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1b. Project site 1b. Project site –– Close upClose up
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2. Background2. Background
2.1 Understanding of Site geology2.1 Understanding of Site geology
Original date of formation unknown, ~ 4000 years 
Port Royal and relict cays were once totally separated from the mainland
Westward longshore currents carried sediments from rivers in the east to 
f th P li d Th C d “ h ” i tform the Palisadoes. These Cays served as “anchor” points 
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2. Background2. Background
2.2 Historical natural shoreline changes 2.2 Historical natural shoreline changes 
N t l t l t h l d th it l 1722Natural coastal processes appear to have closed the spit as early as 1722
Hurricanes caused breaches (e.g. Mapping by Gascoine in 1728) 
However, the spit had closed completely by 1788
I 2004 I l t d l t b h f th itIn 2004 Ivan almost caused a complete breach of the spit



2. Background2. Background
2.3 History of artificial modifications2.3 History of artificial modifications

Boulders along shoreline and other interventions of unknown dateBoulders along shoreline and other interventions of unknown dateBoulders along shoreline and other interventions of unknown dateBoulders along shoreline and other interventions of unknown date
After Hurricane Charlie (1951), a groyne field (9 structures) was placed to stabilize 850 m 
of the most vulnerable section but these deteriorated over the years and …

–– were damaged by Hurricane Ivanwere damaged by Hurricane Ivan
A Cuban Team was comissioned to provide a design for Palisadoes sea defenses (1 in 25 
year return period)
Emergency works (1 in 5  year) placed in anticipation of final designs

Groin field -
2002

2004, 
post-Ivan

Emergency Works – May 2008



2. Background2. Background
2 4 Hurricane impacts2 4 Hurricane impacts

Ivan, 
2004

2.4 Hurricane impacts2.4 Hurricane impacts

Impact on costal areasImpact on costal areas
–– High waves High waves 
–– Storm surgeStorm surge
–– XX--shore sediment transportshore sediment transport

Dean, 
2007

Recently in Jamaica, Hurricanes Recently in Jamaica, Hurricanes 
Ivan (2004), Dean (2007), and Ivan (2004), Dean (2007), and 
T l St  G t  (2008) T l St  G t  (2008) Tropical Storm Gustav (2008) Tropical Storm Gustav (2008) 
caused extensive damagecaused extensive damage

Gustavo, 
2008



2. Background2. Background
2.4 Hurricane impacts (cont’d)2.4 Hurricane impacts (cont’d)

The effects of Hurricanes Ivan and Dean are summarized below:

Hurricane Ivan (2004)Hurricane Ivan (2004) Hurricane Dean (2007)Hurricane Dean (2007)Hurricane Ivan (2004)Hurricane Ivan (2004) Hurricane Dean (2007)Hurricane Dean (2007)

Sand erosion & emergence of Sand erosion & emergence of 

40,000 m³ of sand deposited onto 40,000 m³ of sand deposited onto 
the highway.the highway.

Sand erosion & emergence of Sand erosion & emergence of 
previously buried structures previously buried structures 

Generated 2 to 3 m of storm surge Generated 2 to 3 m of storm surge 
at the project site.at the project site.

In addition, both storms caused onshore transport of sand
that was deposited at the north eastern end of thethat was deposited at the north-eastern end of the
Palisadoes, and overwashing into the bay side of the spit.
Local authorities fear that if another hurricane hits the site,
there is a very high risk that a breach may develop and close
the highway.



2. Background2. Background
2.4 Hurricane impacts2.4 Hurricane impacts

Satellite image of Hurricane Ivan, at 10th September 2004 (NOAA/NHC database).



2. Background2. Background
2.4 Hurricane impacts2.4 Hurricane impacts

Satellite image of Hurricane Dean, at 19th August 2007 (NOAA/NHC database).
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2.4 Hurricane impacts2.4 Hurricane impacts
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2. Background2. Background
2.4 Hurricane impacts2.4 Hurricane impacts



2. Background2. Background
2.4 Hurricane impacts2.4 Hurricane impacts



3. Problem definition and design constraints3. Problem definition and design constraints

TheThe dunedune systemsystem andand thethe shorelineshoreline ofof thethe PalisadoesPalisadoes RoadRoad hadhad
sufferedsuffered extensiveextensive damagedamage andand erosion,erosion, compromisingcompromising thethe onlyonly landland--
basedbased accessaccess toto thethe NMIANMIA andand toto PortPort RoyalRoyal..

TheThe solutionsolution toto thisthis problemproblem shouldshould bebe expectedexpected toto bebe aa combinationcombination
ofof technicallytechnically efficiencyefficiency andand leastleast costcost..

TheThe solutionsolution shouldshould seekseek toto provideprovide protectionprotection toto thethe accessaccess
roadwayroadway alongalong thethe PalisadoesPalisadoes spit,spit, forfor aa givengiven levellevel ofof riskrisk

e t ee t eacceptanceacceptance..

TheThe solutionsolution shouldshould seekseek toto work,work, asas muchmuch asas possible,possible, inin harmonyharmony
withwith thethe naturalnatural environmentenvironment alongalong thisthis stretchstretch ofof landlandwithwith thethe naturalnatural environmentenvironment alongalong thisthis stretchstretch ofof landland..



Recommended MethodologyRecommended Methodology
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4. Coastal Processes   4. Coastal Processes   
4.1 Daily Wave Climate4.1 Daily Wave Climate NOAA Wave Watch III nodes for Jamaica.

Wave Watch III Wave Watch III 
model model –– NOAANOAA
Statistical analysis       Statistical analysis       
probability of probability of 
exceedance for exceedance for 
directions E and directions E and 
SESESESE
Larger waves from Larger waves from 
E but shorter E but shorter 

DirectionDirection ProbabilityProbability
ExceedanceExceedance

Hs (m)Hs (m) Tp (s)Tp (s)

Probability Exceedance Values (1% and 10%).

E but shorter E but shorter 
periodsperiods

ExceedanceExceedance

EE 1%1% 2.82.8 7.97.9

10%10% 2.02.0 7.67.6

SESE 1%1% 2.52.5 8.28.2

10%10% 1.71.7 7.37.3



4.1 Daily Wave Conditions4.1 Daily Wave Conditions



4.1 Daily Wave Conditions4.1 Daily Wave Conditions



4. Coastal Processes   4. Coastal Processes   
4.2.1 Extreme Wave Climate4.2.1 Extreme Wave Climate

18 6
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De
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Not Named 1909

HurWave (inHurWave (in--house program) house program) 
–– scans NHC database for storms scans NHC database for storms 

within specified distance of sitewithin specified distance of site
–– Parametric models are used to Parametric models are used to 

calculate wave propertiescalculate wave properties
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Ccalculate wave propertiescalculate wave properties
–– Statistical distribution are fitted Statistical distribution are fitted 

to exceedance probability plotsto exceedance probability plots
–– Return period waves are retrievedReturn period waves are retrieved
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The greater the return period  the 
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The greater the return period, the 
larger the design significant wave 
height

ReturnReturn
P dP d

Design Life (years)Design Life (years)

-78.0 -77.8 -77.6 -77.4 -77.2 -77.0 -76.8 -76.6 -76.4 -76.2 -76.0
17.0
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PeriodPeriod
(years)(years) 2525 5050 100100

2525 64%64% 87%87% 98%98%

5050 40%40% 64%64% 87%87%

100100 22%22% 39%39% 63%63%



4.2.3 Nearshore Transformation of Waves 4.2.3 Nearshore Transformation of Waves –– 100 year return period100 year return period



4.2.3 Nearshore Storm Surge 4.2.3 Nearshore Storm Surge –– 100 year return period100 year return period



4. Coastal Processes   4. Coastal Processes   
4.3 Sediment transport4.3 Sediment transport

• Longshore sediment transport computed (Litdrift - Danish Hydraulic Institute)
• The calculated net potential transport ranged from 560 to 17,600m3/year.
• The largest transport rates are found along the most critical sector, oriented
WNW-ESE.

Deposition Erosionp Erosion



5. Re5. Re--assessing the concept   assessing the concept   

FollowingFollowing HurricaneHurricane Dean,Dean, thethe
t tt t ff t tt t h lt dh lt dconstructionconstruction ofof aa revetmentrevetment waswas haltedhalted

inin favourfavour ofof anan emergencyemergency worksworks
programmeprogramme locatedlocated alongalong thethe mostmost
criticalcritical sectorsector
– Stones of size 1.4t – Cat 1

TheThe worksworks couldcould however,however, serveserve asas thethe
innerinner corecore forfor aa finalfinal revetmentrevetment designdesign



5. Design options for consideration   5. Design options for consideration   
5.1 Shoreline revetment5.1 Shoreline revetment



5. Design options 5. Design options –– Site Considerations   Site Considerations   
5.1 Shoreline revetment5.1 Shoreline revetment

In both alternatives, the emergency works serve as the inner core to the primary In both alternatives, the emergency works serve as the inner core to the primary 
revetment structure, thereby reducing required materials and costs.revetment structure, thereby reducing required materials and costs.
However, the size of the stones in place is above what should be acceptable as the However, the size of the stones in place is above what should be acceptable as the 
inner core  due to the potential of exaggerated wave transmission through the core  inner core  due to the potential of exaggerated wave transmission through the core  inner core, due to the potential of exaggerated wave transmission through the core. inner core, due to the potential of exaggerated wave transmission through the core. 
The entire XThe entire X--Section of the structure must be properly considered, to minimise wave Section of the structure must be properly considered, to minimise wave 
transmission and maximise wave energy dissipation.transmission and maximise wave energy dissipation.



5. Design options   5. Design options   -- EcoEco--System Based ApproachesSystem Based Approaches
5.2 Nourishment and dune formation5.2 Nourishment and dune formation

Some consideration could be given to the reSome consideration could be given to the re--creation of a dune system creation of a dune system 
from the east end of the proposed revetment to the gypsum company pier.from the east end of the proposed revetment to the gypsum company pier.
One product that could be considered in One product that could be considered in a dune/highway conceptual a dune/highway conceptual soft soft 
structure design structure design for for the Palisadoes the Palisadoes stripstrip, is “Geotube”., is “Geotube”.



6. Design Confirmation 6. Design Confirmation -- Physical Modelling   Physical Modelling   

A 2-D physical hydraulic model study of the proposed coastal woeks
was tested in the Canadian Hydraulics Centre (CHC – Ottawa).

The two hurricanes (Dean and Ivan) were used to test the preliminary( ) p y
design.

In order to represent the passage of the storms south of JamaicaIn order, to represent the passage of the storms south of Jamaica,
the storms were divided into 5 segments of 3 and 6 hours, for
Dean and Ivan (100-year storm), respectively.

A sub-sea profile running from deep-water up to the shoreline at the
critical (erosion) sector and following the path of waves through the
refraction process was used to extract the relative shoreline sloperefraction process was used to extract the relative shoreline slope
parameters.

An appropriate scale for the model was selected so as to minimiseAn appropriate scale for the model was selected, so as to minimise
scale effects.



6. Physical Modelling   6. Physical Modelling   
Frontal view of the physical model 
For Hurricane Dean.

Side view of the physical 
model for Hurricane Dean.



7. Completion of Preliminary Design   7. Completion of Preliminary Design   


