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Pinneys’s Beach, Jessup.

The rock revetment in front of the restaurant is providing some
protection to the building, but the waves are continuing to
erode the unprotected land on either side of the building.

The rock revetment is also impeding access along the beach.

(ii)



1. EXECUTIVE SUMMARY

E E Shaelineeroson has beenrecoghizedasa problemin Nevis formore thantwo decads however,
it isonly asthe beachfront lands hawe become increasngly developedfor tourism and other uses thatthe
need for a Shoreline Management Strategy has become apparent.

The majo events and mabtores leadingto the pesent situation agdescibed. These inclue two
E majar hurricanes, severd studies, th 1987 Nationd Conservation and Erironmert Protection Act, the
preparation of a Zoning Ordinance, and revisexhstal development setbac

E The difference betwedreach erosion and shoreline erosion is discuskeStoreline change rates

in Nevis for the period 1946-1997 are discussed. Gallows Bay and Pinney’s Beacle aredh
experiencing the most severe shoreline eéosonon the wed coast, aswell asthe shaeline between Nisbett .
and Camps on the north coast.

The differert types and functiors of coastal defence structures and measures are outlined. The
existing coastal defence structures in Nevis are described.

Three shoreline management policy options are developed:

. Protect beachfront lands;
. Conserve beaches;
. Protect beachfront properties built prior to 199  (dafeseadefencestandard$ and

conserve beaches.
Each option would require strict control and regulation which does not exist at present.

The option to protect beachfront lands attempts to maintain the current shoreline positian by
permitting keachfront propery ownes to proted their properties with hed structures suchasseawalls,.b
E rock revetmentsetc. This option woull be vey expensive and wald ultimately fil during the next major
hurricane to come close to Nevis

The seconl option to consere beaches, would have two main components: strict coastal
developmeinsetback for new developmetnand aban on all new sea defence structures. EXxisting sea
defences could be maintained, but not rebuilt. This option, while considerably less expensive than the first
option, might be strongly opposed by owners of beachfront property.

The third optionattemps to reach a compromise between the other two options, by conserving
beaches and protecting existing beachfront propertigsus strict developmensetback would be
implemented fonew devebpment. Only the owners of popertiesbuilt prior to 19 (dateof seadefence
standard) would be permittetb build hard structures (such & rock revetmentyto protect them, andhese
owners would be encouraged to use measures suokeas nourishmemwherever possiblE

Whichever option is chasen byNevis, codd well provide a blueprint for other Caribbeanisands
where similar problems also exist.


Shoreline
Shoreline: intersection of a specific water height with the shore or beach, in this report:
intersection of the beach with the land immediately behind, usually marked by a change in
material or natural physiographic form, see also coastline.

Erosion
Erosion: Wearing away of the land usually by the action of natural forces.

Hurricane
Hurricane: intense, low pressure weather system with maximum surface wind speeds that exceed
74 mph (118 km/hr).

Coastal development setback
Coastal development setback: prescribed distance to a coastal feature such as the line of
permanent vegetation, within which all or certain types of development are prohibited.

Beach
Beach: zone of clay, silt, sand, gravel or boulders extending from the low water line to a point
landward where either the topography abruptly changes or permanent vegetation first appears.

Coast
Coast: stretch of land bordering the sea or a large tract of water.

Seawall
Seawall: massive structure built along the shore to prevent erosion and damage by wave action.

Revetment
Revetment: shore protection structure made with stones laid on a sloping face.

Beach nourishment
Beach nourishment: artificial process of replenishing a beach with material from another source,
either inland or dredged offshore.
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2. INTRODUCTION

Nevis is a small island of 36 square miles (9Z)kwith a population of 9,500 (1998
estimatg, located in the northern Leeward Islands in the Caribbean Sea at Latitude 17° 10' north
and Longitude 62 35' west. Tourism is the major indystfollowed by agriculture and
construction. Neviss part of the twindand gate of St. Kits and Nevis.In canmon wih other
small Caribbean islands, Nevis is undergoing a period of rap&iqathchange. The effects of
a tourist driven econoyncharging lifestyles and increased infrastructural demands of the island
communiy are combining to plaeunpreceented pressure on the environmental resesiof the
coastal zonéRobinson, 1997).

As the tourist indusyrhas gown, problems relating to beh managment have in@ased
in number and mgnitude. This situatio has been reognized by the Nevislsland Administration
who have gpressed a desire to manage these problems.

As a first step, new coastal development setback guidelines have been prepared for Nevis
(Cambers1998)within theproject“Planning for Coasine Change.” However, the government
also realized that while setbacks could alleviatg paotential problems caused/ mew
development, they did notprovide sdutions to isting prodems, eg. wherenarrowing beabes
had caused owners to build sea defences to protect their gropértrefore the government
requested assistance to undertake aystfdexisting coastal defences and to prepare a
comprelensive sheeline management strateg This report represts thre preliminary pha® of
that strateg.

This report is a position paper which tries to set the stage for the ngadissassions
and consultations which are an essential part pfstiatey development. The report was
prepared as part of the regional project “Planning for Coastline Change” which is funded by
UNESCO through their Environment and Development in Coastal Regions and Samals
endeavour and the Universibf Puerto Rico Sea Grant College Program through their Multi-
Program and Rgional Development Faciit

A glossay has been included at the end of the report to assist the general reader with
some of the technical terms.

2.1 Historical Background

This setion identifies majoreventsand milestonesvhich have directly contributel to the
present situation wherein there is a recognized need for a Shoreline Managemgni Rolec 1
shows a time-line summaof the major events.

For more than two decades, concern has brpressed in Nevis about the relentless
erosion at Pinngs Beach.Islanders have wateth rows of @m trees disappeaanto the ga over
theyears. In the 1980s thblevis Histaical and Conservation Saty (NHCS) took tle lead by
consultirg seweral expets on the problem. At that time tleavas little bech development and
the owners of the few coastal properties that wepemencing problems usupaftook matters
into their avn hands: in the 1970s eres ofgabion grgneswere ereted at Nisbett Plantation

E on the north coast, armbulderswere placed in front of Pingis Beach Hotel.
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Robinson 1997
Robinson, D. 1997. Baseline Data Spells Relief. In Cambers, G. (Ed.) 1997. Managing Beach Resources
in the Smaller Caribbean Islands. Papers presented at a UNESCO - University of Puerto Rico Workshop,
21-25 October, 1996, Mayaguez, Puerto Rico. Coastal region and small island papers, No. 1, UPR/SGCP-UNESCO,
Mayaguez, pp 13-17.

Cambers 1998
Cambers, G. 1998. Planning for Coastline Change. 2a Determination of Coastal Development Setback
Guidelines in Nevis. COSALC report. 42 pages.

Gabion groynes
Gabion groynes: shore protection structures built perpendicular to the shore, designed to trap sediment. Made of rectangular wire mesh containers

Boulders
Boulders: large stones with diameters more than 10 inches (256 mm).


Table 1. Time Line Showing the Major Events Influencing Shoreline Managaent

Year Major Events and Milestones
1980s Concern gpressed Y NHCS and others about the beach erosion espeatall
Pinng/'s Beach.
1983 Study of beach erosion in Nevis.
1987 Passage of the National Conservation and Environment Protection Act.
1987 Zoning plan prepared and guidelines drafted for coastal development sethacks.
E 1988 Beachmonitoringprogramme commenced.

1989-91 | Four Seasons Resort built at PipiseBeach, opened in 1991.

1989 Hurricane Hugo caused considerable coastal damage in Nevis.
1991 Nevis Zoning Ordinance passed.
E 1993 Sandresources stydconducted to identfalternatives to beach sand for
construction.
1995- Gradual acceptance of the use of quaroducts as an alternative to beach
present sand.
E 1995 HurricanelLuis (as well a§ropical Stormlris and Hurricane Mah) caused
considerable dange to the coast in Nevis.
1996 Beach Management Pgjicrafted.
1998 Coastal development setbacks revised.

In 1983, the government of St. Kitts and Nevis requested assistance from the Canadian
High Commission to cayrout a stug of the beach erosion in St. Kitts and Nevis and to make
recommendations for mitigative measures and sand avayabit stud/ was conducted
E (Cambers, 1983however, few of the recommendations were implemented yragaause of
a lack of specializedxpertise.

In 1987 the National Conservation and Environment Protection Act was passed, this
provided for the conservation and protection of the natural and historical environment and the
establishment of a Conservation Commission.

In 1987, a zoning plan was prepared which laid the foundation ysigath planning in
E Nevis (Corker, 1988). Among other things, this plan prepared guidelines for tourism
develgoment on the beache§Nevis which the Town an@ountly Plannhg Board attemted to
implement. Among these guidelines werepnggnerous coastal development setbacks:

E . a zone of no developmetitigh water marko 120 feet inland),


Monitoring
Monitoring: systematic recording over time.

Sand
Sand: coarse grained soils with particle sizes between 0.003 and 0.18 ins (0.08 and 4.6 mm).

Tropical storm
Tropical storm: low pressure weather system with maximum surface wind speeds between 35
and 74 mph (56 - 119 km/hr).

Cambers 1983
Cambers, G. 1983. Coastal Erosion in St. Kitts-Nevis. Volume 2 Nevis. Caribbean Oceanographic
Consulting Company. 114 pages.

Corker 1988
Corker, I.R. 1988. Nevis: Resource Assessment and Zoning Plan. Overseas Development Natural
Resources Institute, Bulletin No. 6.

High water mark
High water mark: the highest reach of the sea at high tide.
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. azone wheremall individual buidings wth no foundabns wouid be pemitted as well
as otherecreational facilities such ggrdens and tennis courts (1f2@t to 300 feet from
the high water mark),

. a zonewhere buildingswould ke permited unde certain condition§300feet from high
water mark and y@nd).

These guidelines were incorporated into the Nevis Zoning Ordinance in 1991.

In 1988, the NHCS started a beach monitoring programme within the regional project
entitled Coast and Beach Stalyilih the Caribbeamslands (COSAC). The purpose of this
activity was to accuratglmeasure beach changes. The Fisheries Division and ylsecéth
Plannirg Unit also participated in this actiyit

In 1989 work commenced on the construction of the Four Seasons Resort gsPinne
Beach. When completed in 1991, this development helped to change the pace of tourist
development in Nevisybcreating a large scale, up-market, beach resort. Now people started
turning towards the beach and beach $&dtourism, whereas preéoudly, tourist accanmodaion
had been focused on thimhs of Nevis”, most of which were located inland.

In 1989, Hurricane Hugo, a Categdr hurricane, passed over the island of Montserrat
and within 13 miles (20 km) of the west coast of Nevis. This hurricane caused an average
shoreline retreat (i.e. retreat of the land edge or dune edge) of 13 feet (3.9 m). There was also
considerable damage to the island’s infrastructure.

Up until the erly 1990s the beaek anddures of Nevis had supplied most ofefsland’s
construction sandHistorically this had not causedaor problemdor the beches lecause much
of the infrastructure was made of wood. However, as more lgopned to concte corstruction
andtherefore beach sand, themage to the beaches bewaserous. Throughouhe 1990ghe
NHCS mounted a camjga to warn the pult about the dangers of beaeimd mining, the data
from the beach monitoring programme provided additional verification of what people could
alread see with their ownyes, e.g. eensive sand dunes kdian Castle had been virtually
degroyed as a result of mining. Fawing Hurricane Hugo, the recdnsction boom redted in
very serious erosion at several beaches, e.g. Fortyfsththe northern end of Pinyie Beach.

A sand resources styd(Scott Wilson Kirkpatrick, 1993)jdentified three main
alternatives to bech sand: rockrushirg, offshoe dredging and sand importationln the past five
years since this stydthe construction indugtihas slowy turned awg from the use of beach
sandand emphasis has focused ookrorushirg. Thereare now thiee quares on the north coast
produdng various graded fine aggregate. Some consgttion projeds have alsosed mported
sand. So graduglthe pessure on the behes and dunes for the supplf construction sand is
lessenng, athoughit has not copletely stopped and there stll a need for cotinual vigilance
by the government, the NHCS and others.

In 1995, HurricaaLuis, a Categgr4 hurricane, passed 56 miles (90 km) east of Nevis
(Cambers, 1996). Thae was extensive damadpo the westoast, both to the leeh itselfand to
coastal infestructure(Physical PlanningUnit, 1995). Almost evey structure on thwest coast
within 100 feet (30n) of the igh water mark was ggoyed (Barret and Huggns, 1997).The
beach monitoring data showed that the average shorelim@atwas more severe than duriE

-4-


Dune
Dune: Accumulations of wind-blown sand in ridges or mounds, landward of the beach and
usually parallel to the shoreline.

Scott Wilson Kirkpatrick 1993
Scott Wilson Kirkpatrick. 1993. Report on Sand Resources Study. The Government of St. Kitts Nevis.
Report prepared under assignment from the Overseas Development Administration.

Dredging
Dredging: excavation, digging, scraping, drag-lining, suction dredging to remove sand, silt, rock
or other underwater bottom material.

Cambers 1996
Cambers, G. 1996. Hurricane Impacts on Beaches in the Eastern Caribbean Islands 1989-1995. COSALC
report. 96 pages.

Physical Planning Unit 1995
Physical Planning Unit. 1995. An Environmental Assessment of Nevis: Post Hurricane Luis (Highlight
on Western Coast). Prepared for Nevis Island Administration. 7 pages.

Barrett and Huggins 1997
Barrett, A., Huggins, L. 1997. Hurricane Impacts in Nevis. In Cambers, G. (Ed.) 1997. Managing Beach
Resources in the Smaller Caribbean Islands. Papers presented at a UNESCO - University of Puerto Rico
Workshop, 21-25 October, 1996, Mayaguez, Puerto Rico. Coastal region and small island papers, No. 1,
UPR/SGCP-UNESCO, Mayaguez, pp 42-54.

Retreat
Retreat: movement backwards, towards the land.
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Hurricane Hugo. This time the shoreline retreated an aedradest (5.2 m) inland Cambers,
1996).

The gowernment redlized that much of the imastuctura damage could lave been avoidcd
had the setbacks outlined in the 1991 Zoning Ordinance been implemented. However, despite
the efforts of the RIsical Planning Unit there had been considerable opposition to these setbacks
which were viewed as unrealistic. The government therefore decided to revise the setbacks to
take account of l@t variations and to mamize the usefdand while at the same time providing
coastal buffers to protect buildings during storms and hurricanes. The coastal development
setbaks have ben revised to take into account variati@sdividud beaches(Camters, 1998)
these are currentunder review  the Nevidsland Administration.

Following HurricanelLuis, several coastal propgrwners took action to protect their
propertiesand/or beaches. Sometimes thaswlone with th adviee and approval of the Fhical
Planning Unit, e.g. thBour Seasons Resort umg®k an offshoe dredging project in the months
after the hurricane to nourish the beach. This was at least pastiatessful. However,
sometimes propertowners did not seek gpermission and there has been an increase in the
number of sawdls and rock evetments since the mgane. Some fothese structes are akady
creating problems.

In 1996, The Neviktsland Administration drafted a Beach Mgement Poty. This was
prompted g a water-sports accident. The pyglltad a wide scope including issues such as the
regularzaion of water-gorts, dve dops, horse iding on beabes,beach bars, setbles, he use
of Crown land and the enforcement of regulations.


Cambers 1996
Cambers, G. 1996. Hurricane Impacts on Beaches in the Eastern Caribbean Islands 1989-1995. COSALC
report. 96 pages.

Cambers 1998
Cambers, G. 1998. Planning for Coastline Change. 2a Determination of Coastal Development Setback
Guidelines in Nevis. COSALC report. 42 pages.


3. SHORELINE CHANGES
3.1 Beach Erosion and Shoreline Erosion

It isimportantto dstinguish betwea beach erosionand shoreline erasion, (Pilkey and
Dixon, 1996, U.S. Arm Corps of Engineers, 198Beaches change on a gainonthlyy and
seasonal basis maynin response to changes in the incomirayes. For instance at Pingis E
Beach, during the summer months the sea idlystalm and there is a wide beach seaward of
the vegetaonline. Howeverin winter, when higlseas genetad ky Atlantic storms occurthe
sand is eroded and the waterymaach the vegetation line. These changes are dadlach
changes beach erosionin winter andoeachaccretion (build-up) in summeE

Shorelineerosion, on the other hand, oouwhen the waves refathe land behind the
vegetation line and start eroding it. This land/roansist of lowying plains, e.g. at Pingks E
Beach, Nisbett Plantation; sand dunes e.g. White Bacliffs e.g. Fort Charles. Shoreli
erosion usuayl occurs duringx@reme winterswellsor during tropical storms and hurricanes.

Beach changes cark&place wihout catsing the sloreline to erode. & indance athe
north end of Mosquito Baat the present time, the beach erodes during the winter months and
accretes during the summer months, but the shoreline is not erddimgntrast at Pinryés
Beach, beach erosion is also taking place, but here the shoreline too is erodiagd Bo
actually being lost at Pinngs Beach, se€igure 1.

Shareline pasition

1955 1988

76 feet —— v

Figure 1. Shoreline Erosion aPinney’s Beach.
The shoreline, or land edge retreated inland 26 feet (8 m) between 1988 and 1995 at Golden Rock.

When shoreline erosion takes place on an undeveloped coast such as that shown in

Figure 1, c@std land is lost, but the bech itsef will remain. Fa in this case the [zeh retrets
inland. However, if the shoreline or edge of the coastal land has been protected with a seawall
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Pilkey and Dixon 1996
Pilkey, O.H., Dixon, K.L. 1996. The Corps and the Shore. Island Press, Washington D.C. 272 pages.

Wave
Wave: undulation of the surface of a liquid.

Accretion
Accretion: accumulation of sand or other beach material at a point due to the natural action of
waves, currents and wind. A build-up of sand.

Cliff
Cliff: high steep bank at the water's edge. Often used to refer to a bank composed primarily of
rock. See also Bluff.

Swell
Swell: waves that have traveled out of the area in which they were generated.

U.S. Army Engineers 1984
U.S. Army Corps of Engineers. 1984. Shore Protection Manual. Coastal Engineering Research Center.
2 vols. U.S. Government Printing Office, Washington, D.C.


or similar structure, then the beach cannot retreat inland and as a result, the beach will disappear
over time, se€igure 2.

Beaches on a undeveloped coast maintain On a coast protected with a seawall, the

their natural width as tlyeslowly retreat beach will eventuajl disappear since it
inland. cannot retreat inland.
\ seawall Initial shore profile

hgdbe. Initial shore profila &l
. I—E“tl-| -:_"‘" Beach
: \ math IR - wudtl-u_l

Miver Shoreline profile _af't-_:r retreat ﬂ.b'."rf-'-f-, Shoreline prafile after retreat
S Beach {0 rhanga im width} H*—h-_.
. “_mdth LR Besch toss

Source: | 5. Ay Torps of Englacars (19711

Figure 2. Shoreline Erosion on Unprotected anérotected Coasts.

While shaeline eosion fas been desdbedabove, shagline accretion canaso accur, in
this case sand deposits at the back of the beach become colonized with vegetation and the
vegetation edge advances seaward.

3.2 Shoreline Changes in Nevis

Aerial photographs were used to determine shoreline changes in Nevis over the period
1946 to 1991. More recent changes (1988-1997) were calculated using the beach monitoring
database. The data @& shavn in Table 2 and graphicaly in Figure 3. Appendix| describes the
methodolog).

Over the period 1946-1991, theerag shoreline ereat in Nevis was 1.2¢t pe year,
fourteen beaches/beaclttsens showed erosion, gnbne,LonghaulBay showed accretion. The
same pattern was edent during the nore recet period, 1988-1997, whenthe average boreline
retreat was 2 fegtar, twelve beaches/beach sections showed erosion, two showed accretion and
there was no data for the last section. The average rate of shoreline change was much higher
during the period 1988-1997, thisay be attribtied atleast in partto theinfluence of twangor
hurricanes durig this perod, Hurricane ldgo in 1989 and Hurricane Luis 19%. (The fgures
calculated for 1946-1991 also include the impact of Hurricane Hugo).

Looking at the data in more dédtat is goparent that the most severe aian is ocarring

along the west coast at GallowsyBand along the entire length of PigieeBeach (Pinngs
Estate td_awrence Estate) and along the stretch, Nisbett to Camps, on the north coast.
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Table 2. Shoreline Change in Nevis Between 1946 and 1997.

Beach/Beach Section Shoreline | Shoreline | Shoreline | Shoreline
Change Change Change Change
feet/year feet/year metres/year | metres/year
1946-1991 |1988-1997 |1946-1991 |1988-1997

Gallows Bay -2.56 -4.43 -0.78 -1.35

Pinng/'s Beach 1, Hotel to Golden  -2.46 -2.00 -0.75 -0.61

Rock

Pinng/'s Beach 2, Golden Rock tq -1.87 -1.87 -0.57 -0.57

Jessup

Pinng/'s Beach 3Jessup to Cottorn -1.25 -2.43 -0.38 -0.74

Ground

Pinng/'s Beach 4, Cotton Ground -1.31 -2.66 -0.40 -0.81

to Lawrence Estate

Cades Bay -0.89 -0.10 -0.27 -0.03

Jones Bay -0.66 No data -0.20 No data

Mosquito Bay -1.67 +1.15 -0.51 +0.35

Hurricane Hill to Seahaven Estat¢  -1.02 -2.07 -0.31 -0.63

Seahaven Estate to Newcastle Bay -1.05 -0.66 -0.32 -0.20

Nisbett to Camps -2.72 -1.57 -0.83 -0.48

Camps to Burnaby -0.16 No data -0.05 No data

Longhaul Bay +0.43 +0.10 +0.13 +0.03

White Bay -0.16 -2.72 -0.05 -0.83

Indian Castle -0.10 -6.53 -0.03 -1.99

Mean -1.16 -1.98 -0.35 -0.60

At Gallows By the rate of shoreline erosion was 2.5 fe=tf between 1946 and 1991,
although ovethe st ten years the rate almost doudal to 4.5feet/year. The 1946 phototpaphs
showed that the beach at Gallows/Bantinued northwards in front of Charlestown, although
the beach was narrower here. However, there did not appear tp ty Brach area between
the Alexander Hamilton Museum and the headland wiereey's Beach Hotel is now located.

In the 1970s thgetty at Charlestown was reconstructed as a solid structure and thizarea
influenced the transport akdimentbetween Pinngs Beach and Gallows Baalthough it is
significant thet neither beach hes shown sustainea@etion. By the 1980s the laeh infront of

Charlestown had disappeared and there was a wall protecting the buildings. This had been

replaced ip 1991 with a boulder revetment, part of which was reconstructed in 1995-1997.

-8-



Jetty
Jetty: structure projecting into the sea for the purpose of mooring boats; solid structure projecting
into the sea for the purpose of protecting a navigational channel.

Sediment
Sediment: particles of rock covering a size range from clay to boulders.
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Indian Castle [ 4

White Bay

Longhaul Bay

Camps/Burnaby

Nisbett/Camps

Seahaven/Newcastle

Hurrican Hill/Seahaven G
Mosquito Bay =
Jones Bay

Cades Bay

Pinney's Beach 4 |—'—#
Pinney's Beach 3 |——#

Pinney's Beach 2

Pinney's Beach 1
Gallows Bay — -

Shoreline Change Rate (feet/year)

‘ H1946-1991  [1988-1997 ‘

Figure 3. Shoreline Change in Nevis Between 1946 and 1997.

Pinrey’s Beach showed an aveage shorelinedtreat of 1.7 éetlear over the pgod 1946-
1991 withthe most seere erosion taking place at the southewh eAgainthe rate had increased
over the past teyears to 2.2 fegtéar.

Along the remainder of the west coast shoreline erosion rates have beengtssrall
than 1 footyear. At tle northern end & Mosquito Bay there has beenggiificant acretion, at a
rate of 1.2 feeyear, particulayl over the past teyears.

Along the north cast from Hurricane Hill to Buraby, the aveage shorelie retreat was
again about 1 footyear, with the exception d the stretch from Nisbett to Campswhere the rate
was neaar 2.5 feet/year. In front of Nislett seveal gabion grgnes wee constructed in the 1970s
and these dwve had sorasuwccess in @bilizing the keach along this sttch of coast, although at
the eyense bthecoastal stretecdowndrift. To the eastof Nisbett Plantation there is a section
of undevelopedoastlinewhere trees nyabe seenying in the water.

Longhaul Bay which is $ieltered ly surrounding reefshas siown accréion atthe rateof
0.5 fed/yearoverthe pastifty years and arsall promontory has formed ahe utheasern end
of this ba.

The two beaches on the southeast coast, WhiteaBdindian Castle, have shown low
shoreline erosion rates over the period 1946-1991. However measurements over the past ten
years showed higr erosion etes. In the case oflndian Castle, this mabe related to tke removal
of an tensive gstemof sand dunes for onstuction sad beéween 1980 and 1991In(the case
of White Bay, the reason is unknown, however there is some doubt about the gcufuttae
measurement data at this site over the lasyears).


Downdrift
Downdrift: Direction of longshore movement of beach materials.

Coastline
Coastline: intersection of a specific water height with the shore or beach, in this report:
intersection of the beach with the land immediately behind, usually marked by a change in
material or natural physiographic form, see also shoreline.


4. SHORELINE STRUCTURES
4.1 Types of Shoreline Structures

Before describing thstructures hat exist in Nevs, a general outhe of the mainypes of
structures anghoreine enhancemant measures as well dselir functions will be provded, so as
to give the general reader soneehkground infemation. A glossay of terms is included at the
end of this report.

Shoseline structues nay be divided into o types: those that oglprotect beachfront land
and those which promote beach build-up.

. measures which protect the land but which do nahpte beach build-up, e.g. sedisa
rock revetmentdyulkheads;

. measires whch prdect the landy pronoting beach lild-up, e.g. grgnes,breakwater
beach nourishment.

4.1.1 Measures which Protect thand
These include seawalls, bulkheads and rock revetmentsigee 4.

Seawallsare massie structues made of steel, rock or aoete. Ty may hawe a curved
or vertical seaward face and are designed to protect land and buildings from the impact of the
waves.

Bulkheads are similar to eawalls, thg hawe vertical seward faes and are desigd to
protect bnd from slumping and eroding into theas They are most suitable for quietter areas
such as lagoons.

E]

E Gabionswhich consist of stones packed in wire baskets, are often used as materials to
construct walls, bulkheads, revetments and sometime “mattressesti|eg under the beach.
The wire enclosing the gabion basket is coated with plastic. However, without regular
maintenance, water aon resiltsin the gones ribbing against eachtlver and wearing awahe
plastic coated wire, creating holes through which the stones spill over the beach. Gabions are best
for slopeor channel stabilization where there is no danger of waves reaching them fgequent!

Rock Revementsconsist ofarmourrocks placed against a sloping face.

Structures with a vertial seaward fee such as someaealls and bulkhead®flect wave
enery and case increased wee turbulece. This redis in the water cting downwardsbelo
the base of the structiand “digging” out theand, this process is kiam as wavescour. On th
other hand, a sloping rock revetmabsorbsmuch of the wave eneyg
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Bulkheads
Bulkhead: structure that retains or prevents sliding of land or protects land from wave damage.

Breakwater
Breakwater: structure parallel to the shore, usually positioned in the sea, that provides protection
to the shore from waves.

Armour
Armour: providing structural protection for the shoreline.

Gabions
Gabions: wire mesh rectangular containers filled with stones.

Slope
Slope: degree of inclination to the horizontal.

Scour
Scour: removal of underwater material by waves or currents, especially at the toe of a shore
protection structure.


Seawalls

iassive structures bullt to protect
the land. They have vertical or

Seawall
curved seaward faces.

Backiill

Foundation piles

e e rs mastcanm 3
......................... 4

Original ground surfa

Sheet piles

Bulkheads

Strucfures to retain land or fill, made of
wood, steel or concrete_ with vertical
seaward faces.

Sloping structures made of rocks
fo protect land and absorb wave energy.

Toe reinforcement

Filter clath

Figure 4. Structures toProtect Coastal Land andProperty.
These structures, while proteggithe land, do not usually promote beach build-up. (Figure adapted from
E U.S. Army Corps of Engineers,198ddBush et al 1995)|§|

It is imporent to understand the consegues of building structes which ony protect

the land or beahbfront propery. Whilethese gructuresprotect the land, thedo rot promote the
deposition of sand.

-11-


Toe protection
Toe protection: material, usually large boulders, placed at the base of a sea defence structure
such as a seawall, to prevent wave scour.

U.S. Army Engineers 1981
U.S. Army Corps of Engineers. 1981. Low Cost Shore Protection. A Guide for Engineers and
Contractors. 173 pages.

Bush et al. 1995
Bush, D.M., Webb,R.T., Gonzalez Liboy, J., Hyman, L., Weal, W.J. 1995. Living with the Puerto Rico
Shore. Duke University Press. 193 pages.


It has been found that as the erosion continues, the beaches in front of
structures such as seawalls or revetents becmne narrower and in sane

cases disappear altogether.

A seawall, bulkhead or revetment proteotdy the land and buildigs immediately
behind it. Erosion will continue in front of the unprotected land on either side of the seawall,
bulkheador revetmeat and the waves Wieventudly cut in behindhe structure, seleigure 5.S0
it is usualy necessarto build return walls, which providé&nk protectionE

INTTTAL CONSTRUCTION
PR
EXSETIMG
SHGTEUHE BULKHEAD
I
E 1
e TN S -y - — -l s s
Laialiate el Ll L3 1--1-"—-1-..',.“_.1‘..' Ill""""H
|
AREAKING
WITHOOY FLANE PROTECTION WAV ES
Pk i
PR
= HETREATED
g‘rl:} EHUHTLIHE
BULKHEAD
M M
- |
BREAKING
wWAadE S
UITHFLARE PROTECTION
Pk
LR
BULKHEAD
RETURN _} | ABAREAKIMNG
wWaLLE WAYES

Figure 5. Bulkheads andFlank Protection..
Withou flank protection the waves will eventually cut into the land behind the bulkhead, seawall or

revetment. (Figure adapted from thieS. Army Corps of Engineers, 198@
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Flank protection
Flank protection: angled section of wall at the end of a shore protection structure such as a
seawall or revetment.

U.S. Army Engineers 1981
U.S. Army Corps of Engineers. 1981. Low Cost Shore Protection. A Guide for Engineers and
Contractors. 173 pages.


As erion cantinues, however, he protectedsedion of coast will brm asmall heatiand
projecting seaward of the main coastliBeachcomber’s Restaurant on Pyiad3eachprovides
anexampk of this situation, bre the waves ae eoding tre beach and land on eithside of the
rock revetment and pedestrian access along the beach is difficult.

4.1.2 Measures which Protect thend ty Promoting Beach Build-up.

Such meaures ma consist of hardstructuressuch as goynes ad offshore breakwtaers@
Another measure, beach nourishment, consists of adding sand to the beach frosuah
offshore source.

When waves apprah the shorelingt an angle tey generag alongshoee currentwhich E
transports sand suspended in the water alongithies,seeFigure 6. In addition wave action
moves sand along the beach face.

Breaker zone

Longshare current carries
sediment in suspensicn

Downdrift
direction

Sediment particles on the
beach move along the
beach with the waves

/<Wa ve crest

Updrift
direction

— Water's edge

Figure 6. Longshore Sednent Transport.
When thewaves approad at anangle tothe shoreline, the sément on théead face is moved alongthe
beach. (Figure adapted from.S. Army Corps of Engineers, 198@

Structures designed to trap this moving sand are callgsh@go Thg are low walls
congdructed perperidularto theshordine which extend out imo the waer. Theirmain functon
is to promote beach build-upy krapping sand or slowing down its movement along the beach.
In the Cabbean islandgroynesare usially constructed of rak or concrete Sonetimes gabions
are used, e.g. at Nisbett Plantation. However, gabions are not recommended as materials for
groyne congtuction kecause bthe need fo continual mairgnarce. Wood or steel nyaalso be
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Offshore breakwater
Offshore breakwater: structure built in the sea, parallel to the shore, designed to protect the
shore from wave action.

Longshore current
Longshore current: a movement of water parallel to the shore, caused by waves.

Shore
Shore: narrow strip of land in immediate contact with the sea.

U.S. Army Engineers 1981
U.S. Army Corps of Engineers. 1981. Low Cost Shore Protection. A Guide for Engineers and
Contractors. 173 pages.


used forgroyne constrietion and grgnes nay be built singy, seeFigure 7,0r in groups known
asgroyne fields.E

While grg/nes trapsedimenton one sde, hey cawse a sandieficit and therefore ersion
on the other side, séeégure 7. So in effect one propgrowner mg gain at the xpense of his
neighbour.

Groynes usually result in sand accretion on one side and erosion on the
other side

-f———— Longshere transport -

downdrift updrift

Figure 7. Effect of a Single Groyne.
The beach has built up on the updrift sideanderoded onthedowndift side. (Figureadapged fom Bush

et al, 1995).|§|

Groynes function most effectivebn coasts where the directionlofgshore transpo
is consént. In Nevis and the Qdbbean islandswvith their grevailingNortheastest Trade Wind
regimes, the predominant longshore transport direction is from east to west. Experietice has
shown that grgnes work best on north or south facing coasts and are least effective on east or
west faing coasts. For exampgroynes hae worked easonaby effectively on the north cast
of Nevis, and on the south coast of Barbados.

Sometines solid structtes built as jetties or piersssentialy usel for bcet docking, have
inadverently functioned as grgnes. Piled structures ae recommended for jetties used for boat
docking. Groynesare often sen asa"cure-all" for ary erosion situation. Heever, this is not
the case. Gimes are just one of severalygao control beach erosion.

=2

Groynes only function well under certain specific conditions, they are not
“cure-all” for every beach erosion problam.
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Groyne field
Groyne field: Series of groynes acting together to protect a section of beach.

Updrift
Updrift: direction opposite to the predominant movement of longshore transport.

Bush
Bush, D.M., Webb,R.T., Gonzalez Liboy, J., Hyman, L., Weal, W.J. 1995. Living with the Puerto Rico
Shore. Duke University Press. 193 pages.

Longshore transport
Longshore transport: movement of material parallel to the shore, also referred to as longshore
drift.

Notheast Trade Winds 
Northeast Trade Winds: dominant wind regime in the Caribbean region, the winds blow from
directions between north and southeast.

Piled
Piled: a structure supported by long, heavy section timber, concrete or metal, driven into the earth
or seabed.


Another structure designed to promote beach build-up is the offshore breakwater.
Offshore breakwaters are placed out in the water and are designed to intercept the energy of the
approaching waves thereby sheltering the shoreline on their landward sifigyseed

5
i

Breakwater

. Sa;nd
W

)

Figure 8. Cross Section of an Offshore Breakwater.

The sheltering effect of the breakwater results in a reduced rate of longshore sand
transport and encourages sand accumulation behind the structliiguse® However, as with
groynes, downdrift beaches may suffer erosion if they are deprived of their sand supply.

Figure 9. Plan View of an Offshore Breakwater
The sand builds up in the area behind the breakwater which is sheltered from the high waves. (Figure
adapted fronJ.S. Army Corps of Engineers, 198@

Breakwaters are built out in the sea, usually parallel to the coast or sometimes angled to
the shoreline. They are usually made of interlocking concrete shapes or large boulders. Generally
they are more expensive than groynes or seawalls because they are of massive construction
designed to withstand breaking waves. Also they must be constructed in the sea, rather than
placed on land. This requires the placement of materials from a barge or the construction of a
temporary ramp from the land out to the location in the sea. Breakwaters may emerge above the

-15-


U.S. Army Engineers 1981
U.S. Army Corps of Engineers. 1981. Low Cost Shore Protection. A Guide for Engineers and
Contractors. 173 pages.


sea surface or tlganay be submerged.

Floating breakwaters, which are constructed ofyanbmaterials such as usgces, may
be used in giitered wave envonments suches marinas to reduce the wakes causepdssing
boats. Theg are not suitable for open water conditions.

A third measue to promote bach accretion consists of addingiige volumes of sand to
the beach. This technique, known as beach nourishment, can be used to increase the size of a
beach or to replace a lost beach. The sangdbmabbtained from an inland or offshore source.

In the Caribbean islands, where land sources of sand are limited, the sand ysobsaiakd
from the offshore zone. A suctiaimedgeis used to pump the sand and watextore via a
floating pipeline onto the shore, deigure 10.

sand retrisved from off-shore
slurry: 7% water

an
2
30% sediment .

floating pipelline

40 meters deep

L}

Figure 10. Beach Nourisment with Dredged Sand.
A sand and water mixure is pumpd from the offshore z@ intoa settling poncdon thebeady, from which

the water will drain back into the sea. The sand in the settling pond is then spread along the beach.

This techimque has beentfie used in th&€aribbearislands, ahough itis widely used in
North America and other parts of the world. Detailed studies ofyiath, wave climate
currents,and biological features such as coral reefs sswhrass bedare required prior t
embarking on a beachaourishment project. Beach aurishment should not be viewed as a “nce

only” operation, since in all cases periodic renourishment will be required at intervals of between

2 and 8years, depending on thgrihmics at a particular beach.

Beach nourishmenias been used omm Nevis at thd=our Seasons Resort on Piyise

Beach in Noember 1995.Sand which bd been moved offshorg/ IHurricaneluis was pumped

back onto the beach.

Periodic renourishment is required after the initial beach nourisiment.
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Dredging
Dredging: excavation, digging, scraping, drag-lining, suction dredging to remove sand, silt, rock
or other underwater bottom material.

Current
Current: flow of water in a given direction.

Seagrass bed
Seagrass bed: area of the offshore bottom colonized by seagrasses.

Settling pond
Settling pond: man-made depression created to receive water and sand mixture directly from
dredging operation.


Table 3 povides some generalized, ordé magnitude costs for various beach protection
measures in the Caribbean islands. (These figures are not specific to Nevis).

Table 3. General Cost Ranges for Sea Defence Measures in the Caribbean Islands.

Type of structure/measure Cost permetre length of structure
(US $)

Rock revetments 650 - 975

Groynes (rock) 650 - 975

Groynes (pre cast concrete) 680-1170

Offshore breakwaters (rock) 2 925 - 3900
Offshorebreakwaters (precast concrete) 3250-4225

Beach nourishment $5-17 per ¥ dredge

mobilization costs.

4.2 Inventory of Shoreline Structures in Nevis

The main ypes of shoreline structures in Nevis areyges and rock revetments. This
secion will briefly describe the locton, type ofstructure and ay observed shoreline prims.
Details regarding the shoreline structures are containégpendixll. Figure 11shows the
location of the structures.

At the southern end of Gallows Bthere is a short section of boulder revetment and a
boulder ramp, these do not appear to be causingtareline problems at present.

E At Charlestown thee is areclamed aea south of the mairgfty, which is progcted ly a
recenty constructed sea wall fronted b rock revetment. The main petiwhich is a solid
structure, is 394 feet (120 m) long. North of theyjeahother seawall and revetment structure
continues for 525 feet (160 m). North of this, the rest of the Charlestown frontage up to and
including Pinng’'s Beach Hotel is protected with a vayieif rock revetments. The entire
Charlestown sea frontage is fuhkrmoured and now projects into the sea forming a headland.
As the adjacent beaches (GallowyBad Pinng's Beach) continue to retreat, the return walls,
which consist of rock revetments), will have to be extended to prevent outflanking, see also
Figure 5. This haslread/ happened at Pinng’'s Beach Hotel where thereturn wall (revetment)
had to be tended at least once (between 1988 and 1989) and pamsibther occasions.

There are ol a few sea defence structures located at Risfeach. The revetment at
the southern end at Pinyie Beach Hotel has alreadbeen noted. At Golden Rock a former
beach bar foundation nowrfosa small seakwater in the inter-tidal zamand is promoting some
very localized accretion. At the Four Seasons Resort, there is a wooden pyledgett of
which some boulders have redgn(1998) been placed to protect a waggwrts shop. The Four
Seasons Resort beach frontage was replenished with 150 000 cubic feet Gdd@bedged
sand in November,1995. Immedatdy north of the Farr Seasons Reort and the beach access at
Jessup, th&eachcombeis protected with a rock revetment which projects into the inter-tidal
zone and makes pedestrian access along the beach difficult at all statesdef tReosion is
continuing on the unprotected land on either side of this revetment. E
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Land reclamation
Land reclamation: process of creating new, dry land on the seabed.

Tide
Tide: periodic rising and falling of large bodies of water resulting from the gravitational attraction
of the moon and sun acting on the rotating earth.


Round Hill

Hick's Cove

171000 N
CHARLESTOWN
dle Hill "%:_\II White Bay
Indian % -
Castle = )
> 170500 N
oty g
. Groyne -
&
(Y]

mm Rock revetment

Figure 11. Major Sea Defences in Nevis

Between Cades Point and Jones Bay there are two groynes. The southern one is made of
small boulders and is 20 feet (6 m) long. The northern one is 56 feet (17 m) long and is made of
interlocking concrete units, it is almost completely submerged. (This structure was the site of a
planned marina some years ago). Both groynes have resulted in some slight accretion, 10-16 feet
(3-5 m) seaward on the northern, updrift side.

At the southern end of Mosquito Bay there is a rock revetment protecting a private house.
This structure was recently constructed and projects onto the beach.
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On the north cast there areeveral graynes, some built as individual sttures and some
as grone fields. Neathe western end of étairport runwa there is a 4éeet (14 m) log groyne
which is impeding amssdong the lgach. Neathis sie thae are also some detwated gbions
on the beach. East of the Newcastlgy/jtere is another similar gyoe structure.

At Nisbett Pantation tlere are nine groynes, these wre aiginally made d gabions, but
some have been rebuilt with boulders. The Nisbetyrggaystem has had some success in
stabilizing the beach there, however, there is considerable erosion to the wesgaiytiésfield
and near the Camp River mouth, dead mangrove trees can be seen in the water.

The individual groynes abngthis mast are caaing localized ersion prdolems forsome
propery owners particulayl on the downdrift (west) side. All the gmes are causing some
problems with access along the beach.

On the eastoastat Powvork Estate thee are two 33 fet (10 m) longgroynes,which were
built to create a semi-enclosed area for washingith@ut of crusher dust from one of the
quarries.

In general the number of shoreline structures is still small in Nevis, however, the total
beach length is also small. The increase in structures puitidividuals in recenyears is a
matter for concern especiabince these are often built without permission and have had adverse
impacts on adjacent@pertiese.g. the Bechcomberevetment and the individual giees on the
north coast.
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Silt
Silt: fine grained soils with particle diameters between 0.00015 and 0.003 ins (0.004 and
0.08 mm).


5. SHORELINE MANAGEMENT O PTIONS

Against the background described in the proéegdections, there at@o man opions
in Nevis:

a) Do nothing;
b) Adopt a Shoreline Management Pglic

The “Do nothirg” option will result in the liferation of ad hocsea dednce structures
as individials seek to protedbeir beachfront propées. As has been seenSaction 4pbeaches
often disappear when structures such as seawalls and rock revetments are built, e.g. there used
to be a wide beach in front of the Beachcomber restaurant alyRiB&ach, similagt a beach
used to ®ist in front of Chaledown. Furthermore, suadlfiefences are t#n tenporay measires
which afford insufficient protection during hurricanés.addition, these structures result in
reduced access along the beach.

One of Nevis’ main attractions, the beaches fringgdoalm trees, will ultimately
disappear. Tis will reduce te quaity of life for the restlents of Nevis and will detract fromits
unique appeal to toists. Tourists complain opbnce abou& tourist destination, then thgo
elsewhere. The timede for such a scenario depends ewesal factes, but suffice it to sathat
such a scenario could become rgadiarly in the 2% centuy if Nevis were impactedybone or
two more events like Hurricanauis.

The alternative is to develop and implement a Shoreline §éamant Polig. Such a
policy should include the entire coast: beaches, cliffs andyrsleres. This paper, however,
concentrates on beaches because of their economic importance to the island’s development.
Three poliy options
are developed:

. Protect beachfront lands;
. Conserve beaches;
. Protect beachfront properties built prior to 199 (date of sea defence standards)

and conserve beaches.

Each polig will require strict conbl and regudtion. This does not exist at present, for
individual beachfront propsrtowners often build structures on and near the beach without
seeking perrrsson from thePhysical Hanning Uni. Such pratices inevtably lead to shoréhe
management problems.

The three polig options will be discussed meneral terms and then asyhelate to a
specific coastal stretch namehe southern part of Pinyis Beach from Pinngs Beach Hotel
to the Beachcomber. This stretch has been selected because it contains developed and
undeveloped beachfront landBable 4summarizes the kegpoints of each option.

-20-



Table 4. Summary of Shoreline Management Options.

Option 1: Protect Beachfront Lands

ters

UJ

e.

Primary goal: Maintain the existing shoreline position.

Secondary goal: Conserve beaches where possible.

Controls 1. Property owners will be permitted to protect their beachfront
properties with hard structures (revetments, groynes, breakwa
etc).

2. Beach enhancement measures (groynes, offshore breakwater
beach nourishment) would be recommended where appropriat
Option 2: Conserve Beaches
Primary goal: Keep existing beaches.
Controls: 1. New development will be set a safe distance from the beach

2.

3.

through the implementation of coastal development setbacks.
New developers/land owners will be advised that no hard
structures will be permitted in the future in front of their propert
Owners of existing properties will not be allowed to construct n
sea defence structures to protect their properties, only measur
such as beach nourishment would be permitted.

Sea defence structures built prior to 199 (date of sea deg
standards) can be maintained but not rebuilt.

ies.
ew
es

fence

Option 3: Protect Beachfront Properties Built Prior to 199 (date of sea defence

standards) and Conserve Beaches

Primary goal:
Secondary goal:

Controls:

Keep existing beaches.
Protect existing beachfront properties built prior to 199 (date o
defence standards).

1.

2.

New development will be set a safe distance from the beach
through the implementation of coastal development setbacks.
Developers and land owners will be advised that no hard strug
will be permitted in the future in front of properties built post
199 (date of sea defence standards)..

Owners of beachfront properties built prior to 199 (date of se:
defence standards) will be permitted to build structures to prot
their properties, beach enhancement structures and measures
(groynes, offshore breakwaters, beach nourishment) will be

[ sea

tures

et

recommended wherever possible.
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5.1Protect Beachfront Lands

The primary goal ofthis ogion isto protect beachfront lands, thus gherdine paition
(the alge of the lad) will be maintained in its presat podtion. A sewmndal goal is to onserve
beaches wherever possible.

This policy will result in a combigtion of structues sich as sawdls and rock revetments
to protect beachfront properties and beach enhancement measures sughess gffshore
breakwaters and beach nourishment to help conserve the beaches.

This polioy will result in vey high costs for sea defence structures. Ultingdted policy
will fail, for there is no wg that all the beachfront lands in Nevis can be protected. When the
next major hurricane hits News, or passes close to Niesy many of the coastaflefence structures,
as well aseadfront buildings, willbe damagedr destroyed, as happened inuHticane Lus in
1995. However, implementatiom such a polig, if it were economicayl feasibg, could provide
Nevis with protection for between one and three decades depending on the timing at the ne
major hurricane.

At the south end of Pingis Beach, owners of thexisting beachfront restaurants at
Golden Rockand atJessupwould be permitted to construct protective structures such as
revetments. Th€&our Seasons Resartight also seek to protect their buildgwith similar
structures, although a combination of offshore breakwaters and beach nourishment might be
considered here because of the importance of conserving ttteibdeont of the hotel. These
measures might in time reduce the volume of sand reaching the/BiRseate area (which is
preseny undeveloped)lf Pinng/'s Estate wez also developed, its owners would in foeure
be able to take measures to pebtheir investment. Ultimatgl perhaps in two to three decades,
the isting tree linedbeach &retch would be ng@aced with avariety of rod/concretestructures,
narrow and in some places naxistent beaches, and restricted access along the beach.

5.2 Conserve Beaches

The main goal of this optiais to conserve beaches. Thain components of this policy
are strict controls for new development and a ban on all new sea defence structures.

Coastal development setbacks, such as those propgsednibers, 1998would b
applied to all new developmegplications. So new development would be located well behind
the active beach zone leaving the beach space to retreat inland. Furthermore new developers
would be advised that no sea defence structures would be permitted in the futussfionl
engineering options such as beach nourishment would be allowed.

Owne's d existing keachfront buildingswould not ke pamitted to constict new seawalls
or revetments to protect their properties. Under such aypedisting sea defences (gmes,
revaments, seawdsk) built prior to 199 (date of sea defentandards) could beaintained but
not rebuilt. For instance a gabion gne could be repaired, but could not be replaced with
boulders.

Along the southern Pingls Beach section, this poliovould allow the owners of the
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Cambers 1998
Cambers, G. 1998. Planning for Coastline Change. 2a Determination of Coastal Development Setback
Guidelines in Nevis. COSALC report. 42 pages.


Beachcombeto maintain their revetment, but not to re-build it. The owners of the beach
restaurant atGoldenRock woud not be penitted to buid a revetmentiace theras no exsiing
structure. The owners of th@ur Ssasons Resowould not be permitted to buildrsttures to
protect their propeyt only measures such as beach nourishment would be considered.

Under the umbrella of this polidhe «isting beach would be maintained much as it
presently exists ad atconsicerably less cost thn the gtion in5.1. The existing problems e.g.
the reduced bech acess at Bachcomler would renain for a time, but ultimatglas the shoreline
continued to erode this coastal defence structure would fall victim to high seas and under the
policy it could not be rebuiltlf and when the Four Seasons Resgpegienced beach erosion
problems, then the owners would be advised to consider beach nourishment as a solution. The
beachfront at Clark’s Estate would remain intact singefaiure development here would be
situated well backrdém the active beah zore through tle implementation 6 coastal developent
setbacks.

5.3 Protect Beachfront Properties Built Prior to 199 (date of sea defence standards) and
Conserve Beaches.

This poligy is essentiagyl a compromise between the first two options. This option would
have as its main goal tlrenservatiorof beaches, but beachfront properties built prior to 199
(date of sea defence standards) could be protected with hard structures. The main tools would
be the implemeation of coastal developmeniethacks for new propetiesand a lan onall coastal
structures except at thog beachfront propsies built prior to 199 (date of sadefence séndards).

E Coastal development setbacks, such as those propgsedntbers, 1998would be
applied to all new developmegplications. So new development would be located well behind
the active beach zone leaving the beach space to retreat inland. Furthermore new developers
would be advised that no sea defence structures would be permitted in the fugussfionl
engineering options such as beach nourishment would be considered.

Owners of beehfront propety built prior to 199 (date of ®a ddence sandards) would
be permitted to protet their buildings with structues sich as evetments, dfshare bieakwates.
However all applicatiors for coasta defene structurs would be carefuly assessk and
wherever possible beach enhancement options such as beach nourishment and offshore
breakwaters would be recommended.

Application of this polcy to thesouthern Ihney’'s Beach seobn, woud see the ebsting
trouble spott theBeachcomberemaining until the rement is ultimatsf destreoed by a future
hurricane. If and when the Four Seasons Resbexperienced grious shodine erosion and wished
to take action, thewould be pemitted toconstruct sea defence structures. Howevey,wuaild
be advised to implement bach enhancement mesutres sich as dfshore breakwaters and /or keach
nourishmentathe than rock evetments. Thiswould be in their own igtest sine they also wish
to conserve the bela, not just protect the hotel propertThe beachfront at Clark’s Estate would
remain as it is now, gfuture development would be situated well back from the active beach
zone through the implementation of strict coastal development setbacks. Also developers here
would not be permitted to construct new coastal defence structures.
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Conservation
Conservation: the political/social/economic process by which the environment is protected and
resources are used wisely.

Cambers 1998
Cambers, G. 1998. Planning for Coastline Change. 2a Determination of Coastal Development Setback
Guidelines in Nevis. COSALC report. 42 pages.


6. CONCLUDING REMARKS

Nevis has long been at the forefront of successful environmental management in the
Caribbean. This stems fromthe people’s pridein their natural and aultural heitage ad a dege
to conseve this legcy while at the samtime improving their ligstyles. A pevious report in this
seriegCambers, 1998)as proposed neeoastal development setback guidelines for Nevis on
a beach Y beach basis. Once thdésmzome part of Nesi planning legislation, the ne stage of
shoreline management will be to consider which of the three options discussed in this report
would be appropriate for the individual beaches.

Similar shoreline management problemasthose dicussed inthis paper can be found in

almost evey Caribbean island, and the decisions and policies adopted in Ngmsatharovide
a blueprint for the region.
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Cambers 1998
Cambers, G. 1998. Planning for Coastline Change. 2a Determination of Coastal Development Setback
Guidelines in Nevis. COSALC report. 42 pages.
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Glossary

Accretion: accumulation of sand or other beach material at a point due to the natural action of
waves, currents and wind. A build-up of sand.

Armour: providing structural protection for the shoreline.

Back beach the section of beach&nding landwards from the high water mark to the point
where there is an abrupt change in slope or material, also referrelatckabore

Bar: fully or partialy submerged mound of samtavelor other unconsolidated material built
on the bottom in shallow watey lwaves and currents.

Beach: zone ofclay, silt, sand, gravel or boulderstending from the low water line to a point
landward where either the topogrgmbrupty changes or permanent vegetation first appears.

Beach nourishment: artifi cial process @ replenishing a beeh with magria from anothe soure,
either inland or dredged offshore.

Beach profile: side view of a beachkeending from the top of the dune line into the sea.

Beach recovery:process wherdy accretion takes place at a beashally after a majostorm or
hurricane.

Bluff: high steep bnk at the waer's edge. @en used toefer to a bank composed primilg of
soil. See als€liff.

Boulders: large stones with diameters more than 10 inches (256 mm).
Breaker: a wave as it collapses on a shore.

Breakwater: structue parallel to the shag usualy positiored in the ses, that provides protection
to the shore from waves.

Bulkhead: structure thet retains or pevents sliding of énd a protects land from wave damga

Bypassing, sand:movement of sand from the accreting up-drift side of a structure, inlet or
harbour entrance, to the eroding downdrift side.

Clay: rock particles smaller than 0.00015 ins (0.004 mm).

Cliff : high steep bank at the water's edge.eOfised to refer to a bank composed pringanil
rock. See alsBlIuff.

Coast: stretch of land bordering the sea or a large tract of water.

Coastal developnent setback: prescribed distance to a coastal feature such as the line of
permanent vegetation, within which all or certgipets of development are prohibited.
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Gravel
Gravel: rock particles 0.18 - 3 ins (4.6 - 77 mm)

Clay
Clay: rock particles smaller than 0.00015 ins (0.004 mm).


Coastline intersection of a specific water height with the shore or beach, in this report:
intersection of the beach with the land immediatethind, usuayl marked ly a change in
material or natural pfsiographic form, see alshoreline

Consevation: the poltical/socid/economic processytwhichthe enwwronmentis proteted and
resources are used wigel

Current: flow of water in a given direction.
Deepwater: area where surface waves are not influengetthds bottom.
Downdrift: Direction of longshore movement of beach materials.

Dredging: excavation, digging, scraping, dragiig, suction dredging to remove sand, silt, rock
or other underwater bottom material.

Dune: Accumulations of wind-blown sand in ridges or mounds, landward of the beach and
usuall parallel to the shoreline.

Equilibriu m: state of balance.
Erosion: Wearing aws of the land usuaflby the action of natural forces.
Estuary: mouth of a river, where the fresh river watexes with the seawater.

Filter cloth: Synthetic textie with openings for water to esape, but with prevents pssage of
soil particles.

Flank protection: angled section of wall at the end of a shore protection structure such as a
seawall or revetment.

Foreshore:section of the beach between high waterlandwater marks.

Gabions: wire mesh rectangular containers filled with stones.

Gravel: rock particles 0.18 - 3ins (4.6 - 77 mm)

Groyne: Shore protection gicture built perpendicular to the shore, designed to trap sediment.
Groyne field: Series of grgnes acting together to protect a section of beach.

High water mark: the highest reach of the sea at high tide.

Hurricane intense, low pressemweather system with maximum suréa wind speds thatexceed
74 mph (118 km/hr).

Jetty: structure projecting into the se#or the purpose of maang boats; solid strwiure projecting
into the sea for the purpose of protecting a navigational channel.
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Low water mark
Low water mark: the highest reach of the sea at low tide.


Land reclamation: process of creating new, dry land on the seabed.

Lee: sheltered.

Leeward: direction toward which the wind is traveling.

Leeward coast:coast sheltered from the waves.

Longshore current: a movement of water parallel to the shore, caused by waves.

Longshore drift: movement of material parallel to the shore, also referred tongshore
transport.

Longshore transport: movement of material parallel to the shore, also referreditmgshore
drift.

Low water mark: the highest reach of the sea at low tide.
Mean sea levelaverage height of the sea surface over a 19 year period.
Monitoring: systematic recording over time.

Northeast Trade Winds: dominant wind regime in the Caribbean region, the winds blow from
directions between north and southeast.

Nourishment: process of adding material.
Oceanic current: flow of water in a given direction in the ocean.

Offshore breakwater: structure built in the sea, parallel to the shore, designed to protect the
shore from wave action.

Offshore step:break in the offshore slope positioned near the wave breakpoint.

Piled: a structure supported by long, heavy section timber, concrete or metal, driven into the earth
or seabed.

Pollution: contamination that in certain concentrations will harm the environment.
Retaining wall: wall built to hold back the earth.

Retreat: movement backwards, towards the land.

Revetment: shore protection structure made with stones laid on a sloping face.

Sand: coarse grained soils with particle sizes between 0.003 and 0.18 ins (0.08 and 4.6 mm).
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Scour: removal of underwater material by waves or currents, especially at the toe of a shore
protection structure.

Seagrass bedarea of the offshore bottom colonized by seagrasses.
Seawall: massive structure built along the shore to prevent erosion and damage by wave action.
Sediment: particles of rock covering a size range from clay to boulders.

Settling pond: man-made depression created to receive water and sand mixture directly from
dredging operation.

Silt: fine grained soils with particle diameters between 0.00015 and 0.003 ins (0.004 and
0.08 mm).

Silt curtain: fine meshed material suspended in the water to prevent silt escaping from a
construction site.

Siltation: deposition of silt sized particles.

Shore: narrow strip of land in immediate contact with the sea.

Shoreline: intersection of a specific water height with the shore or beach, in this:report
intersection of the beach with the land immediately behind, usually marked by a change in
material or natural physiographic form, see aisastline.

Slope: degree of inclination to the horizontal.

Slurry: mixture of water and sand/silt/clay size particles, term used in dredging.

Storm surge: a rise in the sea surface on an open coast, often resulting from a hurricane.
Swell: waves that have traveled out of the area in which they were generated.

Tidal current: movement of water in a constant direction caused by the periodic rising and
falling of the tide. As the tide is rising a flood-tidal current moves in one direction, and as the tide

is falling the ebb-tidal current moves in the opposite direction.

Tide: periodic rising and falling of large bodies of water resulting from the gravitational attraction
of the moon and sun acting on the rotating earth.

Toe protection: material, usually large boulders, placed at the base of a sea defence structure
such as a seawall, to prevent wave scour.

Tropical storm: low pressure weather system with maximum surface wind speeds between 35
and 74 mph (56 - 119 km/hr).
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Tsunami: wave caused by an underwater earthquake or landslide, can rise to great heights and
cause catastrophic damage to the coast.

Turbidity: reduced water clarity resulting from the presence of suspended material in the water.
Updrift: direction opposite to the predominant movement of longshore transport.

Water table: the upper surface of groundwater, below this level the soil is saturated with water.
Wave: undulation of the surface of a liquid.

Wauve direction: direction from which a wave approaches.

Wave refraction: process by which the direction of approach of a wave changes as it moves into
shallow water.

Wetlands: low lying areas that are frequently flooded and support vegetation adapted to saturated
Soils e.g. mangrove swamps.

Wind waves: waves formed in the area in which the wind is blowing.
Windward: direction from which the wind is blowing.
Windward coast: coast exposed to wave action.

Please note: Not all the terms in the glossary are used in the body of the text. The glossary is
intended as an introduction to the language of beach management.
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APPENDIX |
METHODOLOGY USED IN SHORELINE CHANGE CALCULATION
The aerial photographs used to determine shoreline change were:

1946 black and white aerial photographs flown by the USAAF at a scale of 1:17,500.
These covered the entire island.

1982 black and white aerial photographs flown by J.A. Storey and Partners, U.K., at a
scale of 1:17,500. These covered the entire island.

1991 colour aerial photographs flown for CIDA at a scale of 1:10,000 covering the entire
island.

Stereoscopic pairs of the photographs were studied and general changes regarding each
beach were recorded. Then reference points close to the beach such as buildings and road
intersections werselected, theseference points had to be visible on eattosphotographs.
Measurements were made from thieference points to thfshae stepthis is the seaward toe
of the beach. It is marked by a vertical downward step near the wave breakpoint and is a
distinctive ature on some déaches and en also be distinguisld on tre photogaphs usuallys
a colour change or shade change. The number of points per beach depended on the number of
reference points that could be identified on the two sets of photographs, in some of the less
developed areas there were only one or two measuremetisgobr These measurements were
then compared and changes in the position of fisare step were deterneshand elculated
as a distance per year figure (metres/year).

Fore the determination of shoreline change, the edge of the vegetation line should have
beenused rathethanthe offshore step. Howevehe veetaton edje was diffcult to determine
because of the effects of shadow especialBiratey’s Beach. Since most of Nevis’ beaches are
relatively undeveloped the offshore step was substituted for vegetation edge in this calculation
based on the assumption that as the shoreline retreats inland so too will the offshore step.

There are manyreors involved in aerial photogwsh comparison e.g. distortion towards
the edge of the photographs, difficulty in identifying fixed locations (reference points), and
difficulty in identifying the offslore step. Besdes posble errors in the measurementgre are
other factors which must be considered when using aerial photographs for assessing coastal
change. Three sets of photographs were used, these represent just three time series: January,
1946, January-March, 1982, and January-March, 1991. Beaches change dramatically from week
to week and ab seasonally. All the phatogrgphs weretakenduring the vintermonths which to
some extent reduces the variation resulting from seasonal changes. Hdweverprofile
meastements she that during the wirer, measurenents may vay dramaticaly from one day
to the next especially if a major winter swell event occurs. Tidal variations also exist, although
tida range inNevis is \ery low, and in these measements the dshore s#p was usedather than
a particular water line.

For eachbeaclibeachsecion a fioreine dhange valie was calclated inmetresper year
using the 1946, 1982 and 1991 photographs.
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Offshore step
Offshore step: break in the offshore slope positioned near the wave breakpoint.

Beach profile
Beach profile: side view of a beach extending from the top of the dune line into the sea.


Beach profiles are surveyed on a regular basis every three months at eighteen sites around
Nevis. These data are detailed and far more accurate than the historical changes determined from
the aerial photographs. However, they only cover a relatively short time period, 1988-1997. The
beach monitoring data were used to calculate shoreline change by comparing the average width
(from a fixed point behind the beach to the offshore step) for the baseline year of 1988 with the
average width for all the following years (1989-1997). So all the variations between 1988 and
1997 were included.

-33-



APPENDIX I

SHORELINE STRUCTURES IN NEVIS

(BASED ON A FIELD SURVEY CONDUCTED IN MARCH, 1998)

Gallows Bay South

Location:

Structure:

Problems:

Charlestown

Location:

Structure:

Problems:

South end of the bay, south of the Bath Stream where the coastline orientation
changes from north/south to east/west.

100 feet (30m) long sloping, boulder revetment in front of a house belonging to
Mr. Hendrick Wade, 32 feet (10 m) long boulder ramp extending into the sea.
(Revetment built around 1997).

None observed, although the area is rather unsightly.

Reclaimed area south of the jetty to Pinney’s Beach Hotel.

Reclaimed area south of the main jetty consists of 558 feet (170 m) of seawall
protected with a sloping rock revetment (armour units 2-5 tons). There is a return
revetment extending for 125 feet (38 m). At the southern end of the reclamation
is a 85 feet (26 m) piled jetty for fishermen. North of this is a 220 feet (67 m)
piled jetty for small boats and north of this is the 394 feet (120 m) main jetty,
which is a solid structure. North of the main jetty the land is protected with 525
feet (160 m) of seawall fronted by a sloping, rock revetment (armour units 2-5
tons). From this point to Pinney’s Beach Hotel the land is protected with a variety
of rock revetments, some well constructed, some consisting of a few armour
stones placed against the land edge. (Seawall and revetment near the main jetty
built 1995-1997 and replaced an earlier revetment. Northern revetments built by
individuals over the period 1970 to now).

The seawall and revetments provide protection for Charlestown, however, some
of the revetments at the northern end of Charlestown are poorly constructed. As
erosion continues, the return walls (revetments) at Pinney’'s Beach Hotel and
Gallows Bay may need extension.

Pinney’s Beach Golden Rock

Location:

Structure:

Problems:

South of the public access at Golden Rock.

Foundations of a former beach bar, stretch for 66 feet (20 m) in the inter-tidal
zone. (Beach bar originally constructed at the end of the 1980s).

As the beach retreats this structure forms an offshore breakwater and is causing
some very localized accretion. It is not causing a problem at the present, but it
could form a barrier to longshore transport in the future. It is not impeding access
along the beach.
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Pinney’s BeachFour Seasons Resort

Location: Water-sports buildig.

Structure: A few isolated boulders have been placed in front of the building along a distance
of 33 feet (10 m). (Boulders placed in 1998). South of the restaurant there is a
wooden piled jett 98 feet (30 m) long, this was re-built after Hurrichugs in
1995.

Problems: None at the moment, however,yagstempt to incorporate the boulders into a
proper structure (revetment) could create problems.

Pinney’s Beach Beachcamber

Location: North of the public access dssups.

Structure: 82 feet(25 m) long, $oping rock revement (armour units 2-3 tons) built in front
of the restaurant. (Built 1996-1997).

Problems: The unprotectedland on eachkide of the revément has rieeated abat 10 feet (3
m) inland leaving the revetment in the inter-tidal zone and this males acessaong
the beach difficult. Return walls will be necegs&r protect the restaurant
building and some aangement must be mafi# easier acess oer the revetment
to solve the immediate access problems.

CadesPoint

Location: North of the headland at Cades Point and soufortés By.

Structure:  One 20 feet (6 m) gyme made of small boulders less than 1 ton constructed
between 1990 and 19930ne 56feet (17 m groyne made bconaete units with
six arms constructed in the 1970s as part of a marina project. This structure is
now mosty submerged.

Problems: There has been some accretion on the northern side of bgtiegjrthe shoreline
has progrdedseaward abut 10 feet (3 m). Tese struaires are ot creding any
major access problems since the shoreline from Cades Pdonds By is a
rocky cliffed shoreline for the most part.

Mosquito Bay

Location: South end of the beach in front of a private residence.

Structure: A 175 feet (53 m) rock revetment with armour units 2-3 tons and placed at a
E vertical angle (no seaward slope), no evidencefittiea cloth or filter material.
Revement onstructed 297-198. At thenorthern end of Msquito Bay there is
a wooden piled jegtabout 98 feet (30 m) long built in 1997-1998.

Problems: The e d the evetment is in the inter-tidal zone, its canstruction is likely to result
in increased erosion of the beach immedyatefront of it.
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Filter cloth
Filter cloth: Synthetic textile with openings for water to escape, but which prevents passage of
soil particles.


Newcastle

Location:

Structure:

Problems:

Nisbett

Location:

Structure:

Problems:

One groyne is near the western end of the airport runway, another is east of
Newcastle jetty.

The western groyne (constructed around 1995) consists of boulders and is 46 feet
(14 m) long, to the east of this groyne there are broken gabions on the beach along
a distance of about 98 feet (30 m). The groyne east of the disused jetty at
Newcastle is 49 feet (15 m) long and also made of boulders (constructed in the
early 1990s). The piled jetty is made of wood, is 98 feet (30 m) long and is
disused. (It was built in the 1960s).

Both groynes are impeding pedestrian access along the beach. The western groyne
has resulted in some accretion in front of Mr. Hart’s property, but the shoreline
has retreated some 10 feet (3 m) on the western side eroding the beachfront land
there.

In front of Nisbett Hotel Plantation.

West of the restaurant/bar there are two partially submerged, short gabion groynes
(#1,2), each about 33feet (10 m) long. There is a third groyne (#3), made of
boulders and about 33 feet (10 m) long, also west of the restaurant. In front of the
restaurant there is a boulder groyne (#4) 141 feet (43 m) long. East of this there
is another boulder groyne (#5) 82 feet (25 m) long. Further east there are two
submerged, old gabion groynes (#6,7), each approximately 82 feet (20 m) long.
Then there is a 33 feet (10 m) long boulder groyne (# 8) and finally a 49 feet (15
m) long boulder groyne (#9). Originally gabion groynes were built in the 1970s,
some of these were replaced with boulder groynes in 1990-1993.

There is severe erosion to the west of the groyne system near the Camp River
mouth. The beach has also retreated significantly west of groyne #4, the longest
boulder groyne. However, the groynes have been successful in trapping some
sand and slowing down the rate of erosion at Nisbett Plantation over the past two
decades. (Over the period 1982-1997 the erosion rate was less than for the period
1946-1982).

Potwork Estate

Location:

Structure:

Problems:

South of Potworks Estate.

Two 33 feet (10 m) long boulder groynes built to create a semi-enclosed area for
the washing of quarry dust in the mid 1990s.

No significant accretion or erosion near these groynes, there is little development
in this area.
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List of Reports in the Series Planning for Coastline Change”

1. Coastal Development Setback Guidelines in Antigua and Barbuda.
2a. Coastal Development Setback Guidelines in Nevis.
2b.  Shoreline Management in Nevis: A Position Paper.

3. Coastal Development Setback Guidelines ir_8tia.

Information regarding this project and these reportg eaobtained from:

COSALC Coordinating Centre, UNESCO - C§
University of Puerto Rico Sea Grant Cajee 1, rue Miollis,

Program, 75732 Paris Cedex 15,
RUM, P.O.Box 9011, Mgaguez, France.

Puerto Rico 00681.
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