moderate- and

heavy-surf environments and, consequently, represented a

public safety hazard.

Figure 6. A flash rip current observed on Delray Beach after a nourishment

project.

Figure 7. A typical escarpment on Delray Beach after a nourishment project.

Figure 5. Preventive rescues in the North Reach of Brevard County,

Florida: before and after beach nourishment in 2014. Preventive rescues are

defined as rescues in which swimmers receive warnings regarding unsafe

conditions (typically rip currents) without being physically touched by the

lifeguards. The data have been normalized per million visitors to remove any

impact from variations in beach visitations.

Figure 4. Site of the tragic drowning of a 13-y-old boy on John U. Lloyd

Beach after a nourishment project.
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Hearin (2012, 2014) conducted research into the recurring

beach-nourishment projects on the North Reach of Brevard

County, Florida, and those projects’ impacts on the morpho-

logical modal beach state and the associated surfing wave

environment. The North Reach of Brevard County has been

nourished on three different occasions (2001, 2005, 2014) with

sediment from the Canaveral Shoals II borrow site. The

composite median grain size of the Canaveral Shoals II borrow

site is significantly coarser than the native beach profile

(Hearin, 2014; Olsen, 2002), as shown in Figure 8. Additionally,

the fill template slope for these projects was 1:15, which is

much steeper than the native beach profile slope, which varies

from 1:50 to 1:100 (FDEP, 2011; Olsen, 2002). The coarser fill

sediment, coupled with the steeper fill profiles, changed the

morphological modal state, as defined by Wright and Short

(1984), of the beaches in the North Reach from dissipative to

intermediate reflective.

The intermediate-reflective modal beach state is defined as a

tide-modified system with relatively straight, moderately

steep, narrow, usually coarser and cusped, reflective high-tide

beach, fronted by a lower-gradient, relatively featureless,

intertidal zone, and a wave-dominated low-tide surfzone,

usually characterized by bar and rip morphology. At high tide,

waves break across a narrow, continuous surfzone. At low tide,

a wider surfzone has rips. (NIWA, 2017). Consequently, the

surfing wave environment in the North Reach was transformed

from a low-intensity beach break, which broke consistently

over a wide surfzone, into a tidally dependent beach break,

with very narrow surfzones at higher tides and a much higher

incidence of plunging breakers (Figures 9 and 10). Sediment-

data collections and beach-profile surveys conducted after fill

was added suggest that this intermediate modal state persisted

for 3–5 years after the fill projects (Hearin, 2014).

In conclusion, several significant morphological changes in

beaches have been documented after beach-nourishment pro-

jects (Piatkowski, 2002). We believe that these changes could be

elevating the probability of rip-current formation on recreational

beaches and may have contributed to the increase in accident

rates being reported by lifeguards on some recently nourished

beaches. These physical changes include the following:

(1) Steeper beach profiles (Dean, 2002; Hearin, 2014; Kraus,

2005; Piatkowski, 2002);

(2) Escarpment barriers forming at or near the high-tide line

(Fletemeyer, 2010; Schmitt et al., 2003);

(3) A narrower beach planform (Dean, 2002; Hearin, 2014;

Piatkowski, 2002);

Figure 9. Beach slope and median surfzone width at high tide in the North Reach of Brevard County, Florida: before and after fill (Hearin, 2012)

Figure 8. Composite, median grain size of the beach and borrow site fill

sediment for the North Reach of Brevard County, Florida (Hearin, 2014).
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(4) A significant increase in sand compaction and hardness

(Ehrhart and Roberts, 2001; Fletemeyer, 2010; Nelson et

al., 1987);

(5) A significant change in the nearshore bathymetry (Dean,

2002; Hearin, 2014);

(6) A higher incidence of plunging waves breaking closer to

shore (Hearin, 2012).

Despite evidence cited above, the authors believe that caution

is necessary when attempting to correlate beach nourishment

with an increase in serious accidents and drownings. After the

completion of a nourishment program resulting in a widened

beach, a larger bathing load is to be expected. Consequently,

this factor may partially account for more accidents. Neverthe-

less, considering the increased reliance on nourishment to solve

beach-erosion problems and the economic importance of

beaches to coastal communities, the authors believe that the

subject certainly warrants further research.

In the future, beach-nourishment policies and designs should

include measures devoted to promoting beach safety, including

the reduction of escarpments and minimizing the likelihood of

rip-current formation (Sullivan, 2017). At the very least, until

more research on this subject is completed, warnings signs

should be strategically placed on beaches that have been

recently nourished.
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