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CHAPTER 9

BEACHES AND BEACH NOURI SHMVENT

9-1. Ceneral. Shore erosion is a major problem al ong nany ocean beaches and
the shoreline of the Geat Lakes. One of the npbst desirable, cost-effective
shore protection alternatives is beach nourishment (Figure 9-1). Beach nour-

i shment is usually acconplished by borrowi ng sand frominshore or offshore

| ocations and transporting the sand by truck, by split-hull hopper dredge, or
by hydraulic pipeline to an erodi ng beach. These operations result in nmassive
di spl acenment of the substrate, changes in the topography or bathymetry of the
borrow and repl eni shment areas, and destruction of nonnotile benthic com
muni ti es. However, a well-planned beach nourishnent operation can nminimze
these effects by taking advantage of the resiliency of the beach and nearshore
environnent and its associated biota, and by avoi ding sensitive resources
(item 67).

9-2. Types of Beach Nourishnent. Four mmjor types of beach nourishnent occur
along U.S. shorelines: new borrow material not connected w th nmaintenance

dr edgi ng, maintenance dredgi ng of an existing channel, dunmping in the littora
zone to all ow beach nourishment, and rehandling of stockpiled materi al

a. Borrow Dredgi ng. This type of dredging entails renoval specifically
for beach nourishnent. The nmmj or physical inpact of dredging borrow materia
is the mechanical disturbance of the substrate and the subsequent redistri-
buti on of suspended sediments and turbidity. Suspension of sedinments and
turbidities is usually a short-terminpact. Once dredgi ng ceases, heavier
sedi nents rapidly settle, and fine sedinments are dissipated by waves and cur-
rents. Sea bottom borrow pits remain intact for |ong periods of time unless

currents transport sedinents into the pits and fill them |f the borrow pits
are in an area of | ow wave energy and the surroundi ng bottom sedi nents contain
high | evels of organic materials, the pits are likely to slowy fill with the

organi c-1 aden sedi ments. Deconposition of the organic material in these pits
may result in anaerobic conditions and generally poor water quality.

b. Mai nt enance Dredgi ng. The use of mai ntenance dredged material for
beach restoration can serve two beneficial purposes: disposal of the mate-
rial, and restoration of an eroding beach. |If such material is selected, it
shoul d closely match the sedi mnent conposition of the eroding beach and be | ow
in fine sediments, organic material, and pollutants. Sedinents containing
| arge quantities of fine materials result in high turbidities and may intro-
duce trace nmetals and other contam nants into the water. High turbidities and
sedi nentation may inhibit reestablishnent of beach animals that have a spe-
cific habitat requirement or may prevent recruitment to the beach by pelagic
| arvae, particularly if beach restoration occurs during the peak spawni ng sea-
son in spring and early sumer. The disposal may interfere with the sel ection
of a nesting beach by sea turtles if beach sedinments are significantly
changed, and the appearance of such sedinments is aesthetically displeasing.
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Figure 9-1. A beach nourishment operation under way at Mayport, Florida

Figure 9-2. A sea turtle hatchling noving toward open water on
a Florida dredged material beach
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C. Dunping in the Littoral Zone. Disposal of dredged material can be
by deliberate placement on the sea bottom where it will be carried by cur-
rents and waves to the beach. The dredged material will replenish the eroding

beach in a natural manner as it is carried by wave energy. Material can be
placed in the littoral zone by hydraulic pipeline or by split-hull hopper
dr edge.

d. Rehandl i ng Stockpiled Material. Coarse-grained dredged material can
be punped into a holding area, where it is allowed to dewater. Then it can be
noved by truck or heavy equi pnent onto the eroding beach. This technique is
commonly applied in small restoration projects.

9-3. Environnental Considerations.

a. | npacts on Beach Organi sns.

(1) Animals on high-energy beaches are subject to the effects of sea-
sonal sedi ment erosion and accretion and major physical changes related to
storns. In the Pacific Northwest, animals may be stressed to the 60-foot con-
tour. Beach animals are adapted to survival under these stressful conditions,
whereas those animals of fshore are generally in a nore stable environment and
are | ess adapted to a high | evel of sedinment nmovenment. Burial of nonnotile
bent hic ani mals by repleni shnment material placed on the beach, or materia
being transported offshore fromthe beach, is usually lethal unless the ani-
mal s are able to migrate through the sedi ment overburden and escape. Labora-
tory studies have shown that some benthic aninmals (especially bivalves) can
mgrate vertically through nore than 1 foot of deposited sedinment. The abil -
ity of benthic animals to survive burial by dredged material w |l depend not
only upon the depth of the sedinent, but also upon the Iength of tine the
animal s are buried, tinme of year, sedinent grain size, quality of the sedi-
ment, and other specific requirements of the aninmals. Therefore, rate of
survival will vary fromlocation to | ocation

(2) Beach nourishnent creates new habitat that is uninhabited by ben-
thic animals, except for those that may have survived being punped to the
beach with the dredged material or those that survived by vertical mgration
t hrough deposited sedi nents. A beach nouri shment operation is generally
foll owed by rapid establishnent of new benthic popul ati ons. Many of these are
opportuni stic species that devel op | arge popul ation densities, then decline as
ot her species are recruited which are nore adaptable to the new habitat. The
time for the resident species to becone established is referred to as the
recovery time of the nourished area (the time required to approach a stable
ani mal popul ation level). Recovery tinme varies, depending upon type of
recruitment of benthic aninmals. Those animals that have planktonic |arvae or
can mgrate fromnearby areas into the nourished area will establish rapidly,
whereas those that spend their entire life cycle within the sediments may be
slow in recovering. Once beach restoration ceases, recovery of benthic ani-
mal s is generally rapid, and conplete recovery usually occurs within one or
two seasons.

9-3



EM 1110-2-5026
30 Jun 87

(3) The sedinent type used for nourishnent and the season of year the
nouri shment takes place are critical to the recovery rate. If the dredged
material is different fromthe natural beach sedinent or contains |arge quan-
tities of fine material, there may be a nmjor change in beach biota, and it
may require a long period of tine before |ocal resident popul ati ons can be
reest abl i shed.

b. | mpacts on Off shore Organisns. Potentially, the npst serious inpact
of offshore dredging is the | oss or danage to nmmj or conmercial species of ben-
thic shellfish, seagrass beds, corals, and sea turtles. Danage can be mni-

m zed by proper selection of borrow areas, by precisely positioning the dredge
to avoid these sensitive resources, and by using dredgi ng equi prent that mni-
nm zes sedinentation and turbidity, such as a suction dredge.

(1) Benthos.

(a) Repopul ation of a dredged area by benthic animals will depend upon
t he magni tude of the disturbance, the new sedi nent interface, and the water
quality in the borrow pit. Borrow pits will be recol onized by nigration of

animal s from adj acent areas and by larval transport. Stability of the envi-
ronment and bottom sedi nent type after dredging are major factors in determ n-
ing the level and rate of species recolonization. It is extrenmely inportant

to remenber that if bottom sedinments are significantly changed fromthe
natural sediments, the reestablished popul ati ons may not be of the same magni -
tude or species conposition as those prior to dredging.

(b) O fshore borrow pits that accunul ate organic material and acquire
hi gh concentrations of hydrogen sulfide and | ow concentrati ons of dissolved
oxygen in the water are- generally very poor quality aquatic habitats. They
al so usually take a long time to recol onize by benthic animals, or may never
recol oni ze

(2) Corals.

(a) The ability of corals to recover from beach nourishment is related
to the extent of reef damage. If a reef is heavily danaged by equi prent being
dragged across the reef, by being-covered with sedinents, or by all corals
being killed, the reef can take a long tinme to recover, or it may never
recover. It has been shown that corals nmay recover if the danage is not too
extensive. Corals along the Florida Atlantic coast damaged during beach nour-
i shment apparently recovered by 7 years after the dredgi ng operation

(b) Corals along Florida and Hawaii coasts are susceptible to direct
physi cal damage by dredgi ng and to sedi nentati on and reduced |ight unless
dredgi ng operations are carefully planned and executed. Wth proper planning
and control, dredging inpacts on corals can be minimzed. One of the nopst
significant inmpacts on corals results from draggi ng of anchors and cabl es,
whi ch col | apse the reef and destroy benthic aninmals. Erosion and scour at the
base of the corals in the dredged area al so nay damage corals. This can
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result in the corals slumping or tilting, or forming overhangs that tend to
break of f. Reef coral recovery is very slow

(3) Fish and notile invertebrates.

(a) The nmobility of fish and some invertebrates renders themless vul-
nerabl e to the adverse effects of beach nourishnent than the nonnotile benthic
conmuni ti es. When di sturbed by beach nourishment, notile animals will gen-
erally | eave the area. Those aninmals that do not |eave or are susceptible to
suspended sedinents in the water can be killed by coating of their gills,
| eading to anoxia, or if they spawn in the area the sedinments may cover their
eggs or delay hatching tine of their eggs. Feeding habits also may vary
according to |l ength of exposure to suspended sedinents. Filter-feeding fish
are nmore vulnerable to siltation than bottom feeders.

(b) Destruction of habitat rather than suspended sedi ment seens to be a
greater potential problemto fish. Those fish which are either closely asso-
ciated with the beach for sone part of their life cycle for spawning (i.e.
California grunion) or sone burrowi ng and reef-dwelling species with linmted
mobility (i.e., the dusky jawfish on the Florida Atlantic coast) are nore
likely to be adversely affected. Beach nourishment operations at |nperia
Beach, California, did not prevent subsequent spawni ng of the grunion; how
ever, on the Florida Atlantic coast it may have displ aced the dusky jawfish.

(c) Loss of benthic animals due to sedinment burial nmay indirectly
affect notile animals that prey on them This was suspected to have occurred
foll owi ng a nourishnent project on the North Carolina coast. Nourishment
occurring during the peak season of beach animal recruitnent delayed popul a-
tion reestablishment for several nmonths. During this period, fish and shell -
fish that usually feed in the surf zone were not observed. Nourishnent nmay
al so have had short-term benefits to some fish by suspending additional food
materials, and the associated turbidities nmay have provided protection from
predators to sone notile animls. Studies have shown that noderate to com
plete recovery of notile animals will usually occur within |l ess than a year
unl ess a required habitat or food source is pernmanently lost. Fish have been
observed noving into an area within the first day after a disturbance.

(d) Mbile animals will be |east affected by borrow ng operations
because of their ability to avoid a disturbed area. Studies have shown that
fish will |leave an area of active dredging and return when dredgi ng ceases.
Whet her fish will continue to use a borrow pit as habitat depends upon water
quality in the pit. If the pit accumul ates anaerobic sedinent that results in
poor water quality, fish will avoid the pit. However, fish may be attracted

to a dredged area as a result of suspended food and as a haven fromthe cold
surface water during the winter. The sedi ment plume fromthe dredge may al so
provide protection to some notile animals. Total recovery at a dredged site,
therefore, is variable and ranges frominmedi ate for some species to a year or
nore for others, depending upon the nature of the habitat nodification
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(4) Sea turtles.

(a) Sea turtles are one of the animals nost vulnerable to the effects
of beach nourishment on the South Atlantic and Gulf coasts (Figure 9-2).
Turtl e nesting on the beaches and repl eni shnent operations occasionally con-
flict in these areas. There is concern that turtle nesting and hatching suc-
cess may be adversely affected by beach nourishment.

(b) Sand particle size and sand conpacti on have been found to influence
nest site selection by some sea turtles. Aborted nesting attenpts (false
crawl s) have occurred on rebuilt beaches in Florida. The precise effects of
beach nourishnent on nesting sea turtles have not been docunented because of
i nsufficient studies. The present linmted data indicate caution should be
taken in rebuilding beaches that are known to be major turtle nesting sites.
It would be best to avoid turtle nesting beaches fromApril through Novenber,
t he period which enconpasses all of the sea turtles’ nesting and incubation
season. Such operations nust be closely coordinated with U.S. Fish and WI d-
life Service (FW5), National Marine Fisheries Service, and state agencies.

(c) Hibernating or aestivating sea turtles have been captured and
killed by trawls and dredges. Turtles that are not hibernating or aestivating
shoul d be able to avoid a dredge and nove back into an area when dredgi ng
ceases. |f hibernating sea turtles are | ocated, dredging should cease unti
the operation can be coordi nated with FWS.

(5) Seagrass beds. As with corals, caution should be taken to avoid
t hese highly productive areas. Both the actual dredgi ng operation and tur-
bidity caused by adjacent dredging will destroy seagrasses. Seagrasses are
usual ly very slow to recover, if they ever recover. To date, seagrass trans-
pl antati on has not been refined to a point where a high-percentage survival of
transpl ants and economic feasibility justify efforts to restore |arge areas of
destroyed seagrasses (See Chapter 8). Dredging cautions for corals should
al so apply for seagrasses.

C. Tim ng. Timng of the nourishnment operation may al so be a critica
factor in reestablishment of benthic animals. |If nourishnment occurs during
spring and early sumrer, recruitnent of planktonic |arvae may be inhibited.
High turbidities and unstable substrate are known to preclude |arval settle-
ment, thus del aying recovery tine of benthic animals. The best tine ecol ogi-
cally for beach nourishment and borrowing is during the period of |owest
bi ol ogi cal activity. This is usually during the winter when there would be
m nimal effect on the adult and devel opnental stages of nost nearshore and
beach animals. Adults have usually migrated out of the area and would be | ess
concentrated in the shall ow beach zone, and the nesting and spawni ng season of
beach ani mal s woul d have passed. Nevertheless, it is still necessary to
ensure that no sensitive nonnmotile animals are in the area.

d. Dredged Material Substrates. Sediments to be used as materia
shoul d match the natural beach sedinents and should be low in pollutants.
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This reconmendation is particularly inportant when maintenance dredged nate-
rial is used for beach nourishment. M ni mum damage to beach animals wl|l

occur when clean sand is placed on a sandy substrate, whereas danage to the
benthic animals would be great if fine sedinments high in organic material are
used. Changes in the sand particle size on ocean beaches, should they occur
may al so influence site selection and nesting of the threatened and endangered
sea turtles.

e. Equi prent in Sensitive Areas.

(1) If it can be avoided, the cutterhead on a suction dredge shoul d not
be used in the vicinity of live coral reefs or other |light-sensitive
resources, unless barriers are established to separate the dredging site from
them The suction dredge without a cutterhead is a better choice because
siltation is mninized and there is |less potential for physical danage to the
reef. The dredge should be positioned within the designated borrow area and
shoul d not cross a live coral reef, conmercial clambed, or other valuable
resources. Cables, anchors, and di scharge pipes of a dredge should be posi -
tioned in sand or another nonsensitive habitat. Local directions in tida
flow and current should be determ ned prior to dredging, and the operation
adjusted to prevent sedinments fromcrossing live coral reefs or other sensi-
tive resources.

(2) Consideration should be given to shall ow dredgi ng over a |arge area
in a low wave energy environnent rather than deep dredgi ng which nay create a
stagnant borrow pit which will require a long tine to recover or may never
recover. Although ecol ogi cal danage from dredgi ng the shallow pit would ini-
tially be greater, recovery should be faster in the shall ow dredged area.

f. Moni toring. Biotic surveys should be made at beach restoration and
borrow sites. As an absolute m nimum a preproject baseline survey should be
made to identify and | ocate natural resources, i.e., corals, conmercial clam

beds, sea turtle nesting beaches, fish spawning areas, and seagrass beds, to
aid the planner in avoiding potential damage to these resources.



