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List[6f[Symbols
Listlof Unit description
Symbols
Latin
symbols
A m"? 1.'shapefparameter
m? 2.[roller/area
B’ [0 dimensionless berm hieight =B/h«
B m 1.berm height
J 2.Idoefficientised inlthe BIJKER [transport formulalin (UNIBEST[CL+ for
thelcriteriondeep Water and[shallow [water
C m/s 1.wavelcelerity
m"*/s 2.[Chézy friction[coefficient
Cp g dragldoefficient
C, m/s groupvelocity dflwaves
C, [0 correlation/coefficientBoundlong Waves
C1,C2 [a coefficients forthe(determination [0fthe [Q4(0) function in MWUNIBESTLT
Dy m sand[particle(diameter(ofwhich x% Has[alsmaller(diameter
Dy, W/m? dissipation/dfiwavelenergy due(tolwave breaking
D¢ W/m? dissipation/ofiwavelenergy [duelto [Bottom friction
Dy W/m? dissipation oflorganised wave energy
DISS W/m* dissipation/ofroller/energy
E J/m? wavelenergy [per(unit(surfacelarea
E, J/m? rollerlgnergy
F W/m meanlénergy [transfer(in wavedirection
fy [J coefficient(forbottomfiriction
g m/s’ acceleration(ofigravity
Hp m diffractedwave height
H. m significantwavelheightlexceeded 12 hr/[yr
H; m incidentwave height
Hpn m depthllimited waveheight
Hrus m root[mean(squarewave Height
H, m significantwavelheight
h m water(depth
h, m still water(depth
h, m closureldepth
h, m activelprofile(height(berm(and(closure depth)
I,L g Einstein/integralsised(in Bijker(transport formula
Kp [J diffraction(coefficient (Hp/H;)
k m" wave Mumber=27/L
ky, m bottom foughness(in [Chézy friction doefficient (KB)
ks m roughness(height (RKVAL)
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Listlof Unit description

Symbols

L m 1. Wavelength
2.lengthlofTthelroller

M, [J mean(grain(diameter (ihphi [units

n g ratio[6figroup Welocity[to Wave Velocity =[Cy/C

p [J coefficient(for(porosity 0f[sediment

Qs m’/s total [Sediment [transport

Qp [q local fraction [oflbreaking Wwaves

db m’/m/s sediment(sourcelor(sink

Re ] Reynolds mumber

i N/m* pressurelgradientforcing,assumed|to (Beldepthlindependent

S m’/m/s total [sediment transport, lincluding[pores

Sy m’/m/s bottom[sediment|transport

S; m’/m/s suspended [sediment [transport

S N/m radiation [stress [domponentin cross [shoreldirection

Sy N/m longshore(radiation stress[domponent

So [0 deeplwater[wave[steepness

Sy [m*/m/s] variation [ofltransport(as function 0f'the doastlinerotation

tan((p) [ angle(dfMatural repose

T s wavelperiod

T, s peak periodexceeded 12 hr/[yr

T, S peak[period

T, s zero|crossingperiod

T* [d relativewave [period (TDRY)

t s time

Urwms m/s amplitude(ofithe wavelorbital velocity

Vv’ [J dimensionless fill volume =V/(BW*)

v m/s alongshore velocity

Wy m/s sedimentfall[speed (WS)

W m width oflthebreaker Zoneldorresponding Wwith the closure [depth and(shape
parameter

X m 1.[coordinate [parallel tbshore[or Baseline

y m 1.[Coordinate [perpendicularto ‘theshore [positive in[offshore direction.
2.[Coastlinelposition

Yo [a dimensionless drybeach width =[y,/W«

Greek

symbols

o [a coefficient/dfwavelbreaking (ALFA)

B [ slopeofithewave front (BETD)

[J breakinglindex (GAMMA)
[d relative(density =[(ps[p)/p
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List(of Unit description

Symbols

) [m] thickness/oflthewave Boundary layer

n m wavelsetup

0 0 1.[doastline orientationwith[respect[to the X [axis

0 2.langleBetweenlthe [point(oflinterestlandthe diffraction pointlandthe
incidentwaveangle

0. 0 equilibrium angle forwhich Qy(0)lis[Zzero

0, 0 resultant(of 6110,

0, 0 resultant(of 010,

0, 0 wavelangle(with respecttolthe doastal Mormal

u [J ripple(factor=[(C/Cog)*

v m%/s viscosity

1 O Bijker[parameter

Ps kg/m® sand(density

Py kg/m’ water(density

Oy Depends Standard [deviation of’aparameterx

T N/m? shear stress

Tew N/m? bedshear stress due to waves(and currents

Ox [a x"percentile lin phi nits. Targer alues of phi denote finer material, @="log

D)

o s’ peakwavelfrequency

o, s? relative wavelpeak [frequency
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Summary

Background

Dubai’s[¢oastlinelis[continuously [inder[influence6fThuman[implemented[¢hanges.[While
constructing[large[ projectslas[the[ World[and[the PalmIslands, but[also[prior to[their
construction, [erosion[problemsoccurred “on[ thel existing[ coastline[ between[ Palm[Island
Jumeirah“and[Port[ Rashid.[Tomitigate[ erosion[along[ the[ Dubail coastline, at several
locations[hourishment(have[been¢arried [outlin(the tecent[past.[By(thelend [60fl2003,Van
Oordl[darried [Gut mourishments(on(six Tocations (Figure(l.D).[Forltheselocations(survey(data
islavailablelincludingthe(sand [characteristics.

SinceltheseWwere émergency [Solutions, [future mourishment Will(be mecessary. In[September
2004, 'WL|DelftHydraulicslincooperation Wwith[VanQord[indicated their interested[in ore
detailed fesearch. Morelinsight(is fequired fin[the orphologicbehaviouroflthe Beaches(and
especially"the hourishedlareas. The question[is[taised Swhether[the[possibility Cexists of
optimizationdfithe mourishments(attheselocations.

Objectives(and(approach

Thenainobjectiveloflthis(thesisis[fo[gainlinsightlintofhemorphological behaviourlofTthe
nourished areasdlongtheJumeirah Beacheslandoptimizepossible future mourishments. [An
additional Cobjective Wwastolobtain[insight[intheperformance of TUNIBESTICL+for the
predictionofisuch fiourishments.

Inforderforeachthislobjectivefhe morphologic behaviourofthecoastland mourished dreas
oflthelJumeirah[beachesWerelanalysed(and alsuitable[study[locationWwas[selected. [For this
locationthehydrodynamic/conditions(and(sandcharacteristicsas well [dsfaldetaileddnalysis
ofTthelsurveyldatalWwas ¢arried[out.[Basedon[this[information[amorphodynamicmodellin
UNIBESTICL+as[treated, talibrated Cand[verified. "Withthis[imodel "optimizationand
suggestions(for[future mourishments Wwere[made. [Finally, [¢ross[shoremodelling[was[cdarried
out[to[gaininsightlinto[cross[shore[processes.

Analysis ofi[morphologic behaviour of(the(doastand mourished [areas

Itiwas(seen thatthedoastlinedfMubaiconsists(oflalarge mumberoficoastal protectionworks
and(marinas.[Separated by [the (breakwaters[0f[Port[Rashid[and [Palm [Jumeirah. Thesehavela
large[impactlon[the[behaviourl[oflthe beaches and[¢auselthatéachlbeachl¢anlbelseenlas
separatedell.[At[thebeachesmorth [0fthe Chicago beachldrealdmorthward[directed [transport
takes[place((Italian, [(GlassPalace, Jumeirah[1[and(2)[causing(dccretion[0n/the morth(sideland
severeleérosiononthelsouth side ofthedifferentlcells. NourishmentsWwere(required(at/these
locations.South[ofl the[Chicago[beachareal (Madinat Jumeirah), transport[wasin[the
southern(direction, [dueto [thelinfluence [0fPalm Jumeirah.

Basedlon[thelavailable data,[indications[oflsediment(fransport’and(suitability (offnodelling
Italian beachwas(selected(as(study lTocation(Table(3.2).

Van[@ord Summa ry
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Detailed [analysis 0fthe Survey(dataofItalianbeach

Analysisloflthel$urveydataloflItalianbeachshowed[thatlafter[the hourishmentsérosion
immediately [started, (alteaction [of the hourished farealtolSeveral [stormlevents. [After[this
erosionwas/slower.[Overalllanlerosive frend Wwas [Seen[andthe Volumeofléroded[sand [Wwas
about(30,000 040,000’ [in (the period from January [to August 2004 (Figure(5.2).

The shoreline Tetreat(infimeWas[tnainly [due o [fransportloflsand from[above [CD o Tower
parts.Most[severe Tegression Was[@pprox.[40m (Figure(5.B).[ThesedimentBalance (Figure
5.4)did mot[show Targesand Toss [overthe WholeWwidth[oflthe Mourishedlarea. ThisTeads o
the¢onclusionthat[drossishoreprocessesdetermined for(a[Targe partithe Behaviour ofldry ™
beachiwidth.

Modelling (ofthe nourished [area

ATldoastlinemodel Was[sSetupland Verified thatpredicts the Hehaviour0fTthe Mourishment. Tt
was[shown(thatlalgood [Similarity betweenthesurveydataandthe odelWas[obtainedin(a
section[0f[500 i Mear [theMarina, (based [on[the[¢omparisonoflsedimentbalances (Figure
6.4).[Thel¢orrespondence 200 m further[down [drift[was[lesswell.[Thelconclusionlis[that
with[the[Italianbeachimodel volume computationscan[beliadefor[Italian beach[Wwith
satisfactoryresults. [Butlin[this[shortperiod[0f[8 [thonth [¢ross[shoreprocessesare[dominant
overllongshore Processes [fortheprediction(of thedrybeach width (Figure(3.B).

Optimization

Three[caseswerel itested [Iwith[this [Tmodelfor Joptimization, [placement[linftriangular,
rectangular(and indulation[shape. Allthree(casesimproved [the critical [Section 0300 thmear
the[inarina, ‘telativelto[the[teferencelcasel(“as[placedin(the[past”).[However[further[down
driftimorelerosion(occurs (Figure(7.C.1).0thastobeldecided [iflthislis[dcceptableormot.

Cross/shoremodelling

Almodelwaslcreated in(UNIBESTITC [to[simulate(cross[shore(dffects, the resultlis [presented
in Figure[8.A4. Instability[of(the[dune[was[seen[for[computations[with[grain[sizes ¢oarser
than[400[jum.[Also[Wwaves[with H,,,<[0.75[m[¢aused [instability.[This ¢alibration[tnakes(the
results(less[reliable.[Abovel MSL[ somelinstability [ 0fl the[ profilewas[ seen.[ This[is[ the
influenceofthelseawall boundary.[Around(MSL[to[CD[12[m[themodelhas Vvery[good
results. This[shows [that[the model(can predict(the dry beachwidth With(good results. Below
CDrioolmuchlaccretionlis[computed. This[isprobably [becauselpart oflthe material was
transported @longshore [dnd o [deeper(depths.

Recommendations

Mostisurveyswere(darried[dut intil 400 thoffshore o dbout[CD =25 Th. InSome Pprofiles this
wasfoolshortland significantfransportfook place foldeeper(parts 0fthelcrossshore Profile.
ItfisMecommended o [survey o @ Mminimaldepth [0fTCD =7 [m, [@about[650 . Regarding [the
modelling Twith JUNIBEST: [JACmore Cstate [ofTtheart JTmodel Ctaking Minto Daccountflow
calculations, [Sediment[doncentrations, [fime[tecords of[waves, [Wwater[élevations[dand [¢urrent,
mightlgive[better Tesultfortheprediction0fltheldry beach Width.This[¢an e tised [forthe

Van[@ord
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optimization[and [thenit'danbe[decidediflthe[érosiondown drift0fthe(critical [areaMear the
marinafis@cceptablelormot.
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| Introduction

I.1 Introduction

InTthisichapterthe fintroductionofTthe [thesis Will (be [presented. (In[Section1.2 [Somegeneral
informationon[beach hourishmentis presented. Section[1.3[gives[somelinformationon
Dubai.Subsequentlylin[Section[1.4[aldescriptionfis(given[ofTthe coastWherethe[Van[Oord
nourishmentocations aresituated. In[Section 1.5 thethainland [Sublobjectives are[presented.
Section1.6explainsThow the[coordinate[$ystem[is[used. [Andfinally[in"Section[1.7the
approachofitheTesearchlandthisreportlareldescribed.

1.2 Beach[hourishment

Aroundthe[worldCmanysandy[beachesaresuffering fromerosion. Coastal shoreline
recessionland[eérosiondanbelcaused by Telativedise inlSealevel,lor By dross(orTongshore
transportwhen(the Wolume[oflSediment removed [exceeds the Wolume [Supplied [fo [the beach.
Human thodifications[or@ctions[can(alsoContribute (dr[dcceleratelocalized[Coastal [€rosion.

Altangeloflfechniqueslarelavailable(fo[¢counteractérosion.[Aslopposed [folpermanenthard ]
typelstructures to[ protect[the shore[(e.g.[groynes and breakwaters), alsol[less intrusive
techniqueslarelavailable[$uchasbeachmourishmentlor beachfill.[Sand[from[offshore or
onshorelsources(is(placed[on[theléroding[beach[settingback[the [fime. Beach mourishment
canl[beliised[to[build additional tecreational Carealand[to[provide[storm[protection.[An
optimization[in[beachlhourishment[is[ found [ when[ the[lifetime[ bfl the nourishmentlis
extendedl and [ when[losses[ ofl sand[ compared[to[thelinitial hourished[volumel costslare
minimized. (A [variety [0fthings[can[belinvestigated;lamong(thesedre[sand[Volume, location
oftheplacement, (grainsizeandlexecutionimethods.

ThelSubjectloflthis[thesis(isto[studyand[optimize[thebehaviour(ofnourishment.For(this
aim[Van[Oord,[a Dutchmarine ¢ontractor [presented(several(studylocations/inDubai. The
coastal(stretch[consideredlin[this[thesis[is[a[20 km[long[¢oast,[Which[is[borderedon[the
southwest[side(byPalm Tsland [Jumeirahand(dnthe mortheast(side by [the MDubai Dry MDocks
andPortRashid.

Allotlofidevelopmentfakes[placeon(thiscoastline, With the[dim [fo [Stimulate fourism. Butto
improve [thelexisting[beaches[orlcreate[hew [beaches,mourishmentonlafrequentbasisis
required. [SixBeaches[on thiscoastWwere mourished inthe [period from MDecember2003 intil
September2004.Forthesebeaches, datalislavailable donWavelclimate,[Sand[¢haracteristics
andBathymetry. This akes itlagoodTocation ForStudy.

1.3 Dubai

Originally(a’small fishing[settlement, Dubaiwas fakenoverinabout 1830 by(dbranchdfthe
Bani(YasTtribe, Ted By [the Maktoum family, Who still fule the @mirate Today.
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Commercial[8uccessallied[to[the[liberal Cattitudes of( Dubai's[trulers, made[the emirate
attractive fofraders from Indialand Tran, Who Began [fo [settle in the[growing [fown. But, While
tradedeveloped, "Dubail remained politically “a[protectorate Jof Britain.[[On[the British
withdrawal [in[11971, Dubailtametogether[withTAbuDhabi, "Sharjah, TAjman, Umm[Al
Quwain, [Fujairahand(in1972)Ras Al [Khaimah[fo createthe federation(0flthe Wnited [Arab
Emirates.

ThisWwasshortly[aftertheldiscovery[0floil[in[1966,whichfransformedthe ‘émiratelandits
way[ofllife. Dubai's first[dil €xports in 1969 were followed By [@Period[dfrapid[development
thatTaid [the foundations forfoday'sModern[Society. [The Tate [Ruler,[HH [Sheikh Rashid (bin
SaeedAlMaktoum, [ensured [that Dubai's[oil[Tevenues,[despite beingtelatively modest by
thestandardsoftheregion, Wereldeployed o haximum [effect. HisWork Tasbeen continued
by thepresent Ruler,[HH [SheikhMaktoum bin Rashid /Al Maktoum.

WithConlymodestloil (feserves,Dubai Emirate(hasindertakenatangelofldiversification
efforts(fbléstablishlitselflasfourism, ICT, Teleéxportldnd financial iub. Taking fullladvantage
ofTits[positionhear[thehead [ofTthe [Gulf,[itlhasbecomelanlimportanttegion.[Dubailhas
developed (prestige hotels, tnassive [portfacilities[and [afange [offreefrade[zones [foattract
bothmanufacturingland(serviceslindustries.

— \

Raz al khaimah

Umm al Qaiwain

Persian Gulf

United Arab Emirates Sl

.\ b Dhati

Figure(1[1 Map(ofithe Wnited [Arabic[Emirates Figure(1 2 Satellite image [0flthe[Coast[6f Dubai

1.4 Description[é6f{the[Dubai[¢oast

1.4.1 Recent[¢oastal/dlevelopments

Dubailhas[donelallot[ofldevelopments onlits[ ¢oastline[inlorder(to[becomelaltentrel for
tourism. [lJAmong[JtheseJare[lcompletely [lreclaimed(islands[Jwith[diameters[Jof[Iseveral
kilometres. [A[few [examples[of(the [projects(are (presentedin Figure[1.A[(in(the backof!this
report):

Palm(Island (1 [or[Palm [Jumeirah [was(the[first(major(development. [This(artificial (island (has
thelshapeloffa[palm(freewith(aldiameter[(0f[3 kmlin front[oflJumeirah Beach. In(fotal, pto
70(mnilliont’ (6f sand was supplied. [The feclamation works [and breakwater were (completed
inMecember2003.Tn May 2005 [theihfrastructure@nd Housing(arestill linder[construction.

Van[@ord
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Palm(sland 2, [alsoreferred [fo[asthe Palm[Jebel[Alilisthesecond fisland [in [theshape ofla
palm[iree.[This[palmtreeds about50% [arger thanthePalmJumeirah.Thelocationlis
outsidethestudy [area, near MinalJebel Ali, @bout 20 km [south[of[Palm Tsland Jumeirah.The
reclamationfisscheduled o finish fowards theleénd (0f12005.

Anotherprestigious[projectJis (the [TWorld[Archipelago; Cthis Cproject[Iconsists Joflthe
reclamation[0f300 [artificial (islands, (10 (km[in [front[of[ Jumeirah[beach.[The[islands[form
together the map [0fthe(World with Dubaiih TheCentre. [ABreakwater 0f125 (km, Fequiring 20
millionfon (offock [protectstheislands for which[300 million m’ (of sand will be hised. The
projectistarted ih [Dctober2003 [and will be finished in2007.

Inlorder(fo (huild [theDubaiMaritimeCity,[aland [feclamation [project mearPort[Rashidis
initiated for(which 30 million m’ 0f sand will Be used. (The [project began lin November2003
andWwill Be finished inthesecond Halfl6f2005.

Theseprojectsprovelthat[Dubai’s[¢oastline s [¢ontinuously inder (the [influenceofThuman
implementedchanges. JWhile TconstructingJtheseJlarge [projects, JalsoJsmaller[beach
nourishmentshaveBeenldarried [Outlon(thelcoastline. This is[done[foprevent further€rosion
andimprove[thebeach. By[thelend[6f12003,Van[Qord carried[dut/several mourishments[on
beach/areas/that(suffer from/erosionorwhereldven mo [beachlis[present.

1.4.2 Coastal[features[from[southwest[to[hortheast

Thelsandy[cdoast/considered [Wwithinthis[thesis[stretches [out/fromthe Palm[Jumeirah fo [Port
Rashidlandislabout[20km (Figure[1.B).[In[this[teport, this[part oflthe coast of[Dubailis
referredtoas(the Jumeirah (beaches.

Theldescription[0flthel¢oastallfeatureson thispartlof’the ¢coastlis[inadelon[thelbasis[of
satellite[images[oflthe[¢oast,[tnade between[1980and[2003 andlalprevious[study by WL
Delftydraulics[(2002)[dn themorphology [0fltheéntire[Dubailcoast. Figurel.Blshowslthe
coastline between RalmIsland Jumeirah land the Dubai Dry(docks. The niames(dfithe Beaches
(asusedByVan[Qord), themarinasand (breakwaters@relincluded. Figurell.C'shows/satellite
images[ofitheSix beaches, where Mourishments have Been (Carried Out.

Thefirstmain feature(dt[the[southwest(side Border [0flthe [drealis[PalmIsland [Jumeirah. [This
artificiallisland (hastheshape(ofld[palm[free Wwith[d[frunk [and(leaves, Figure 1.3 [(in(the [fext).
An[11Xkmong[crescentprotects theisland. Thelisland[éxtends iip [fo 4.5 km[offshorelandits
projection(on(thelcoastlis[about4.5 km. A300m Tongbridge(is the[connectionfofhe ain
land.[ThePalmhas[influencelonthemorthern[beaches.It[blocksall waves from western
direction. [Study [(WL|Delft[Hydraulics,2002)[indicatesthat[this[influence on[the[vave
climatelextends fo@pprox. 5 Km@longthelshore tp foChicago Beach.

Between(thePalm(and thelcoastie fwolartificiallislands. Theselislands Have theshapelofthe
logo@fltheMubaiEmirate, Hience The mame TLogoIslands. Tnthe Southeastcorner(0fthePalm
Jumeirah(alsoTiethe[SheikhMohammed Marinaland the Sheik[AhmedMarina. Tnthisdrea
notlaTot/oflsandfis present. MButlon theMorth(sidedfthe[Ahmed Marina,[Someaccretionlis
observed.
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Thebeachmortheast[oflthesemarinas[is[¢alled Madinat Jumeirah. (It[tuns fromthe Sheik
AhmedMarinalfothe Madinat/groyne. The Madinat[groyne(is [constructed in[2003 [fodetain
morel$ediment[inthelarea.[Fromthelsatellite[images (Figurell.C)lit[is[observed that(the
structures(ontheland(dre Very[close[fo[the[sealandhardly [any beach[is[present. Begin[2004
thelgroynelis‘éxtended [in MorthwestIdirection, [Figure1.4 [shows [thatsedimentfis[detainedin
itsleeside [(upperrightcorner).

Figure[1[3[Satellite(image of(Palm[Island, Figure[l4 Image[fromBurj Al Arablhotel[in[southern

Logolislands,[@nd tharinas direction[with[Mina[A’Salambeachlin[front’and Madinat
Jumeirahbeachintheback{Dubai Municipality, Sept.
2004)

Thebeachlbetweenthe[Madinat[breakwater[and[the Chicagobeachlarealis called Mina
A’salam.[In[this arealtecreational facilities [are Wwell [developed. [The famous[BurjAl[Arab
hotel[s Built’onlanartificial fisland[(Figure1.5). ThelconstructionofTthisisland land arina
beganin[1994, [the hotel Openedinthe €nd0f1999.Thelconnection(fo theTand(is formed by
a280m(longbridge.[Sandliskeptlinlthislarea,landalsalient[is[shapedbehindtheisland.
Accretion(fo [theMmm/as[SuqaymlMarinalis[@lsoVisible.

Figure1[5(SatelliteimageBurjAl[Arabhotel ~Figure[l[6 Image from[Burj Al Arabhotel[in[horthern
and[ChicagoBeacharea direction[] with[J Italian[] beach[] in[J] the] back[J (Dubai
Municipality,[Sept.2004)

Italian(beachisTocated Between [the Umm @s[Suqaym(Il Marinaland the Wmm/(as[Suqaym
Marinal(Figure1.6).In1980thesemarinas werealready Present, ButTater@néxtralgroynelin
northwest[directionWwas[constructed.At[thelleeside[ofTthe[Suqaym 1l [Marinahardlyany
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beachlspresent.[Thebeachgradually widensp [further (horth [and [alteorientation [of the
coastlinefis Wisible.[Atthe[SuqaymTMarina, the[same[patternfisseen.

Thebeachmortheast oflItalianbeachlisteferred folasGlass[Palacebeach. dtxunsfromthe
Umm[Suqaym 1 Marinalto[the Al Rais breakwater. This breakwater[wasconstructed
sometimebetween[1980Cand[2001 [{unknownto[the author).[Revetments, groynes and
offshorebreakwaters protect[this[beach. In[August[2004, Fwo [moreloffshorebreakwaters
were[completed. These[defence worksprotect&xpensivehouses[tlosely[built[fo the sea.
Satellite[imagesshow [thatbefore 2003 (hardly [any[Sand [ispresentlinthisarea. Upmorthlat
theAlRaisbreakwater, Some thore [Sediment(is [detained [and(d [Small Beach is [Seen.

Jumeirah [beach[2, horthofthe (Glass[Palace[beach,is[situated between the Al Rais
breakwater(andtheJumeirah [Fishing[Harbour, [this[fishing harbour Wwasalready presentlin
1980.Ttshows@pocketBeachwithalslightreorientation o the morth.

NorthlofTtheJumeirahFishing[Harbourlat[Jumeirahbeach[1 [altevetmentWwas[built"and
groynes[protectthelarea. [ Infrontlof this[tevetmenthardly Canybeach[Was[present. This
revetment[stretchesoutfothe Jumeirah beachprotectionWorks, ¢onsistinglofTaldetached
breakwater,[d[TlIgroynelandld curved(groyne.[Atltheseprotection (Workssand (has[tfemained
forming/a/curved beach.

Aftertheseworks, [thelarge [Breakwaters [0flthe DDubai Dry Mock@ndPortRashid [dompletely
block[thellittoral[ drift. Thesel breakwaters[ extend [ severall kilometres(intol thel $ea. Some
accretion(is[Seen [at/the breakwater.

1.5 Objective[bf{this[thesis

1.5.1 Problem[description

Froml[the previousldescriptionlit(was[seen[that(the[¢oastline[of Dubailconsistsloflallarge
number[ ofl coastal engineering[ works. Revetments, [ groynes,[ offshore[ breakwaters[ and
marinashavelallarge impacton[thel formation ofl the[ beaches. Thesel beacheshavel an
important[function(as[protection 0fistructures[on(theTand [and [for recreation [and [fourism. All
thesebeacheshavelalgeneral [frend[oflteorientationbetween (existing marinas. [Thebeaches
gradually[widenlin[down [drift[direction, and[leavelallarge[beachlon[theupdrift sidelof
marinasand(groynes.

Erosion[problemsare foundat theleeside "ofl thesestructures. "While plansCarebeing
developed(fomitigate(erosionproblems(alongtheMDubailcoastlinein the future. Emergency
measureshavebeen[carried "outConsomellocations[to tounteract[these problems. The
location0fthesemeasures(is Presented in Figurell.D.Thel@mphasisfisonsoftfypesolutions
in"theform[bfbeachhourishments, because[df thetapid [developmentsonlthe toast[of
Dubai. [Afterfhe[completion (0flthese mourishmentsin 2004, @ Survey program fook [placefo
monitorthebathymetry.

But, Tsincelthesewere Jemergency solutions, “future nourishmentwill Tbe[necessary.In
September2004, (WL |Delft Hydraulicslin[¢ooperation Wwith VanQord[islinterested[in Tnore
detailed@esearch(fo[dbtain morelinsight[inthelmorphologic behaviour ofTthebeachesand

Van[@ord 5
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especiallythe[ourishedareas.[The question[is[taised whether[the[possibility exists of
optimization[ofthe mourishment(atthese locations.

Alnumerical Jmorphologic'model CcanIbe Tused [for Cthe study CofTthe Tmorphological
developments[Wwith[the [available survey[data. [The[UNIBEST packageis[presented "and
selected. [ThisCmodel[is Cwidely Capplied Cin[longferm morphological studies(yearsJor
decades),TbutJuncertainty Cexists Cin[Jthe CperformanceCofCthis(package [for Jshort ferm
predictions.

1.5.2 Main[bbjective

Thelmainlobjective ofTthisthesis[is folgain[insightlinthe morphological(behaviourlatlthe
nourishment[locations “alongthe Jumeirahbeaches. Thereforethe surveydatalwill Cbe
analysed,andlalmodel Will e made[in [fhe morphologicpackage (UNIBEST[forlalselected
location[0nthe [Jumeirah beaches. [Once validated Wwith [the [data, this model will be used[ds(d
toolfo makeSuggestionsforOptimization [0fTpossible future fiourishment.

1.5.3 Sub[bbjectives

Severalsublobjectivesare(definedin(order toreachlthis(objective:

e AnalysisfoflfmorphologicbehaviourfofTthel¢oastland hourished [areas[ofTthe Jumeirah
beachesand/determinationoflalsuitable(studylbcation
Analysisldfithehydrodynamiciconditions(and[sand characteristics [forthisIbcation.
Detailedanalysisoffthe[survey(datafor(thisTocation

Setup, calibration(andverificationloflamorphodynamicihodel in WNIBEST.
Analysisloflthe[UNIBEST [Software[package, [definition[ofTits[capability [fomake short[]
term[predictions

e Optimizationland(suggestions(for futureourishments Wwiththe WNIBEST model

1.6 Approach[éf(the[thesis[and[$tructure[of(the[feport

Thelapproachofithethesisfisrepresentedlin Figure(1.7.

6 Van[@ord
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Problem description and objectives for the morphological
analysis and optimization of Dubai nourishments (1)

[

[ Theory of beach nourishment (2) ]
[

[ Analysis of the coast and the six nourished areas (3) ]

Selection of

representative beach for

modelling: Italian beach
3.4

[Survey -data analysis and behaviour of]

Boundary conditions (4) the nourishment (5)

Modelling with Iongshore coastline model
UNIBEST-CL (6)

Optimization of Dubai nourishment (7)

)
=)

Modelling with cross-shore
model: UNIBEST-TC (8)

[ Conclusions and recommendations (9) ]

Figure(1(7 [Approachofithethesis. The dumbers|is bracketsrefertotherelevantichapter

In[Chapter2SomeBackgroundtheory Tegardingthe morphologic behaviourfand modelling
ofTbeachmourishments s given.[In[Chapter[3CanlanalysisCofTthe coastTand Cof the six
nourished areas(isperformedland(alselectionlismade for furtherlanalysisand odelling. In
Chapter4theBoundaryconditionsforthis Tocation@representedand in[ChapterSdldetailed
studyloflthe[SurveyldatalofTthis[location[is ¢arriedout. [Alhumerical (modelfolsimulate
longshoreProcessesWill becalibratedand Werified in[Chapter[6.[With this odel[an attempt
toldptimizetheMourishedarealisCarried [outlin Chapter[7. Tn[Chapter[8 [@ iumerical hodel To
simulatelcross[shoreprocesses Wwill(bedescribed. Finally[in"Chapter[9[tonclusionsand
recommendations(ofTthe(thesisTesearchwillbePresented.
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2 Beach[hourishment[and[design

2.1 Introduction

ThegoallofTthis chapter is [fo [present(aTeview [0f[availabletheories dn beach mourishments.
This is[presented folgaininsightlin[all[aspectsfofeachmourishment. Wot[all[ofTthis theory
willbenised fortheldnalysislandodelling[0fthe MDubaiBeach Mourishments. Tmportant(dre
Section[2.2.2,[Where[thebehaviour[ofTnourishmentlafter [the (placementlisdescribed,and
Section2.3.2inWhich(thelsingleinetheory [0f[Pelnard Considere is presented thatWill (be
usedformodelling. [OtherSections(servefo [gaininsight[in how designingandmodelling [0f
nourishmentfisiisually(carried [Qut.

Nourishment[linCgeneral Cwill Tbe COdescribed Cin[ISection[2.2.[Methodstodesign[beach
nourishment[Iboth by ThandJcalculationsJand [by Cnumerical Umodels Care Cpresented[in
respectively[Section(2.3[@nd2.4.[Finally,in[Section[2.5 theconclusions [0fthereview Will be
presented.

2.2 Nourishment[in[general

2.2.1 Benefits[oéflhourishment

Primary(objectives(ofiiourishment/are((Coastal [EngineeringManual, 2002):

e Providelimproved[protection(foupland(sStructureslandlinfrastructure from(theleffectlof
storms.
e Stimulatelrecreational (benefits.

Thebenefits[of[beachmourishment¢an[includestormdamage teduction, (tecreational [and
environmental (énhancement[(Dean,2002).[Sometimes[$andybeachlis[desired Where o
beachlis[present.[AWwidebeachlserves(asBbothdanleffectivelenergy [absorberduring periodsof
elevated [water (levelsland[storm[waves and[also[provides(alteservoirfoflsand which ¢an be
transported and(deposited(offshorelds @ barlon which[theTargerWwaves break, thereby further
reducingtheWavelénergy (Whichdeaches thelshore.[Tourists arelattracted o beaches[andla
wide(Tecreational [Beach[dan[fesultinaisignificantlincreaselin [fouristrelated income o resort
areas.

Nourishment[islasoftlfypelsolution, [sincelitlhasmopermanent impacton[thel¢oast.1tlis
generallyapplied [becauselofTflexibility,(harmony [Withhature[andthe[$preading[ofl costs
(Manuallon[Artificial Beach[Nourishment,[1987). Nowadays[the decision[fo[apply beach
nourishment(asmethodforshore [protectionand(stabilizationisMademoreand Mmoreloften
by[Coastallauthorities.

WL[] [Pelft[Hydraulics
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Alsignificant[problemassociated With beachmourishments [design s (predicting (the [lifetime
oflalproject. Wsually@beachthatlis Mourishedlis[érodingandthe placementofisand ik [Simply
almeans [0flfurning back [fime, [sincetheérosion hechanisms/are still faking Place.

RegardingtheMeachesinDubai, these frends(arelalsoseen(Section(1.3).Althoughsediment
is[placed,onmostTocationstheérosion process continues.[Solit[is mere [fo setbackofTthe
limits[6fTtime, ButlanOptimization [¢ould [possibly bemade. Therefore, fit[is Wery [interesting
to[study [the beach Mourishments ih Mubailand folinvestigate [dn What(aspects[of mourishment
an[optimization mightBeTealizable.

2.2.2 Behaviour[éf[a[hourishment

Offthostmourishment projects,the Beach bermis The Primary Feature.[AMourishmentproject
usuallylinvolves[Wwidening[the Tberm[to[¢reate[alWwider[$and [buffer for dissipating[$torm
energy. For[practical landéconomical [feasons, [the total Thourishment¥olumetequired(to
advancethebermtotheldesired Width,[is[placedContheVisible[partlof the beach.[This
constructionmethodénablestheléconomichise oflstandard [éarthmovingléquipment for fhe
distribution[0fTthe Mourishmentfand minimizes [the [Welocationlofldischarge (point. The Tesult
offthisfechniquelisdBeachBermthatfis[donsiderably Widerthan thefarget/design Wwidth.

After[theplacement,[the hourishment[Wwill[begin[to[Tespondtotheltonditions. In[beach
nourishment, [sandlis[usually[placed[on thebeachlatlal$lopelsteeper/thanlits[equilibrium
profile,[solinthe profile thebeachlis[outlofléquilibrium.Alsolin planformthe beach s [outlof
equilibrium.[Thelwaves [will (begin [the testore(équilibrium [both [in[profileand(in planform.
Thelprogress/ofishoreline(changes(consists (0flthreestages(Deanland Dalrymple, 2002).

1.0 Thelprofileléquilibration, [this[process[generally [tesults(in[al¢rossshore[transfer[oflsand
from[theipper to lower [parts/ofitheprofile(and, thus,(d[shorelineregression. This[is Mot
altransfer(dfisand lout(oflthe profile(Figure2.2)

2.0 Thel$preadingprocess, this[is[altransfer oflsand[along[thelbeachlandlaltesultloflthe
placement(dfithe mourishment.[(Figure2.1)

3.0 Thelbackground[shorelinelerosion, this[is[due[tothe ongoing[morphologic[processes
beforetheprojectiwasplaced. (Figure2.1)

10 Van[@ord
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"Spreading out" Losses

Figure[2[1 Plan[view, showing["spreadinglout" [losses, Figure[2[2[Cross[view, showing[theequilibrated profilelas
backgroundCerosion[and (sand[movingtoequilibrate  result(oftheplacement(ofla Mourishment[with[fine[sand [(Dean,
profile((Dean,2002) 2002)

Thesethree components (0fidchange [are[Operative [simultaneously. [However(they usually have
somewhat(differentfime[scales.Profilelequilibration typically [dominates on[fime[Scales[on
thelorder ofl alyear,[Whereaslongshorel diffusion(losses[ generally ‘dccur onthe brderlof
decades. Wsuallyfitlis[assumed(fhatthe (background [érosionlosses[continue atthe[same[Tate
asbefore theproject.Thus(theirleffectlis the[same(foridach year.

Figure[2.3 [qualitatively [illustrates [the[shoreline[¢hangesfor[each[oflthe threeleffectsfand
their[sum for [fwo bBackground €rosion rates.

Ay
-100 (ound T

—~ Towl:- - - Shoreline Position
— ST / Before Nourishment

Shoreline Change, Ay(m)
&
o
T
N

Years After Nourishment

Figure[23 [Development oflalinitial mourishmentwidth[6f 75 m(infime as altesultof(the three[components of
shoreline regression [(Dean/and Dalrymple,2002)
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These threeprocessesdeterminedthe morphologic behaviour(attheMubai mourishments. Tn
theanalysis(oflthe mourishment, theseprocessesWwill Belinvestigated.

2.2.3 Placement[$trategies

Theplacementloflthelsand[is mostly donelhydraulically.[Attheborrow[sites, Whichlare
usuallyloffshore, thesandlis Tifted from [thebottom By hydraulicldredgesandthenlis faken
with[either[floating[lines, hopperbargesor hopperdredgers tolthe fill$ite, Wherelitlis
discharged[to the[beach. At[thefill$ite, the borrow[$and ¢canlbelplaced[inlalVariety [of
positions; 0ffshore(dfltheBeach, [ontheforeshore, onlthe Backbeach, [drifheldunes. Planform
options(are(fospreadthe(fill haterial Gver theBeach.

TheSedimentcanbeplacedlinlaVariety[df[positionsand this[shouldbel¢onsideredinlthe
design[processloflthe mourishment. TThereldre Various[positionspossiblelinthe profilebut
alsofinlthe planform. VariousGombinations [forthe [placement[can bHepossible, [depending lon
theobjectivesiofithe Project, Tequirementsfand thelavailability [Gffmaterial. [Table 2.1 [presents
possibleloptions.

Cross(shore(position Alongshore position
AtltheDbackorlon [fopoflthedunes Direct[Iplacement[of[the “sand
wherelitfismeeded
Atlthefaceldflthe(dunes Alstockpileldflsand
Onlthebeach Continuous mourishment[infime
Inftheloffshore(zone atione o fwo points

Table2[1 [Options forplacement withinthe[profileand[in[planform (Manuallon[Artificial BeachINourishment,
1987)

Atlthe[Dubailhourishments[thesand was[placed[on[the[beachlandon the foreshore. The
placementlin@dongshoreposition wasdirectly wherelitWasmeeded.

2.3 Design[bf(beach[hourishment

Thelmethodsdescribedin this[sectionldreised [fo[obtain[insight[inhow(arelatively [simple
estimation[0flthe fequired volume[dfmourishmentcould bemade, based [0n(the Behaviour(of
theThourished[sand[as[altesponse totheloriginal [sandT(before[theplacement), orlasla
responsefolongshore [processes. [It[shows theimportance[0f(certainldspects/in(the(designing
process. Butholcomputationswith thistheory Wweremade in this(study.

Theldesired additional beach width(is[determined basedon:
e Theldesiredleveloflstorm protection

e Thelpersistentlong[ferm erosion/trends
e Theltargetrenourishment/interval
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WL[] [Pelft[Hydraulics



Morphological[Janalysi
nourishments

s[Jand[Joptimization[Jof[JDubai MSc[Thesis July[@5

Van[@ord
WL[] [Pelft[Hydraulics

When[designinglabeachmourishmentprotection [theprimary [objectivelis [founderstandthe
ongoing[$ediment fransport processes of thelsystem. After that,[the tequired Volumelof
nourishment(can belestimated By Hand ising[certain[simple ethods Whichdan belseparated
in[methodsfor ¢rossishore[andlongshoretesponse. Thelcrossshoremethodslare mostly
basedon thebehaviour[oflthe hourished $and[asaltresponselto theloriginal sand.[The
longshoreinethodsarebased[onlotherfactors, SuchlastheWwave ¢limate. Themethods[are
described(in(thefollowing[Sublsections.

2.3.1 Beach[filll[design[in[¢ross[$hore[fesponse

Thenethods described inthis(sectionldreusedfo obtain insightinhow[dTelatively[Simple
estimation6flthe equired Wolume6fmourishmenticouldbemade, basedon(the behaviourof
the mourishedsand [@s @response(fo fheoriginal Sand.

Toldeterminethehecessary volumelin[theltrosssectionfor[altequired location$several
methods(areldvailable, The [CEM (2003 ) presents(fvo methods:

e Usingftheloverfillfactor R,[(James,1975)
e Equilibrium/profileldesign tethods(Dean,1991)

Overfillland renourishment factor design method

Thelgrain(size[distributionoflthe borrow [material (will[affect[thel¢ross(shorelshapeloflthe
nourishedBeachlprofile, the rateldatwhich mourishmentimaterial(is[éroded[andliow [the Beach
will[tespondfo[storms.[Theborrow material [will hot[eéxactly match[the[nativebeach.[An
analysislis[required(folassess/thecompatibility [0f the borrow [material With [the mative beach,
from(alfunctional [perspective.

Early[researchlintothe[compatibility [of[(borrow material[developed(a[factor, [indicating [how
much hourishment[material [is[tequired.[ Many[ tesearcherslassumed[ that[ borrow [aterial
placedlon[thebeachWwill[undergo[sortinglas[altesult[oflthe[¢oastal [processes;and[given
enoughl(time, Will ‘dpproachthe mativelgrain size(distribution. Thelportion(ofborrow thaterial
that[ does[hot[match(the[nativel$ediment[grainldistribution(is[assumed[to[bellost.[ James
developedthis[donceptlintolalthethod(fo[calculatedanoverfill[factor R,[dnd(d[tenourishment
factor, R;,[in[whichtheiselofthetenourishment(factor(is mo longerecommended [in(beach
fillldesign(calculations[(CEM,2003).

Thesemodelsonly[take[intoaccounttheeffect ofl alpossibledifference between[the
properties(ofTthe mativelandborrow [sand[((Manual[on Artificial Beach[Nourishment, [1987).
Theloverfill (factor, the[Volume of sandused to maintain[1(m’of beach, ¢an belobtained
graphically fromFigure’A.1 in[Appendix[A.1.
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Equilibrium [profiledesign ethods

Recentlresearch[and[experience havelquestionedthel¢ontinued ise[ofTthese grain[based
overfillCand[renourishment[ factorstoestimatethe performanceof hourishment[(Dean,
2000).They fecommenddesignbased lon equilibrium Beach Pprofile[concepts; [anldssessment
oflstormfinduced(érosion; [@ndlanlassessmentofwaveldrivenlbngshore fransportTosses.

Theléquilibriumbeach profile[¢onceptisianimportantlaspectinthelstudy [ofiorphologic
behaviourlofmourishmentlandfis[éxplainedin[AppendixA.2.1. Itstates Thattheshapeofthe
natural Tbeachprofile[dependsConlalparameter, A, function[oflthe eénergyldissipation’and
indirectly fthelgrainsize 6fthe beach.SoWhen(d Wolumeldf’sandfisladded fothe mative beach
ittwill leventually [équilibrate to form h=43"”.[Depending(on(the native and(the borrowed
sediment(scale parameters the mourished Beachprofilecanbelintersecting, mon lintersecting,
(Formulal4.2).[0r[honlintersecting, (butfemerged for[Submerged (FormulaTA4.4).[With[this
knowledge, the wolume6fMourished[Sand [dan Becalculated.

TheProcessfoldesignlthe fequired MourishmentvolumeWwith theléquilibriumbased tethods
isldescribedlin/Appendix/A.2.2.

Discussion

These methods [freat[Sediment(characteristics using(alsingle/grainsize [parameter, the median
grain[diameter.[Equilibrium methodhastheldadvantageover(theoverfill l@and [fenourishment
method” becauselitlincludes(theleffects (0f'the forces that[shape(thedaturalldnd(altered Beach
profiles.

Thesemethods[providelvaluablelinsight[tegarding[thelimplications[oflusing nourishment
material with[different grain[tharacteristics, 'butlare hot[tecommended[for[final [yolume
computations.[The équilibrium(profile[methods/domotlaccount(forlalsediment(deficitlin[the
prelprojectbeachprofile.

2.3.2 Beach[planform[design[(single[line[theory)

Themethod describedlin(this(section(is[used[to obtain[insightin[how a[telativelysimple
estimation[ 0fl the tequired VolumebfThourishment[ couldbemade, basedon[longshore
processes.[Thelsingle(line[theoryislanimportantfool [for[Studyoflmorphologicbehaviour
andlisised ih the UNIBESTICL+model.

Tolestimate[a[volume meededinthe lateral [direction, [other[¢onditions than(the tole[oflthe
grainsCare uisually "¢onsidered. [In(thistheleffectlofwaveldrivenlongshorelsandfransport
processes(in[¢ombinationwiththeTocal orphologyarethemajor Factorsfor[determining
the fequired Wolume [6f mourishment. /Alsotheprojectlitsel ficauses@perturbation/in/shoreline
and[Beach[drientation [anddt Tast[coastal[structures(canhavelda Targeinfluencelon(theToss of
sand(inTongshoreldirection.

MethodsCexist[topredictthe rateoflalongshorespreading “and [includelthe length Tof
nourishment[length, [theleffectCofGwvavetlimateand [theleffectCofTbackgroundlshoreline
regression.
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Forlegxamplethelsinglelinetheory 6fPelnard[Considére(danBe ised. Withthe Classical [one
dimensional [diffusionequation[(Equation[2.1)Cbne can[derive[several [relatively[simple
analytical [solutions. The derivationoflthelequation and[anlexplanationofTtheory "ofTthe
single(linetheory arepresentedinAppendix[A.3.1.[ThistheorylislalsoMsed in (UNIBEST[
CL+.

y_5y 2.1)
ot h, ox? '
Inwhich: vy coastlineposition [m]
s;  variationof[ the[ transport[Jas[lal function of coastline [m’/m-s]
rotation
h,  activelprofileheight((closure/depthland berm(height) [m]
position/alongshore [m]

Several @pproximations for s, exist.[SomeWell Knownlongshore fransportformulaelarethe
formulalof[CERC{(1984)[and[BIJKER[{1971).[The[longshorefransportformulaelare hHased
on[differentprinciples, @ndlapply Fordifferent situations.

Several[analytical [solutionshave[been[obtained. E.g.[theaccretionlat[a breakwateranda
rectangularbeach(fill. l[However[beachlerosion is often ¢caused by gradientsin[longshore
transport, Whiletheloriginal(doastline [ismostly mot(straight.[Alsoin[these[cases[theOne line
coastmodell¢anbelapplied, but, becauselofTthe Mmore¢omplicated [(boundary¢onditions,a
numerical hodelismeeded.

2.3.3 Comments

Usuallythemethodspresented [inthis[Sectionfo[estimate albeach(filllarenotl3atisfactory
becauselthe boundarydonditions(atltheprojectlarealare uchmore¢omplicated. Therefore
theylaremotiisedfoldesignland [@nalysetheDubai mourishments. These methods(dan bemised
tolgivelanlindicationlofTthe@mountlofTheach Mourishment,[and oreoverprovide Faluable
insight[in[the[processes. Thesemethodsshowalso(thatlit[is[Very[¢omplex [folestimate[the
lifespan(offalBeachmourishmentprojectland[simpleicalculations(are Wery[oftennotpossible.

Therefore[tomake[ properestimations[for theloss ofl sand[inlal complex system, imore
detailedmethods(arerequired (and [the help [0f[numerical modelsis[in host[casesnecessary.
Inlthis(study the WNIBEST package [for/cross/shoreland longshoremodelling Wwill [be hised.

2.4 Numerical[inodelling[éf[beaches[and[$horelines

For[the mumerical modelling[of morphologicbehaviourldflbeaches, [also this[$eparationin
cross[shorel and[ longshore( responselis[ seen.[ An[ appropriate[ model should[bel selected
according(to[which phenomenalare(likely [toloccurlor[which[phenomenalare oflinterest/to
simulate. In(thisSection [three types [0fimodelling are [presented.

2.4.1 Profileimodelling

Profile[modellinglisused o study(the ¢valuationloflthelprofilelinl¢ross/shoreldirectionlin
time. (It[¢an[belusedfoleévaluatethe impactloflalstorm, With[¢levated[Stormfides[dnd wave
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heightsonthebeach@nddunes.Secondlapplicationcanbelfopredictthe Profilelevolutionof
abeachmourishmentprojectthatfisplaced [onla[steeper slopelthanthelequilibrium profile.
Thisa@pplication(could Bedfinterestfor the thodelling [6fthe Mubaimourishments.

Examplesloffhumerical iodellare [E[DUNE[(Kriebel ‘and[Dean)and TUNIBESTTC{WL]|
Delft[Hydraulics). The Tast[¢anbemsed [foldssess[¢oastal profile[developments[duelfolwave
action. By ¢hoosing(UNIBESTTCloneimplicitly [assumes thatthe mourishmentprofilelis
uniforminllongshoreldirection[and profile ¢hangesareatesultlofl tross shore sediment
transportprocesses.

2.4.2 Planform[inodelling

With(themiselof[contour[line[modelsthelshoreline[behaviourcanbelstudied. In general
planformhodelsakeise[dfltheSingle(linefheory(asdescribedlinSection[2.3.2), because
theloffshoreprofilelis iisuallydonsidered [fo femainconstantinformand fo move Tandward
orlSeaward Withthetonitoredcontour@ndwertically With The Wwater Tevel.

Themodel[sbased lonlamumerical [Solution[oflthe [fransport’and [¢ontinuity[équation. The
mostl@ppropriate[gridfisfonelin[whichthe[fransportlquantities(drelspecified[dt(thegrid Tines
and[theldoastlinepositionis[domputed(atthegrid hidpoints. Theléquation thay [be[Solved By
explicitlorimplicitihethods.

Examplesofimodels/are: UNIBESTICL+[(WL|Delft(Hydraulics)and[GENESIS [(Hanson).

24.3 Coastallinorphodynamic[inodels

Coastal horphodynamic thodels(éxaminethebBehaviouroflthe bathymetry Bylcalculating the
sediment[transport(locally[and[using the[¢onservation[oflsand [fo[determinelthe[localldepth
changelover[some[unitlofltime. Theselfypes/ofimodelshavetheladvantagelofbeinglablefo
deal (Wwithhon[monotonicl beach[profiles anddeal [with[both[cross/shorel and[longshore
processes. [Aldisadvantage (0f thesemodelsis[the difficulty [to (Operate.

Anléxample dflamorphodynamicmodel is Melft 3D (WL| DelftHydraulics).

2.5 Conclusions

Three[processes[playaltole[When[looking[at[the[behaviour[oflthe hourishedarealafter
placement. [Thesecan beSeparated/in(threepProcesses:

e profileldquilibration((cross(shorelprocess)

e spreading((longshoreprocess)

e background/erosion(longshore process)

DifferentmethodslexistfoldesignlabeachTourishmentscheme.Simplelcalculations By hand
arelalsol$eparatedlin c¢ross(shoreandMongshoreldesign. [Whenlapplying mumerical (inodels
moreldomplexcalculations/danbe carried [out. Modelsexistfor profile modelling, planform
modellingland orphodynamicmodelling (both profile’and planform).

16 Van[@ord
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InTthisthesisTesearchfwo [fypesofmodelling Will e performed: [Planformodelling Wwith
theuseloflthelsingledinetheory[(Chapter(6), and ¢rossshore[odelling[{Chapter[8).[An
optimisation[Wwill[bemadewiththeplanform Mmodel [of'themourishedarea{Chapter(7).
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3  Analysis[¢f{the[¢oast

3.1 Introduction

Several mourishmentsfook place’on(thel¢oastbetweenPalmJumeirahlandtheDubaiDry[]
docks.[GoallofTthis ¢hapter(is[fo[describelthe (morphologicbehaviouroflthese mourished
beachesland o akelalselectionforlaocationfomodel.[The analysis(isbased[én[photos,
satellite imagesadeBetween[1980(and 2003 and(available’survey dataldfVanDord.

Section3.2[describes[thelavailableldatafor theforphologiclanalysisfandThow these data
werelobtained. 'Thelanalysis[of[themorphologicbehaviourCofTthe mourishedlarealand[the
JumeirahbeachesWillbeldescribedlin[Section3.3.[Subsequently,lin[Section3.4 [theMmost
suitable Tocation formodelling[dfmourishmentinMubaiWwill belselected. Finally,in[Section
3.5Tthelconclusions ofltheldnalysis Wwill Beldrawn.

3.2 Coordinate[$ystem

Inlthisreportldicoordinate [System(istised thatwas[defined By [Van[Qord:

Eachlhourishedlarealuises[al separate coordinate[ system[in which[the[k[axis[funsConla
baseline, which(can Bearevetment(or(alselectedlangle more(or(less[parallel o theshoreline.
Positivelon[thisbaseline(is from mortheast[fo[Southwest. Figurell.C shows(the[baselinefor
eachlhourishedlarea.[The[yaxis[is[totated[ 90 degrees[ clockwise, telativelto[the[kaxis,
positivelin[Seaward direction.TheZ[axis is[the Bottom Meightrelative to [ChartDatum((CD),
perpendicular [to [the % [and[y[axis[positive ihupward [direction.

3.3 Available[data

Van[Qord presented survey [datalofBathymetry [at[the[six mourishment locations (in [the [period
fromMDecember(2003 [toMay 2004.[These[surveys(consisted [0fld hydrographicalland aland
part.Theselsurveysarellinked[to [@achdther[to [determinethe bathymetry [0flthe Beaches. The
survey[¢arried [outjust[before [the mourishment(is[¢alled the[Pre survey, thelsurvey [directly
after(the placementliscalled thePost(survey.

Theléquipmenthised on/land(and(shorelis(dalled[Real Time Kinetic=#Global [Rosition[System
(RTKIGPS).Thelsystem[c¢ontains[offwo Minits. [Onelis(a[base[stationon[abenchmark.The
otherlonelis mobileland lised[folcollectdata.

ThebaselstationWill[generate[correctionsbetween [the known Benchmark¢olordinatesland
theldolordinates(thatlarecalculated By Triangulation between [the (GPS[satellitesthatThe base
station[teceives. Due [fo [interference [inthe stratosphereand Honospherea mormal [(GPSwill
belgeneratingdoordinatesWithin 25 mlaccuracy horizontalland 50 Vertical, [this [difference
infaccuracyfisGaused by [the friangulation from fhe satellites Wwhichlare foo cdlose [fo ake dn
optimal‘dalculation. Theldistance ik Mmeasured By eans [6fTatomicclocks(thatlarecontrolled
from 3 (baselstations[aroundtheWorld. Viala[tadiolink Thelsecond Tnit[Wwill Teceivethese
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differential [¢orrections. Thatlis[¢alled Differential (Global Positioning System (DGPS).[The
used nits[Will[feceiveeverysecond hew[ correctionsand[theunit[canpredict”[¢certain
values, CitCbecomes CRTK. Theseunits[will Cprovide[coordinates "accurate “within[3 cm
horizontally[@and (5 [ém[vertically.

Forlthehydrographical Cdatalcollectionanechosounderwasimountedon[a boat.To
determine the Waterdepth with Mespectfo ChartDatum (CD),aldorrection [forthe(fide, Wave
actionand[increasing [water [depth[was[applied "and[that[decreasedtheaccuracyoflthe
vertical heasurements toabout 15 ¢m.

ProfilesWwith[anlabsolutelength [0fT250 M Wwere [presented by [ Van[Oord[and Wwereised o
analyselthel¢ross shorebehaviourloflthe Mmourishments.Theprofilesdeachaldepthtanging
between MSLIIS5 hand 7 th[(MSLGs 1. 1m@bove[CD[IseeSection(4.4).

Sedimentbalances[Wwereuised [inlorderfolanalysethe mourishmentlin[alquantitative vay.
Theypresentthe Volumeldfleroded ‘orlaccreted [sandfinlalprofilelcompared tothePostl]
survey.[ThelarealdifferenceWas[¢alculated forprofiles forévery 25, dnd [fhe Volume by
multiplyingthis by the Width[ofTthe[Sectionthatlit Tepresents. [Amegative mumberlindicates
that(sedimentWwas [being fransported [fo [Aan insurveyed areal(further(offshore than[250 lor
alongside(the¢oast).[Sediment[balances(w.r.t.[the Post[Surveylof[Februaryland[May[2004
werelavailable.

Thelanalysis(oflthe thorphologicbehaviouriofithebeachesinlthis/chapterwasmadebasedon
thislinformation,[dn(satellite(images between[1980[and (2003 [and[on[photos[from[the Dubai
Municipality [(later [feferred [to [@s: [DM).

3.4 Behaviour|6f[the[beaches[and[the[hourishments

Thelobjectiveloflthis(section(is o perform(@nldnalysis(ofthe[survey(dataland thorphological
processes oflthemourishedareas(dlong(the[Jumeirah beaches. In(thestudy(area, [Six (beaches
are[presentWhere [Mourishmentwas(carried [0ut. The[observed morphologic (behaviour(ofithe
beaches(and themourishments(arelanalysedlin themext[Sublsections. Thelocation(oflthese
beacheswasshown(in Figurel(l.B.[Satelliteimages/of’thelsix [beachesmadelin[Dctober 2003
were [presented(in Figure(l.C.. Inthe[following[the Mourishments/arediscussed.

3.4.1 Madinat[Jumeirah[beach

Inlthe énd[0f[2003 [@nlexisting[groyne waslextended into[seafo [CDT5 . Alseawall backs
MadinatJumeirahbeach.[Thebeachlhas afotal Tength[6f[2600mand [the mourished [area
covered 800 Southwestofthelgroyne. The mourishment started (on 17 MDecember2003 [and
amounts (154,000 .

Photosfromthe BurjAlArabhotelshow thatSedimentWasdetainedinthesouthside 0fTthe
groyne.[The[3atellite[image [(Figurel1.C)showsfhat’Somelaccretiondccurred at the Sheik
AhmedMarina.

Sediment(balancesoffMadinat[Jumeirah[beach[ofTFebruary[andMay 2004 arelavailable
(Figure[3.4).TATsediment[balancepresentsthe[Volume[ofTsedimentlossorfaccretion Wwith
respect[fo[Postlsurveylinlaltepresentativeprofile[6f[25 M width. Moreover it[presents the
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location[ofTthe Tossorlaccretion, [and (with Tultiple[surveys(itlshows[thebehaviour(in[fime.
Onlthe x[axisfis[the[doordinateoflthe profile((as(definedlin Figurell.C).[Ontheyaxisfisthe
volume oss[oflsand With fespect fothePost[Survey.

Thelaccretion[foundmearthe groyne[(Section[200300) Wwas duetolthel$preadingofTthe
nourishment, Cand “was detained [in[the period [from[ Februaryto[Mayduelto[the[local
diffraction[due o thelgroyne. Erosionfook [placeintheSouthside[ofthegroyne duelfo the
blocking [offupdrift[sediments by [fhe Madinat[groyne[(Section 300[700).The Wavelclimate
for(thelregionWaschangedTocally because of[Palm Island Jumeirah. This[daused fransport
oflsediment/inSoutherndirection. This process/dontinued, Sincethe stored volumeldecreased
from[February [fo May. [Accretion6ccurred in[Section7001025. [This Was [probably sediment
from[ipdrift.[TheTotal Wolume [that[disappeared from [7 [January 2004 fo10 May 2004 was
approx. (12,900 th’. This was 8% of'the mourishment.

Thelprofileslin Figure[3.Bshow[thatldown [driftlofTthe groynemounderwaterbermwas
shaped[(Profile[400).[AboveCDlthelslopesbecamelsteeperinfimefip [fo1:3.[WUnderWwater
milder(slopeswerelshaped,laround1:25.Profile(équilibration, @'crossshore fransferofisand
fromQipper o Dower parts (0flthe profile[did motfakeplace mntilla[distance [0f[750Hn [down
driftloflthe breakwater. [All[profiles(show [that(in[time [@lmost/all [€rosion was [in [the ipper [part
oflthelprofile[(between[CD[and [CD 4 [m).In[profile(750 thesediment [from [the lipper [parts
was[distributed under[Wwaterand[generated [verymild[slopes[to[CD[T1 m[(1:100)[and[1:25
(from[CDI1 thto(T5m). Profile[750showedlaccumulationabove MSL, [the regression(oflthe
partlabove MSL[between the Preland[RPost[survey lis[remarkable.

Tol3$ee[whether[¢rossishoreltransportllossitook[place,the[profiles[havelto[teachlal¢losure
depth.Theorytelates[this[depth [folthe Tocal Wwaveheight. [Theclosure [depth [will e [further
discussedlin[Section (4.8, but/theory [presents(dldlosure(depth(ofldpprox. 4.7 m[(Section4.8).
Thelprofiles(reachldldepth(0f[CD16.0 m(andbecauselall[profilescoincided (at(thisdepthldnd
the[waves[hardly [exceed[aH[ofl2 (i, [it[is[assumed that[the[transportlover thisdepth was
limited, (so the[sediment(thatdisappeared from[this(Section Wwas fransported@alongshore.

3.4.2 Mina[A’Salam[beach

NobathymetriclinformationWasavailable[ofiMinalA’Salam.The mourishment(started(on[17
December2003 [and(covered 1000 m[coastline.

From[picturesmo¢onsiderable/changelin[coastlineposition is seenlatthemorth[3idelof(the
Madinatlgroyne. [Atlthe Burjlel[Arabhotel [and[Umm asSuqaymIlMarinalSomelaccretion
occurred. [ThisThourishmentremained“afterthe placement. “The TinfluenceofT the Palm
Jumeirahonthe[Wavelclimate wvas[probably imorelimited thanonMadinat,[So[the imain
wave direction was[changing [fromtheSouthfomorthon'this Beach.

3.4.3 Italian[beach

Italian[beachWwithlaTengthlofTapprox. 2450 [s Tocated betweenthe Umm/ asSuqaym 11
Marinaland(the Wmm/asfSuqaym(IMarina.[Thebeachsbacked bylalseawall. [The Umm
SugaymIMarinaldonsists [0f Bwo breakwaters [that ark the@ntrance. [ThelOuterdne feaches
to300m fromthelcoast, Told Waterldepth [ofTapprox. [CD 15 . [Thelinneronelis[150 mland
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advances[to[CD[12m.[The[Umm[as[Suqaym[1 Marinalis similar shaped. Starting[10
December 2003 [alfotal wolume [0£7114,000 > (0f[sand was mourished [0n anarea 0f1675 m,
locatedintheleeside [0 flUmm(dsSuqaym .

Photosland(satellite[images (Figure1.C) showlerosionlat(themorth3ideof[both[marinas;
hardly fanybeachareaWwasleftlin[August[2004.[This tesulted[in[ahew hourishment.In
northern/direction the beach(gradually Widened, [and arge [dccretionon [the [south side Gfboth
marinas(was[observed. Thiswas thereason(that on[the [Southern[side of!the breakwaters of
theMarinas an[extralgroyne Was[¢onstructed [(before[2001). This[groynel¢ollects$and, o
prevent[bypassand[$iltation CofTthe fmarinas.[Theltoastline[teoriented tothe[local Gvave
climate.This[¢ausedsedimentfransport[inmorthernldirection. This feorientationlalsofook
placebeforelthe constructionloflthePalm,$olit’ showedthatthelinfluencelonthe Gvave
climateWas Timited @t Ttalian Beach.

Infthelénd 62002 Afechnoteeflbarrier[Was[¢onstructed morth[oflthe WUmm/asSuqaym/ 1]
MarinaWithlalengthlofTapprox.[450m.Theteeflconsists[df[small, Toose, Telatively [open
elementsPlaced(at[CD =2 o 2.5 m. After[the Mourishments(they Wereldovered With[Sand.
SoTitlisCstatedthatthe function[as¥Very [limited. [This[conclusionWwas supported "byan
investigation by [WL|Delft Hydraulics[(2003)that[also[stated the influencenegligible.

Thelsediment[balanceloflItalianbeachlindicates[Wherel$edimentlerodedlorlaccretedlinla
profilelor(section[(Figure[3.A4). ForItalianbeachlonlyasedimentbalancewas availablefor
the[period (between1[Januaryand[9May. In(the Teeside[of the [Umm/las[Suqaym(Il[(Section
1251675)[thevolume0flsediment(decreased. Thiswas[daused by longshore [drift[in [Morthern
direction. Thelsediment[was[Spreadlin[northern(direction[along[the beach.Herelaccretion
was[observed[(Section[25(125).[Theltotal volume[that[disappeared[in(thelsectionuintil May
2004 was lapprox. 25,500 m’. This was[25% of the total mourished sand at(thisthoment.

Theprofilesofthe[Section200[600had(alsimilar [pattern. [Profile[450[(Figure[3.C)shows
thatthe mourishmentwas¢onstructed Witha(slopeoflabout[1:20.[Andbecame steeper@bove
CD[folabout[1:6land[tetreated with[this[slope.[Around[CD[almost[horizontal [SlopesWwere
seen. [Part[of(the material(that Wwas(éroded @above the Wwaterline Wwas [placed linder Wwater[at(a
water[depthbetween [CD[T0.5mand[CD[14 1. Sincelthe fotal [Volume decreased[and the
profiles/coincided[considerably [@tthe [foe;it[is [Supposed thatthe[sediment Was [fransported [in
southern(direction.

Profile50((Figure(3.C)lis Tocated[in[anldccreting [Section. It[shows[that@above [CD 32 m(the
profilelaccreted. [Between[CD 2 mland CDI(tidal tange) the profile éroded. Around [CD
almosthorizontalslopes wereseen. [And [from [CD [fo[CD T4 m[accretion ook [place Wwith
milder(slopes[{to1:60)thantheloriginal [profile.[Alsolatthefoelaccretionfookplace, the
depthBecamelshallower [{approx.0.5[m). Maybelat[Wwater depths deeperthan Fhis fransport
tookplace.

3.4.4 Glass[Palace[beach

Thebeach[hortheast of[Ttalianbeachlis referred [toLas Glass[Palace[beach.[Revetments,
groynes(andlanloffshorebreakwater protectthis beach. InfAugust2004alsecondand third
offshore Breakwater Were [completed. [The Tocation0fthe first fwo breakwaters is ihcluded fin
greenlin Figure[l.C.[TheBeachlhas(dTengthloflapprox.[4000m.In[Section137512050(five
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(short)groynes are[situated[{indicated[ingreen). Multiple mourishments [fook [placelin[this
period.[The(first(started [on 28 December2003 [dnd the[second '6n 24 [January [2004. In [fotal
489,690 m’ [sand was [supplied. More mourishment started (on 27 May 2004, [data (0fthis was
notlavailable.

The $atellite[images were madebeforethe tonstruction C0flthe offshore breakwaters. 1t
shows thathardlylanybeachWas[presentlin[thedrea (Figurell.C).[SomelsandWwas[detained
inltheTeeside[of lUmm[Suqaym I, [duefo [thelshelteringéffect[0flthe marinafor Wavesfrom
southdand [(western[direction. [Towards(the [Al[Raisbreakwater, [the [(beach [teoriented, [¢aused
byivavelinduced [fransportin Mortherndirection.

TheldnalysisofTtheSedimentbalance (Figure(3.4)showslalpatternofldccretionand érosion.
Thebeachprotection Wworks[Wwere partly Tesponsibleforthis pattern. In[Section210012800
accretion[fookplace.[Whatwastemarkablelinlthisperiod wasthat[accretiontook place
(approx. (7,500 ) on this Whole section, (while @ (tore [0r less Meutral [sediment (balance Wwas
expected.Amatural (bypass(alongtheharbour[¢ould Thavebeen [influential [as[well, (hutlthe
increase Was motfoundatthefoeloflthe profiles (Figurel3.D, profile[2300) Hutlaround[CD
andonlthe(dry (beach. The profilesshowthatthePost[survey Waslabout80cm lower(than(all
other(surveyslandlaround[CD[the[Prelsurveylislhigher[than[the Post[survey. Solanother
explanation(douldhave[been thatinreported (haintenance [Wwas[¢arried[outlin [this[period,[or
errors/dare(madelin(the[surveys. Theldonclusion(is(that(dmore[detailed[study[ismecessary fo
explain[ithese phenomena.InSection 116002100 erosion[ was[lobserved. Theerosion
continued [from (February[toMay[2004 [and[was causedbylongshore fransport/in[northern
direction.[In[Section[ 110001600 again[accretion[ took[ place.[ The[ offshore[ breakwater
reduced(the Wwavelaction[behind[it,[inducing[tombolo formation. The Volumelincreased
between[February[and[ May.[ In[Section[ 75011000 some[erosion[was[ seen. This[arealis
between[the [twoloffshore breakwaters. [So(the[Wwavel¢limate herewasless[teduced, which
caused [more transport. TAccretionoccurred 'behind the nextloffshore [(breakwater[(Section
4000750).In(the Tast[section[(Section0[475); Targeérosion0ccurred(due(fo [fwoeffects: [The
spreading [0fthe mourishmentand thelinterruption [0ffthe Tongshoresediment [driftin Morthern
directionby [theoffshore breakwaters. The fotal Volumeoflsand[accreted fromtheénd[of
January to[9May[2004, Wwith[12,000m’.[This accretion ¢ouldhave been duelto bypass
transport, [or inreported Maintenance((especially [inthe[Section2100[2800). But/itremained
uncertain, [due[tolinconsistenciesin[the[data. Therefore, to[determine[thelshoreline [frends
withldomplete[dertainty, tore datalshould iave beenlavailable.

Profile[1700 (Figure3.D)Was(situatedin[an[érosivelarea.The[profilelabove[CDbecame
steeperlin[February[(1:6)butlaterhardly imoved. [AroundCD milder slopes(arelgenerated
and[accretionWas[seenip [folaldepth [0fTCDM3 . ThelSurveysdeeperdoincide,lindicating
lessransport. Thelsedimentbalanceraswell [as[the [profile[showed thatlal¢learfequilibrium
process: [TheSediment Was(fransported from@above [CD [fo below [CD(and femained relatively
stablelafter.

Profile600 (Figure3.D)lisTocated behind theldffshorebreakwater. [Theldriginal [Slope linder
MSL waslaround(1:30.[AtThe Waterline[d[particularly Targe increaseWas 'Seen.[AlSalient Was
shaped(duefodongshore processes.Avery Targe berm@tthefoeofthe Profilelinthe 12 Febl]
survey(isseen. The Wwidth[0fTthis Berm Was[dlmost50Thandd@pproachesfo [CD T m(Profile
600). This[arealwasmot[Surveyedafter[February,so[this[is[probablypart[of[the offshore
breakwater.
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3.4.5 Jumeirah[beach[2

Between(the[Al[Rais[and [the Jumeirah fishing harbour, [thebeachis Teferred o [as Jumeirah
beach2.Thelfbtal Tength 0fithe Beachlis@pprox.[750 m. On21[April 2004, Van Oord [started
the Mourishment(6f1d fotal 6f174,900 i’ sand.

The(Satellitelimage (Figure[1.C)tadelin[October2003,showsdVerysmall Beachlatthe Al
RaisBreakwater(andlaWwideBeachlatthe[Jumeirah [FishingHarbour. This Telorientation Wwas
duelfbwavelinduced longshore fransportsinmorthern(direction.

Van[Qord presented Only Survey datalofithe[pre(Survey[df[23 [Aprillandthe PostSurveyof21
May 2004, 'so Mo domments(dould be thade [aboutthe Behaviour[6flthe mourishment.

3.4.6 Jumeirah[beach[]

Thefotal Tength 6flthe beachlis [@pprox. 3,000 m@nd(stretches Gutfrom the Jumeirah [Fishing
harbourfo the JumeirahbBeach Protection works. Thisbeachlis Teferred Tolds Jumeirah beach
1.[NorthCofTJumeirahFishing Tharbouratevetment and [twolshort[groynes Were[present
(indicatedlin(greenlin Figurell.C).ProtectionWworks[consisting[oflanoffshorebreakwater, @
Tlgroyneland[alcurved[groyne,protect the northernpartloflthebeach. Nourishment[ivas
carriedloutlon(1,800m[oflthisBeachlin February,[Marchland[April 2004 with(d[fotal Wolume
0f1478,000m’.

Satellitelimages (Figurell.C)show [thatmo [Beachlwaspresentp [to [the[protectionWworks.[At
the innourishedsection[down[drift;[at[the[offshore breakwater(alsalient[was[shaped. The
imagelshows(that[accretion(took placeattheTlgroyne, and alsmall (pocketbeach between
theTlTand(theldurved(groyne. Thelworkswerelable(toldetain thelsand.

Only[onel survey[was[ tarried “out[ after[the hourishment[ and unfortunately ho[volume
computations0flthesurveyswerelavailable. Fromobservations oflprofiles/it Was(seen(that(ih
Section[ 1700018001 somel smalllaccretion[took! place, probablydueltol spreading[ofl the
nourishment/and(the(sheltering [effectofthe Harbour. In[Section60011 700, sediment Was lost
above[MSL[but(holberm[Wwas[Shaped. Nolbed movement(was seenlat[the bottoml[oflthe
profiles(and thelprofilesreachla[depthdeeper(than thelgstimated c¢losuredepth. From [this(it
can/belconcludedthat(theSand Was [fransported[in morthern[directionfowards [the [protection
works. In[Section 600300theVolumelin[the[profiles also decreased, but[somelprofile
adjustmentland berm(shapingwas(seen. In[Section[0300the6ffshore breakwater stimulated
theldccretion(ofthelsalient.

3.4.7 Conclusions[én[the[behaviour[df{the[hourishments

AllbeacheslieBetweenexistingmarinas@and harbour. [Atthe Beaches morth [0fTthe [Chicago
beachlarealdmorthward(directed[fransportfook place(Italian, GlassPalace, Jumeirah(1and
2).[Thisl¢ausedthatlonthe morth sidethebeachlaccreted land[on TheSouth(Sidehardly fany
beachdemained. Wourishments Wwere [tequired [at[these [Tocations.[At[Glass[Palaced[Scheme
ofThard [fypelsolutionsWwas[implemented [fol¢ounteractthisfendency. Fromthelanalysis[of
thelavailableldatalit[is[concludedthat this[schemehadapositiveTesult,‘althoughSome
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inconsistency (was[found[in[the(data. South[0fTthe Chicago (beachldrealdatMadinatJumeirah.
Recently themet(fransporthas Teversed duefo the presence0f PalmJumeirah.

From[theselobservations[itlcouldbelconcludedthat[horthfromthe Chicagolarea, the
dominantTongshorelsedimentfransportWas [directed inmorthern direction.[South 0fthis [area
theSediment fransportwaslin[Southern(direction.

Sedimentbalances 0flthe iourished areas Were ised [fo [determine [dnWhichpartserosion[and
accretion[took [place. Theyshowed[that[the ¢oastal $tructureshadlalarge impact onlthe
morphologicbehaviour. Thefotal[stored Wolumeloflsand Wolumelinthe mourished dreaslare
listedihTable3.1.

Location Nourished volume [[;m3 1| Length([m] | Volume/change [[;m3 ]
MadinatJumeirah[| 150,000 800 12,900

ItalianBeach 115,000 675 25,600

Glasspalace 508,000 2450 12,300

Van[@ord
WL[] [Pelft[Hydraulics

Table3 1 Stored volumeldfisandinMay 2004 @ftertheRostSurvey

Profilesshow(the c¢ross/shore developmentlintime. In[general mear structures, [the érosion
took 'placelover[the[Wholelheight[of the[profile. Thislindicates dominancylofllongshore
transportmear[structures. [On[locationsfurther from[these structures, (the[frend Wwasthat[the
profileladjusted Wwith[$lightly [Steeper3lopesfabove[MSLandlincrease[ofl $edimentinder
water. [This [berm formation Was[found [folaldepth[off{CD T [m.[Accretion(in the [profiles Wwas
foundbelow [CD.

3.5 Choice[bf[$tudy[location

Duelfotheimited [fimeland[fo meetthelobjectivesdfthelthesis, motlallmourished beaches
will[bemodelled. [ThethreeTocations [for[whichdatalfor(dtelative Tong period is[available
areMadinat[beach, (Italian [beachand [Glass[Palace beach.[Oflthe otherlocations less data
waslavailable.

Between [these [threelocations, [d(choice WwasthadeBased on:
e Availabilityofidata
e Indications/oflsediment fransportland(drosion

e  Suitability formodelling

Remarksregarding theselthreedriterialare[SchematizedlinTable([3.2.
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Location Remarks(about(the suitability of modelling

Madinat MReliable(data
Jumeirah Mongshoresediment(transport(ih[Southwestern(direction
TExtension[0fthe Madinat/groyne [in the [period January May 2004

MLarge influence0f[PalmJumeirah(on the Wavelclimate

Italian [IReliable(data

beach [[Sediment transport(ih Mortheast(direction

[MLittle/noinhfluence 0fPalm Jumeirahdn(the Waveldlimate

Glass [Mnconsistency(in(theldata
Palace

beach [MPresence[oflhard [Structuresmakesmodelling ¢aselsensitive[and (Wwill [cause
eac

thefocus[to[shift[lon[the modelling[Jof these[ structuresinstead[ oflithe
nourishment.

MConstruction(of’d[second [and [third [offshorebreakwater(inthe [period May![ |
August(2004

Table32[Progress6flsix Mourishments

Aslcan[bellconcluded[from[Table[ 3.2 both[the[ Madinat Jumeirah[“and[ltalianbeach
nourishment[ showed [indications[ofl sediment[ transportand[erosion. The[ Glass[ Palace
nourishment(had(amorel¢omplex ‘morphologicbehaviourlduetola large[schemeloflbeach
protection[works: [this[wouldmake [modelling [very [domplex [dnd mot[relevant (for[thisstudy.
Another(disadvantage [fomodelthe ourishment6fMadinatBeachWwasthatfih this[period [the
groynewasleéxtended, wWhich willf@ffectthe horphologic behaviour, making/itdess Teliable fo
model.[ThisGwas[alsothecasefor[Glass[Palace[wheretwo [offshorebreakwaters Gwere
constructed.

Based/dntheselcriterialand in[consultation Wwith thelgraduation [committee, Ttalian BeachWwas
chosen/(as(study Tocation.[This Beach had Wisible Tongshore [frends, WwhichWweredlso[seenon
otherCparts JofCthe Ccoast. ['This TmadeitCinteresting DforCthemodelling Jin JTUNIBEST.
Furthermore(sufficient(datawas[dvailable. InChapter(5,[d[detailed[study [0fthe Mourishment
willbelpresented.

3.6 Conclusions

Van[Oordmourishedat[3ix Mocations between Palm Jumeirah[and [theDubaiDry MDocksin
the period fromMDecember 2003 [fo May2004. Thesebeaches WereSurveyedlin(this period
and[this[survey/dataWwasisedfo@nalyselthe behaviour(ofithe Mourishmentlinfime.

Satellite[limages[‘and [photoswere[lused[for CtheJanalysis[ofl the “whole[beaches. The
conclusionsofTthis/analysisforiéach beachare summarized below.

MadinatJumeirah

Nourishment oflapprox. 150,000’ [was started[on[17 [December 2003.Placement [was [on
600 m[coastline[Southoflthe [€xtendedMadinatigroyne. The Mourishmentspread [Qut(after(the
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placement(6fTthe mourishmentlin[Southern(direction.[Somelsand[Wwas[detained in[the Teeside
oftheleéxtended groyne. [Crossshoreléffects Ted fo Berm formation dand Wwere Found(at[600 th
southlofTthe[groyne. Thelfotal Volumeloflsandthat[Wwas[disappeared[in(this[Section Was
12,900 m’.

MinalA’Salam

Themourishment(startedion 17 Mecember2003. PlacementWwas[on 1000 m(doastline Morthof
thelextended Madinat[groyne.In(this(Sectionlaccretionloccurredatithe morthlatlthe Burjlal
Arablhotel,[whilelin[thesouththel¢oastlinetemainedinplace. No[Signs oflerosion [were
seen, [So [the beach was(stable after the mourishment.

Italian[beach

Nourishment(6flapprox. 115,000 m’ was started (on (10 December2003. [Placement!ison (675
mlcoastlinemorth[dfthe Wmm/lasSuqaymIlMarina. [Spreading[ofthe MiourishmentWwasSeen
andlongshoretransport[tookplaceinhorthern direction. [Alsolcross shoreeffectsCand
accretion Below [CD Was Gbserved. The [fotal olume [0f éroded sand tintil May [is 25,000 h’.

Glass[palacebeach

Nourishment6fl@approx. 489,690’ was started Between 28 December 2003 (and 24 January
2004.Placement[Wwason[the[coastmorth[oflthe Ummas[Sugaym(lMarinalfoltheloffshore
breakwater, over[ 2300 im.[Alpatternofl erosionandaccretionias[seen, [ influenced by
groynes(and(offshorebreakwaters.TheWolumelofisand increasedlinltheperiod Wwithldpprox.
12,000,

Jumeirahbeach2

Nourishmentoflapprox.(175,000 m’ (started [on[21 [April [2004. Placement[as on 600 m
beachmorth(oflthe(AlRais Breakwater. Thelsatellite image [shows [that[Some teorientation [0f
thebeach laddccurred.

Jumeirah beach(l

Nourishment oflapprox.(478,000 (i’ [was[ ¢arried out[ between [ February [and [April (2004,
Placement(was[on[1500m[coastline[horth[oflthe Jumeirah[Fishingharbour. Before the
nourishment mo (beach Wwas [present. [An(offshorebreakwater, [dTlgroyne@and/a/curved(groyne
detain(theBeachlinfhe Morth partiofithe beach.

Selection[ofllocation [forhodelling

Basedlon(theldvailabledata,lindications[dflsedimentfransport, [Suitability [0f[tnodelling [and
in[consultation With [theladvisorsTtalian [Beach Was[dhosen(ds study ocation. ThisBeach had
visiblemorphologicirendsthat[Wwerelalso[$eenlon bther[partsCoflthe ¢coast. [Furthermore
sufficient[data[Wwaslavailable.InChapter[4, theboundary[¢onditions [Wwill (be [presented [for
thisTocation. In[Chapter[3, a[more detailed [analysislofTthe (morphologicbehaviour[ofthe
nourishedarea/atithis beachwill Bepresented.
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4 Boundary[¢onditions[ltalian[beach

4.1 Introduction

Inlthepreviouschapterthe¢hoice Wwasmadeltomodeltalianbeach.In this[¢hapter[the
boundaryconditions for[Italian beach will e presented. [The [Pperiodfo hodel lis Betweenthe
firstland [the[Second mourishmentfrom [January fintil[August2004. TheBoundary [conditions
consistdfBathymetry, Hydrodynamicldonditionsand sedimentcharacteristics.

ThelSourceslofTthelavailable[datalforthe boundary¢onditions Will beldescribed [in[Section
4.2.[MSubsequently, [in[Section[4.3 [information ‘onbathymetry[is presented. InSection4.4,
4.5,14.61and 4.7 respectively theWater(levels, [Currents, Wave climateland Wwind[are[discussed.
Section4.8giveslanlestimate [fortheclosure[depth.[Section4.9 [thelsediment[characteristics
and finally,[Gonclusions/are/drawn(in[Section4.10.

4.2 Available[data

Hydrodynamicldatalarelavailablefromthe [DubailCoastal[Zone[Monitoring[Program.[The
Marine[ Works[Unit[oflthe (DM tuns[thelprogram[that[started[in[1997Wwhen[albaseline
bathymetricland[topographiclsurveyloflthe[Jumeirah[¢oastline[wasindertaken. [It[iisesan
Acoustic[Doppler[Current[Profiler ((ADCP)andlalpressurelfransducer[fo[ineasure on(fide,
currents/and waves.

TheADCPlismounted(in frames(on(theseabed 500 mfin front[of[Jumeirah Beach @t MMLS 1]
10[m.[Thelinstrument(measures [currents throughout(the Wwatercolumn isingthe teturn(écho
oflan(dcousticldignal[fransmitted by [the[instrument. [This(System[isused [to[¢alculate[current
speedand[direction.[ Thesel dataltogether[ with[instantaneous[ water[ depth[ datal from[the
integral ‘pressurefransducerprovide directional 'wave data.[Unfortunately, the(data Wwasnot
availablelin[digital format,(so(thehandling[is[done By [éstimations[from graphs(derived[from
thewebsite Wwww.dubaicoast.org.

From (the[British[Admiralty linformation (on [bathymetry, tidal Tevels(and current (velocities[is
obtained.

Van[JOord[presented[Jdatallconcerning grainIsizes [ Jand[ldistributionsforJall[lbeaches,
bathymetric[data, and[d[model [fo [Simulate[fhe Wavec¢limatedt(an [appointed Tocation called
World Waves (furtherreferred folas: WW).

4.3 Bathymetry

Bathymetry [istheldescriptionofTthe Variation[in the bedlevelloflan areaTelative To @ dertain
datum. [@n(charts for Mmavigation PurposesitheSeabed Tevel is[defined Telative o [CD.
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The®Beachischaracterized By more Or(less parallel [depth [contour dines, With[slopes Mintil the
CD T35 m(depthldontourdine[0fTabout1:60. Further(offshore Wery[gentleslopeslare0bserved
with[the[CD M 0 mhbetween 3 land 4 km 6ffshore.

TwoldatalSources(arel@vailablefor bathymetry:

e Surveysby[VanQord, January Z[August2004, profiles/canbemadefrom[thesesurveys.
e  AdmiraltyCharts, 1994

4.3.1 Profiles[Yan[Dord

Inputfilesare(3ix "DGPS[$urveyslearried[out’byVanOord between[January[and [August,
creating[a[XYZTile. The waythe[Surveys[Wwerel[¢arried [out[was[described[in[Section[3.2.
Fromthese Surveys[VanQord thadeprofilesland/¢alculated wolume differences forsections
of25mh.

Thelsurveyslarepresented[in Figure4.Alinwhichbluepointstepresentladocation Whereld
bottom(heightWwasmeasured. Profiles WithlaTength[6fl675 hwereaddedlinthe figure[(red).
It’showsthatmot forlevery [pointoftheprofilelamearsurvey[pointias/available.

Thelprofilespresented by [Van[Dord haveldlength[0f[250mandreachadepthbetween CDIII
Sithland 7 m. [TheSurveys Wwere thade[only [for [the Mourished dareaofthe Beach. In [Chapter(5
almethod(is[presentedto [Obtain Profiles fromlthelSurveys.

4.3.2 Admiralty[Charts

ThelAdmiralty [Charts(areised forthe morth [partlofithebeach, where[nolsurveyWwas[darried
out.[[The followingAdmiralty [Charts(1994)(areRised:

e Nr.3176
e Nr.(3412
e Nr.3739

Depthllines from[the[Admiralty[Chartlare[presented(in[Table[4.1.[Theldistancelis[positively
from[the[Umm/las[Suqaym 1l Marinal(reverse[ofl thel coordinate[$ystem inlthe nourished
area).[[Thelength(is[the[dffshore[distanceperpendicular(fothe (baseline. [E.g. [at[the location
onlthe baselinelsituated 1000 i from[the Marinalis the [CD (5 m, 300 h(from baseline.

Contourline(lll | Location profile atItalianbeach

1000 1500 2000 2450
CDI5m 3000m]0 | 300([m] 200m] 175[m]
CDI7.5m 15000m] 0 1200fm]7 | 1000fm] | 1500m]
CDMO0mh 3400Tm] | 31500m]0 [ 2850 m] 0 | 25000 m]

Table[41[Offshoreldistance from(baseline to[depth [dontour(line (British[Admiralty, 1994)
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4.4 Water[levels

Shortlferm Water (level Variation[is[¢aused by [the[astronomic fide,[dnd [¢can be éxpected[due
tolonshore [ Winds[and/or[low [atmosphericpressure.[ The éxtremeWwaterlevels[forItalian
beachloccurlaslaltesultloffideland[Storm. Highest[Waterlevels dccurlinthislarea Wwhen(the
coastfis [d@ttacked by theShamal, Whichis [d[yearly recurrent/storm@vent, developing[over the
northwestpart6flthe Gulflandthen movingSoutheastintheldourse oflafew days.

44.1 Tide

Thelastronomical fidedlongthedoast/ofDubailisamixedfide. TtlisMainly Semidiurnal Wwith
alstrongldiurnal [componentTeading [foa difference [offupfo 0.5 i [between the [Fwo [daily
highWaters ((WL|Delft Hydraulics,2002).

TheBritish[Admiralty [TideTables[(1979)dndthe DM [{2004)presentdataloffidal Tevels. (A
discussion(onfidal Tevels(is[presentedin Appendix B.1[@nd [Summarizedin Table4.2.

Location TidalIevels

Italianlbeach((relativefoCD) | LATI | MLLW] MHLW[] MSLJ| MLHW | MHHW | HAT

Van[@ord
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Table42(TidalTevels(atiJebel(AliPort(British[Admiralty 1979; DM, 2004)

CDlinthis[thesis[is[0.1 munderthe Towest[dstronomic(tide Tevel (ILAT)[in [the Dubailregion.
MSLisselectedas CD 1.1 .

4.4.2 Storm[$urges

Variations(inwind[and(air [pressure(can[causesome differencelinthe Wwater(level, [especially
in[the[Shamalseason(from(December fo May. [High[waters levels(dreléxpected ds(dresultof
theselgvents.

DM [presentsmodatalconcerningléxtremelsurges. Thelsurgelevelslare[determined by (WL
Delft[Hydraulics[(2001)based[onlhistoricévents. [ Theleéxtreme Wwater[level With[alteturn
period(ofloneyearis @pprox.[0.9 m(w.r.t. MSL)and With [aTeturn period[often years [around
1.1m{(w.r.t. MSL).[They [are[presented iere for[completeness, butlare mot tised for[Sediment
computations [in the thesis.

4.5 Currents

ThelCcurrentsCinlthe regionaroundItalian[beachare produced by various[factors.The
principalSourcesland Types oflcurrents (are:

e Tidalldurrents
e  Windlinduced[durrents
e  Wavelinduced[durrents
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Tidalldurrents(areproduced By [the fide. 'Windlinduced Gurrents(tesultfrom[Tocal [differences
in[wind[andWwavefransport.[Wavelinduced[¢urrentloriginate[due theleffectloffmonloblique
wavelattack.

The Admiralty "Charts[indicate¢urrent[Velocities[offmax[0.5m/s ataldistance [0f[60km
offshore.

FromDMThodatalconcerning¢urrentVelocity land[directions arelderivedsincelthisWas
impossiblefoobtainfromgraphs.[What[is[Seen(is fhat floodlinduces [durrents in[Southwest
directionland(ebblin mortheast/direction.

WL|MelftHydraulics [presentsidurrent velocities ¢omputed with[the ise[6fTa[FLOW ihodel
infan18day(dyclein[September1992 [(withouttheWorld). ThisTocationfis[dpprox. 3 Kmof
ItalianBeachlandlis arked(inFigure4.1. TheWwaterdepth(dtthis Tocationis @pprox.[CD =
15m. Thedepthlaveragedvelocitiesare[smallerthan(0.3 m/s(Figure4.1).

Depth averaged “elocity

0.z —
27881
w01
27861 E
|5
2784} s 0
£
o
2782} S
o :
2. W, * ; ;
278 : : : . 0.2 : : :
312 314 316 318 32 02 01 0 0.1 0.z
‘ 1EI5 # component [mis]

Figure[4[1 ocation[oflthe current computed point, and[depth[averagedVelocity [at thislocation [(WL|[Delft
Hydraulics,2004)

4.6 Wave[¢limate[at[ltalian[beach

4.6.1 Sources

Alnormal [wave[¢limate[¢onsists[of’sealand[Swell (Waves.[Alwave field under[influenceof
local[windsl(is ¢alled “sea”,[one[mot[generated by [local[Wwinds[is(known as Fswell”.[As the
wavelfield lapproaches(thel¢oast[itlis[$ubjected tola transformation[duelto[teducedwater
depthland[coastal forms,[changing(in[heightland[direction. Thesephenomenalarelcalled
refraction, [shoaling. [Diffraction 0ccurs/due [to Mon iniform(beaches(and(doastal [structures.

Twolsources(dre(selected forthe wavelclimate atItalian[beach. [ These Sources were[costless
availableldnd(¢ontain(a(fime [ecord [oflthe [doncerning[period [from [January [fo[August 2004,
while[other[sources were averaged over[ several "years.[ Onel climate[is[ from[the[ DM
MeasurementProgram. Theotherfis from[the program WW.
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From[thesefwolsources a[wavel¢limateforItalian[beachmustbelderived [touselfor[the
morphological modelling.[Al¢omparison[between thesesourcesismadefoldeterminelthe
reliability 0fTthe(dlimates.

The DM ineasuresWaves[200m(seaward [oftheTlgroynelat[Jumeirah Heach 2 atMSLIT0
m.[ThelpositionCoflthe[measurementpoint[is‘indicated[in Figure[¥.B.[DM[presentsthe
occurred (significantwavelheight[(H,), [peak [period (7,) and[¢orrespondingdirection[(Dir)
forlevery hour[(www.dubaicoast.org)./Accuracy Was(lost[inthese[data, [because [the[datawas
onlyfavailablefin[graphical form, ihstead [0flaldigital fecord. Tt was derived by hand for @very
12hours,creating[dWave [fecord [0f7491 [observations, Wepresenting [the period [0f[January [fo
August2004. Especiallytheldirectiondfwaves Towerthan[0.5 i Wwas [difficultfo determine.
Theldirection[ofThigher[WavesWwasmorelaccurate,[since the graphshadlless[Scatter.[ The
waves[at(this[ocation[Werelinfluenced (bytheDryDocksland it[lies inthelshelter (oflthe
Worldwhichwasiinderconstruction in theGonsidered period[(theParts@bove Water(in May
2004 @relshaded’in Figurel4.B).DifferenceBetweentheWwavelclimateatTtalianBeachland(at
the MM heasurementTocation Will thereforelexist.[Anldasy [@daptation0fthe DM [climate for
Italian beach s therefore motpossible, Hutsince thisfis Teal [occurred [datalofthe [Gonsidered
period, [itiremains(an [important(source.

Thelsecond Sourcelis[WW. It[provides aldeep [waterwave[databaseoflhindcasted [time[series
from[the European[Centre [for(Medium[RangeWeather(Forecasts[((ECMWF)archiveldand!is
calibrated By FUGRO [dceanorising/globallsatelliteland[in[situldata. Tt[donsists(oflal10year
time [fecord[ofltheasurements [for[évery 6 [hours until May[2004. With[the use[0f[SWANand
bathymetry[icharts, [ ithe[ldeepwater[ lwavelIclimate (threelred dotsllin[1Figure14.C)[lis
transformed[fold mear(shore[wavelclimatelat/Ttalianbeach(ataldepth[of IMSLIT10[m (yellow
dotlinFigurel4.C). Thelbathymetry(at/this[pointland at’the DM Irtheasurementpointfis[similar.
Theloutcomel0f the[WW [modelwouldhave[beenlequallas[when[computed[at[the[DM
measurement[point sincelthemain(coastal [features [((World[and the Dubai Dry Docks)Wwere
notlinthe 'WW bathymetry.[W W [is [fwo [fimes more[detailed [(derived [for[éverySix (hours),
and hasa(digital format, butmo [datalare(available [fortheperiod June[August 2004.

4.6.2 Comparison[6f(the[sources

Inlthis[Section[WweWwant[to determinethe teliability [of(both[¢limates[toise[for[sediment
computations(at(Italianbeach.[Thel¢limateslare¢considered teliable [When theldatalon[the
waveheight, (period [and(direction [correspond [feasonably. [Tomake(a[comparison thedatalis
presentedlin(graphs(ih Figure4.D, and Figure4. Eland[analysed/inthemext[Subsections. For
DM [themeasureddatalat™MSL [T 0 mand for'WW [the[data fransformed with [SWAN o MSL
(10matMtalianBeach arecompared.

4.6.2.1 Wave[fecords

Theltecordsforboth¢limates ofthe waveheight(H), Peak [period[(7,) and [peak direction
(Dir) (Figure4.D.1,21and(3) showldalgooddorrespondingfrend, But[Somelsmall[distinctions
werelobserved.
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Thedecordlof H, (Figure4.D.I)shows that(the DM peaksWwerelgenerally (higher(than(the
WW peaks(inJanuary, Wwhilelin[February the[peaksbecameléqual land fromMarch the[peaks
ofTthe'WW werehigherthanthe IDM.[Thelow Waves (smaller than[0.5m)0f[the[W W(data
were[generally higher thanthe[DM Wwaves.

The!time record [of T),[(Figure(4.D.2)[shows that(the tecords oflthe( DM [and the(WW [data
corresponded Wwell. [Occasionally [peakswere measuredinthe DM [climate that mot[dccurred
inthe'WW [¢limate.[This[¢ould (have beenlocal waves[thatWeremotmeasured [atthe deep
water locations [0flthe[W W [program.

TheTecordof Dirl(Figurel4.D.3)showsldeviations(inlthedata. Especiallyforwaveslower
than(0.5 m(the W W Mad more(scatter than the M. TheTines/coincided [dt Wwaves higherthan
1.0(m, [in the range Between 280 and 300°.

Abovelproves[that'both[¢tlimates ¢orresponded teasonable. [Someldeviation Wwas[$een[for
waves Towerthan[0.5 . [Waveslhigherfhan[0.5 mshowed[good [¢orrespondencelinheight,
periodfanddirection.

4.6.2.2  H, against Dirfand T,

Figure4.E shows[H, against Dirland T, for(the[DM (and(the[W W [¢limate.[What[is seen[is
thatfor[waves higherthan(0.5 mtheldirection/and(significant wave height/coincided well for
both[¢limates. [For[waveslower(than[0.5 (m[the direction ofthe 'WW [Wwere more Scattered,
this[seems(realistic[since(the[directionWwas[scattered(in[the IDM [¢limate [tooldnd Was[difficult
tolestimate by hand.Qther reason(was [theeffect[dflthe [DryDocks on(thedataloflthe DMIin
the tegion [0 to[53".[At(Italian (beach(the Dry Docks haveallimited éffect.'WW [shows that
waves[from[this[directionhadlsmalllheights[(<0.5[i).[Thislislaccording[tol¢xpectations,
since(highwavesldredue [to the[Shamal(that/developslinlthe Morthwestpart(dfithe [(Gulf.

Ifwellook(at (Figurel4.E.2) thelrelationbetweenthe Wwave periodland ‘the wave Height[(wave
steepness), weldistinguishsimilar(slopesbetween H,land 7). The DM [data hasaltendency to
follow [a[somewhat[steeper(slope(than the[WW [data. 'Waves [between[1.0(and(2.0[m have(a
lower [period[for(the[DM [Waves.[Thislis[anlindicationthat[the Wwave[steepness oflthe[WW
climate is(slightly (higher.[This difference[Wwas[only (minor.[Overall[thetesults[show[good
similarity.

4.6.2.3 Energy[¢onsiderations

Sediment(fransport[is(telatedfo [wavelénergy [and[direction.[Wave énergy [is [importantfor
calculations6fisediment fransport. Both climates [aredivided lintoclasses 0f145°. [The lamount
offWwavelenergy from[each ¢lass[is[presentedin Figure[4.F.[Wavelénergy[canbelcalculated
with[Equation@4.1@and4.2.
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E =2 poh: (4.1)
. 1 4zh /L
F = E .C, MMM Wwith[d, =={1+ —F——|-C
g 7 2{ sinh(47rh/L)}
(4.2)
[MTMTTTTTTTTTAN] C = %
Inwhich:[1 E[l Totallmean wavelenergy [periinitlarea [J/m*]
FO TotallInean[wavelénergy [fransferinWwave[directionperumit[fime [W/m]
andwidth
C,[1 Groupvelocitylofithewavefield [m/s]
h(]  waterdepth [m]
LO  wavelength [m]

CO wavelcelerity

Equation[(4.1)wasusedfor(the[comparisonofTboth[climates.[In Figure4.F.I[Similarity
between both climates s seen. The main driving forcewas waves from class270315°. The
figure[showsthat(the fotal lénergy [0flthe W Wdlimate Was(higher. In [fthe Wave records [for the
wavelleightfitWas[seenfhatfromMarch ftheWwaveheights0fltheW W idlimate became larger
than{the[DM [climate.[Anléxplanation Forfhis [s that[due o fhelinfluencelofthe[World the
measured Wave Heightsatthe MM pointwere reduced.

Equation((#.2)lncludestheéffectdfthe period((inthe Wavecelerity [0f the Wave [field). Tflthe
periodsofboth ¢limates Wwere [équal, thentheldlsodldifferenceshould havebeen found for
the[¢omputations. [But,Hecause [the periodslinthe DM climate wereoverallSlightlyThigher
thanthe WW. Noldifferencelih Fbetweenboth(climatesiwas(Seen.

4.6.2.4 Influence[6f[the[World

The(location[oflthe 'World[andthe[doastline[is [presented(in Figure[4.B.[Thelposition(oflthe
Worldwasobtained [from WL |[Delft Hydraulics[(2004).[Thefinished [part((above IMSL)on
31May(2004[was[shaded [in this[figure(Van[Qord). The measurementlocations[0fTW W [and
DM (arelindicated. Furthermore(the mean (0f wave ¢lass 270315 (was[added. Tt[shows that
for(this[¢lass(the[DM[ieasurement[point[is[inl[theldirect[shadow[6f the[World. So[itlis
reasonable [folassume(thatthe[World had [ihfluenceon(the Wwave[climate(atItalianbeach.

Difficultieslexist/toestimate [theinfluence [0fthe[World 0n [the heasurements (because:

e Thelinfluencelis(differentlatItalianbeachthan(at[IDM measurement/point.

e  Graduallprogress(ofitheprojectiinltheperiod
Alwavelthatlapproaches(the coastwill[bendlaround thelWorldand¢hangeboth [Wwave
heightland[directionBefore [arriving/(at Italian beach

e Inaccuracylas[alconsequence[ ofl the[schematizationinthe DM/ climate makes[a
comparisonbetween the[W W [and the DM ess [reliable

Methods [toléstimate [the influence [0flthe World:

o Selectlaltoupleloflwaveslofltheloffshore climate.Assumelaltelationbetween[Wwave
energy[and[direction. [Comparethesewaves, with theWaves[ofTthe'WW [and[DM mear
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shore.Determinetheldifferenceland [@ttribute fhisfo the 'World. Wse this foTe[compute
theclimate(atTtalian Beach.

e SimulationswithWW with The[World in fhe bathymetry[6ffthe odel.

e Factor(for H,[for(theinfluencedftheWorld, Based onlénergy Gonsiderations

Becauseloflthe [complexity[and[inaccuracylofltheSchematized[DM [¢limate, [the (first[option
was mot[carried(out, theSecond meitherbecausethe bathymetryoflthe [progress(ofithe World
wasnotl[available.[Thereforethe last[dptionwas[Selected.[Thelénergy developmentlofithe
wave(tecords[oflthe[climates was[¢compared. [ From[March[to[May30%/[less[energyivas
present(in the[DM [¢limate. [This Will (be dttributed [fothe[World [and [will (be ised[ds[afactor
on(wavel¢lasses(influenced (by[the[World[as[discussed [below.[Thelassumption [isthat[Wwave
direction WwasmotIchanged.

4.6.3 Wave[tlimate[at[ltalian[beach

The DM [and (W W (climates show [similarity(in H,, 7, and(direction. The Worldinfluenced/the
DM measurements[and(wasl(likely[folinfluence the wave[c¢limate[at[Italianbeach.Highest
waves werefrom[direction2701300°.[Theinfluence(of the World (at(Italian (beach for[these
waves/is(less(than(atthe[IDM measurementpoint. [Therefore the (W W [¢limate[is[Selected [for
sediment[¢omputations [in[this Tesearch. Theseldatalarelalsolmorelaccurate,Sincetheylare
digitallyravailable[andofTévery[6 hourlinstead [6f[12 [hour, (butmotlavailableforthe Whole
period.

Alreduction(factor[0f[30[% from Marchwill Be ised [for [theinfluence[dflthe World [for(class
3151360°(and (0145, [Since wave énergy is related to[wave height to the[second [power, [the
waves 0f the (W W climate from/class (315360 and(0(45°will e modified @ccording to(4.3):

S

H, totion = %/ﬁ “Hg s nearshore IIIIIIIIIEOr (315 < Dir(H, ) <45 (4.3)

Figure™4.E. 1shows[that[Wavesfrom fhesel¢lasses Were[Small‘andThad [Tow[@ccurrence. [$o
althoughthelassumption[istoughthelinfluenceonsediment[¢computations s [likelyfolbe
minimal.

The W W climate Wwasmotldvailable forfhe months [June folAugust,[Sothe[DM[¢limate[Was
selected for(these months. The DM easurement [point(liesinfheshadow [6fTthe Worldfor
waves[from(¢lass[2251270°(and2701315°. [Thelmeasured wave height[at the (DM for these
classeswilllbemodifiedaccordingto(4.4):

H, roir = 1.3 - H, , [ 270<Dir(H, ) <315 (4.4)

s Italian

TheIDM measurement[point(also Tiesin[the [shadow[6fTthe IDryMDocks[forwaves from[class
0(45° [whileItalian (beach [was[not. [ The (W W data in the period (from 1997 [t0[2003 [Wvas
analysed[for[this[period. [It[showed[that[for this [fegion [the Waveheight[doesnotéxceed 0.5
mlandhad ¥erylow0ccurrence.[Sinceromore(datalWwas(available, Wavesfrom this[classare
neglected [for(this[period [(June[August).[The [dssumption(is uised that Wavesfrom[class[315[]
360 werenot influenced by the World.

DM [presents(thepeak period. This is[thelinverse[oflthe frequency [at[Wwhichthepeak [énergy
inlthe Wavelspectrumloccurs. The(relationbetween(the [peak (periodlandthe mean[periodis
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basedlon theshapedfithespectralofithe wavelclimate. [It[goesbeyond theScopeldfithisthesis
tolinvestigate [this[shape. Butassuming@a[JONSWAPIspectral [shape, the Telation between [the
peaklandthelzerolérossingperiod (7 .[or T,,)0s[presented inEquation(4.5(Soulsby,1997).
TheWW climate(also [presentsthean Wave [periods, [@s ised [in the [domputations.

T,=T,=0.781-T, (4.5)

4.6.4 Summary

Good!similarity Was[found(in[#;, T,land directionforboth(c¢limatesforwaveshigher(than
0.5m.ThisWas(seen [from:

e TimelrecordsJanuaryfoMay 2004 (Figure4.D)
e Hlagainst T,land direction (Figure!4.E)
e Energydistribution(in wave(classes6f45° (Figure4.F)

Theldifferencelof H,between thel¢climates(becomeslargerlintime, where fromMarch(the
peaks[of the[WW [record [becamelsignificantly Chigher. [This[vas[also[seenlin[the energy
distributionland(is[subscribed [fo the World.

TheWwavelclimateatItalian beach between(the niourishmentsWill be represented By [the Wwave
climateldescribedin[Table[4.4.[Thelmodifications arebased[on[énergy¢onsiderationsland
will belappliedlto H,.Itlis[assumed that 7, /dnd direction Were notlinfluenced By [the World.

Class January=February! || March(toMay![ | Junelto/August
225270°C | WW WW DM-1.3
2701315°0 | WW wWW DM-1.3

0
31536071 [ WW WW/+/1.3 DM/1.3
0145° WW WW/1.3 0

Van[@ord
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Table 43 Waveldlimate @tItalian beach

4.7 Wind

Windnformation[is[derived fromDMTlandofTWL|[DelftHydraulics(2002).It[¢anl¢ause
currents, Water(level [differences/andlaeolian/sedimentfransport’on thedry beach.At[Ttalian
beachhardlylanydry (beach Width waspresent; [thereforethisinformation Wwill motbesed
for[Gomputations,Butwill Be Presented for the Sakelof[completeness.

Fromobservation fromdata, @few frends(are(distinguished:
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e Alland(seabreeze pattern, (the swind Was directed seaward lin[the might((around (135%), [and
landward [during the(day (around300°).

e Wind[speedswerelaround (7 m/s[duringday [and 2 in/s[atmight.

e Maximallwind[Speeds[(storms)(teached pfo11m/s[and oftenlasted [for threeldays,
theselare(storm@vents.

e Stormlévents(fookplacelon20January, 07 [February,[15Mar, 1 [Apr,[18[Apr,[05 May
and29May2004.

e Theselstorms[came[from[aldirection between[225300° andlarellocally referred[tolas
Shamallévents.

e WindIspeedshigherthan(15 m/sWeremotTecordedihthe Period from January [fo[August
2004.

4.8 Closure[depth

Thelseaward[limit[ofleffective[profile fluctuation overlong[term(seasonal [or[multilyear)
timel$caleslis[teferred[folas[the Fclosureldepth,” [denoted [by 4..[Althoughlthe[waves[¢an
movelsedimentseaward[oflthis[depth, the netfransportidoesmotlresult/in[Significant[changes
inmean Water(depth[(Dean2000).

Thelclosure(depth((.)canbe determined based [on:

¢ VisuallobservationsBased[onBathymetric.
e Empiriclapproaches/basedonltheWwavelclimate.

TheBathymetric(datalofithe Ttalian,[Madinat[Jumeirah(and (GlassPalace Beachwasanalysed.
Thelc¢onclusion(is(that[the[offshore[¢losureldepthlof(the 6 beach [profilesbetween[January
2004 [and May 2004 [is[@approx. [CD116.0 m.

Based(on(the[Shields parameterHallermeier((1981)defined(alcondition for(sediment otion
resulting [from relatively rarewaveconditions[(Equation(4.6).

HZ

h.=2.28-H, —68.5[ EZJ (4.6)
gr.

Infwhich: 4, closure(depth [m]

H,  Effectivelsignificantiwaveheight/éxceeded only 12 Hirperyear [m]
T, EffectivelsignificantWwave periodéxceeded Only 12 hir[per(year [s]

Birkemeier[(1985)evaluated[the[Hallermeier[telationship fandapproximated[thelclosure
depth:

h,=1.57H,
Thel¢orresponding[¢losureldepthlispresentedin[Table[4.5.[Theleffective[wavelheightland
periodlexceededlonly[12[hr/yr[¥was[calculated by tomputing[the Wwavel ¢climate[oflItalian

beachldverldperiod from(January[August(2004,(0fwhich(the[12 hr/yriéxceedance chancelis
determined(aslin Figurel4.G.
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Method Resulth,[[m]
Hallermeier 5.0
Birkemeier 3.8

Van[@ord
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Table44Resultsclosure(depthlcomputations, (H,; 2.4, T,;9.2[s)

From/above(the[donclusionlis(drawn [that(the closure[depthlis[between [CD2(3.8 mland (CD(T]
Sim. Butbecausethovementwasobserved deeper, dlclosuredepth 0f[CD 2[6.0 mlis[@ssumed
in(thisthesis. ThisWwill Beltested Withmumerical thodelling [0 fTthe [cross (shore(transport, Wwith
UNIBESTITC[(Chapter(9).

4.9 Sediment[¢haracteristics

Van(Qord/fook [sand[samples/atItalianbeach [after (finishingthe Mourishment(one [Sample[on
28 Mecember 2003 and [samples 1 o9 on12[April 2004. VanQord fook [sand [Sampleswith @
75 [ém[sampling fube(ds(far(inshore[dspossiblelatlow tide, usually [atthe (plunge [point. This
isfaccordingtolthelguidelinesldescribed in[CUR 130, Manual "on[Artificial Nourishment.
Sievelcurveslare adeloflthe[samples showing thepercentageloflsand that[passesdlcertain
sievelsize. Theselcurves/dare presented in Figured.H.

Informationlon(theJocation[oftheMDecemberSample Wwasmotlavailable. Thelocation[oflthe
other9samples/is[shownfin[Appendix B.2.[Samples(dne [fo five Werefaken 0n the Mourished
and/six [fo mineon/the innourished/area.

Smallerparticles[Wwill [be[fransported (morel ¢asily [than[the[coarser uinderthelinfluence of
attack.[So[allocationunderCattack CoferosionChasits[finesedimentswashed faway[and
transported with the Tongshorel¢urrent further pdrift, While thel¢oarser [parts Temaindatthe
erosion/site.

This patternWwas[seenlin the innourished[Section (7able(B.3),[sample(7[is[themostl¢oarse
and[after[that[tespectively[8,[6and[9. In[thehourished [section[samples [l [to[5show
difference. Sample (3 [isfhelcoarsest(Dsp; [810um)dnd [Sample4 [thefinest[{(Ds; 350 [um).
Sample(1,2[@nd (3 Become Tespectively finer, with(@ Dsylaround (350 im.SolonalbcalScale,
morephenomenalhave(fo e fakeninto[account(({i.g.[doastlinelodrientation). This ¢an partly
explain(the [distribution, but(dlso fincertaintieslin'collection @nd interpretation [0fthe Ssamples
haveto[betaken/intolaccount.

Thelmean [dizethatlis[passed by 50[percent oflthe [particles(ranges between 250 umand 900
um. Themedian(Size[ofldll[samplescanbeconsidered dsrepresentative [for[the Wwhole Beach
and(the Mourished(section(and is[presented in[Table[4.5.[Grading[in[dll [Samples Between D5
and Dy, lis[about(1:2. Differentl@pproaches(exist(to [calculatethe fall welocity [0flthe [Sediment.
Theselapproaches(areldescribed inAppendix B.2.2[the Welocity tised ih [this(thesis(islisted[in
Table(4.5.
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Sample

Dy Tpum] [

Dso[um] ]

Dyo[pm]

w, [m/s]

Mean

260

550

1100

0.09

Table@d 5 Distribution(oftherepresentativesediment distribution (source: VanQord@and [CEM)

4.10 Conclusions

There(is(dlot[oflreliableinformation[dvailable [for the (boundary (conditions [0fTtalianBeach.
Bathymetry [is[derived [from[SurveyslofTthe mourishedarealand mautical [¢harts. The[fideis
semi[diurnal, Gwith (CD[at[lowest[astronomical [ tide Cand (MSL[atCCD3+(1.1[im.[Normal
amplitudeofTthefidelis dbout(0.6 . Currentshave small Velocities(and ip [fo 0.3 m/s[@t[CD
—15Tm.[TheWavel¢limate [for[January [fo[August[2004 [atItalian beach is derived [from the
program World[Waves[and [Verified with[imeasurement[ by [the 'DubaiMunicipality.[The
closureJdepth[Jisassumed (at[ICD —6.0Cm. JInformationJfrom Dsamples Consediment
characteristics varied,[a[Ds,[0f(550 pumwillTbeTadoptedforItalianbeach.Inaddition,

information [on Wind[and Storm [surgesWas [presented for[ompleteness.
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nourishments

5  Analysis[¢f{the[survey[data]of[ltalian[beach

5.1 Introduction

Infthis[¢hapterlaldetailedanalysislofTltalianbeachWwill (bepresented. The (brieflanalysis [in
Section(3.3.3Was based[on[processed datalof Van[Oord. For(the studymoreldatabecame
available.

InfSection(5.2 the method 0fplacementfisdescribed. Tn[Section (5.3 [SomeTemarks@boutthe
surveys/aremade. In Section (5.4 Thefotal volumeldifferencelof’Sandlis[calculated Hasedon
theVan[Oord ¢alculationsandalmethod s presented [fo [obtain[deeper [(profiles (outlofthe
surveyslandlalnew analysislof theldatalisperformed. In[Section[3.5 [the Mmovementloflthe
coastlineihfimefisdiscussed. InSection[3.6[six fepresentative profileslinthe Mourishedldrea
arelanalysed. [Finally,[Section[5.7 [presents ¢onclusions[0f(thelanalysis[ofTthe [Survey(datalof
ItalianBeach.

5.2 Placement

Thelplacement(of’the[sand atItalian Beachwas[donehydraulically.[Atthe borrow (Site, Which
islalfew [Kilometresoffshore, the[sand Waslifted [from [the bottom by [@[trailing hoppersuction
dredgerland(sailed[tothe[hear[$hore. Here[the ship[is[connected[tolalfloating[linelthat
becomes!a sinker(line, (Wwithwhichit[wasdischarged o the (beach. This Started [onDec 20"
2003. Earth[inovingequipment[$pread[the[sandalong the[beach.[Theltotal[volumel of
nourished [ sand [was[approx. 114,000 m’. [Theplacement[as on[the beachland on[the
foreshore.

5.3 Surveys

Thelsurveys arelpresentedlin Figure4.A.It[shows(that[in thePost[land [February[survey(a
largelarealnear[theMarinal(Section[625[675)Wwas[not[surveyed. Van[Oord[¢alculatedthe
bottom(height here (bylinterpolationbetween(éxisting (points intheprofile.[In Figurel3.Clit
wasl[seen(thatnotlevery[profile[(with(allength[of[250 (mform(thebaseline)(¢oincided [dt[the
toe.[ThisWwasanlindication[that[transport'had[taken[placeldeeper. Longer[profiles/can be
madeusingthe(GPS[data tolinvestigate(this. [ The[maximalllengths of(profiles/that¢an(be
obtained from(the(GPS(surveys(are(listed(in[Table(5.1.[All[6 surveyshave limited [points(at
theTand[sidein[Section250125

1Jan[)| 11[Feb[ | 4Mar( ] 27Mar([]| 9May[!| 6 Aug

Lengthfrom(baseline[m] | 650 450 375 300 400 400

Van[@ord
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Table 3 Lengthofthe surveyedareaperpendicularfothe baseline

TheJequipment[ ifor[ItheonshoreJsurvey[Thad [Jalvertical [accuracy[Jof 15 Jcm[Jand[the
hydrographicalpart(alvertical[accuracyof15[¢m(source: [ChieflsurveyorVan[QOord). This
was(duelto(theuseofld [Singlebeam[to measure bathymetry, [and [correction methods for the
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reference evel ((CD),lincreasing Water[depths, and wavelaction. [AlieasurementWas [inade
forlevery10m’ (26,000 points @vailablein(an @rea ofapprox. 700t by 400 ).

5.4 Volume[thange

5.4.1 Van[Dord[¢alculations

TheWolume/calculationsmade By Van [Dord Wwere basedon the 27 profilesofthebeach with
allength[of250 . [Ofleachprofiletheldrealdifference W.r.t. thePost[survey Wwas[calculated.
This(areaWasmultiplied Wwith the Wwidth[oflthe [crossSectionthat(itfepresented (25 tdr12.5
m).Thislgavethe ¥olumedifferenceWwith respecto ThePostsurvey[(l January 2004).[When
cumulating(all[27 profiles, the Total wolume(that[disappeared Withfespectfothe Post[survey
isfacquired. TheresultlisTistedin[Table5.2 ih Which postfis referred o [fhelsurvey Carried[out
directlyfafterthe placement.

Post,1(Janl] | 11[Feb 4Mar 27Marll | 9Mayl] | 6/Aug

Volume w.r.t.[posti(m*)[] 0 (16,1000 (26,0007 | (48,400 | (25,600 (36,800

Table(52[Volumedifferencelin/the mourished [area Wwith respect(to the Post[survey [(profile lengths(0f1250 )

5.4.2 Method[for[{urther[analysis

ItGwvas[seen(thatthe results[of[the[Van[Oord[¢alculations[showed[inconsistencies. [Deeper
profiles(arerequired o take Volumecomputations forItalian beach. Moreover tore insight
isftequired [in[fheWay [that[fhese Volumes [Werelc¢alculated. [Thereforeamethod [is made o
obtainfprofiles fromthesurveys(asidescribed Below:

e Onflthebaseline27 profilesareldefined Wwith[amutual [distance[6f[25 . Profile[25[s
mostldownstream [(north)[dnd[profile[675[isat[the harina. (Within[the [profilelax Tand [y
coordinates(are(defined forlevery(Sith

o Tofind[thebottomheightloflthese points, the mearestpoint/in ‘the (GPS[surveywithinlad
certain(distance[(D)[is Searchedand/its bottom Teightlddopted

e Iffholmearestpoint[is[presentin[thelsurveydata, then[the bottom heightlis obtained
through(inearfinterpolationbetween(existingpoints.

ThelSelected[distance[from[within[the(z¥aluelisadoptedlis 2.5 m.[Thevolume[differences
are[within[2%, (for D[is[2[m.[Toofew [GPS[surveypoints for Dlis[1.0[mWwere[found and
thereforethe profilesWere Mot representative. (With this(scriptthe[sediment[balances(¢an(be
made(in/the[samemethod(asVan [Qord[(Section(3.2).

The profiles/presented by [Van[Qord show[that(theland[section[oflthe[27 March(Survey[is
about(1 m{lower(than(dll[other(surveys((incl. [Postland [Aug(survey), dlsosomeldiscontinuity
in[thel[¢onnection[between[landland[sealWwas[$een.[After(teviewlitlis[concluded[thatthe
survey [0f127 March Wwas [probably mot[carried[dut(¢orrectly [and [therefore Wwill mot (be further
used.[This[Wwas[confirmed[by[the[thiefl surveyor ofl Van[Oord. Thelother[surveys[ere
correct.
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5.4.3 Volume[¢omputations

Table 5.3 [presents(the values forthe olumes 0f’sand[thatWwas(éroded [since The Post Survey.
This[isdone(for(three[different profileTengths; 250 i, 400 m@nd 450, Because dsiseenlin
Section5.3 Molsurvey Wwas [Carried [Qut further(dffshore.

Profile(length | 1Jan[m®]()| 11 Feb([m’] | 4mar[m’]| | 9May[m®] )| 6 Aug[m’]
250(m] 0 16,600 130,800 130,400 139,900
400m] 0 11,200 128,500 118,600 31,300
450(m] 0 8,600 28,500 116,200 129,900

Table573[Volume difference inthe mourished [area Betweenthe postandthe survey (profile Tlengths(df250,400
and450(h)

TheGalculations by Van [Dordfor 250 mprofiles(Table(3.2)did Mot [differ substantially from
thefabove250mprofiles(Table5.3),lonly [fhe[4 March[and 9 May Volumeswerelslightly
higher.IncreasingthelengthofTtheprofilesledtoldifferent tesults: [The 3olumesinlall
surveys(decreased. Thiseans(thatfin Teality [fransportfooklindeed [placefo Towerparts that
ismMotfinfhe Van[ODordIcalculations.

Forlthe[¢omputationsa[400 [ [profile will (be selected, becauselall [Surveys havelsufficient
measurementpoints within this length.

Whatlis[striking [about[these [Fesults is[that(in [the [period [from[4 March [fo[9 May Mo [érosion
(asleéxpected)hadloccurred. [ The Wwaterline[is defined [as[theldistance[from[albase[point,
calculated(as(theldreabetween MSL[=0.5 m[dnd MSLIT0.5 [ [in[the (profile, [divided By [the
heightldifferencel((lis[1.0[1n). TfWe [look [at[the Tand [and linderwater partSeparately, then the
following[results(aredbtained:

Part 1Jan[m’] (]| 11(Feb[m’| ]| 4Mar([m’] | 9May[m’] | 6/ Aug([m’]
Abovelwaterline(T] | 0 19,000 9,600 14,700 114,700
Belowwaterline | 0 12,200 119,000 13,900 116,600

Van[@ord
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Table5[4[Volumeldifference inthe mourishedsection between(the [Post[survey above and below thewaterline

Thesetesult[shows(thatlinthepart[abovethe [Wwaterline more[material (éroded infime, but
camel(folalhalt[betweenMay and[August. t[dlso[showsthatnot taking[the linderwater [part
near[themarinalintoldccountlinFebruary hasaTargeinfluenceldn(the result. Tt[showsthatthe
increasebetween Marchand May Waslin [the [partiinder Water.

Possiblelexplanations for(thelaccretionlin the linderWater [part Between March land May [are:
Increased Wavelaction frommortherndirection

Bypass,datural [dr/artificial

UncertaintiesinSection25M125@nd625675

Uncertainties [Or[€rrorsinthesurveys
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IncreasedWwavelaction from(the morth:

This period[was[3till[inthe [Shamalseason, With[Wavesfrom (the[directionhorthwest. The
amountloffwavelenergy [Was[slightlylesslin[March(than[in February, Aprilland[May.[The
directionfrom(all wavesin[this[periodhigherthan1.0 m[that[contain(this[énergy was from
the regionbetween290° and 300° (Figure[5.1). The highest[wave from[almore northern
directionfis[smallerthan 1.0, @nd had[d [very Jow [0ccurrence. Theldoastline[drientation [is
305, [theasured!as the direction [0f the seaward [directed [doastnormal(clockwise relatively [to
the North(Source: [Admiralty[Charts, [Satellitelimages, 'WL|[Delft[(Hydraulics [2003).[Sola
northwardfransport/andConsequently [erosion Was [€xpected(instead [0flaccretion.

Comparison wave!direction(vs (heightlin[the (period from (4 Marchto 9 May

337.5

303

2925

247.5

202.5

157.5

Wave(Dlrection(DEG)

112,5

67,5

22,5

0 . 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Wave height(Hs)

Figure[311 Waves lieights@nd(directions[0fithe'WW [@and DM (climate Between 4 [and 27 March

Bypass

Nolartificial(bypasshasloccurredin(this[period.[Natural (bypasslalong(the ipdrift(inarina
mighthave[been(thel¢ase. Natural (bypassloccursduring[veryhighwaves,[andhas[alocal
effectlonBathymetry.ThisHasto (be keptlinhind, whenlboking for matural Bypass.

Uncertainties(in[Section25[125(and[Section (625675
Whenlonly [points(are[dompared [that are[presentlin(dll [Sections, fthe Tand partfin[Section 250

125(and inder Watermear the marina[(Section 6006 75) Wwill mot e fakenintolaccount.The
results(arepresented in(Table(5.4.

ProfileTength( | 1 Jan({[m®] | 11Feb[m’|J| 4Mar[m*|)| 9May[m’] ]| 6 Augm’]
400[m] 0 11,800 120,100 8,400 22,300

Table55Difference volumein/the mourished @reaBetweenthe postiandlthesurvey (profile Tengths(6f400 th
where points(are presentfinall[Surveys)

This[proves(thattheresults(drepartly [influenced By [the insurveyed [drea. Especially[Section
6001675 had alarge influence and led [fo a(difference dfiabout 10,000 m’ [in March, May land
August.[ButOwel expectlerosionlin[this[$ectionand[thereforel continue toltakelthisinto
accountlih[thecalculations((through interpolation betweenlexisting points).
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Uncertainties or(errors/in thesurveys
Almeasurementérror[0f10¢m [Teads o @ Volume [difference 6f 127,000 >. [So measurement
uncertaintiesHavefoBekeptin mind When Tooking[atthese data.

5.4.4 Sediment[balance[6f[the[hourished[area

Alsediment[balanceforleachprofile[providelinsight[in[the Svay[that[these Volumes are
calculated. [Theldiscussion of the[sediment[balancelin[Section(3.3.3 [wasbased [on[the Van
Oordmaterial. Now, more datalis[availableland profileshavelalength [6f400m [(maximum
lengthforwhich$ufficient’bottomheight[datal¢ouldbeldbtained from thelsurveys).[The
sediment/balancefispresentedlin Figurel3.A.[OnltheX[dxisfisThePprofile mumber, with 675 at
the ™arinaland 25 most/downstream. On thely axis(isthe WVolumeofleroded orlaccreted [Sand
per25m. TheTineslindicate fhe Wolume difference W.r.t. the[Post[Survey.

Whatfis(Seen[in(the[sedimentbalancelisthatlin the [period from(1 [January fo[11 [February(a
large[¢hangeimmediately [Settled[in. ThisWasthe Teaction[0fTthe Mourished [areafolSeveral
stormleévents[in[January[andthe beginning [of(February.Afterthis[periodlitisSeenthatlall
sections'hadralslowerlerosiveltrend. [Inthe[11Feblsurveylalfrendoflérosion atthemarina
andldccretionldown[drift(is(Seen.Thesefrends drepresentlin(all [Surveys.[Someldccretionin
Section(25[250[dccurred. Based[onthelavailablematerial [it[is [dssumed [thatthis[was/stillin
the[hourishedlarea. [ This[was[probably[sand(thatWwas[transported[from[thelarea near the
marina.

Inlthe[4[Mar(survey[similar[trendslas[in[the[Feblsurveylarelseen (Figurel5.4).[Onlylin
Section[625[675 morelérosion(is[computed, this(is[becauselin[this[surveylthe[area near(the
marinawas[surveyed.Qverthe wholewidth[oflthe beach toreleérosionfook place. Tnprofile
1501alllsurveysmeet, inthispointmoerosion has(occurred(in [the whole[period.

Thelvolumeloflsandlincreased between(the 4 Mar(land (9 [May[survey. [If[welsupposelsome
natural (bypass [from themarina, then this[Sand [Was(likely [to [be found inSection[575675.
Thelsedimentbalance (Figure(3.4)showsthatmorelsandWas [losthere [inthisperiod. Inlthe
restloflthebeachlin[Section[25[575the[May[$urveyhadlstructural (less[eérosion[and [more
accretion.[SoMmo[specific(sections[¢an beldistinguishedfor[the[increase; [itWas Structural [in
the[May [Survey [Overthe wholemourished(area.

Theltotal [Volumelofleéroded $andlinlthesurveylon[6[August[Wwas[slightly (imore[than(the
surveyon4March.Thelsedimentbalance (Figure(5.A4)showsthatlthislincreasewasfoundfin
Section[625[675. In[Section250[625 [thelerosion[Was[slightly[less(thanthe (4 Mar(Survey,
indicating[Somelaccretion. [ThelincreasedfmateriallinSection[D 250 was [ess thanbefore
indicating/@rosion dfTthissection.

5.4.5 Conclusions

The$edimentbalancelin Figure[5.A$howedhowthe[material Svasdistributed overithe
nourished Beach. OvertheWholeperiodfitlshowedanerosivefrend. This frend Was[disturbed
inthe@May(survey. ThislincreaseWwas Mot likely [duefbthe [physical [processes(as bBypass, [0r
increased Wavelaction frommorthern direction. [Anotherléxplanation(could belthatthis Wwas
duelfo iransportfurther[offshore than 400 ™. [But,thisWwashot[likely[sincetheprofiles
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generallycoincidelat[thetoe and were[deeperthan[the estimated tlosure[depth. TfTve
assumed Dy [pass, then Weldxpectfolseelincreasedt the foeofthe [profiles. ThisWwasmot/Seen,
butfinthemextSectionSome profilesWwill be furtherlanalysed.

Computationswere thade:

o Parts(ofithebeach

e Thelunderwaterlarea

e Differentlinterpolationethods

Butlallcomputationsshowed[alsimilar[result[{anincrease between March and[May).
Another[possibility[¢ould e incertainties[in [the Mmeasurements.[Anlinaccuracy[0fT15[6m[in
thehydrographical survey(leadsalready to a [volume differencelin one profile (0f13,000 .
Some/scatterintheresultscan thereforebelexpected.

ButOGwhen[lookingatthe[volumeldifferencesstillCanCerosiveltrendfisCdiscovered. (When
adding(a(trend line (Figure(5.2), we see that(the fotal volume decreases with (30,000 m’ to
40,000’ [inthe [period January to [August 2004.
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Figure[52 Volumedifferenceldevelopmentwith respect(tothe Post/survey

5.5 Shoreline[ftegression

Shorelinetegressionlis alsolanlindication[oflthe behaviourloflthe mourishment, [ Wherethe
shorelinelis[definedasMSL. [Wncertainties [inmeasurementoffwater(depths haveless iimpact
onlthelresults.In Figure(3.B,thelshorelinelposition[oflthe [Surveyslispresented. (Onthe X [axis
is[the[profile mumber@ndon(the ylaxisthe[position(ofithecoastline.[What[is [Seen[is[that[the
coastlinelgradually Tetreats [ih [the time. Thislis[dccording[to[éxpectations.

The(1 [Jansurvey [(Post(survey) was[made[directly [after[the mourishment. It[sShows[that the
beach[width Cwas[extended [ upto[ 50 m. Between[ January[and[ February[the[shoreline
retreated Very[fast.[Themourishment[Wwas[¢onstructed [steeper than(the (natural fequilibrium
slope oflthe(sand[for this beach, [So redistribution [fook [placefrom@boveto linderwater. This
caused(thelshoreline o [fetreat, Wwhile Mo [volumelis Tost.[This[phenomenon is [dlso[seen(in [the
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profiles,and(discussedfin the mext[Section. [Remarkable[isthat[in[Section25100fhebeach
hadfemporallyslightly accreted.

Redistribution[within[theprofile continued "upto[August. " Background[erosionduelto
longshoreprocesseshadalsoleffectlonthelshorelineposition. [Directly[at[the arinalSome
regressionJoccurred [butTherestill “aCsubstantial Cbeach Cwidth[fremained. (Most[Jsevere
regressionofapprox.[40mwaslin[Section[200[600. Thelsediment[balance did ot show
most[erosionoutside Section[1500[675. TThisleadstothe conclusion[that[cross shore
processes(alsoihfluenceltheBeach Wwidth.

5.6 Profiles

Infthis[Section[six[profilesdre@analysed. ThelSelected profiles Wepresent Thedreas. Theseldre,
Profile: (50,200,300, 450,550(and[650. Profile 65005 located mearestfo [the arina. [Onthe
basisloftheldiscussionofTtheseprofiles Several [frendsfaboutislopesand behaviourofthe
nourishment/drederivedin[Sub Section(5.6.7.

5.6.1 Discussion[éf[the[profiles

Profile[50

Profile[50[(Figurel5.C)ls[located[650 mupdrift[from the marina. Theloriginal mourished
slopelofithepartldbove MSLwas1:16;it[isSeen inlthis[profile that@lthough theMourishment
was[¢onstructed[above[MSL[it[had[$preadoutiinder Wwater[to [CD[12[m. The[Feblsurvey
shows[that[accretion[took[placeabove water asiwellas[under[water._Aboveiwater[ a
somewhat[milder(slope[was[¢reated, after[February[this[becamelsteeper(tolabout(1:7 and
retreated(in time [With [this[slope.Around (CD[thild Slopes Wwere [¢reatedin [fime o [fesist[Wave
action[and [this[partWwas(in[May[even[further fetreated [than [before the mourishment. [Below
CDIallargelincrease took [placelin[February, mostly 'sediment[from (near[the[inarina. [After
February motmuchmovementBelow [CDlisseen. The inder Waterslope Wwas/about(1:30.The
profilesicoincidedwellatCD 5 .

Profile[200

Alsimilar(pattern(as(in/profile(30fis(seenlin this[profile[(Figure(5.D).[Above CD material Was
transported(away (Whileinder [Water [@ccretion took [place. Theslopelofithe mourishmentwas
1:20(andbecame(steeperaboveMSL[to[1:7(in February.[After[this, the[part’above CD
gradually (retreats[intime With [this[$lope.[Around[CD[steeperslopeslasin other[profiles
(1:50) Bwvereltreated Candfurther "below [CDalslopelofTabout1:200sseen. [The[surveys
coincidedlat thetoelatlaldepth[ofTCD T4 m. The accretion inder[water[Was[less[than[in
Profile50.

Profile[300
InCprofileBO0(Figure[B.E), Cerosiontook place[above [CD.Thel[lnitial Cslope Joflthe

nourishmentlabove[MSLWwas[1:15.In[Februarythisbecame steeperol:5./After[February
thelshore Tetreated[in TimeWiththisSlope.[Around [CD milder(slope Were[generated, inMay
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and[Augustfhemildestslopesarelseen((1:70). Accretioniinder[Water[occurred, (butWwas mot
very [arge.[Under water [at[CD[T5 [m[al$mall(berm Wwas[¢reated [in[February [that[Wwas[mot
presentlintheJanuary profile, caused By [cross[Shore[fransport from Migherparts. This berm
was(alsol$een(in[profile[200, butmotlin[thePost(survey[ofprofile[300.Infimelonly [Very
smallthovementinderWater(is [Seen. Theprofilesdoincidedat[CD 6 .

Profile[450

Inprofile[4500(Figurel3.F),thelinitial [Slopeloflthe mourishmentlabove MSL[Wwas[1:12.[In
Marchthis(steepened To1:5.[AfterMarchthe[Shore retreated/in [fimeWith thisSlope./Around
CDargemovementloccurred: [AlSmall[berm [Was[¢reated [inMarch[aslalsolSeenlinprofile
550.ThisCberm(disappearedafterfMarch. [Below CD sediment[asfransported[fromthe
upper Part. It[is Seenthatthe profiledccreted hiere With Tespectfothe PostSurvey. Thetinder
waterSlopebecamelapprox.1:20.[Accretionlalsoloccurredatthefoeloftheprofiles. The
developmentsfihfimeinderWwater Weresmall. Theprofilescoincidedat[CD 16.0 m.

Profile[550

Infprofile[(350(Figurel3.G),thelinitial Slopeloflthe mourishmentlaboveMSLIwas[1:16.In
March(this[becamelsteeper(fol:5.[AfterMMarch[the[shoreltetreatedin[fime With [this(slope.
Thelerosionoflthe mourishment(in(thisprofile Was[dlmostiover the full Tength [ofTthe profile,
so[motlonlylimited [fotheZonelabove [CDdslin[the[profilesmore[down[drift.[Slightly tinder
water(some [very[smalllaccretion(occurred, this[Wwas [probably[some[transport[from[the Ripper
part.[Furtherinder Water [to(a[depthloflabout (CD 6 m(thelinitial [profile[éroded. InFebruary,
the[slopewas(dbout(1:18.[Atlthefoeloflthe[profilelat CDII6 m[theprofiles(did motlcoincide,
and[somemorelaccretionlisexpected here.

Profile[650

This[profile[(Figure5.H)lis[located[50 [m[from[the[marina. The nourishment(tetreated (in
timelover(the Wholelength (0flthe [profile,Butithe Post survey [(wasinterpolated (between CD
and[CDIT5 [m..[ThemourishmentWwas ¢onstructed [with @ [slope 0f11:30.[Above [CD thelslope
became/steeperinMarch,[1:7.Thepartiabove MSLretreatedih fimeWwith this(slope.[Around
CDlin/dther(profiles milder(slopes/areseen But here teither. From [CD fo[CD 16 th the slope
waslabout[1:35.[Theprofiles ¢oincidedat[400m, butlthe [profileshavelaldifferent(slope[at
thetoe.[The possibility[exists[that[the hole[between400mland 600 was filled with
material from [the ipper Section. This can mot[beproved, [SincemolsurveyWwas/darried [outlin
this drea.

5.6.2 General(trends

General [trends[inthese[profilesare thatTabove [CDtheslope ofl theMmourishmentwvas
constructed [withTalSlopelofTabout™:20 intil CTCD 2. [After[the hourishmentthis $Slope
became [rapidly steeper/in fimetintil ihMMarchfitreached@slopelaround:6and thesand Wwas
redistributed [foaldepth[ofTCD (4 m. AfterMMarch(ittetreated 'gradually [in fime Withthis
slope. [ErosionWwasseen(in [@ll profilesabove [CD.

48

Van[@ord

WL[] [Pelft[Hydraulics



Morphological[Janalysis[Jand[Joptimization[Jof[J]Dubai MSc[Thesis July[@5
nourishments

Aftertheplacementmolslopeldifferenceloflthe profilelaround CD was[Seen. Butlafter(the
placement(thelslopes Becamemuch milder@around[CD: ThematuralMeaction[ofTthe Heach o
resistWwavelaction. TtChadlallarge[Variation[in[time;sometimes evenal$smallberm[was
created. (i.g. [profile(30). This behaviourwas [Seen in(all Profileséxcept forprofile650.

Downstream[in[Section[50[(450,[anlincrease [0fimaterial Wwas[seenbetween [CD [and [CD (4 th.
ThisWwas[sediment[fromabove CDand from Wipstream.  ThemourishmentWwas[¢onstructed
with[alslopelaround1:25.Thisbecamelalso steeperinfimefolaround1:20in[August.In
Section50350@t[CD M4 th(dbermWwas(shaped. In[Section 350650 Molincrease inder Wwater
was[Seen. [Here(all aterial Was [fransported @way.

5.7 Conclusions

Itiwas¢oncluded thatfheSurveyof[27 MarchWwasmot[¢arried [out¢orrectly.Moreoverthe
volumel¢omputations by [VanOordwerebased ‘onalength 6f[250m Fvith an[Ansufficient
depth(fo[CDT5 th, While fransportfook Placeatdeeperdepths.

Almethod Was made o akeprofilesWwith[dTongerTength[6f[400 i, Becausefhesurveyed
area[was[tolabout[400moffshore. [ Theltoe ofltheselprofiles[¢toincide better. From[these
profiles[volume[differences w.r.t the[Post[survey were[c¢alculated. Between[4 March[and 9
May/[ thel Wolumel did[hot[havel erosion. Several [ possibilities werel investigated, [ butl ho
indicationsWwere [found toeéxplain[this[physically. [Overall[an(erosive[frend [Was [Seenlandthe
volume ofleroded [sand was[about (30,000 [to (40,000 th’ [in[the [period from January [to [August
2004.

Asllexpected[ithe[shoreline[retreated in[itime, [this[regression'was[Jinitialised [ by Jthe
transportation[ ofl sediment[ from[above CD[to[lower[parts,[thelequilibrium[ process. The
profilesshow that[themourishment[Wwas[constructed 'with[al$lopelofT1:25above CDland
becamelsteeper(to(1:6.[AroundCD [very mild(slopes were[created, [and [ifTaccretionoccurred
within(d[profile, [this fook placeBelow [CD.
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6 Italian[beach[model

6.1 Introduction

Inlthisl¢hapterlitfisléxplained how(Italian (beach[isiodelled. [Section[6.2 [describes[Which
software packageWwas(selected, theobjectives @nd stagesoflthe modelling. (Furthermorean
overview [ofThow[simulationslareiadeds [presented. Section[6.3 [describestheinputTand
parameter(settings. In[Section6.4 [fhe todel Will[Becalibrated, Based on [stored Wolumes [and
equilibriumlangles. Thelcalibrated imodel Will e Verified[in[Section[6.5and [Subjected fola
sensitivity [JanalysisJin[]Section[]6.6.[ FinallyJinJ Section[] 6.7 [ the[] conclusions T and
recommendationill Be presented.

6.2 Set[lip[of[the[model

6.2.1 Introduction

Various[software[ packages[are[available[ for humerical [imodelling[bfT nourishment.[The
selection(0flthe ost suitable package(depends on(the objectivesofithelstudy.Threetypesiof
packagesdrelavailable(Section2.4).

For(this[study,lit[vas[decided[tonise[the[UNIBEST [ software[package. [ TUNIBESTICL+
(UNIformBEachSediment[Transport) is[alcoastline[model[that[tanbellised tomodel
longshore Processes. Thelreasonsfoiisefhis[packagelare:

o TherlavailabilityofTthis [packageland(the Widelexperiencelin thelapplicationforvarious
morphologiclstudies

o Interestloflthe (participatingparties [((WL|Delft(Hydraulics,[VanQord) foldetermine(the
strong [and weak [points(0fithis thodel for(short term [predictions

6.2.2 Objectives

ThemodelHasthefollowingobjectives:

e HindcastlofltheMourished@realatTtalian Beach forthe period January o [August 2004

e Analysis[oflthe[UNIBESTICL+[sSoftwarepackage: [Assessment[oflthe performancelfo
makeshort[ferm(predictions With(@coastline model

e  Optimization[and[suggestions forfuture Mourishments

6.2.3 Model(dverview

The WNIBESTICL+donsists[oftwolihtegrated [submodules:

e Thellongshore[Transportiodule (LT module)
e ThelCoastLinemodule(CL nodule)

Thelrequired[longshore[ sediment[ transportsarel computed[ with[ the LTmodule. These
transports(are [used By [the[CL module [to [perform(coastlineévolution(simulations.
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In[LTiodulelapproximates [the ¢hangelofTthefransport(tate[duefolalteorientation oflthe
coastlineby¢omputing the[Volume [fransport (Qs) forfalhumberlofl¢oastlangles, anS (]
curve.[This[is[basedonlthe offshore Swaveltlimate, parameter[settingsandtross/shore
profiles. [ Thus[thetransport[tate becomesalfunction oflwhichthe[Valuesdependlonlthe
actual(drientation [0fthe[coastline.

Infthe[CL[¢alculations(the functions from the[lLTl¢alculations(dre ised fo[compute/coastline
changes dueltollongshorelsedimenttransport[gradients. Theltransport(tates on[theuiser[]
defined(grid [pointslare[calculatedasdaTesultofthe[doastlinelorientation. [Gradients[in fhese
rates[Causeldrosion(dridccretion. The€rosionorlaccretion [Causes [progression[orregression0f
the ¢oastlineWith[a[tate (basedonthelactive profilelheight{definedinthe T ¢alculations).
Inthe mextfimestep, the iew [Coastline[orientation is[calculated With the [dccompanied Tates,
stored Wolume, [@and [Corresponding(doastlineposition.

Thefullloverview [0fTthe formulationsland Mmathematical [descriptions0f tThe UNIBESTICL+
software[packagelarepresentedin/AppendixC.

6.2.4 Stages[6fiinodelling

Amumber(0ffstages havefo belexecuted when WNIBESTICL+lis[applied,[€achimportant for
the[quality[oflthetesults. [ These[stages arepresented(in[the [Schematisation [0f [Figure[6.1.In
this(figurelalooplis[added, marking[theliterative process[oflthemodelling. [When themodel
haslsatisfactory[results, theoptimization[process/can(belstarted.

‘ Set-up and objectives of the model (6.2) ‘
4
‘ Model settings (6.3) ‘

J

‘ LT & CL calibration (6.4) ‘

|

‘ LT & CL verification (6.5) ‘
[

Sensitivity analysis (6.6)

|

‘ Conclusions and recommendations (6.7) ‘

Figure6(1 [Stages/ofiodellingincluding backward loop tharking [the iterative [process[ofthe hodelling

The[Postmodellis[themodel Wwhere(the[coastline position@ndprofileslinthe Mourishedldrea
was[obtained [from[thePost[Survey[(1[Jan[2004). This[modellis[uised [for ¢alibrationand
verification.
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6.3 Post[model[$ettings

6.3.1 Basic[Model

Figures(6.2[and[6.3 [present(the Postmodel.[The nodel [funs from the Ummlas[Suqaym 11
Marinaffolthe[Umm as[Suqaym IMarina. Thebeachhas(@alength6f2450 . The Baselinelis
the[seawall ofl the beach and has an angle of 310°N, measured as the[ direction ofl the
seaward [directed[coastmormall¢lockwiseTelatively [fothe Worth. [tlisthe samelas lised (by
Van[Oordlandlinthe datalanalysis,butléxtendeddverthe Wholebeach. Points[arelselected
on[thisbaseline, Wherethe(coastlinelis[defined. The[coastline isMSLoflthe PostSurvey.In
theinnourished [@reafitfis(derived from(satellite images6f2000,2001and2003.

OnltheBaselinelis(the fevetment(imarked Withgreen(dots) With @ Tength0f700 th Behind the
nourishedarea.
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Figure(62[GraphicOverview [Postmodel Figure(6 3 Wourished [drea inthe Postmodel

06

Alboundary¢onditioncan e implied[on theleft border or(tightborderlof themodel.For
Italianbeachthis[is[definedat[theleft(border With[anlincomingtransport(Q;)oflZzero
(m*/yr).Possible sedimentation 0flthe tharina is ot [taken|into dccount.

Thefotalsimulationfimefis215days, from[ January fo 6/August 2004.

6.3.2 Wave[and[Current[$cenario

ThelinputforthelTlcalculationsfis theWavelclimate atTtalianBeach, defined[ih [Section4.5.
ThisWaveldlimate(is based [on[the easured ¢limatelofTthe DM [and[the[verified[climate[of
WW andlincludestheleffect(ofthe[World. Thelddjusted Wwaveldlimate [isimplemented [at’the
seaBoundary atl@ldepth GfMSLTI 0.
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ThisWwave[tecordfrom January [fo[August 2004 lis[categorized [in [Classes[6f0.25 T (H,),With
correspondingmean period (7.),[and[directions (classes 6f45").[This[accompanied Wwith(a
percentage(ofldccurrences (inldays).

The'effectloflthe Umm[Suqaym [Il[Marinalisfaken[intoaccount[byapplyingaldiffraction
schemearoundlalstructure,[derived [fromKamphuis[(1992).[This schemeis presentedlin
Appendix[C.4.[ThisCschemelis[applied on the[l Ckm[coast[near[thisTMarina.[The hon[’
diffracted[climatelis[Selected [for[the rest[0fthe [Beach, [Sincethe [eéffect[0fthe marinaBecame
very[small.[The Wmm/(ds Suqaym J[Marinalis motfaken [into dccount(in [the odelling, Since
mainlinterest(is(in fhe Behaviour@round the mourished(area.

Current[Velocities are Very [$mall [(within[almargin [0f[0.2 m/sCatfaldepth (of TCDT150m,
Chapter[4)and mo(Significantfasymmetry Was [found betweendurrents[duringhighand Tow
tide.[Althoughlcurrents mighthavel@local [effectdtthe Marina, itfis Mot faken into[Accountlin
thismodel. Thislihfluencefisinhvestigated in ThelSensitivity [analysis(Section[8.6).

The waterIevellis(Selected (Gonstant with (CD[#1.1 .

6.3.3 Cross[$hore[profiles

Thelselected[profilesare[derived from[thePostlSurvey. In[the hourished sectionleight
profiles(areldefined, (with[d[mutual[distancebetween[25and[150 m. For theselprofiles(the
diffractedwavel ¢limatelis[¢alculated. Outsidethenourished arealalprofilelisselected for
every(500m.

Thel‘ldynamiclarea’listhe[activepart’ [0flthe[profile. It(is[defined ds[thehorizontal [distance
frombaselinelto [¢losure(depthlperiinitwidth. [Thelsedimentlareal(truncation [fransport)lis [the
same.[Thelactive[profilelheightlis the height[withinlaccretionlor[érosion [will[be[computed
(heightbetween [closure(depthand toplofitheldune). Thelselectedclosureldepth is[CD 161,
wherelhardly[any [bottom movement[was seen/in theldata. The berm height(varied ‘daround
CD#4m.Solanlactiveprofileheight(of10rh Wasselected.

For[everydefined [profilealtransport[ray s Jcalculated [in TUNIBESTILT [Cfor"alcoast
orientation[0f1305°N(Baseline[is [the [Seawall With 4 orientation 6f[310°N). This drientation
isfoundlin(the middleloftalianBeach(Source: [satellite images and (WL|Delft Hydraulics,
2003).

6.3.4 Parameter{settings

Therelaretwo types ofparametersthatCare[ised in(UNIBESTICL+, [Waveland[transport
parameters.[Tol¢alculate(fhe[volumeloflSedimentfransport, the iethod ‘0fBijker(1971)s
adopted[({Appendix [C.3.3).Thisfisareliableand Wwidely @pplied thethod.

Forall(parametersidefaultValues[wereuised. [Only (the¢oefficient[ofTwavebreaking s 0.7
(SeeAppendix [C.5)@ndthesedimenticharacteristics ‘are/changed(presentedinSection4.9).

Theparameter(settings0f(Table 6. 1 fvill beised forcalibration.
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Type Input/parameter Symbol | Value

Wave CoefficientforWwavebreaking y 0.70 | O
CoefticientforWwavebreaking a 1 O
Coefficient[for(bottom [friction o 0.01001 O
Value0fthe bottom Foughness k 0.10 | m

Transport Median(graindiameter Dsy 5500 [ pm
90%/[grain[diameter Dy 11000] pm
BottomToughness kp 0.10 [m
Sedimentfall welocity Wy 0.0900| m/s
Criterion(deep Water HJ/h 0.070| O
Coefficientldeep Wwater b 2 (]
Criterion(shallow[water Hyh 0.601 | [
Coefficientshallow Water b 5 l

Van[@ord
WL[] [Pelft[Hydraulics

Table 61 [Parameter settings0flthe(calibration[stage

6.4 Calibration[6f(the[Post[model

6.4.1 LT[ ¢alibration[éf[the[Post[Model

Forlthelsections/thefransport(capacities@nd €quilibriumlangles(are [presentedlinTable(6.2.In
contradiction [fo Mormal [reference, [point(zero is Tocated at[the marina. Point[25is [Situated [0n

the Baseline, 25 m from[point[Zero(dtc.
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Points Transport/capacity Q, [m*/yr] | Equilibrium angle([’N]
0 (5,400 325.28
25 (3,800 314.84
50 800 303.64
100 20,500 294.93
150 27,000 294.66
250 35,800 294.42
400 43,700 294.21
550 48,800 294.24
650 50,900 294.24
700 50,900 294.24
1000 53,100 294.21
Undisturbed | 58,000 294.07

Table(6(2 Results ILT [¢alibration

Thel¢alculated Values[in[Table[®.2 Thavethesamelorder[oflimagnitudelasthe[surveyldata
where!at(theborder afransport[0f[(7/12%50,900 m’ ~[30,000 m’)[is fransported. From(the
datalis[was[30,000to 40,000 m’ [in[7 [months Wasfound. [It[is Seen thatbehind the [inner
breakwater[dflthemarina[(Points[0[and[25)[fhe [fransportlis[directed[inSouthernldirection
(negative). Thefurther’downstream(ofthearinalthe More[thefransportcapacity lincreases,
becauseldfitheldiminishing influenceloflthe tharinalon theWwaveclimate.

Anléquilibrium(anglelisfanlangle WwithMespect(fothe[coastline Orientation, for Wwhich[the met
longshore(transportlis [Zero. Thelcalculated [équilibrium(angle [for the indisturbed [Situation[is
about[294 °N.[Thislequilibrium angle[shouldlalso befound near the(Umm!las Suqaym(I
Marina.[Thisldquilibrium(anglelis [@ddedlihthe[satelliteimages[0f2001, Januaryland [Dctober

2003 (Figure6.4). [In(thefirst image(also the 305 "N Goastline is presented.

Figure6[4 [Equilibrium(angles atMarinaUmm/(asSuqaym Ti(in(order: 2001, Jan2003, Dct2003)
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Near(thelspur, the€quilibriumangleis Targer becauseofTocal [diffractionand sheltering. But
Figure[6.4proves[thatslightly ipdrift[thisCangle could(be[found. This[alsoprovesthat
bypass(ismostprobably[limited attheMarinas. But(thismethod s motverylaccurateland
thereforemo donclusions(are drawnbased on [this(dngle. Butlsatisfactory Tesults drelobtained
andltheldalculatedéquilibrium(angles(oflthe odel @relacceptable.

Conclusionsdffthe Il Tlcalibration [0fthe Postinodel [are:
e Sameldrderofihagnitudeofitransporticapacity [as(the(data.
e Similarlequilibrium(angle for(the iindisturbed beach as/thelsatelliteimages

6.4.2 CL[¢alibration[éf[the[Post[Model

GoallbfTtheCL[galibration[is[tofind [transportlvolumes[comparable Swiththe volumes
calculatedin(theldatalanalysis.[The Wolumeldf'sandlinthemourished[area’decreased[dpprox.
32,000 m’ (i [the period for Januaryto August 2004 (Section(5.5.3).

Withlabove parameter $ettings the volume loss in[the nourished area was[38,000m’.[ To
obtainthe’sameVolumelaslin(theldatalanalysis, ¢alibration[ismeededfoldecrease this Toss
with(6,000m’.[The UNIBEST!CL+manual [(1994)(suggests(calibration (onthe basis of the
bottom[Tfoughness. ThebottomToughness (K B)lis telatedfothe inder Wvater(dippleheight,
which s [difficult[fomeasureand fo ¢stimate. Instead [of(the [default[value [(0f[0.1 m, KB[is
increased to0.18 . Thelstored Wolume Becomes[31,900 .

Anothermethod[ ofl calibration[is[With[thelequilibrium[ angles[in[the S[p[curves. Small
adjustments(ofitheléquilibrium(angles(arepossible, [sincetheldirection[dfthe thean(énergyof
eachlwavelcdlass[isprobably[notléqual to[the[meandngle oflthe[wavelclass.[Here, theylare
decreased by[twoldegrees. This[giveswith[thelsameloriginal [¢oastlineless[transport(for(all
rays.[The[total [stored [volume[becomes[ 134,700 m>. So by adjusting also the eéquilibrium
angles(Betterresultslare(obtained [(the difference will(beldiscussed/in [the mext[Section).

6.5 Verification[¢f{the[Post[model

Verification[ofthe[model (will (bel¢arried [out[based [on[twolaspects. [ The[first’aspectlis/the
distribution[ofTthe $tored[Volumelofl sediment afterthe hourishment. In[Chapter(3 and[5
sedimentbalanceslareiised [folanalyse(this[distribution. In[the Verification[stage[Sediment
balances[0flthe[Postmodel will e [compared [Wwiththe[sedimentbalance [from (the heasured
datalon(6/August2004.

Thesecond[isthel[coastlineltegression. In[UNIBESTICL+laltelation[exists between[the
stored Wolume(dflsand(in the Profileland(the(doastlineposition. This(telation(is[in the Profile
height, [defined (@s(the Height 0ftheprofileWwherefransport fakes place((Section6.3.3).

6.5.1 Sediment[balance

Figurel6.Apresentsthevolumeldifference 0flthe[6/AuglSurvey (w.r.t. the[PostSurvey(ds well
astheTesults(ofthePostlmodel. [Onlthe X axis(istheprofile mr.[and [Onthelylaxis Thelstored
volume lin(the [profile((m®/25 ).
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ThelanalysisoflthesedimentbBalance [shows [that[boththethods[ofldalibrationhavelalsimilar
result (KB=[0.18h, [or[decrease[dfthe[équilibriumangles With Two degrees).[So fromthis
theconclusionfis[drawn(that BothGalibration ethods [Can behised.

TheVolumelofreroded material [in[Section 500675 [inthePostmodel[islessthanlin[the
surveyldata.Profile[625and[650inthe dataThad [a[peak [that[Was Mot $eenlinthemodel
results.[But(this[Was[probably [an[overestimation,[sincelallarge [part[of(these profileswas
obtained by linterpolationbetween [éxisting [points[in[theprofile. Inthemodel,thelérosion
increased(fo profile[600@nd from there [diminishes, [thisfrend [dgrees Wwith [the[Surveyed data.
InfSection[2757500 Similarity AsSeen bothlin[Volumelasinleérosive frendfinfhePostmodel
and[theSurveyldata. The[conclusion[is[that[for[Section[225[675, good[correspondence
between theldataland the hodel Wasdbtained.

InTSection251225theTesults[ofthePostodel [and [thesurveyldata deviate. (Inltheldata
accretionWwas[observed, While[themodel [dalculates érosion. In[Chapter4[it Was [Stated [that
thelaccretion[inthis[$ectionWwaslsandfrom Mip[drift. [Thenmaterial from[fhelareamear the
marinalwas [fransportedfo[this area by littoral [fransport, [alprocess that lUNIBESTICL+(is
capableldfthodelling.[Sincethis[ismot[seen ih the [Postinodel,[6ther€xplanations havefo be
found. Thiswillbeldonelinlthe(sensitivity [@nalysisin/Section|6.6.

6.5.2 Waterline[position

Figurel6.Alalso[presents(the[positionoflthe[Wwaterline in[the Post[,[Febland[Auglsurvey.
Addedlisthe[development(ofithe[coastline [from [thePost[tnodel [in[August. Itlis[immediately
seen(thatlthe todel [resultsandthe[surveyed waterlinenotcorrespond well.

Thelmostcritical [Zone[oflthe modelis [dtProfile[600. Ifwelook [dt[the fundamentals/ofTthe
model, [this[is Mo Surprise: [The most(érosion[was[computedhere, [so[by using ‘thelsingleline
theory, [the[modelalso[¢omputes(themostcoastline tegressionhere. [ Thelsediment[balance
showed that[the[$and Wwasmot[lost,[but(redistributed[Within[the profile. This[proves that
cross[shore processes had Targelinfluence(ontheposition [0fthe Waterline. [This[is the feason
that(although thesedimentbalancedorresponds, the Wwaterline[positionsdo mot.

In(shortferm(tnodellingloffnourishmenttheposition ofTthe WwaterlinelisMainly [determined
by drossishoreprocesses. Inlthethodel the@ffect/ofcross [shorefransports/is motlincluded. In
theldatalaccretion[fook [placelin[Section[25(225, [whilelthe Wwaterline[in theldata[tetreated.
This(is [@[situation [fhatlislimpossible o model With[ahodel based [dnthe Single line theory.

6.5.3 Balanced[¢oastline

TheWaterlinesoflthe model [andthe dataldo mot[dorrespond. Butthechoice o [compare the
waterlinesCinfluencesthe Fresults. [Figure 6.5 showsthattMSLI{CD#1.10m)Chas[large
regression, ' While[CD T2 m[accretes.[To[compare the Tesultsof the model [(with theldata,[a
“balanced Coastline” Will(beused.
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Figure[165ISchematization[ balanced[IcoastlineJof[ the =~ Figurel[] 6[6[] Schematization[] balanced[] coastline
survey/data UNIBEST

Figure[6.5éxplains‘how[the(balanced coastlinelisldefined. Thislis[the[distance from[the
baseline;[calculated by [dividingthelarea of the[profile[(between baseline, [¢losuredepthand
upperlimit, (by [the active profilelheight. (In(this[way[d[distanceis[obtained [independent[of
cross(shoreprocesses. This ¢an[belcalculated [ for[different profilesland[regression[is the
difference. [Figure[6.6[¢xplains how thePostodel[¢alculatesshorelinetegression. [In[the
model,[theltegressionlisalsolcomputedas[thelareal oflthelprofile,[divided by thelactive
profileheight. [But[the[profile[movesiniform[in[shape, $o[the[tegressionlis[équal [at any
bottom[heightwithinthedctiveprofile.[With [this(distance(the model resultsland the datalcan
belcompared.

The[balanced coastline[is[determined [ from[thebaselinebetweenthe top oflthebeach
(approx.[CDF4 ) and[CD[T6m. [ The comparisonlis[presentedabovelin Figure[6.B.
Correspondencebetween [the sedimentbalanceandthebalanced¢oastlinelis seen. [This[is
not[surprising(since thisalanced[coastlineland the[sediment Balance drebased ‘dn the [Same
principle. Themaximal [fegressionis[about[30m. This proves[that(theselection[of active
profilelheightigives[coastline Tegression similar(dsfor thelsurvey(data. Tt[dlsoprovesthatthe
longshoreprocesses aremoreinfluential (forthepositionofTthe Wwaterlinemear[the [Marina
thanldown [drift.[As[in[thesediment[balancethe ¢correspondencelin[Section 251225 s Mot
well.

6.5.4 Development[in[time

Another[differencebetweenthe[inodel landthe$urveydatalisthe[development[in time.
Figure[6.B[8hows[the[development[of the[sedimentbalanceoflthemodel inltime. The
sedimentbBalance[ih thedataSurvey [showed [@large immediate fesponseldfithe(doastafterthe
placementland ittle fluctuations @fter (Figure(3.A4).Inreality [the BeachWill fespondiblevery
waveldondition this[causes aldifferencebetweenthemodelland the Teality. ' ThePostmodel
uses(anlaveraged,¢ategorized [(Wave climatelovera[period [of[8 onths.’Andfherefore the
modelWwill fespond hore [gradual [to [the imposed Wave[climate.

6.6 Sensitivity[analysis

Section[225500and[Section 500700 of the[Vverified (inodel [¢orresponded teasonable, but
thel[dorrespondencelin(Section(25225 Wwas less/good. [Alphysical (teason [for[the[dccretionin
this[Sectionwas [difficult, [dssuming[this[still [in[the Mourishedarea. In[Section(6.6.1 [Various
processeslare[modelledlinlorder[to[determinelthelsensitivity [oflthe[imodel tothe model[]
settings. [Special @mphasis/in(thisfis[the[dorrespondence0fSection25(225.
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Section[6.6.2[describesthesensitivity ofthe[model tothe Wwave parameters, Wwhilelthe
sensitivity forthe[fransport[parameters(arediscussedin[Section6.6.3.[The densitivity [fothe
boundaryconditionsfis[discussed/in/Section[6.6.4.

6.6.1 Model($ettings

AssumptionsihthePostmodel [that mightHaveinfluencedthe Tesults arelisted inTable[6.3.
Infthis section [d@ttempts [fo [simulate [the [influence [0fTthese [assumptions [0on [the WholeMmodel
will Beldiscussed.

Nr. | Assumption Section
1.0 | Neglectingthegquilibrium process 6.6.1.1
2.0 | Neglecting(differentisand(distribution [(nonMniform(dver(theBeach) 6.6.1.2

3.0 | Position[ofltheldoastline ip (driftofithe mourished @real(retreated/ [éxtended) (1| 6.6.1.3

4.1 Uselofibalanced(doastline 6.6.1.4
5.00 | Thehlwvave(diffractionscheme [(impropermodelling) 6.6.1.5
6.0] | Neglectingcurrents/orisand[Bypass 6.6.1.6

Table(63[Assumptions in/thePostmodel

6.6.1.1 Equilibrium[process

Asldiscussedlin[the[datalanalysis[(Chapter[5) and[theory[(Section[2.2.2)[the ¢ross[shore
processesHad(large [influencelon(the [position[0fltheCoastline. [Band Wasredistributed within
theprofile.[At[Some(locations((i.e.[profile[450) theprofile had[small wolumeloss, butlarge
decrease0fltheldry beach width.

Here,[anl[attempt[is[iade[folinvestigate[the influence ‘of[neglecting[cross(shorelprocesses
with[thelassumption[that(in[February[the profiles were morelin[equilibrium[andlafter(the
position[oflthe[doastline [dhanged more(due o longshore fransport. TheFebruaryprofilesand
position[oflthedoastline areSelected.

This[selectionhad[smalllinfluencefor(transport[¢apacitiesand [equilibrium[angles/(results
LTl¢omputations). The[sedimentbalance[(transports[compared (Ww.r.t. [the [February [survey)[is
presented(together (Wwith [the [Sediment balance[from [Augustlin Figurel6.C.It[showsthat(the
model(resultsCorrespond lesswith the(survey.

Anléxplanation [is[thatwith[this[model Settingsthe ¢oastline[was[toreddvanced in[Section
25200(than(after(the[post(survey.[The model (Spreads(this (hump [out[because thel¢oastline
orientation[is[‘more[out[ ofequilibrium[(causinglarger[ transports). Asal consequence
accretion/is[computed(infheSection200400 (upstream)and largeerosion fih this[Section.

TheFebmodel[danlalso motbenised forWwaterline [Predictions[(notPresented). [Thebalanced
coastline (Figurel6.C)gives[comparableTesults(asthesedimentbalance.
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Conclusions

o Selection[oflthe[[February[coastline positionJand [ profiles('did not[lead[ to[better
correspondencewith thelsurvey[data, butanléxplanationforaccretion/inthe model Wwas
found.

e ThelvaterlineCcan[hot[belbetter [predicted Swith[the[Februarytoastlineposition[and
profiles.

o Usingl(partly)leéquilibrated [profilesfand[¢oastlinepositiondoesnot[improve[the tesults
in[Section25[225

6.6.1.2 Sand[distribution

ThePostmodelmsesMniform$andl¢haracteristics [for[the [Wholebeach.Thelsand[samples
showedlavaried range [6f’Sediment(distribution{Section4.9). Tt Was [Seen(thatat the Timitof
themourishedlareal¢oarsermaterial waspresent[{Ds,[0f[900um). [TFor[SectionD 50 and
downldrift,[sedimentWithdmedian/diameter [0f[900 [nm is[Selected, With[corresponding(fall
velocity [0f10.156m/s[(Vanoni,[1975).

Thelresults@re[presentedlin Figurel6.D.It[showsthatlalmost(similar(results(dswiththepost[]
model[Wwere[found.Erosionlin[Section[225675 [Wwas[slightly[more. The erosionlin Section
2512250was(slightly (ess, [duefolthelincreased [sediment[size and[fall [¥elocity. This[frend
corresponds(slightly Better with the[datalsurvey.Butstill, molaccretion[is[foundlin the [down
driftisection.

Conclusions
e WithldoarseriSediment,thefransport/capacity Tocallydecreases, Gausing Tess [fransport

e Coarsersedimentfinthelénd/and [down[driftlofthe mourished area, Teads o slightly Tess
erosion(in/Section25[225,but(still Mot[gives(satisfactory results

6.6.1.3 Coastline[down[drift[6f[the[hourishment

Thelposition/dfthecoastline[down [drift6fthe mourishment(is[anotherdspectthatmighthave
influencedtheodel Tesults. 'The mourishmentléxtendedthel¢oastline further[offshoreland
formedlanfimpact(ontheleéxisting/doastline.[As[d[consequencea[fransition Zone Waspresent
at[thelimitCofT the nourishmentwithCerosionin[the nourished"andJaccretioninlthe
unnourishedarea.ThisWas[alsolseenlin(the(tesult ofthe Postimodel, (butmotlinthesurvey
data, Where(theldccretion Was @lready Within [the Mourished [Section.

Thelcoastline[positionin[Section 70012450 was[obtained from[severalsatellite[images
between 2000 "and [2003.Water[levels[were unknown[andmoreinformationwas[not
available.[So(thepossibility [exists[thatlin Teality the[down[drift[doastline[position Wwastore
advanced(than modelled.

Theldoastlineinthetnhodell[down[drift Wwasladjusted From 75 m o100 m. Andprofile 1000

waslddjusted from (87 o120 . Thislis[dlargeladjustmentofTthe original [doastline[0fthe
model,and ThereforemotTikely (Figure(6.7).

61

WL[] [Pelft[Hydraulics



July[05 6[Italian[beach[model

200 : : : : : : : :

Distance from baseline [m]

0| S A S — — Euxtended coastline [
: : : Original coastline
D T T T
i 200 400 EO0 800 1000 1200 1400 1600

Distance frorm marina [m]

Figure[6[7 [Extensionof’the coastlinedown drift[0fthe miourished area

Thelresulting[sediment[balancelis(shownlin Figure(6.D.[1t[shows[that[thelaccretionlin
Section251225 [is[similaras(in[thedatalsurvey.[Section[225675[also[corresponds (Wwith[the
datalsurvey. Thislis[¢aused by the[fact[that[the[¢oastline from[700 m(to[1500m from the
marinalis [out(oflequilibrium. Tocome(fo [dmoreldquilibrated [Coastline(it fransports[Sediment
up(Section251225)@nd [down [drift[(1500 m(fo 2450 i from(the marina). Thusdccretion[in
Section251225lis[dbtained.

Conclusions:

e Adjustmentloflthelcoastline[position down[drift[of[Section[25[225, gives[satisfactory
resultslandamoreldccurateprediction(oflthedoastline[down [drift[oftheMourished [area
mightfiimproveltheTesults

e ButCnormallythemourishment[itselfCextends the coastline“offshore. Thereforethe
adopted|situationfisinrealisticand will Mot Be used foladjustthe Postmodel

6.6.1.4 Use[6f[balanced[¢oastline

Theprincipleoflthe balancedtoastline[Wasexplained[in[Section[6.5.3.[Thebeachivas
extended Withthe Mourishmentwith[a[certain Volumefip [folalcertain [depth. TOhislincreased
theldrybeachWwidth andladvanced(the Wwaterline. But(this[Spreadsoutlover thefotal [active
height.By[dividing fheddvancementover(theactive profileHeight (asMNIBESTICL+(does)
anothermethod foldeterminethel¢oastlinelisused.Theposition ofTthecoastlineWwith[this
methodW.r.t. ThePrelsurvey[is presented in [Figure[6.8. Ttishows [thatfor[Section 251225 Tess
material Wasmourishedthan for[Section225[675.There Was[somekind 6fTa [fransition Zone
thatwas mot(seen in fhePostmodel.
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Figure6[8Balanced coastline[progression w.r.t. the Prelsurvey

Nowlalnew[modellislintroduced.[The Prelmodel; based on[the toastline[position of the
waterlinelin(the Prelsurveydatalwith[addition[oflthebalanced[¢oastlinelaslin Figure[6.8.
Thus(the(coastline(of Figure(6.E islobtained. In(thisfigure(the redlinelis the(position[0fithe
Prelsurveyland(theBlueline(oflthe [position(ofithe [Coastlinelised [in [this [simulation.

With(the [balanced[¢oastlinelless erosion[was[¢omputed [in[Section200[500 ‘than [thePost[]
modelldand(évensomeldccretionlin[Section[125[200.[Thislis[good [¢orrespondence with[the
survey(data,But[Section(25(125 [shows[dmorelérosiveltrend. Overall Wworsecorrespondence
with[the[survey( datal[was[ found.[This[leads[to[the[conclusion[that the[position[oflthe
waterlinefis [the bestresemblance [forthelcoastlinelinthemodel.

6.6.1.5 Modelling[6f[Wave[diffraction

TheWwaveltlimate[Wasbased Con[computations [Wwith[theT'W W Cand[is[calibrated [withthe
measurements 0fthe (M. [AdjustmentsWwereade [fo lintroduce [theléffect[dfthe World’[on
the[Wavelclimate. [Aldiscussion[0fTthis[climate Wwas found[in [Chapter(4. Forlthe thodelling it
islassumed that(this WasSchematizeddorrect.

Modificationsdnthe thodellaremade forthe effectiofwavediffraction By using@diffraction
schemeofl Kamphuis[(1992).[This schemehas[influenceCon[the Svaveltlimatehear[the
marina. Theldiffraction(schemel6fTWiegel((11967) s ised[fo[compute[another Wwavelclimate.
Figure[6.Fpresentstheltesulting[$edimentbalance df[ both[$chemes. 1tlis[$eenthatthe
erosionlislslightlyThigher[with[the[Wiegel[$scheme, but’down [drift[in Section[25150the
influencelofithe’schemelisfeducedland theéroded material from mearthe arinalis settled [at
thelcoastfurther(downdriftland motfih[Section250225.

6.6.1.6  Currents[and[by[pass

Figure6.G illustratesthebottom ¢ontoursofTtheItalian heach model.[Whatlis[seenlin[the
bottom[contour(lines(isthat meartheBeachparallel tiniformIdepth[dontour Tines[dre Present.
Thesellineslare(fairly[parallel until[aldepth Cof[CD[14m. Down[drift[ofl the[marinal(in
northern(direction)albank[is[seen(at[CD 15,16 [17 [and [18 'm.[Sincethis bank [is[outoflthe
breaker(zone, 'this[can(belattributed(totidal [currents. Thelmarinaldisrupts ‘the[propagation [0f
theltide. Thelcurrentvelocity [increases mear thetarina, Which[dauses(steeper profiles.
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The™Postmodel Thasthepossibility [0flimplementingfidal [¢urrents.Tidal[¢urrentVelocities
and[direction(are [very Small(for(this area With maximal WVelocities [@{[0.2 m/s[(Section4.5).
Figurel6.G illustratesthelimpact[ofla/constant[0.2m/s[¢urrent. Tt[is[Seen that(éven With this
unrealisticsituation, it(has(aVery [small impacton the results0f the Postmodeland therefore
itican beconcluded (that/currents have alsmalllinfluence(on theresults (oflthe model.

TheBorderofthe Tandpart(ofla profilelisthe fevetment,[so Mo bypassdccurs fromHere. But
notlevery[profile[¢oincidesatthefoe. Sol¢rossishore fransport[fromldeeperfareastemains
possible.[This[¢cross(shoreltransport[canbesomebypass from[the marina.[But'hollarge
movements[are(seen(inthe BottomIcontours(sothisfisMotTikely. [Cross[shorefransport(atthe
bottom[oflthe profilelcanbBemodelled in WUNIBESTICL+With thetise[ofTaSink. But/Sincein
the datalanalysismolclearpointfofTaccretionWwas foundand [quantitiesCare linknown [this
possibility becomes[So Tincertain, [that[it[is mot[Seen(as @ Wealistic MmethodfoMiselinthe Post ]
modelfoldreate(anlincreaselin/Section257225.

6.6.2 Wave[parameters

TheGvaveparameters[influence the Wwavepropagationanddecayandthe wavelinduced
cross[shoreivaterTevellsetup ((Appendix [(C.5.1)@sldescribed By [Equations(C.3,[C.4and [C.5.
Andlihfluencethelongshore(current(distribution ((Appendix[C.5.2) by [Equation (C.13.

Table[6.4[1s[uised[tol classify[thelinfluencel oflthe parameters/tolthe imodel tesults.[The
sediment[balances/will[belanalysed,[in[which[theldefault[Values(oflthe[parameters/in(the
Postlmodelwilllbelcompared with thodified [values.

Classification Description Amount

Small changelin[quantity <100’ /25 m

Considerable changelin[quantity <[1000m’ 725t

Large change(] in] quantity | >1000m’ /25 m
and[changein frend

Table(64[Classification [for(sensitivity [@nalysis

6.6.2.1 Coefficient[df[Wave[breaking[(ALFA[and[GAMMA)

ALFA]and [ GAMMA[[Jbothlinfluencethelénergy[dissipationduefoWwavebreaking (D;)
definedlintheWave[propagation(andthewaveldecay odel (ENDEC).Equation[C.8shows
that (Dy) varies/linearwith ALFA.

TheVariation[of (D) withfGAMMATishot[straightforward.[EquationC.10(3hows[that[a
decrease’of GAMMA Teads(tbdaldecrease0fi(H,,) andThusof (D) TothelSecond Power, While
EquationC.9showsthat(thellocal fraction ofbreaking Waves[((p) increases.

Lower(values(oflthe energy dissipation dueltobottomfriction (Dylead[tohighervalueslof
energy[dissipation(duefoWwave [Breaking (D).
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Theresulting[Sedimentbalances @reshownlin Figure6.H

Observations

e Variationlof ALFAls[possiblewithin[the[domain(]0.8(1.2].[The(defaultvaluelwas(1.0,
variationshowsthat 4LFAhaddlmostmo influence Onlthe Tesulting[SedimentBalance.

e Variationlof GAMMATispossibleWwithinlthel[domain([0.4[0.9].[Theised valueWwas[0.7,
variationshowsthat GAMMA Hadsmall influenceonthe resultinglsedimentBalance.

o Thelsetting[0ff[GAMMA [had ¢onsiderablelinfluencelinprofile[650 Where forlall[wvalues
of GAMMA the ¥olumeldifference decreased, butlalstraightforward[relation[between
GAMMA land(the Wolume(difference Wasmot(seen.

6.6.2.2 Coefficient[df[bottom[Iriction[(FW)

FWwlnfluencesthelénergy [dissipationduelfobottom friction (Df)[definedlinthewave
propagation(and(decay model. Equation[C.11 showsthat Dvarieslinearwith F'IV.

Theresulting[Sedimentbalancesarepresentedlin Figurel6.1.

Observations

e Variationlof FW0ispossible[WwithintheldomainJ00.2].[Thedefault’valuevas0.01.
Variationshows(that F'Wlhadlsmalllinfluencelon(thedesulting(sedimentbalanceloflthe
model.

o Neglecting FWlead[todecrease/ofvolumel(differencein [profile(650. In(Other(profilesthe
influence Wwas[$malllandmo straightforward[relationbetween FWlandlthe fotal stored
volumeWwasSeen.

6.6.2.3  Coefficient[6f[bottom[toughness[{(KB)

Equation([C.17 [showsl(that KB[[[]linfluences(the Chézy friction coefficient(that(isisedlin(the
momentum/(eéquationalongshorelthat describesthe longshore[¢urrent(distribution[(Equation
C.14).[As KBlincreases,[ thelongshore[current[velocity (¥)[decreases;[ hencelthe total
sediment[transport[ decreases. (Vanl[der[Velden,2000). KBlislalsolusedlin[the longshore
transport[formulalofBijker, (but[althoughphysically[the $sameparameter;in[the program
bothparameters have [to[Be(set/separately.

Thelresulting/sedimentBalances(are presented(in Figurel6.1:

Observations

e Variation[of KBlis[possiblewithin/the([domain([0.0510.5[m].[The defaultvaluewas(0.10
m.[Variation[8shows[that KBhas[considerablelinfluenceon[theltesulting[sediment
balanceofTtheodel.

e Increaselof KBllead/told/decreaseldfvolumeldifferencel(lesslérosion)linlalllsections.

6.6.3 Transport[parameters

Theltransport[parametersinfluencethe [longshorefransports[(Appendix [C.5.3)[as[described
by Equations(C.18,[C.19(and (C.22.
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6.6.3.1 Sediment[¢haracteristics[(D50,[D90,[Ws)

Thelsediment[characteristics Dsp[Jm], Dgy[Jm]land Ws[[m] areldiscussed simultaneously
because correlationCexists between[ these parameters. Table[6.5 presents[thesediment
characteristicsfor(thelsSensitivity [analysis.[Algrading(between Dsoland Dgy[0f200[% Wwas
used[(Section@.9).[Fall ¥elocity Was [Gbtained from Vanoni[(l1975).

Nr Dspl[um] | Dopl[um] ] | Wgl[m/s]
1 250 500 0.04
2 400 800 0.07
Default 550 1100 0.09
3 650 1300 0.11

Table65[Sediment/characteristics ised forthesensitivity [@analysis

Increasing the bottom [Material [grain(size[decreasesthe fotal [Sedimentfransport. Dsjlhasa
linear(Felationship [inthe[Bijkerequationforbottom [transport (EquationC.19), butlalso
influencesthefall Velocity [(forthe suspendedloadtransport) andeven[thetipplefactor.
Furthermore(itl@ppears in the iumerator6fithe[éxponentdfitheBed fransport. Anlincrease 0f
DsylCcausesCaldecreaselin[transport. [(Van[der Velden,[2000). Dy,linfluencesthebottom
transportfindirectly throughthe ripplefactor(u). Wlinfluencesthe/suspended fransport (S;).
Increaselof W, leads(fo(decreaselof/suspended(sedimentfransport.

Thefresulting’SedimentBalances(arepresentedfin Figurel6.J.

Observations

e Variationof Ds, [Dgy and W[5 [Possible.Theldefault valuewas: (550 im, 1100 im,0.09
m/s).[Variation[shows[that(the[sediment[characteristics havel¢onsiderablelinfluenceon
the resulting [Sedimentbalance [0fthe hodel.

o  Dj5,0f250umlincreasedthe Molume(difference (morelérosion)lin all(sections.

o Avaluelof Ds)0fl400 im(and 650 (jimhadionly [small ihfluence(dn(the results.

6.6.3.2 Bottom[foughness[(KB)

Equation[C.17shows(that KB[]]lnfluencesthe[Chézy frictioncoefficient (C),usedlinlthe
Bijker[formula. KBlinfluences(thel¢urrentVelocityl¢alculatedpreviously{Section[6.6.2.3).
Butlhere (in theprogram)itfis [only lised for theBijkercalculations@andlas KBlincreases, (C)
decreases, (Sp)landfiencelthefotalfransportlincreases.

Thelresulting/SedimentBalances(arepresentedlin Figurel6.J.
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Observations

e Variation[of KBlispossiblewithin[theldomain[[0.01[0.1].[Variation[shows(that KBlhad
considerablelinfluence Onthe resulting[sedimentbalance ofithe thodel.

o Increaselof KBlleadtolanlincreaseofvolumeldifference(imorelerosion)lin(all(sections.

6.6.3.3 Deep|Water[¢riterion[and[¢oefficient[(B)

Equation[C.19(showstheTelationshipBetween Bland (Sp).Thecoefficientforldeepwater{1)
willbel@pplied forWaves Where H/#<0.07.[Aldecreaseoflthe(criterion(leads o MoreWwaves
thatlareldonsideredas/deep Water, whichIeads [fo Tower fotal Transport.

Thelresulting[sedimentbalances(are presentedin Figurel6.K.

Observations

e Variationlof Hsig/hlis[possible[Wwithinthe[domain[]0.010.2].[ Theldefault[valueIvas
0.07.Variation[showsthat Hsig/hhad[smallinfluencelontheresultingsedimentbalance
oflthemodel.

e Variation[of(Blis[possiblewithin[the[domain[]13].[Theldefault[valuewas[2.[Variation
showsthatBHassmalllinfluenceon the Tesulting[sedimentMalance0fthe model.

e Variationshows[small[differences(in[Section[600650. In[other(sectionsthe differences
were Mminimal. No[straightforward [felation [between [the [driterion, Bland[thefotallstored
volume [Wwas [seen.

6.6.3.4  Criterion[shallow[Water[and[¢oefficient[(B)

Equation[C.19shows the telationship (between thel¢oefficient for[deepandshallow [water
(B) and (). Theldoefficientfor(shallow Water[(5) will bedpplied for waveswhere H,/h<0.6.
Anlincrease0flthe(doefficientleads(fo [an increasedflfransport.

Theresulting’SedimentBalances(are presentedin Figurel6.K.

Observations

e Variationlof H/hlis[possible[withinthe[domain(]0.3[0.9].[TheldefaultValuewas[0.6.
Variation[shows(that H/hhadGonsiderablelinfluencelon thetesultinglsedimentbalance
offthemodel.

e Variation[of B[(shallow[water)[is[possiblewithin[the(domain[]4[6]. Theldefault¥alue
was[5.[Variation[$hows[that Blhad[considerablelinfluencelon thelresulting[sediment
balanceloflthe odel.

o Increaseloflthelcriterionlead(todecrease[dfthe wolume differences((less[€rosion)

e Increaselof Blleadsltolincreaseofvolume differences(imorel€rosion)..

6.6.4 Boundary[¢onditions

6.6.4.1 Dynamic[area[and[active[profile[height

Theldynamiclarealand[thelactiveprofileheightlareldiscussed[simultaneously [(becauselboth
areldetermined(By [the[closure(depth.
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Theldynamicldrea’lis[the “active part’[dfthe Profile, definedds the horizontal [distance from
baselinefothel¢losureldepthpermnit[width. [ Theldepth[¢ontourslin(thislarealreactlin[the
modelikethelc¢oastlinefitself.[TheSedimentlareal(truncation fransport)¢anbe determined
by thesertoo, Butlisgenerally thesame.Thelactive[profileheightisthe heightWithinthe
modelldomputes(accretion orlerosion [(height Between Glosure [depthand fop (ofithe[dune).

Thefresulting/Sedimentbalances@representedfin Figurel6.L.

Observations

e Variation[oflthedynamiclarealispossible Withinthe[domain[0[700]. The[defaultvalue
was[on[CD 16 m;fhe dynamiclareavaried (between[200[and 350 m. Variation[shows
considerableinfluencedn(the resulting[Sedimentbalance[oflthe thodel.

e Defaultivaluelis[10m[(closureldepth[@t(CD 16 mand[dune0f[CD +4 ). Thisvaluehas
somelinfluencelon the(tesults(oflthe[Postmodel. Inlthe wholelmodel differencesWwere
observed.

e Increasingfthelactivelprofile lieightleads(folanlincrease6fWolumedifferences.

6.6.4.2 Boundary[¢ondition

Instead[ofTusing [the[boundary[¢ondition(that Oslatlthelleft(border is zero, thelincomelof
sediment(is(increased. Figurel6.L[shows[thatlin[Section[625[675[smallldifferenceloccurs.
Thelmodelruns(to profile700.[As[dbserved(in thedata, thislis[the [position [0f[the bBreakwater.
Section[675[700Wwas[necessary [for[a[goodtesemblancelofthe[coastline orientation[in(the
boundaryofltheimodel. Therefore holcomparisonwas[imade and[this[section[was[hot
presented(in(theldesults.[Theltesults[ofTthe model[withnolsedimentlinput, show[érosion[in
this[section[dnddamore[0r(less(Stablepointlatprofile[675.Bylincreasing the[sedimentlinput
atltheIeftboundary, thelérosionlin[Section[675[700[decreasesdnd [the[sediment[inputofthe
boundary¢condition[is[detained[in[this[section. Thislis[hotlalvery[good[resemblancel of
reality,[becauselanincreaselin(this[boundary,(due(foli.gbypass, [is(likelyto[spread(dlong the
nourished area.[Solthe results(areinfluenced by [adjusting [the boundary [dondition [and(amore
detailed[study(ismeeded for almore(tealistic[tesemblance Whenladding[sediment inputlin
section[675(700.

6.7 Conclusions

6.7.1 Conclusions[df{the[Verification[éf[the[Post[model

Thelcalibration Wwas[based[onthe fotal[0fTeroded sandlin the mourished area, Wherelagood
agreementbetween [the(survey [dataland themodel Wwas[dbtained. [Thelcomputed(equilibrium
anglelatiwhichno et Tongshore transport takes place[was around 294 *N (and Verified with
theUselofisatelliteiimages.

Thedonclusions/ofthe Werified hodel [are Presentedin Table6.6.
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Section] [ Correspondence | Comment

5006750 Good Detailsloflpatternteproduced; [overall[frend teproduced.
Erosion(ess/inthemodel

225050001 Good Detailsloflpattern(teproduced; [overall[trend [teproduced.
Datalshowsmorel(scatter

2502501 | Bad Measurements] and[] model[] uncorrelated;[] erosion
computedWwhilelaccretion[ismeasured

Van[@ord
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Table616 Verification 0flthe model

From[thelabovelitlcanbelconcludedthat'model ¢an[partly [predictthe behaviour oflthe
nourishment. [ItWwas[seen(that[forla KB ofl0.18mlalgoodSimilarity between [theldataland[the
model 'was[obtained[in[Section[225[675. This[similarity [Was[based[on[the ¢omparison[of
stored Wolumelin(theprofiles (Balancelin Figurel6.4)andonlthe balanced(doastline (Figure
6.B).[Less[ reliable[resultswere [ obtainedon[ the[ prediction[ofl the waterline[ position
(expectedlsinceldrossshoreleffect(aremotmodelled) l@ndtheldevelopment/in timel(caused by
theluseloflalschematized[Wwavel¢limate). Thel¢orrespondence (between (the(survey[dataland
themodel tesultslin[Section[25[225 [was(less [well.[Anlincrease[ofmaterial Wwas[seen[while
themodel [predicts d@rosion in this(section.

Thelcoastlinelposition(oflthemodel (Figure(6.4)proves that(thec¢ross(shoreléffectscannot
bemeglected [fo [dompute the [dry width beach(although [the[sediment (balance(shows [that[sand
was ot lost,[buttedistributed Swithin[theprofile. [(IfTUNIBESTICL+[s appliedthen an
interpretationofthetesultsfor[thepredictionofTthe Wwaterlinethatlincludes crossshore
redistribution [is required.

6.7.2 Conclusions[éf{the[$ensitivity[df{the[Post[imodel

TheTesults 0fTthe[Postimodel [correspond well fvith [theldatalin[Section 225675, Butldeviate
in[Section25225.InSublSection[6.6.1 PossiblelscenariosWerelinvestigated.

o Thelassumption [thatlin [Februarya/part(ofitheéquilibrationwas[dompleted(and therefore
leadsfolbetter[tesults[wasfested, butthe[sedimentbalancel¢orresponded less[welllas
withthe Verified [Post[model.

e  Withl¢oarserisands[down[drift[oflthe hourishment(lesserosion[Wwaslcomputedbut(no
accretionoccurred. Theresults Wwere[slightly Better (but still insatisfactory.

o Extendinglthelshoreline/down(drift/ofithe mourishment(givessatisfactory [results. But(this
requires in Tealisticléxtension0fthe Beachdown(driftofTthe mourishment. [This Teads o
theconclusionthat[almoreaccurate prediction ofl the[toastline down [driftCofTthe
nourished(areamightimprovethe(results.

o Theluseloflalbalanced[coastlinel progression did hot[improvelthel torrespondencelin
Section251225.

e Morelérosionwas[seen with[another Wwaveldiffraction’scheme. But[thishad[only [small
influenceonthelsediment/balance.

e Thelnfluenceoficurrents Was(limitedfoSection300[675.

e SedimentbBypass/canBelimposed/in(themodellatlanygiven(locationland/could improve
theresultbutlis Mot/considered(as alvalid option [to [Obtain(better results.
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Theselscenarios [Wwerelinvestigateddndfit(¢an[belconcluded thatthelincreaselinSection25]
225[canBemhodelled inthePost[model, butTequirestinrealistic heans/dnd [Sometincertainty
related fothe(Gause 0fTaccretion atlthislénd ofthe ourished(@rearemains.

Table[6.7indicates(theSensitivity [0fthe Postmodel o the[parameters:

Type Parameter Sensitivity

no | small | considerablel] large

Wave Coefficient/ofwavebreaking ((ALFA) X
Coefficientofwavebreaking((GAMMA) X
CoefficientlofBottom friction (FW) X
CoefticientloflBottom foughness(KB) X

Transport[| Sediment(characteristics(ID50,M90,ws) X
BottomToughness(KB) X

Deepiwater(criterionland(coefficient(B) X

Criterionshallow Water(and [Coefficient(B) X
Boundary | Dynamic/arealandlactive profileheight X
Boundary[condition X

Table[6[7[Sensitivity oflthePost[model o theparameter [Settings and boundary donditions

6.7.3 General[¢onclusions

Objectivelnr.[1:[Hindcast[ simulation[of[ the (hourishment[at[Italian[beach [for[the period
January[fb[August2004

Alhindcastisimulation[oflthe mourished [drealat Ttalian (beach forthe [period [January [to [August
2004 was [performedising [thesoftware [package WNIBESTICL+. (With[this [packagelamodel
was[created (whichwas[dapable [fo predictthe[sediment(distributionwithin this [period.

Objectivelnr.[2:[[ Performance  0OfLUNIBESTICL+[software[ packagel[to[ make[ short(ferm
predictions

Thelconclusionlis(that[with the[Italianbeach model [volume[¢omputations[¢an[bemade [for
Italian[beach Wwith [satisfactory [esults. [For[the [predictionofTthe (position ofTthe Waterline it
wasllessleffective.[This[is[éxpectedsince (UNIBESTICL+does mot[takelinto account[the
effects[oflcrossishoreltedistribution[oflsand[on[theWaterline.1t[is ¢oncluded thatlin this
short[period[thecrossishore processes are dominant over[longshore processes for[the
position[ofTtheWaterline at[Italian beach.In[general,[these éross shoreleffects Wwill[largely
depend on(the slopeWith Which the mourishment(is placed.
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Objectivenr3.Optimization dnd [suggestions [for future nourishments

Optimization dand[suggestions for future mourishments, Based [on Volumelconsiderations/can
belmadeWwith[theItalianbeachmodel.[Altesulting[$ediment[balance[can[belobtained of
whichthe ¥olumeicanbedptimized.
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7 Optimization[éf{hourishment

7.1 Introduction

InTthischapter(the optimization[ofthe mourished(arealis investigated Withthe Postmodel (0f
Italian[beachCfrom[the Cpreviouschapter. Section77.2describesthe “objectives Toflthe
optimization. [ThreeldifferentshapesareSimulated @and[discussed/in[Section[7.3, based[on(ad
redistribution/oflthe Waterlineladvancement. [Section 7.4 describes @ tore Tealisticsituation
wheretheladvancement(is profileldependant. (Finally, in[Section[7.5[¢onclusionsfegarding
theoptimization(areldrawn.

7.2 Objectives

Severallaspectsdan Belinvestigated fortheloptimizationofMourishment, suchas:

e  Cross[shore[position
e Alongshoreposition
e Borrowed(sand characteristics

Inlthisthesislonlythelalongshorepositionwill belinvestigated. TheHypothesis(is ised [thatld
better distribution ofl sand[within[the hourishedarealcanimprovelthellife[ spanloflthe
nourishment. [Thelife(span(isdetermined by [the [fime [that it fakesthatmo[dry beach Width
remains.

Italianbeach [iswised [for[the [dptimization. [In[teality, [a[fevetment borders[thel¢oast of[the
beach,[and[the eéntranceloflthe Marinaltequires[alsufficient[depth for(theleéntrance [0f[ships:
lackloflspacelis[often[dnimportant boundary¢ondition Wwhen[designinga mourishment. But
sincelthis(beachlserves(as(¢aseforlall[(beaches(inDubai, this[isnot(takenlintoldaccount. The
assumption(is(used that(the hydrodynamicl¢onditions are hotlinfluenced by theldifferent
alongshore placement(ofithe mourishment.

Thepossibilities[0f[shapesthat(danbelinvestigated [and [Optimized [are(almost(infinite. Tn(this
research[threel shapeslare[used for[optimization[that[will[beldiscussed[in[the hext[Sub/]
sections,

e Casell:[Triangular

e (Case2:[Rectangle

e (Casel3:Twolundulations

The/criterialto judge the éffectivenessof'theloptimized placement/are:
e Totalvolumeldfieroded(sandih(onelyear

o ThelpositiondfithecoastlinelafterOne year

o TheltimethatitheMourishment/drosses(alcritical Boundary

Thelcritical (boundary[is[defined as[the Minimal Wwidth in[Augustéflthe Postmodellinthe
mostlcritical farea: [Section[400700. [With [the[last[¥wo [¢riterialquestion markshavefolbe
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placed, Sincelin(the[Chapter([6 it[Wwas[concluded [that[the[model Wwas[fiotablefo [predict[the
waterline [in [this[short[fime [interval. [Butlin[a ¢oastline inodel, [(this [Wwaterline [is [a [tesult[of
volumeldifferencesintheprofile.[Thereforelit tanbeised for optimization[of[olume.
Moreover(thelérosion[canlbe[franslatedlinto[¢ritical [¢onditions and ‘¢ompared With[other
situations.

OptimizationWwill[bebasedon[two¢toncepts: [arealand [Volume. In[thelarealconcept,the
obtainedldrealoflthe mourishmentlis redistributed(in [anothershape(independent[0flthe Water
depth)[inSection[7.3.Inlthe7olumeltoncept, the total yolumeof103,000 “m’Gwillbe
redistributed Withlincreasing [water[depth(Section[7.4).[The Situation[and [development[of
theinreality l[executed placementWill bereferred folasthe TeferenceCase.

7.3 Optimization[based[én[area

With(thisfnethodthelarealoffadvancementWwillTbetedistributed foverthe mourished [area
(Figure7.4).[E.g.When[theoriginal [coastline [advancement(in [aprofile[was 30, Thanlan
advancement[0fT60 [ Mequiresfwiceas muchloflsand. This[s@Simplification [0fHeality, But
itfslinteresting formodelling folSeeWhatthe[consequencesarelin themodel fandifThetter
results¢anbeldbtained. [Sincetheladvancementlis(lessbased [onthe[shapeloflthe [profilelit
makes|theresultsless(caselsSensitive.

7.3.1 Case[]:[Triangular[$hape

Forlthis[dase(d[300 [ shorteninglofthe Wwidth[oflthe Mourished(arealis[selected. [Theloriginal
volume(dver[675 mwillmow(be [placedwith tfriangular(shapelin[the[most/critical [Zone[near
the mmarina.[ Theltriangularshapelis/presented(in Figure[7.4,laddedlin[thelfigurelarelthe
original [Pre[TandPost/survey[Wwaterline[positions.[As[seen[by tedistribution oflthe areala
largeladvancementmear(themarinalcanbedbtained.

Figure7.Bl(abovelright) showsltheevolution(of'the(doastlinelin(alyeartime. In[Section400 ]
675 (thelinitial [oastlinelis[placed [withdlargeadvancement(w.r.t.[the[original (placement. [Tt

shows [thatlihitial retreat(@nd(érosion fis fast, but@fter(oneyear still [d[Considerable increase [0f
coastlineremains/(infhis[section(domparedWwith [the feferenceGase (Figurel7.Blabovelleft).

In{Section100[400Tess[ormolsandlis[placed. This[section dccretes infime, sotheplacement

near[theMarinalisbeneficial [forthissection. [Butlthepositionloflthelcoastlineis[still more

retreated [than(in[theteferencelc¢ase. [ Thismakes(the beachhere iinder(protected for[storm[’
events.[In[Section[0[100Cand further[down [drift(more erosionoccurs.[Thel¢oastline here

retreats,and [dependingon(the beach @uthoritiesfiticanbe(stated [ifthe femaining Beach Width

herefisldcceptablelormot.

Thelcritical [line[isCdefinedasthe ‘minimal Cdistance[bfTthe Gwaterline [in[August[bfTthe
referencelcaselin[Section[4007675.[This[minimal Width[at[T=0.6YyrWwas[57mfrom[the
baseline. The #ime(thatlitfakes[thefriangular¢asefo teachthis[1s[1.6¥yr.[ This[means an
extensionoftheTife span(ofithe project0fll yri(neglectingcrossshore processes).
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7.3.2 Case[2:[Rectangular[shape

Thetectangularishapelispresentedlin Figure[7.4,l[addedlinthefigureldre(theloriginal Pre[’
and[Post[survey [waterline[positions. The mourishment[will how e placed [inlaltectangular
shapelin[400 m(d@tthe marina. For(stability [and fesemblanceoflreality [the Timit6fthis[shape
approaches(theloriginal [¢oastline[in[1251n.[As[Seenlin(thefigurelaTargeddvancementmear
thearinalcan Bedbtained.

Figure[7.Bl{leftlbelow) showsthelévolutionoflthelCoastlinelin(ayearfime. Tt[shows(thatthe
retreat[is[lessfastCas compared Swith[theltriangularCshapeandlafterCone[Yyearstillmore
coastlineemains(dsthereference(case. Thefime that'it fakes(thefriangular(casefo feachlthe
critical dinelinthis[Section(is[1.49 yr.[This eans(daneéxtension [0f(the Tife[Span0flthe [project
of.9yr(neglectingcrossshore).

On(Section10074000esssandfis Placed. TtishowsthatthisSectionaccretesdfter(oneyear.[So
theplacement/6flsands mear(the tarinalis Beneficial [for this [Section.Butivhen ooking@tfthe
positionlofTtheldoastlinelitls [stillinore Tetreated [fhan [inthe postSurvey. InSection D100
andfurther[downstream some€rosion(occurs. Itfis[Seen thatthedoastline liere retreats.

Theltime(that[it[fakes thelfriangular(¢ase(foteachthel¢ritical [linelis[1.5[yr.[This[means(an
extension(offthellife[span oflthelproject0fl0.9yr(heglecting(cross[shore).

7.3.3 Case[3:Two[lindulations

Forlthis[case(thelinitial [drealis [feplaced(intwo indulations Wwith[amplitude[6f[40h (Figure
7.4).[When[looking[ atl the[ development[ in[onel year (Figurel7.B)[itlis[ seen[ that[the
undulation/height(retreats(fastland [thecoastline hoves(to[anlequilibrated [shape. Theltroughs
arelfilled[with[sediment[from[the[peaks. It[is[also[Seen(that/the[seconduindulationlerodes
fasterthanthe first. [With this[shape [the life(span (oflthe critical [areawill Be[0.48 [yrléxtended.
With[placement(in[this[shape(the ¢oastlinelis(moreladvanced(in(ad large part(of(theldrea, but
thelerosionlin[the[down[driftlarealis slightly more. It Wwas[$een[that/the[advancement(in
Section5000700 Was less. [Erosion [fook [place[down[drift.

7.3.4 Conclusions

In Figure[7.C.1the[advancement(oflthe[¢oastlineldfter [onelyearlas computed by [theodel
compared (with[the [teferencel¢aselis [presented. [Thisfigure[shows(that all[three[¢aseshave
better(tesultslin(thelcritical [Section[500(675.Butlitlalsoshowsthatlin[Section100500 o
approximately (500 Cmdown Cdrift[the[coastline[is[morelTetreated “andmore[erosionlis
computed. [Thisfigurelalso[shows(that[thefriangularcasehas[fo mostlimprovementlin the
criticalSection, But(also mostlerosiondown drift.

Thismodel [dan Mot be ised fopredict thelexactldry beach width@nd fhe Waterline [domputed
bythemodelfisalmeasure[df[Volume. Thusabovetesults ¢anhot beltranslated [inlteal
advancement(and(tetreat.[So Wwith this todel(it[Gan Mot e [Said [if the €rosionfis[acceptableor
not.

75



July[05 7[Optimization[¢ffhourishmentl

Thelcritical Tinefis[defined s the minimal Width[in/Augustofithe Postmodel in[Section 400
675.[This[minimal Width[at[T=0.6yr[was[57 Inform[thebaseline."'When[lookinglat[the
minimal Width[ofltheldritical linelin[Section400[675, the friangularshapegivestheTongest
life’span. (IfWwe ook [at[the minimal Widthlin[the Wholemourished [arealthanthe indulation
shapehas(thelbest[results. Table[7.1 [present[the extensionlof thellife Spanoflthe ¢ritical
section, based[on @lcomparison With theTeference situation:

Reference | Triangular | Rectangular | Undulations

Lifelspan[yr] 0.6 1.6 1.5 1.1

Table[711 [LLifespan(ofithelcritical Zone Based lon(arealadvancement0fthreeCases: friangular, rectangulariand 2
undulations

Ifiwelbokat[the Wolumechangelofithe Mourished(drea (Figure(7.C.2)ltlis[Seen(thatlthe [least
volume(isléroded after(l [yearintherectangular(case. A fter[thisthe(triangular(shapelis Better.
And[thelcasewith[theindulationslis theleastigood. The results[prove [that Wwith[an [Optimized
shapeore Wolume(can [be [remained Within [the Mourished area.

Remarks:

e Cross(shorelprocesses/playaldominant(rolelinthe determination ofllife Span. With[the
triangular(and(rectangularishape(d(smallerBuffer(is [dvailableforprotection in[Section 0[]
400, whichmakes litmhore vulnerable for[storm [évents

e Accretion(dccurs mostly tinder Water(and gives Mot more [dry beachwidth

e Inlteality[theselshapeslareldifficult[folachievebecauselack ofT$pacelin thelarea and
becauseduring(donstruction(the Tongshore process(already fakes place

e Increasedldepthleads(foTarger Yolumeslatideeperdepths, Thereforelinthe mext[section
thiswill Be [taken [into [dccount

7.4 Optimization[based[én[Volume

Infthis[Sublsectionthe mew [Coastline positions [dredalculated (on [the Base [0fthe Volume that
itlrequires for[protrusionofTthe waterline. [Figure7.1 Gllustrates that[this[does Mot[telate
linear[With[theltequired volumewhen thelprofileslope s steep. E.g.[When[theloriginal
coastlinelddvancement/in(a[profile as[30m,thenfor’anadvancement [0f60 mmuch ore
than fwofimes fthe Wolume 0fisandfisrequired.

Figure[7(1Advancementdfthe Wwaterline
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Assumingthattheldross[shoreprofilehasthesame(shapelds(in thePostSurvey, q Volumeof

103,000(tn’* is [redistributed!in the drea. [For(the mourishment 4t Ttalian beach [d[slope (0f[1:20,
with1:30atthelfoelis[algoodTesemblancel(Section5.6.2). [For[theldptimization based [on
these[volumes, [the[8ame[three[cases[are consideredas in[the[former[sub(section. The
positioning [0fthe fedistributed (Coastlineis Presentedin Figure7.D.

7.4.1 Triangular[$hape

Theprotrusion(oflthe Waterline mear [the tharinalis ess than(the former0ptimization. This [is
becausemoreVolumelis[tequired [folobtain[deeperldepths.[Aftersimulation[ofl 1 [year the
resultfisthatlinSection450[675still oreCoastline femains(as(in thereferencelcase (Figure
7.E, labove#ight).[In[Section0[450The coastlinelisTess thanlin(thefeferencelcase. Erosion
alsol@ccurred ‘down(driftlef(the mourishedlarea. Thel¢ritical (Tine[Wwas [passed [after1.08[yr.
Thismeans(anéxtension 0flthe Tifel[Span0f10.48 yr.

7.4.2 Rectangular{$hape

Thedifference Between thisprotrusionfandtheoptimization based [Onldreafis Targe. The most
seaward [pointlat[themarinalislocated "about[30 m[morelinshore.[What[is[seenlafter[the
simulation[ofl1 [year[is[thatlinSection[400[675 [still more width[oflthe[¢oastline[temained
compared(with[the[referencelcase (Figurel7.E, [belowlleft).In[Section[0/400[the(coastlinelis
more retreated[than(theldriginal [Situation. [Erosiondccurred/down [drift(oflthe Mourishedlarea.
Thelcriticalllinewas[passed [after(1.12 [yr,[an éxtension [0fTthelife[span(0fi0.52 [yr.

7.4.3 Twol[undulation

Figurel V. Elshows[thel[ development[oflthel caselofltheltwoluindulationslafter( 1l [yr.[ The
coastline[position[isabout[10mless/advanced byusing[thelteplacement by [volume.[The
coastlineresponds (tothis(shape by léquilibrating[thetindulations, [this[processis[faster(in/the
second iindulation, becauselitlis(moreléxposed (Figurel7.E, [below(Fight).T1t[shows that[for
the[wholemourished(dreala betterCoastline[position[is[dobtained By placementinthis(shape.
Thelcritical linein[Section450[675 [is [Passed(at[0.88 yr, [@nextension 0fthelife [span 0f10.28

VI.

7.4.4 Conclusions

With(theplacementbased[on[volumes(abettercorrespondence [Wwith teality [is [0btained. But
this(makes(the[cdaseldependent(on(theshapelofthe mourished profile(fo(calculate the Wolume
required [for[the(ddvancementoflthe Wwaterline. [This [profile[shape[is[partly [dependent[ofthe
grain[characteristics‘andthehydrodynamicl¢ircumstances. [ This[differs for éverylocation
andmakesthe[dptimizationVery[case Sensitive.

In Figure[7.F.1theladvancement(ofTthe [coastlineds computed By [the Thodel[compared With
theTeferencelcaselis[presented. This figureshowsthatlall[threedaseshave better Tesultsin
the critical[Section[500[675.[Butlthe [results arelessfhanlinthe[optimization based ‘onarea.
ItfalsorshowsthatlinSection 1007500 fo approximately [500m down drift[the ¢oastlinelis
more retreatedand morelerosion ik [omputed. Thisfigurelalsoshows Thatthefriangularicase
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has[mostlimprovement(in the éritical [Section, butlalsomostérosion [down drift.[Compared
with[theOptimizationbased Onlareathe erosiondowndriftfis hore.

When Tooking[atthe inimal width[of thel¢ritical Tinelin Section400[675, the [friangular
shapelgives(thedongestlifespan. IfWwellook[at[the minimal [(widthlin[the Wholemourished
arealthantheindulation(shapehas/theBestresults. Table[7.2 presentthe extension 0fthe Tife
span(ofithecriticalsection,based[onla[comparison With(theTreference[Situation:

Reference | Triangular | Rectangular | Undulations

Lifelspan[yr] 0.60 1.08 1.12 0.88

Table[712[Lifelspan(ofithelcritical Zonebased lonvolumeadvancement(ofithreeCases: [triangular, rectangularland
2undulations

When [looking/[atthe[development(ofithe droded volumelintime (Figurel7.F.2)litlis[Seen that
thefriangularfand [tectangular(¢ase, less[volumewas[éroded[ofTthe mourished[arealin[1 [yr.
Withtheindulations|casel(also less Wolume erodeslin [fime.

7.5 Conclusions

Thelhypothesis[wasused[that[abetter[distribution[oflsand[Wwithin[the mourished areal¢an
improve/the(life[span ofithe mourishment. The(life[spanlisldetermined by the time thatlit
takes[thatlat somepoint[noldrybeachwidth[temains. Three[¢ases Wwere[tested (Wwith[this
model(for(dptimization; an friangular, rectangularlandtindulationshape.

Alllthreel¢aseslimproved[thel¢ritical [section[0fl 300 m[near[the marina, ¢compared(to[the
referencelcase[(placementlasloriginally [éxecuted). [Butlincreased thelérosion further’down
drift.[This fnodel[canmotbe misedfo[predicttheléxactdry (beach Width.[And[the Tesults[dan
notlbe(franslated(in real [protrusionandretreat/dfthe Waterline.[So fvith this odelfit[can[Hot
belsaidfiflthe€rosionfifacceptabledrmot.

FirstTthe Cplacement Cwas Credistributed [based ConCareaidifference (where Jdoubling[the
advancement(of’the Waterline [equires [fwice[as much Volume)/andHased [on Volume[(where
for[deeper(depthsinorematerial[istequired, makinglitprofile[dependent). Tt Was[Seen [that
withtheethodBasedonldrea, moreldccretionand Tess€rosion wascomputedthan With [the
methodbasedCon[Volumes. This[Was[caused[Tby[the fact[thatladvanceloflthe vaterline
requires more WVolumeofisand thefurther(itladvancesoffshore.
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8 Cross[$hore[model

8.1 Introduction

GoallofTthis ¢hapter(is foexplain how[the[¢ross Shore éffectsoflaprofilelinthemourished
arealTcan[bemodelled.Section[8.2 describes[the[bbjectives and[Section[8.3 themodel
settings. [In"Section[8.4Caltrossshore[model will[beltalibratedCand verified.[1twillCbe
subjected[folalsensitivity[analysisfin[Section[8.5.In[Section8.6[a three daystorm éventlat
theBeginning[0f February 2004 isodelled. Finally,[in[Section (8.7 the ¢onclusions Willbe
presented.

8.2 Objectives[of[the[inodel

8.2.1 Introduction

Inlthe former¢hapters[the UNIBESTICL+[packagelwasuised forItalianbeach[fo[predict
longshore[fransportsalong/theldoast.[ButlitWas[proved thatthe odel[Wasless[effectivein
the[prediction(ofTthe[dry [beach Width. Influencelofldrossshoreléffectsproved animportant
aspectlin(theldeterminationof'thelife(span(ofibeachmourishmentprojects. Inlthis[¢hapter(a
cross(shoreodel Will Be introducedfo[gain furtherlihsightlinto thelprocesses.

UNIBESTITCCof Delft[Hydraulics[is designedto[predict cross[shore[development ofla
profileland [Wwill[be used[inlthis[¢hapter[to hindcast[the[developmentlofitheprofile. dtlis
beyond(theScope(oflthis(thesisfoisethis thodel forloptimization.

8.2.2 Objectives

Simulations[will (bemade[only [forprofile[450.[Thelsurvey[datalshowed that the[Waterline
retreated(@bout 40 andlavery[small volume oflsand Wwaslostlin/the period.

ThemodelHasthe followingobjectives:

e Hindcastlofl the bottom[ development[ ofl profile[ 450 ofl Italian[beach [ for[the[period
January [to[August2004

e Analysisloflthe[UNIBEST[TCsoftware[package: [ Definition[0fTits[¢apability[fo[make
predictions [for Ttalian/beach

e Verifylthelestimated(dlosuredepth

8.2.3 Stages[é6flinodelling

ThelcalibrationlofTthe model Wwill beldonethroughltrial fland[érror.[TheparametersWwill (be
adjusteduntilfafairresultlof thepredictedbottom heightlisCobtained. 'Withthistesultla
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sensitivity [analysis Will Belcarried[out. (Figure(8. 1 [llustratesthe modelling Process [(number
inlbrackets [referfo theSectionmr.).

‘ Set-up and objectives of the model (8.2) ‘

|

‘ Model settings (8.3) ‘

|

‘ Calibration (8.4) ‘

J

‘ Sensitivity analysis (8.5) ‘

J

‘ Storm event (8.6) ‘

J

‘ Conclusions and recommendations (8.7) ‘

Figure[811 [Cross[shoremodelling

8.2.4 Model[dverview

The UNIBESTITCnodellconsists[0fT5 [Submodules. [Together these iodules[¢ompute[fhe
bottom height/changes[6flthe [profile:

e Wavelpropagationmodule

Mean(current(profilemodule

Waveldrbital Welocity odule

Bedlloadlandsuspended load fransport module

Bed{evelichange module

Appendix [D [presents(afull ‘@verview [0fTthe formulations(and mathematical [descriptions [6f
themodel.[Theusedversion[isla betaVersionthatlisstill inderfinvestigation(June2004).
ChangedJformulations Cfor Jthe TbedJload Jand [(suspended [Jload JtransportJmodule Jare
implemented.

8.3 Cross[$hore[odel[$ettings

Bottom [profile

Profile4507ofMtalian Beach is(selected forthedrossshore profilemodelling. This profileis
located 250 [0fthe Umm/ as Suqaym Il Marina. [The maximum heightofTthis [profile[Wwas
CD#4.7inlandthe fnaximum depth was[CD 18 . Bottom [profiles (0111 Feb, 4 March,9
Mayland[@/August2004 @rela@vailablefor Verification. Thelastwill e tised for[calibration.

Grainlsize

Forlthelongshorel computationsalDs,[0f[ 550 um[was[ selected, this[Was[obtained [ from
sediment[samplesBy[VanQord. Problems with(stability ofithe program(dccurred, sincelthese
are[very[coarse[particlesland[theWwavelconditions(are relatively (mild. In(discussion(withthe
advisorslit[Was(decidedto iseld D5, 0f[350um. [This[can[be[Supported by [thefactlthat(at/the
waterline[usually[ coarser[ particlesl are[ found thanl[in[other[ sections ofl the[ profile[and
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moreover[thesamplesVaried[largely. [The¢onsequence [will [be [further[investigated[in[the
sensitivity [@nalysis.

Waves

Instead [of TUNIBESTICL+, this (model isesfime Tecords ‘ofTthe Wwaveheight, langlefo the

shoremormalland Peak[periodfatithe0ffshore Boundary. The tecord ised forthesimulations

wasldefined[in Chapter[4.tlincludestheleffect[of[the FWorld’. [For[the[influence[ofTthe

Marina, the Wwaveldiffractionscheme 0fTKamphuis[(1992)[is iised. [For[stability [0flthe odel

ittwasmotpossiblefoincludelall Waves;

o  Waves[with[directionloffshore[(wind[generated)lare meglectedland Withdrawn from(the
timerecord.

e  OnlywaveswithlHRMS Targerthan(0.75marefised.

Thus[theJonelonlone relation [with "the “bottom[profile[ldevelopment[lin[time will “be
abandoned(The(total [simulationfimeBecomes[17.5[days.

Current

Current[welocities were [ discussed[in[ Chapter[ 4. Notime[fecord Cofl current[velocity[is
available. ItWwas[concluded [thattheldurrents/did Motleéxceed [@[depth @veragedvelocity [0f10.2
my/s. Inlthe odellcurrentvelocitiesdre Meglected(in the dalibrationphase. [ The influencewill
befurtherlinvestigatedin(thesensitivity [@nalysis(Section(8.5.2).

Water(levels

Waterllevel[variation[occursbecauseloftide[and Wind[setup,and Wwasinvestigated [inthe
boundary [conditions. [AlsinusoidalWwater(level [Variation [(with [@an[amplitude[of(0.7 m(and[15
tideslareapplied. Thelinfluence Wwill (be[furtherinvestigated[in[thelsensitivity [analysis
(Section(8.5.1).

Wind
Wind[velocity [and[direction[¢anbelobtained from the measurementsofthe DM. [Sincemo
accurate(datalon wind Welocity [is[@vailablefit[is Mot faken ihtolaccount.

Parameter (settings

Over[25[parameters[¢an(beladjusted (for[¢alibrationof themodel. [After¢consultation With
advisors[fromWL|Delft[Hydraulics[it[was[decidedthat[formost[parameters the default
settings Will Beised. [Calibration(is[carried [dut(on theparameters from(Table(7.1.

81



July[@5 8[Tross[3hore[fnodel
Type Inputparameter Symbol([]| Name Value || Unit
UNIBEST(TC

General[J | Maximum relative wavelperiod T TDRY 20 ]
Coefficient forlinterpolation of the | Z* ZDRY 2 [j
dryBeach profile

Sediment[| Median(grain(diameter D5 300
90 % [grain(diameter Dy, 450

Transport[] Tangentoflanglelofrepose TAN(PHI)1 0.1

Table8 1 [Parameter(settings for(calibrationoflthe [dross[shore model

8.4 Calibration[and|yerification[6f[the[¢ross[$hore[model

Thelcalibration [0fTthehodel Was[done By [rial @nd(érror. The parameters Wwereddjusted dintil
algoodlresultlwas[obtainedofTthedevelopedbottomprofileatthelénd ‘ofthesimulation
period. Figure[8.Alpresents(thetesultloflthe bottom[changelcalculations. Inwhichltheblue
linelis theloriginal [profile[from[after[the placement, [theMmagentalline [of[the profile[on[6
Augustland[the red the computed.

Above[MSL[Somelinstability [oflthe[profile[was[Seen. This[is[the influenceloflthe seawall
boundary.[With[the[default[setting [(ZDRY=2)[thelast[wet[part[to[the tfop [oflthe dunelis
extrapolated,(so[that[the[dune[changes [form(tetaining. [With [d[larger boundary(grid[than[the
original, [@moreretreated formwill be [Obtained.

AroundMSL [the results(are well[computed by [the hodel. Wnder MSL[to [CD 12 m the model
has(Very(good tesults.[Thelslopelislabout/eéqual.[This[showsthat(theinodel[¢an predict(the
dryBeach Wwidthwith[goodresults.

Below [CD(foomuchldccretionlis[¢omputed. [Thislis[probably becauselin(teality (part[oflthe
material (was[fransported [alongshoreland(to[deeper[depths, [Wherelaccretion was[observed.
Thelslopeloflthe[bottom [ corresponds.[Several [possibilities for[the foundldifferences are
listed below:

e Longshoreltransport

Sediment(size [variation, ID50[and ID90

Anglelofnaturalrepose, Tan(phi)

Tidall@amplitudeland mumber oflamplitudes

Wavelconditions

Thelclosureldepthlis[computed By themodel laround [CD T3 . This[dgrees With[thetheory
(Section(4.8), butlinthelsurvey[datalaccretion intil(d[depth[6f[CD 16t Wwas[observed. This
leads(fotheldonclusion(that(thislaccretion, [duelto themildWwave¢onditionsis [probably mot
relatedfo Wave [processes. (It Wwas more(likely [that The Toosely [packed[sediments[onthe[Very
steepslope((1:20)Were fransported furtherdffshore By [gravity [or[Gurrents.
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ConclusionlofltheldalibrationofTthe odel s thatthe [dry beachparti¢anBe Wwell modelled
withtThe UNIBESTITC model. Below [CD [foo huch @ccretionis[domputed [@nd thelincrease
at[the(foeWas motfound.

8.5 Sensitivity[analysis

The'goall0fTthis[@nalysis[isfo[determine theinfluence [0fthe Model[settingsand [parameters.
Speciallattention(isgiven o the inder Waterpart. [Therefore[(in[discussionWwithladvisors[of
WL|DelftHydraulics) the following settings are[subjected [fo [@[Sensitivity [analysis:

e Tidallamplitudeland Mumbercffides

e Tidalvelocity

e Sedimentl(size[(IDso[@and Dqg)

e Tan(phi)

8.5.1 Tide[and[humber|éf(tides

Infthe calibrated thodel, @ Wertical [fide0f10.7 hWas imposed. Infeality thedmplitude6fthe
real[fidetangesbetween0[and1.0[mlandis[Semildiurnal. [Timelseries on[Watereélevations
wereMotlavailable.Thereforethe fidelis[Simplified by a Sinusoidal form Withlamplitudeof
0.6mo1.0 mlandbetween(3 [@and 19 mr.[offides (Figure (8.2 [@nd[8.3). TheMumber(offidesfis
changedlinlorderfomakelsuremoWwaves Wwere missed Wwith[largeheightsCand [low Water
elevations, [dausing[some(fransport[to thefoe.

Pre-TC Pre-TC
file: Waveclimated50 ubc Column: 02 file: Waveclimated50.ube Column: 02
25 2
2,
- — 154
E H YN E
o 1.59 =
kS I
51 3
£ :
: Py Uy
0 T 0 T
0 10 20 ol 10 20
Time [Days] Time [Days]
Figure([812 Fifteenfides and[an @amplitude[0f.0m. Figure(8(3 Three tides/andlanamplitude(ofl0.7
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TheTesults ofthelsensitivity[dnalysis[ofithefidal @mplitudelare[presentedlin Figure'8.B.[The
drypartfaboveMSLIshows(that[anlincreaselofltidal[amplitude leadsfolmoreltegression of
theldrybeachwidth.[Alsolsomefinstability [@round (CDis[seen. [Aroundand Below [CD[almost
nodifferencelis[Seen.

Figure(8.Clpresents the[computed Bottom [profilesfor(therr. [0ffides between(3 [dnd[19.The
dryeach[partlshows some[minorlinfluence ‘andlin[the inder Wwater[partthelinfluencelis
negligible.

Thelinfluenceloflthe Water evelswas [further investigated[in[thethodelling[ofTa[Storm [évent

in[Section[8.6.[Therelthe[Wwaterlevelsoflalstorm[eévent[of(4 dayswerelaccurately[derived
from(the DM.
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Theldurrentvelocity [in thecalibrated odel Wwasmeglected, Because itwasVery [small. [Here,
alconstantVelocity between10.2 (/s @nd [+0.2 /s [is[imposed[at[a[depth [0f(8.9 . Figure
8.Drshows(thatforthese[low [Velocities[the[influencelis [imited. Inlthe Wwhole profile mo
differencewith[the default"wvalues occurs. So[thelinfluence bf kmalltidal Welocity [is
negligible.

8.5.3 TAN(PHI)

Thelanglelofrepose Wasldnimportantiaspect(oftheldalibration, [t[Was(dalibrated [and [Set[on
0.1.[Thebed Toad fransportlisinfluenced By [the Bottom [Slopeinfwo Wways: [First, thelcritical
stress for[d’down [slopemovementlissmallerthan for[anpslope movement.[Secondly, the
transport[directly induced by [gravity [oncethelgrainshavebeen[set[fo otion s fakenlinto
account.

Figurel8. ElshowstheTesults0flaVariation [0ffan(phi) 6f10.107and0.30. LowervaluesTead fo
unrealistic[fesults [@nd @retherefore mot presented. Thisfigureshowsthatthis [parameter has
allargelinfluencelon(thelresultingbottom [profile.[Alincreased [value(leads/folan[decrease of
bottom [fransport,[while[the Suspendedfransportlisnotlinfluenced. It[also[causes steeping
under[water.[With[the[¢alibrated[Value[0f[0.1 m[the slopelaroundand below [ CD[is[best
represented.

8.5.4 D, andD,,

Thelsediment(characteristics [arean iimportant(aspect/forthecalibration. Thelselected median
diameter(was[350[jum, because[problemswith[stability[oflthe[programloccurred [with[the
relativelymild[waves[for(largersediment(sizes. This/can [be[supported (by[the[fact/that(dtthe
waterlinemostly(cdoarser(sediments/are [found [thanpresentiover/thewholeprofile.

Sensitivity [ofltheinodel[to[the[sediment[¢haracteristics[is[presented(in Figurel8.F.[After
calibration, litlshows {that[thesediment[size has/some [influence[on[the [results, but inor.

8.5.5 REF(%)

This parameterdetermines[the[cross[shore variationdf'the sediment(size(dt(a/selected [depth.
Forlthis[sensitivity[analysis/the sediment(size at[CD 14 lis[Varied.Alfinermaterial might
lead o [fransports [fothefoe. Figurel8.Gpresents(thetesultslofvariationloffiner[Sediments
with @ factor fanging (between[0.6 o 1.0. It [shows thatthis[has[dnly minorinfluencelin this
model.[Forlcompleteness(dlso [Settings With[doarser(Sediment[dt[CD @ m[are[domputed, but
notpresented Because theinfluencewasmegligible.

8.6 Computation[6f{the[9[February[$torm

The$tormlofT9 February[waslalstorm[Wwithlarge Waveheight[andlow waterevels. [t[is
modelledfolinvestigate iffor real measured WaterTevel [data, TransportTas faken place atithe
toe.[TheWwaveheight, Period, [direction, [@nd fvater Tevelsarelderived fromthe DM [for@évery
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hour.[The$torm Wwith[vavesChigher[than 0.5 m[lasted[3.75[days. [ Theylare[presented[in
Figurel8.H. Thelsame [parameter [Settings [areised @s(in[the(calibrated thodel.

Theldomputed Bottom [Profilelis[presentedin Figure8.1 added by theprofileof11 February
and[the(post[profile.[What[isSeen(in thisfigure is That[d[Storm éventTas @ [Very Targeimpact
on[theldevelopmentloflalprofile.[Above CDlalreadyallargetetreathas[takenplace. This
material Settles foaldepth[of[CD 4 m.

8.7 Conclusions

Hindcastofithe bottom [development(ofiprofile 450 of Ttalian beach forthe [period January [fo
August2004

AThindcastSimulation[dflthe Mourished [@realat Ttalian Beachfor(the [period January fo[August
2004 was performedmsingtheSoftware package [UNIBESTITC.With[this[package (@ odel
waslcreated WhichWas[capable ofpredicting thedry [Beach width Withgood results.

Analysis[ bfl the (UNIBESTITC[software[ package:[ Definition[ bflits[ capability[ tomake
predictionsfor[Italian [beach

Themodel meedshieavydalibration. Instability [0fTthe[dune Was[Seen[for[computations With
grainls$izes[¢oarserthan 400 um. AlsoWwaves[With[H,,,;<[0.75m[¢causedlinstability. This
calibration makesthe resultsless reliable.

Above MSL[somelinstability Cofl the profile[was[seen.[ This[is the[influence boundary
(schematized[by[thelseawall).[Around MSL[fo [CD[12 [m[themodelhas[very[goodtesults.
Thisshowsthat(the model [dan(predictthe(drybeach widthwith[good results. Below [CD [too
much(accretion[is[¢omputed. Thislis[probablybecause [part[oflthe material was[fransported
alongshore, Which(is motlihcorporated (in [the odel[and o [deeper(depths.

Verify(theestimatedclosure[depth

Thel¢losureldepth, [¢computed [bythe[modelWwas[around(CD[T5 (. This agrees[with the
theory, Butlin/thesurvey[datalaccretion hintil [@[depth [6fICD (6 m Wwas[observed. Thisleads[fo
thelconclusion(thatthis/dccretion, [due(fothe mild Wwavedonditionsis[probably mot(related [fo
wavelprocesses. t(is more(likely [that(the loosely [(packed[sediments(on[the Very steepslope
(1:20)@retransported furtheroffshore by [gravity [Or(Currents.
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9 Conclusions[and[fecommendations

9.1 Introduction

Theocation[oflthe [fesearchlisDubai. Between[Palm [sland[Jumeirah[and [(Port[Rashid, [Six
beachesWweremourished[in2004.[Almostmonthly [surveydataWwas[available [0of[Some [of
these[beaches.PartCof these datalwas[analysed [in[order[toldeterminethe morphologic
behaviourloflthe mourisheddreas@nd the Beaches. Based[on thisfinformationlddocationWas
selected o ServeasTepresentative fortheJumeirah Beaches: TtalianBeach. [Forthis[beachla
modelWwas[dreatedin[UNIBESTECL+,alcoastlinemodel [fo modelthe planformleévolution
with OwhichCallresearch Cfor CoptimizationCwas[Ccarried CJout. Ultimately Cthe Ccross [Shore
behaviourloflarepresentative [profiledfTtalian beachwasmodelled with TUNIBESTITC.

ThelmainlobjectivelofTthis thesis[Waspresentedlin Section[1.4.[ThemainlobjectivelofTthis
thesislis[folgainlinsightfinfhe Morphological Behaviouratfthe mourishmentTocationsldlong
the Jumeirah[beaches. Thereforethesurvey(datawill Be @nalysed, @ndl@model vill be thade
in[the[morphologicpackage[UNIBEST [for[alselected[1ocation on[the Jumeirah[beaches.
Oncelvalidated [(with[theldata, [this(model[will (beised [as[altool [fo [Mmake[Suggestionsand
optimizepossible future mourishment.

Severalsublobjectiveswereldetermined [in[order(to [feach thismainobjective. In[Section9.2
the[¢onclusions[ofléach(sublobjectivelansweringtheinainlobjective will [(be presented. In
Section (9.3 fecommendations(for this(and [further research Wwill (be thade.

9.2 Conclusions

Analysis[ 0fl morphologic[ behaviour[ 0of the[ coastl and[ hourished[ areas of[ the[ Jumeirah
beaches[anddetermination [0fla[Suitable [studylocation

Itiwas/seen that(the(coastline dfDubaildonsists(dflalarge mumberoficoastalprotection works
andmarinas.Thesehave(d(largeimpact(on(the formation[0f'thebeachesand(causethatdach
beachlcanlbelseenlas alseparatelcell. [Atlthebeaches[northloflthe[Chicago[beachlareala
northward [directed[transport takesplace[(Italian, [(Glass[Palace, Jumeirah[1[and[2)[¢ausing
accretion on[thehorth[sideand[severel erosion on!thelsouth[side. Nourishments[were
required(at(these(locations. South[of the [Chicago (beachlareal(Madinat[Jumeirah), fransport
waslinthe[southern(direction, [due [fo(theinfluence [0flthe Palm[Jumeirah.

NourishmentTonlall[beaches Wwas[placed [directlyfon thebeach. Thelinitialslopeoflthe
nourished profile[Wwaslapprox.[1:25on[thebeachfola depth[of (TCD[F2 . In[general near
structures, [thelerosionfook [placeloverthe wholeieight between(the fopand[the foeloflthe
profile.[OnTocations (further[down [drift,[thefrend Was [that[equilibrium [processes [cause[an
increase[0flsediments inder[Wwater. Milder(slopes[and berm formation Wasfound [fold[depth
of CD M4 .
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Basedlon thelavailable data, [indications[of’sediment[fransport[and[suitability ‘offnodelling
Italian beachwas/selected(@s/study location.

Analysis(oflthe hydrodynamicconditions and [sand [dharacteristics [for[thisIocation

Theltideis[$emildiurnal, with[CD [at[lowest[astronomical [tide[and(MSL[at[CD[+[1.1[m.
NormalCamplitudeCof theltideFranges between 0.1 m[and[0.9im.Currents havesmall
velocitiesCandare Wwithin[0.3(m/s[atfCD[+15m[{depthlaveraged). ' The Wwave climate[for
January[fo[August[2004(at(talianBeachlisderived from[the [programWorld 'Waves, Verified
withmeasurement by the [DubaiMunicipality [andladjusted (based [onénergy [considerations
tofihcludelthe €ffect0fthe World”.[AMDs,[6f[550 [im Was [@dopted [for Ttalian Beach.

Detailed(dnalysisoflthe [survey(datalofItalianBeach

SedimentbalancesWere [usedfocomparethe [VolumeldflSandlin aprofile[with the[Volume
directlyfaftertheplacement(PostmourishmentSurvey). TheBalance 0fTtalian beachlshowed
that[from[1 (Januaryfo[11 [Februaryallarge[¢hange immediately[Started:[aTeaction[ofthe
nourishedarealfoseveral(Stormléventsin(this[period.[After thislin[all [Sections[érosionWwas
slower.[Between[4[March[and[9[May[the[surveyslindicated[anlincreaseofl $and[in[the
nourished(area. [This[sand[was [found below [CD, [0ver(the wholewidth[0flthe mourished [area.
NolindicationsWwere[found(folexplain[thelincreasephysically.[Overall[anlerosivefrend [Was
seenland(the Volumelofleroded sandwas[about[30,000to 40,000’ [in[the [period[from
January [fo/August2004.

Thelshoreline[retreated [in[fime[daused By [theltransportation 0flsand[from[above [CD [fo Tower
parts.Most(Severe(regressionwas[approx.40m.Thelsedimentbalance 0fTthis[profile[did Mot
show[most[eérosion. This[leads(fo[the[¢onclusion that¢rossishore[processeswere dominant
forthe/drybeachBeachwidth.

Configuration, [dalibrationand Verification [dflda thorphodynamic model in (UNIBEST

Alhindcastisimulation[oflthe mourished [drealat Ttalian (beach forthe [period [January [to [August
2004 was[performedusing[the[$oftware[package [UNIBESTICL+.[Al¢oastline[model[was
configured(and(verified[that(predicts/the behaviour/oflthe mourishment. dtwas/shown(that(d
good[similarity between(the[survey datalandthemodel was[obtained in(alsection[6f500 m
near [themarina, Based [0n [the [Comparison [0flSedimentBalances.

Thel¢orrespondence 200 m[further[down[driftiwas(less well.[Anlincrease[of material [was
concludedfrom(thelsurveyswhilethe inodel "predictederosion inlthis[section. Several
scenariosWerelinvestigated[folinvestigate thiséffect[0f[which(éxtending the[shoreline[down
driftloflthe mourishment[gave(satisfactory [correspondence. [This(Teads fofhe[conclusionfhat
amoreldccurateprediction/6flthe(coastline[down[drift[ofthe mourished dreamightlimprove
the¢orrespondence.[Alphysical (éxplanation [for(the [surveyedlaccretionlin(thislareaWasmot
found. Thereforemo [firm(conclusion 06ftheodel Performancelis[drawn for this/Section.

Lesswell Cresults CwereCobtained Con the CpredictionJofTthe Cdry Theach CwidthCand Cthe

development[in(time. This[WasaccordingtoléxpectationsSince[themodel[Gsmot ableto
simulatethecross(shoreprocess thatidauses(the Waterlinefo Tetreat.
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Analysis[of(the UNIBEST [Software [package. [definition [oflits[¢apability [fo (make [short[term
predictions

Theldonclusionlis(that[WwiththeTtalianbheachmodel volumel¢omputations/éanbemade for
Italian[beachWwith[satisfactory [tesults. [For(the predictionofthe position[ofTthe [Wwaterline it
wasllessleffective.[Thislis[éxpected [since(UNIBESTICL+doesmottakelinto[accountthe
effects[ofl ¢rossishoreTedistribution[ofTsand on[the Waterline.1t[is ¢oncluded that[inthis
short[period [0f[8 months[thel¢ross shore processesare[dominant overTongshore processes
for(thelposition0flthe Waterline for the Prediction [6fTthe [positionofTthe[dry beach width &t
Italianbeach.Ingeneral,these¢ross shoreleffectsWill[largely[depend [onthelslopeWwith
whichfhemourishmentfis placed.

Optimization andsuggestions [for future nourishments with the WNIBEST thodel

Theypothesis s thatbetter [placementoflsand Withinfhemourisheddrealéanlimprovethe
lifelspan(ofithe Mourishment. TheTifelSpanfis[determined by the fimethatfitfakes Thatmodry ]
beachWidthfemains(atialcertainlarealinthe mourishedarea. Threecases Werefested With this
modelforloptimization, placementlinfriangular, fectangular’shapemearthe Marinaland[in
twomindulations(alonglthebeach.All three(cases improved theCritical [section [0f[300 [ Mear
themarina. But[they[¢taused [morelerosion[further[downldrift.[Sincelthis[model ¢anlhot
accuratelypredictithe(dry [beach Width, it[can motbe[stated if[this is[@acceptableormot.

Conclusions[6fTthedross(shoremodelling

Themodel meedshieavydalibration. Instability [0fTthe[dune Was[Seen[for[computations With
grain[s$izes[¢oarserthan 400 jum. AlsoWwaves[With[H,,,;<[0.75m[causedlinstability. This
calibration makesthe resultsless reliable.

Above MSLIsomelinstability [oflthe profile[Wwas[seen.[This(is(the influenceloflthe seawall
boundary.[AroundMSLfo[CD[12[m(the modelhasVery[goodtesults. This shows that(the
model(danpredict/the(drybeach widthWith[good Hesults. Below [CD [foo muchlaccretion(is
computed.[This(is[probably becausepart of(the material (wasfransported (alongshore, which
ismotlincorporated(in(themodel land fo [deeperidepths.

9.3 Recommendations

Regarding(the [@nalysis[0fhorphologic behaviour 0flthe [Coast@and mourished [dareas

ThelanalysislofTthe morphologicehaviour[oflthe mourished [areasWwasnadebasedonlthe
surveys tade (directly [after theplacement, in Februaryand inMay2004.More[surveys Wwere
probablymadelandlanalysis(oflall fhis[datalis[fecommended. [This[datawas provided by Van
OordlandBasedon(profilesWwith(dalength (0f1250 mith[depths Between [CD 54 mland [CD I
6m. Ttfis fecommended fomakelsedimentbalances tisingprofiles Wwhich éxtend[deeper than
CD 6 m.

The'analysis[ofTthemorphologicbehaviour(ofthe[fotal (beachstretch Wwas based [on[satellite
imagesMnade beforethe Mourishments. 'With[imagesfromtheperiod dftertheplacementsia
betterl@nalysis(dan/bemade.
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Regarding [the[surveys

Morphological(studies(are[difficultfoperformbasedon[Surveyldataloflthe mourished area

only. Thereforelitfis Tecommended(fosurvey the Wholebeach, because:

[1 ItidanBeSeenWheretheleroded material [Settled.

*[1 Moreldetailedinformation[on By [pass/canbelobtained By [survey mearthe ipdriftsideof
the marinas

[0 Albetter(analysisand(predictions 0flthe behaviour(ofithe Wholebeachcanbe ade.

Mostlsurveysiwerecarried[outintil (400 mloffshore. Tnlsome profilesthisWwas fooshortland
significant(fransportfoparts6flthe crossshoreprofilethatlaredeeper. It[s Mecommended [fo
survey [foldthinimal [depth 0 f[CD =7 i, about[650 m.

Regardinglthe boundarydonditions

Tolestimate [thelinfluenceofthe [*World”Lon[the Wwavel¢limate, [simulations for[the (wave
climatelatTtalian Beachldare fecommended({andWwell [possible) Wwith the Monthly [progressiof
theprojectlinthe[bathymetryoflthe World'Waves[program.Digital [informationoflthe
measured [ wavel climate[by[the[ Dubail Municipality couldimprove thelaccuracyoflthe
comparison(ofibothlclimates.

Information[ofT sand[¢haracteristics[varied[ largely. More[detailed"and Caccurate samples
wouldlimprove the [reliability. [Todimitthe[variation intheresults ore than(one[samplecan
belmadelonléachlocationandlalieanofléachlocation ¢can[beldetermined. Samples(faken
beforelthe hourishmentl¢an[belhelpful [foldeterminelthemativelsand[¢haracteristics oflthe
beach.Forlc¢rossishorelmodellingsamples[on[different[positions[ofltheprofile(alsoinder
water)[can[besed[for[more accuracy. [Ofparticularlinterestare[theSand[¢haracteristics at
theltoelat CD 37 m.

Regarding [the thodelling [ih (UNIBESTICLA+

The wave climate (Wwas schematized in classes (0145, [this is [rather large. Tt[is fecommended
tomakelsmaller(classes 0f(30°.[Along[the beach( different sediment[ ¢haracteristics Were
found, Whilelonlylonecharacteristic[size Wasised. [Thelinfluence [0fthe[sand [¢haracteristics
on theresultsis large. Modelling [thisthight improve [the [results.

Verification[and[calibration for[the Whole[periodbetween[January [and[August(was[carried
out.[Modelling[on tnonthly [basisis less[straightforward but(¢animprove(the tesults[ofTthe
model.

Morestate[oflthelartmodelssuchlasMDELFT3D[fakelinto [account more Processes, [Suchlas
detailed[flow [¢alculations(and 'sediment[¢oncentrations. (It[is[also (based [on[fime Tecords [of
waves,[water[¢levationsland [¢urrent. 'With this[tnodel betterfesult(onthe prediction[ofTthe
drybeachwidthmightBeobtained.
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Regardingtheldptimization

Theloptimizationswere hadesing(aTotoflassumptions. [Further(study[is equired [fo [Study
theleffectslofldifferentplacementlonhydrodynamic¢onditionsland/developmentWithin[the
profile.[Alsolmore fesearch hasfobeldarried [out o [determine[ifTit s [physically [possiblefo
position mourishmentWith(theselshapes.

AttalianBeach theTife Span(oflthe Mourishmentwas[dominated By [cross[shoreléffects(Over
longshoreleffects;[.e.[the[dry beach[Wwidth[and (mot[the[fotal "eroded Volume. Thereforela
modellthat™predictsthismoreaccurate can[predict[ifl the[coastlineTetreat down driftis
acceptableormot.

Regardinglthe(dross[shore thodelling

Thelmodel meeded Theavy¢alibration, butforthe parameter(Settings [mostly [defaultValues
were(lsed. Moredalibration 6flthese [parameters thightinfluence the results.
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A Design[of[beach[hourishment
A.l1 Using[the[bverfillfactor[R,
With(thefactor R,,[d@n estimatelisobtained[oflthe fequired YolumeofTfill aterial fo [produce
1(m’ (ofibeach material, Wwhen ‘the beach isin(a[¢condition Wwith the compatible material. [The
overfill(driteria, d@s/developed By James (11975), are [presented [graphically ih [FigureA.1.
poorly 4.0 s =
sorted T SSE3S L % iy E—w—x —
30 S e =
25 S N N e n s ==
Bf e el
2.0k SEe=aTemean
15 : ‘ “—:‘
1.2 t ‘
borrow ES. 1.0 =22
material bﬂ. oo =
08
0.7
06
LY==
0.4
better i o3
sorted
0.2
-4 -3 -
coarser M#%—Min Tiner
én
borrow material
Figure[A 1 Isolines[0ftheadjusted SPM fill factor R , ([Shore Protection Manual, 1984)
Iniwhich:[1 M, ] meanvaluelofiphi, = ((psst16)/2 [d
6, standard(deviation 0fiphi, = (g4 1916)/2 [
o[ philscale,@nldlternative measureloflsediment(size. lLarger Values(of [[]
¢ denote finer material,. (¢ = Flog(D)
0ssl] 84™percentilelin philunits [0
016 16™percentilelin phifunits [0
b subscriptreferred foasBorrow material [d
n subscript(referred(folds Mative aterial [1
Van[@ord 3

WL [Pelft[Hydraulics



July[@5

AlDesign[df[beach[hourisahment

A.2 Equilibrium[based[design[inethods

A.2.1 Equilibrium[beach[profiles

TheBeachprofilelisthe variation of[water[depth Wwith [distance[offshore from[theshoreline.
Theléquilibrium [profile(is the Tesultofithe balance0fidestruction Versus[constructive forces.
Theldestructive[forcesare: Gravity[(makingthelslopehorizontal), furbulence[ofTbreaking
waves[and[the lundertow. [The ¢onstructive forces are; hetLonshore[stressesat the (bottom,
streaming Velocity [duefb [€nergy (dissipation, fransportofiparticles By [the WaveinducedCrest
velocities. Tnmature, theléquilibrium [profileisconsideredfo beadynamicldoncept, Therefore
the profile[thangescontinuously. [Byaveraginglover[allongperiod[alieanequilibrium
profileldan(beldefined

Dean(2000)presentsanléquilibriumprofileldescribe by:
h(y)=AD)y*"

Inwhich:

h

SRS

waterdepth

distanceform themean Water(line, [in [0ffshore direction
shapelparameter
grainldiameter

(A1)

[m]
[m]
[m1/3]

[m]

Thedimensional (parameter Alis[thelprofile[ScalelfactorCandis[afunctionloflthelenergy
dissipation(andfindirectly thelgrain(size[dftheBeach. Thislequilibrium profilefis[basedonlthe
assumptionthatturbulencelisthe dominant[destructive force. Beveral Cother$hapeshave
beenproposed butmot/discussedfiere. TablelA.1 Presents values(df A forisand((Dean, Walton
andKriebel,1994)

di(mm)_1| 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.1 0.063001] 3.0672(1] 0.0714[1| 0.0756[1| 0.0798[1| 0.084 0.0872[1] 0.0904[1] 0.0936[1] 0.0968
0.2 0.1000(1] 0.1030L1] 0.106001| 0.109 0.112007] 0.115001f 0.1170C7f 0.1900C1( 0.212 0.1230
0.3 0.125007) 0.127001] 0.129007] 0.131 0.133001] 0.135001| 0.1370C1( 0.1390C1( 0.141 0.1430
0.4 0.145001] 0.1466L1] 0.148201| 0.1498[1| 0.1514[1| 0.153001| 0.154601( 0.1562[1| 0.1578C1( 0.1594
0.5 0.161007] 0.1622(1] 0.1634[1| 0.164611| 0.16581| 0.167001| 0.1682[1| 0.16941| 0.1706[ | 0.1718
0.6 0.1730L1) 0.174201] 0.175411] 0.17661| 0.1778L1| 0.1790L1 | 0.1802L1 | 0.1814L1| 0.1826L!| 0.1838
0.7 0.1850L1] 0.1859L1] 0.1868L1| 0.1877L]| 0.1886L1| 0.1895L1| 0.1904L1| 0.1913[1| 0.1922L1{ 0.1931
0.8 0.194001] 0.1948[1] 0.1956([1] 0.1964[1| 0.1972[1| 0.1980[1| 0.1988[1| 0.1996[1| 0.20041{ 0.2012
0.9 0.202007] 0.2028[1] 0.2036[1| 0.2044(1| 0.2052(7| 0.2060[7| 0.2068(1| 0.2076[1| 0.20841( 0.2092
1.0 0.210007] 0.2108(1] 0.2116[1| 0.2124(7| 0.2132(1| 0.214 0.2148(7] 0.2156[1] 0.2164[1] 0.2172
TablelA [Summary 0f[Recommended 4 Values [(m'?)for Particle/diametersfrom[0.10 o 1.09 thm

4 Van[Dord
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A.2.2 Design

Aslstated, dependinglonthemativelandthe borrowed[sedimentscaleparameters A,land 4,
thehourished "beach profile[tanbelintersecting, hon intersecting, or submerged. This[is
shownfihHigureA.2. Intersecting [profile Tequire Ap>An.

Added Sand Added Sand

Virtual Origin of T=
Nourished Profile

!
|

Added Sand

Figure[ A2[Threel generic!types[ofl beachprofiles[(Dean, 1991).[(A)[Intersecting[ profile A,>A,.[(B) Non
intersecting(profile. (C)[Submerged profile[A,<A,

Therelation(to [determine Wwhether(the [profiles arelintersecting/ [Monintersecting:

3/2 3/2 . .
(%j “{ij 1 mmith W :(Z_Cj {<[(],[iﬂ1tersectmglﬁroflles 0 (A2)

7 L, , >0, [Mon[intersectinglprofiles
Iniwhich Ayy shorelineladvancement [m]
he closure depth((on(theoriginal[profile) [m]

Thelcritical volumel@ssociated With[ihtersectingland Monintersecting [profilesfis:

3/2
(v')c1 :[1+%)[1—(%J } MorA, /A, )>1 (A.3)

And[foldistinguishamonlintersecting[submerged [and‘emerged profile, [ with[{A.4) wel¢an
determine(the ¢ritical Wolumerthat[Wwill Gust[yield [afinite shoreline displacementformon[]

intersectingprofiles.

3 (A)"(A
V) =—|" —2 -1 | [ITbr A <1 A4
)., 55.[Abj [Ab ]} Ty/A,) (A4)

Intersectingprofiles:

TheWolume[placed [pernitishorelinelength [V thatWill[yield a[shoreline ladvancement Ay,
canbe(calculated With €quation:

3 Ay
Vi =Ay, +§/4,7 L 573 (A.5)
1|
A,
Or[Bylihtroducingtheldimensionless[parameters welderive:
Van[@ord 5
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'5/3
V, = Ay, +—.— Ao M with: ['= ——, [, =0, @'= 2. O (A6)

55[ AV 2/3 BW, W, ' h
1-| 2
)

Nonintersecting but/éemergent profiles

C

Thedorresponding Wolume [V, [inMon[dimensional form[presentedlin(équationlis:

3 y 3/27°/3 y 3/2
V, =AYy +——1| Ay, +| =2 —| = A7
i T8 .

Submerged (profiles

Forlthelsubmerged profile, Where[Ay, X [0the corresponding honldimensional [Volumeof
added(sedimentvolumeV’[danbeldescribed bylequation.

32713 "\3/3 3/2
. . -A
V-3 Ay, + A + (=470) (A (A.8)
5B A 4 )2 2B A
B

A.3 Planform[tesponse

A.3.l1 Single[line[theory

Thelsingle(lineltheorywas(first[presented by Pelnard[Considére[(1956). It[gives[the[basic
equations(describing[the morphological [(processes[dfl¢oastline[évolution[duefolongshore
sediment[transportgradients. For[thelsingle(line[theory thelcoastal [profilelis[schematized
(Figure[A.3).[Thex[axislis[¢chosen(along[the original [Coastline. The[shore mormal [Y—axis[is
chosenlinaldirection(parallelfothe[driginal ([Coastline, [positively ih [0ffshoredirection.

The(BasiclassumptionofTthe [Singlelinetheory(is[thatthe [profile(haracterizing theBeachlis
assumed [tomovelhorizontal [over[its[entire active profile[heightlaslaltesult[ofTerosionor
accretion/(rightlin[Figure[A.3).[Thelbeachl[slopeltherefore doeshot[¢change. Beyond[this
activelprofilelieightthe bottom[does motmove. Theshoreward limit(ofthe profileisTocated
at[theltoploflthelactive profile. This[imeans[that[the[assumptions[arelimadelthat[only
longshore[sediment(transports(¢an[beltakenlintoaccountland(that theprofilelis[alwayslin
equilibrium.

6 Van[@ord
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wave crest

05@

W
¥0 —» Q,

P

» X

Figure[A 3 [Equation oficontinuity [(left€quals(right [Figure) Figure[A 4 [Equation(6fmotion

Inlorder to[simulate(the Coastal (changes(aldontinuity [équation@nd [@n(equation for motionare
used fogetherWith initial l@andboundary [conditions. TThe équation [0ficontinuity [(Figure[A.3)
yields:

sy 6Q
h — 4 s + = 0 A.9
Intwhich: @y  Totallongshorefransport [m?/s]
y Coastlinelposition [m]
h,  Activelprofile height((closure(depthand berm Leight) [m]
q,  Sediment(source/sink [m?/s]

Thelequation[ofimotion(FigureA.4)ls[derived By [dssuming[that(the longshore fransportlis[a
(continuous)functionoftheldoastlineorientation. [Thisleads [fo:

_ 5Qs l 2 82Qs
QS(H)—QS0 +9( 0 l=0+29 (692 l_0+... (A.10)

With(theassumption that(the[second [orderfandhigherferms¢an[bemeglected (this[¢anlbe
simplified@and Whendefining that:

5y daQ
0=tan(f)=——MEAnd —==5s A.11
(0)=Land Z& =, (A11)
Equation((A.12)ls[derived, whichis known(as[the Pelnard [Considéreléquation:
a
Q.(0)=Q, -, d—y (A.12)
X
Inwhich:  Qy#)  longshorefransportias/dfunction(ofltheCoastlinedirection [m¥/s]
O longshore transport along a[straight (coastline [parallel fto the x (axis[] [m’/s]
S; variation(0flthe [fransport[as alfunction(oflcoastlinerotation [m?/s]
0 coastlinelorientation Wwith fespectlthe X [dxis []

When!thelequationbfl imotion[is[substituted[in[the[equationofl continuity, alsol¢alled
diffusionléquation((A.13)/is[derived [forwhichlanalyticalsolutions(can be found(Bakker/and
Edelman, 1965;Bakker,[1969).

oy s 0%y
o _50Yy (A.13)
ot h, ox?
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B Boundary[¢onditions

B.l Tidal[levels

ThelAdmiralty[Tidelfablespresent[Values for[Jebel [Ali[Port[and Port[Rashid(1994).[The
values(in/TableB.1 show mnoMarge(difference Between(the ports.

Port Tidaldevels

LAT ( MLLW[U| MHLWL]| MSL[{ MLHW[| MHHW )| HAT

MinalJebel(Alil(height | 0.000 [ 0.4 0.8 1.00 | 1.3 1.6 2.1
infmabovelCD)
MinaRashid 04 0.7 1.3 1.6

Table B[1[Tidelevels(source:[Admiralty Tideltables,1994)

Thereallive graphs [from [the MDubai municipality [in the [period [from December 2003 fo May
2004 show differenceWwith[the [valuesfrom(the[Tide[Tables.[Anlanalysisloflalperiod [of Six
months(andloffalspring neap dycle(of(14 dayslin [February 2004 [shows the[results presented
in(TableB.2.

Location Tidal Levels((measured(in 14 [day(cycle)
LT MLW MSL MHW HT
JumeirahBeach]| 0.2 0.6 1.1 1.5 2.1

Table B2 (Tide(levels[(DubaiMunicipality theasurements, 2004)

Bothlsources(datalagree reasonably. Both(Sources[presentmean(seallevel l@round 1. 1mlabove
ChartDatum.

Becauseloflthelaccuracyoflthe[DM[data, alraise of 0.1 mlofthe[Mina Jebel[Alildatalis
assumed to representthe fide(atItalian beach.

B.2 Sand

B.2.1 Sand[samples

Fromthelsand[curvelof Figure(4.9,themedian(diametercanbelderived, Writtenlas Dsy.[The
definitionis[thatBy [size, (halflofTthe [particles/inthe[sample Will have[a Targer diameter [and
halflhavelalsmaller.[Dogis[the [ diameter[ for Wwhich[90% [oflthe $ediment[hasl[al$maller
diameter.[The results(are listed Below(in [TableB.3.




July[@5 B[Boundary[¢onditions

Sample Date Dy D5 Dy
(jum) (jum) (jum)
28[Mecl03[1 150 300 1000 N
1. 11[Apr04) 350 600 1100 Netnorished secton 9
2 11[Apr04) 260 550 1100
3 11[Apr047] 450 810 1400 S
4 11[Apr047] 180 350 780
5. 11[Apr047] 260 470 1100
6 11[Apr047] 230 550 2200
7 12[Aprl04[7 550 900 2000
8 12[Apr104[1 350 630 1300
9 12[Apr104[1 150 250 620
Mean 290 540 1260
Median 260 550 1100

TableB[3 Distribution (0fithe [Sand[Ssamples

Alffirstlestimate[for(agood representation0flthe hean [Sediment(size is[fo[fake the hedian [0f
the10samples. Themedianlis[the mumber(in [the middle(ofthe(sets; Halfiave Walues thatlare
greater [than [the edianand halflhave values(that@re(less.

Table[B[4[Representative[ Sand[¢haracteristics of[Italian[beach[(source: [ Van[Oord,[2004)
shows[Ds,[D;o[and [DyglofTthemedianof the samples.[Theassumptionis[made that[this
samplelis(tepresentative(for Italianbeach. Conclusion(is(thatla telative[coarse[sand[isused
forlthe mourishment(IDs¢>500im).

Dyo/(um) ] | Dsol(um)[] | Dgo(pm)
Mean 260 550 1100

Table B[4 RepresentativeSand/characteristics0f TtalianBeach(source: Van[Qord, 2004)

B.2.2 Fall[Velocity

Whenlaparticle(falls through Water[it[dccelerates intil it [reaches|its (fall [Or[settling [Velocity.
Thislis[theferminal [Velocity [that[a[particle feacheswhen the drag force[on(the [particleljust
equals(the(downward)(gravitational (force.[Alparticle’sfall Welocity [is[d [function[ofTits [Size,
shape(and(density; @s welllasthefluid [density, Viscosity [dnd [Several [Other [parameters.

The(falllvelocity[¢can[be¢alculatedtheoretically [in[still Water[from alforce[balancelon(a
single(falling[grain. [(Where [the relevant[forces are the[Wweight[oflthe [grain[W, the[buoyancy
forcelandthefluid[dragthat[thelparticlelexperiences. This gives albalance between the
forceswiththe[(B.1)dsSolution:

Van[@ord
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\/VS :\/4.(ps_pw).g'D50

3 ' p w' CD

Inwhich:  w; fall velocity [0flsand [in [Seawater [m/s]
D5y medianigrain(size [m]
D densityWater [kg/m’]
Ds density(sand [kg/m’]

For(large mumbers, Butlessthan 100, Olson((1961)gives thelapproximation:
24(  3Re)”
¢, =24(1,3Re
Re 16
Infwhich: Cp  Draglcoefficient (g
RE  Reynoldsmumber [J

(B.1)

(B.2)

Anotherlapproach(is[fo[¢alculatethefall Velocity Wwith[Equation[{B.3)and s derived for

seawater [atd[temperature 0[5 °C(Basis fapport Zandige kust, 1995).
log(1/w,)=0.476-(""log Dy,)* +2.180- " log (D, ) +3.226

(B.3)

CEMI[(2003)presents[al¢hart,[which[telates thefall[Velocity [of[quartzl$phereslinlairfand

water [to [the[grain[Size[and[the femperature[oflthe Water[(Vanoni, [1975).

S
)

0.8} e

0.6}

a7 =100

0.4

0.2

Diameters, in milimeters

5
R,
N
N

WIEZ: i

|
ZZ40) ;

Fall velocity, in centimeters per second

Al 02 0.4 06081 ? 4 6 810 20 40 608000 200 400 800 1000

Figure B (1 [Fallvelocity [0fquartzispheresin(@ir@nd Wwater (Vanoni,[CEM, 2003)
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These(threel@pproaches lead o [@fall Welocity presented in Table B 5.

Approach Source W, [(m/s)
Theoretic Equation((B.1)(1] 0.09
Basisrapportzandigekust[l | Equation((B.3)(1| 0.07
Vanoni CEM, 2003 0.09

TableB[5 Results(fall welocities [computations[(for Ds, 15550 [1im)

Thelwater(in[Dubaihas(dhigher temperaturethan for WhichéquationB.3lis[derived.[Solthe
assumptionlistade(that[0.09 h/sis[algood representative [forthe fall Welocity l0flalgrain Wwith

amedian(diameter0f550 [im.

Van[@ord
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C UNIBESTCL+[model

C.l Introduction

Thisl@ppendix[describes the formulation(ofthe WNIBESTICL+model. Tt'describes thebasic
modellingfé¢onceptsin[SectionC.2. This[informationis obtained [fromthe Msermanual fof
December2000.[SectionC.3[givesthemathematicaldescriptions(dflthe modelland fransport
formula.[In[Section[C.4theised formulations for(themodelling[ofTthe Wwaveldiffraction
aroundthe[UmmTasSuqaym 1l marinalis[presented. SectionC.5presents telationsto
determine the breakerindex.

C.2 Basic[lnodelling[¢oncepts

The UNIBESTICL+Consists 0ffwo lintegrated [submodules:

e ThellongshoreTransportodule (LT module)
o ThelCoastLinemodule(CL inodule)

The[CL [odulelsimulatesthe[doastline(évolution based[onlthe Tongshorefransport(gradients
thatlare[presentlalongtheltonsidered[coast.[Theselongshorel gradientsarelderived from
longshoretransportcalculations [performed [with[ithe LTmodule. [[TheresultsJof LT
calculationshave[been[transformedtolalfunction[that[describesthelintegrated longshore
transports(as/afunctionofthe(coastline Orientation.

Duringlal¢oastlinelsimulation Wwith[the [CL inodule[thelactualtransport[ratesarelderived
from[the[transportfunctionsbased[onthe [dctual[doastlineldrientation. [If[duefolaccretion or
erosion(the[doastlinedrientation changes [with [time, the Tongshore transports [also [change.

C.2.1 The[basic[inodel

Thebasicmodel which(definesthelactual [doastline[consists[Of:

e Theldurved®,y[systemi(withthex[axis[shorelparallel i@and [theyaxisperpendicular(to(the
x[axis)

e Thely(x)lnitial [coastline
Thelgrid pointsldlong[the curved x [axis (with [y(x)=0)

TheXlaxislisla¢urved ine,[@nd fhely[direction[is [defined [perpendicular o fit.[The X [axisis
created byldefiningla[mumberloflbasicpoints.[The program(fitsfal¢urved(linethroughlthe
basicpointssing(alocal [third [degreeinterpolationWwith ¢ontinuous(firstlderivativesdat[the
basic[points.[At[these pointsthel¢oastlinepositiony(x)[is[defined, Whichlare[thebasic[y ]
points.’Atthebasic[pointlandlatauserldefined iumberinbetween, x[gridpointsi(x[points)
arel¢reated.[AtX points the [fransporttate Q;lisldefined by thefransportraysfromthe LT
module((Section[C.3.1).
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Halfwaythese X [points,the Xy [points[areTocated [(pointsWherethedoastline ylisldefined).
They[valueis[dbtained By dinearlihterpolation Between [the Basic[Y[points, @ssumingtheX,y
system [fo[Belarectangular(doordinate system.

C.2.2 LT[ Run[$pecifications

C.2.2.1 Transport[tays

Altransporttayis[theltesultlofTallongshore$edimenttransportcalculationWwiththe LT
modulebasedlon(coastlinedrientation, [dPrescribed wave[Tand [current[¢limateand [d [Bottom
profile.Basicallyfitfisafransport function fhat[definesthe TongshoreSediment fransport(dsia
functionloflthedoastlineldrientation. Transportrays(dre isedin the[CLModulefo[determine
thedctual Tongshore [fransportsBased [in TheCalculated[doastlineOrientation.

MorelspecificlaTransportRayisdefined By the Tollowing fransport properties.

e Thelangleloflcoastallorientation uponWhich(thelcross Tay[is[defined. Inlthemodel the
coastallorientation s expressed [as[theldirection[ofltheSeaward [directed 'coastmormal,
measured(clockwise relatively [to the morth

o Coefficients(defining the fransport(rate(asa[function[oflthe [actualldoastline [Orientation,
Qs :ﬂ&h} Ldb Ldg)

e Thelcharacteristiclpoints x', (X 50,...[X" 1900, With[Tespect[tolthe[¢oastal [point x..[ These
pointsJdefinethe “crossshore Cintegrated [transport[percentages iwhich Care Tused Cto
determine the(sediment[by[passlin[¢aseloflgroynes.[The x".[pointlin[the[¢oastal (profile
determines|the(location in/theGoastal[profile(and thusthe[depth Contour that/Corresponds
withlthey[Valueslinlthe[shorelinemodel

o Thelprofile(heightasldefined by themser. This(istheheightWwithinlthefransporttakes
place

e Thelprofilelshapefactor

ThelnputForian L TRun(Calculationstepis:

e Alwavelandcurrent(scenariol(definition Wavelangleswith respect(tolthe morth)

o Thelcoastallorientation[dngle((direction(oflthe(seaward [directed[Coast mormal, measured
clockwiserelative fothe morth)

e Aldross(section

e Aflselectedfransportformulaland therequired [Coefficients

e Coefficientsforfhelénergydecaycalculation

AllT¢alculation runs/asfollows:

e [t[makes anlestimatelofTthe equilibriumlangle(the fotation oflthe coast, Wherelthe
resultantisediment(driftlis [Zero), based[inalsimplified hethod

e Forldnumberlofiangleslaroundtheeéquilibrium angle((60°and(#60°)the total fransport
0,(8) islcalculated(forall wave[¢urrent[combinations

e Drawsla Q-6lcdurve

| 4 Van[@ord
WL[] [Pelft[Hydraulics



Morphological[Analysi
Nourishments

s[and[dptimization[fPubai MSc[Thesis[PUT July[@5

Van[@ord
WL[] [Pelft[Hydraulics

Thelequilibrium(anglelis[thedoastlangle forwhichthefransport[isZero. By singthe Teast[
square[Method thisfunction¢anbeapproximated by thelanalytical [Solutionpresented by
Equation(C.1).

Q(0)=c, -6, -exp|~(c,-6,)'] (C.1)
Infwhich: 6, resultant(of 6-6, ]
0 actualldoast/Oorientation ]
0, equilibrium @ngle for Which Q,(0)fis Zero ]
c,lé;  coefficients,[determinedfromthe Qy(8) function [0

ForeachlJcombinationofwaveland[current[“al‘onewave’[lapproximation[lis[made[ by
Equation(C.2).

90
=C,, - ————+C,;4/COS O C.2
Qs 1/ . Sin 9,7 2i n ( )
Inwhich: 6, wave[dormal((resultant(of 6-6,,) ‘]
0, thewaveanglewith espect [to the[coastal mormal ‘]

C.2.2.2 Wave[[and[¢urrent[$cenario

Thelwavelscenariolisdefined[bylalsequencelof[wavel¢onditions.[The ¢urrent[$cenariolis
defined By (a@lsequencelofflow Conditions.

Wavelscenario input:

o Significantiwaveleight
o  Water(level

e Peaklperiod

o  Wavelanglewithrespect/tothe North
e Duration
Current/scenariolinput:

o Tidallsurge

e Tidalflow velocity

e Referenceldepth

e Percentageofiduration

Eachl¢ondition fromthe vavelscenario[is[¢ombinedWwith[allfhe ¢onditionslinthe ¢urrent
scenario.[TheWwave[¢onditionslareusedas boundarycondition"attheSea boundaryofla
cross[shorelprofile’defined[alongthe Mmormaloffal¢oastisection. Thel¢urrent(¢onditions[are
translated Wial@[Chézy [telation o @surface Slopeferminlthe Tongshore Velocity [equation.

C.2.2.3 Cross[$hore[profile

Alcross(shoreprofilelis[defined By alsequencelofbottom Meights. Ttlis[dividedin fwo parts:
Thel static[part[ (outside[ the[transport! zone) and[al dynamic[part.[ Thel dynamic[part[is
supposed(torotatelinthe[same[way(asthelcoastline. [AlpointWithin [thedynamicldrea/can(be
selected [tolcutloffitheldrealinwhichsedimentfransportitakesplace(bylsettingthefruncation
transportwithin[the dynamiclarea).
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C.2.2.4 Global[and[local[transport

The'global fransportsCdefine [fransport[properties at[éach x[gridpointfalongthemodel axis
(transportrays).[Additional [donditions((e.g. [a[groyne)[oftenlinvolve theldescription[oflocal
transports.

C.2.3 Boundary[¢ondition

Theboundarytonditionsldescribethe model [behaviourlat[the[twomodelboundaries[in
terms Coflthelcoastline position[¥,theliransports O, [brlthecoastangle. There arelthree
options:

e Thelcoastlineposition Temains/constant

e Thelcoastal [@angleremains donstant

e Thefransportlislaiser/defineddonstantvValuelorfunction0ffime

C.3 Mathematical[description

C.3.1 Wave[propagation[and[breaking[inodel

Thelwave[propagationldnd[breaking modellis lised[in[the IL.Tmodule[fo misefor[the [Sediment
transport/domputations.TheWwave[propagationldnd/decaydndthe[Wwavelinduced(cross shore
water level[Setp [drebased (On threebasicéquations.

ThelfirstBasicléquation(is [forthe Wwavelenergy [balance:

i(c .cos0 -£j+&+&=o (C.3)

ax | ¢ "o ) o o

Iniwhich:  C,  grouplvelocity[ofiwaves [m/s]
0, angle between Wwavedirection@nd(shore mormal [
E wavelenergy [J/m?]
o,  relativelWwavepeak frequency [m"]
D, dissipation(ofiwavelenergy [duelfo Wave breaking [W/m?]
Dy dissipation6fwaveleénergy [due(to bottom Hriction [W/m?]

Thelsecond basicléquation(is for the Wwavelinduced [cross [shoreWater Tevel 'Setupandyields
(C.4):

d dn
—S,, + h, +n)=— C4
o S T Pg () (C.4)
Inwhich: S, cross(shore(radiation(stress(Component [N/m]
ho still water[depth [m]
n wave(setup [m]

The(third Basicléquation(is[Snellius’Taw:
ksin(6, ) = constant (C.5)

|16 Van[@ord
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TheWavelénergy pertnitsurfacelarealisdefinedl@according(fo Tinear waveltheory:

1
E = gngﬁMs (C.6)
Infwhich: p density[ofwater [kg/m’]
g acceleration(oflgravity [m/s?]
Hpys rootimean(squarewave height [m]

Thelrelativewave [peak frequency lis[defined as:

o =w-k-sin(0,)-V (C.7)

Infwhich:0 peakfrequency [m"]
k wave mumber [m"]
A" alongshorevelocity [(from(basicléquation from[cdurrent) [m/s]

Theldissipation0fWwavelenergy[duefoWwave breakinglisdefined(as:

D, ~%pg-a. Q[ 2] 1 c8)
T
Intwhich:  «, coefficientofwave Breaking(ALFA) [0
Dy dissipation[dfiwaveleénergyduelto Wwave breaking [W/m2]
O local fractionoflbreakingwaves [0
H, depthlimitedwaveheight [m/s]

Thellocal fraction(ofbBreaking Wwaves [is[defined|(as:

2

1- Qb — HRMS (C.9)
-InQ, H,
Theldepth(limited wave lieightfis(defined ds:

H =988 tann( k2 (C.10)

k 0.88
Inwhich: vy coefficientofwave breaking (GAMMA) []
d water(depth((defined(as: [d[=Hhytn(2) [m]

Theldissipation ofiwaveleénergy [due fo bottom friction is[defined (as:

1 20 oH ’
D.-=p.f . 2 r! Trms C.11
regl W’ (sinh(kd)j (C11)
Infvhich:  f, coefficient[{forthe Bottomfriction (FW) [0

With givenboundary(c¢onditions(ofWaves H,,,, T,land 6,,[andwaveparameters, theBottom
profilez(x) Cand[bottom trelated [parameter, “and ' thealongshoreturrentdistribution;the
equation[system(danbelsolved.

S.xi5theradiation[stress[componentlin/cross(shoreldirectionlandlis[defined as:
S, = E[n(1+cos2 49”)—%} (C.12)

Van[@ord |17
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InGwvhich: n group [velocity/wavelpropagation(speed (C,/C) (g

C.3.2 Currents

TheDbasicléquationdescribing thelongshoreldurrent[distribution [is the Mmomentum équation
alongshorelandfis presentedinéquation(C.13.

d dh, g
—S +pgd—"+p=VV,|=0 C.13
dX Xy pg dy p Cz | tot | ( )
Intwhich: S,  longshorelradiation stress/component [N/m]
V Alongshoredurrentvelocity [m/s]
Vi«  velocityfunctionlin/shear/stressterm [m/s]
C  Chézyfrictionlcoefficient [m"%/s]
Thellongshore(radiation(stress[component(isdefined/(as:
S, =S,=E-n-cos6,-sing, (C.14)

The¥elocity functionfinshear(stress ferm/is[definedas:
V.

tor = \/VZ +Ugws (C.15)

InGwhich:  Ugys amplitudelofltheDwavelorbital velocitybasedon[linearwave [[]
theoryland Hzys

The[Chézy frictioncoefficient(is[defined(ds:

c- 18Iog(1/3dj (C.16)

b

Intwhich: £, bottom roughness (KB) [m]

Thelfidal[surface(slopelalongshore(dhy/dy [is [implicitly [defined (by [the [fidal [¢urrent [Velocity
Vigaldtlareferenceldepth(d..sdsfollows:

/ dh,
Vt/’da/ =C dref d_yo (C17)

With[givenboundary[¢onditions[ofTwaves [(Hms, [T, and[0), the[bottom [profile[z(x), and
bottom[telated[parameter, [ the equation[System[¢can[belsolvedandthealongshore[¢current
distributioncan[BeComputed.

C.3.3 Sediment[transport[with[the[Bijker[formula

Thelsediment/fransport/alongtheldrossraysicanbeldalculated By ising[one[oflthelavailable
formulaefor[sediment[transport. [ For[this[thesis the[Bijker[(1971)method vas[selected,
based(onlexperienceland reliability.

|18 Van[@ord
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Bijker{1971) proposed dformulaforbed Toad [duelto Waveslanddurrents, WwhichWasbased
upon(the formulalofKalinskeFrijlink (1952) forbed Toad [duefol¢urrents [only. [For[thatla
formulation(forthelincrease[oflthe Bottomshear(stress by Waves Wwas[developed. [Afterwards
Bijkerlddded aldistribution[0fthe Suspendedload(fo thebed Toad, Which WasBased tipon the
EinsteinRousedoncentration Vertical.

§5§5=5,+85, (C.18)
Iniwhich: S, bottom[sedimenttransport [m3/m/ s]
S suspended(sediment [fransport [m*/m/s]
Theformulation(of S, reads:
-0.27A-D, -C*?
S, =B-D, -Kg% exp( — J (C.19)
C H-Tgy,
Iniwvhich: B coefficient(deep((1)or(shallowwater((5) [D
D3y median(grain/diameter [m]
14 alongshoreldurrentvelocity [m/s]
C Chézyldoefficient [m"?/s]
A relativeldensity, [defined(as: (p,-p)/p [a
u ripple Jfactor, “ratio[Jof[the(grain [roughness toCthe[(total — [[]
roughness (definedlas (C/Cyy)*?)
[0.27  experimental [Goefficient [d
a bedishearstress/duelfo Wwaves(and currents (timeaveraged) [N/m’]
eV PR (C.20)
(a7 2 V
up Orbital velocity mearthe Bottom [m/s]
¢ Bijkerparameter: C/FW [2g [
S suspended sediment [fransport [m*/sm]

Theldoefficientforthe Waverelated Bottom foughness 7.[defined(ds:

-0.194
F - exp[—5.977+5.213[u—") ] (C.21)
v or,
Intwhich: [0 r, bottomroughness [m]
The formulation[0f(S,[reads:
S, =1.835,[1,In(33d /r,)+1,] (C.22)
Van[@ord 19
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Inwhich:O 1,1, EinsteinIntegrals
L 2 y=z/h (C.23)
L=R[[(1-y)/y] ay

1 . (C24)
L=R[Iny[(1-y)/y] dy
%

ot (€25)
)

Z.=w [(x-V.) K; VonKarman[constant (C.26)
2 (C.27)
4 1( . u
V.== |g-|1+=| 2L

C.4 Waveldiffraction[$cheme[bf{(Kamphuis[(1992)

The waveldiffractionis expressed [in(the diffraction Coefficient K,whichlis/defined(as:

K,=H,/H, (C.28)

Intwhich: K,  diffraction(doefficient [0
H, diffracted wavellieight [m]
H;  incidentwaveheight [m]

Thelapplied formulations(for[diffractionldround(a(structure have [been derived by Kamphuis
(1992).Thelequations(presented by Kamphuis/(are:

K, = 0.69 + 0.0080 MIIIIIIIbrITH0 < § < 0
K, =0.71+0.37sin(0) MIIIIHbrIH < 0 < 40 (C.29)
K, =0.83+0.17sin(0) T T30 < ¢ < 90

Inwhich: 6  anglebetween(the point[oflinterest and the(diffraction[point (ay) and(the [°]
incidentwavel(direction (a;)

C.5 Breaker[Index

Wavelbreakingloccursduelfofwolcriteria,[depth[dnd[Wwavelsteepness.[While[depthlinduced
breakinglisusuallythedetermining[factorlin[shallow [Wwater, ‘the[limit[oflSteepnessshould

20 Van[@ord
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alsobel¢onsidered. Thelsteepness ¢riterion[(Miche,[1944)[s ¢alculated [for(tegular[waves
wherelthe Water(isMotldeep Wwith relation[(C.30)

H/L<[H/L]_ =0.14tanh(2zh/L) (C.30)

Thelbreaking[¢riteriondueltothe Wwater depth[is given[bylahondimensional (parameter
calledthebreakerfindex [{yy,), [defined [Asthe maximumwave [heightfo [depth[fation {H/h)
limited Toldepth:

H/h S[H/h:lmx =Yy (C.31)
Thebreakingparameter has values(for regular waves rangingBetween(0.5(and 1.5.[While for
irregular waves fypical values(arefound o be[0.5[0.6.

Design(curves(forthe[combined(éffect(ofWwavelshoaling[dnd Wwave(breaking, [0btained [from
anleénergy basedwavemodel (ENDEC)presents Equation[(C.32)

Y, =0.5+0.4tanh(33-5,) (C.32)

Infwhich:  y,, Breaking [parameter [0

) deepwater[wavelsteepness: % gT 7 [
2%)

TheUNIBEST lmanual[presents [tielations for[Wwave [breaking[as[a[function[oflthe[Steepness

(Table[C.1).
H,ms/A 0 0.01 0.02 0.03 0.04
Y 0.5 0.63 0.73 0.81 0.85

TableC[1 Relationforwave breaking (UNIBEST Manual,[1994)

Iftwelassumelthe Wwavesfobe Rayleighdistributed [then relation [(C.33) Holds.
H, ~\2H e (C.33)
Forbothwaveldlimatesthe breaker(index [is[dalculatedand [presented in [Table (T.2.

DM WW
ENDEC(D.4) 0.67 0.68
UNIBEST (0 0.63

Table (2 Resultsfor(breakerlindex

Van[@ord 21
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D Appendix[UNIBESTTC

D.l Introduction

Thisappendix [isfderived [from[the UNIBESTITC manual ({WL|DelftHydraulics,2000). Tt
describes liow [the hodel domputes Bottom [changes(in(d[cross [shoreprofile.

D.2 General[$et[up[6f[UNIBEST[TC

UNIBESTITCI{Time dependentCross shore)listhe ¢rossshoreSedimentfransportmodule
of The[UNIBESTCoastal [Softwarepackage. Itfis[designed fo[domputelcross [shore[Sediment
transport/and the Tesultingprofile[changesalongladoastal profile linder the[Gombined [@ction
offwaves, lTongshorefidallcurrents[and wind.

The WNIBESTITCmodel(donsists0f[fivelsubmodels:

Wavepropagationodel [(AppendixD.3.1)

Mean [Gurrent profileodel [(AppendixD.3.2)

Wave orbital welocity thodel ([Appendix[D.3.3)
Bedlbadlandsuspended badfransportmodel (AppendixD.3.4)
Bedevelchangeodel (AppendixD.3.5)

Alschematicrepresentation [0flthe Marious[submodels/is(givenih[FigureD.1.

Van[@ord 23
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bed: waves at upwave boundary: constant wind:
Zp, A5, dso, Honsoe 800 T Yoty O
friction factor fi, (FWEE) depth-averaged tidal velocity
roughness k, (REVAL) at certain location:
roughness K, (RW), k. (RC) Veide
Zp Kiow Ko :[fw Hons 0 Waind
kzz | B O
dsn Tpao Viice

|
dan

=

orbital velocity model

Oy s (1

mean current profile model

sl bed load model

T

(a)

suspended load model

Ha.)

bed level changes

FigureD 1 Overview of (TUNIBESTITCIsublmodels[(Source: (UNIBESTITC;[overview [ofimodel formulations,
2000)

D.3 Model[formulations

D.3.1

Wave[iodel

ThelWwavemodell¢omputesthe[Wavel[¢nergy[decaylalonglal¢ross/taylincludingleffects of
shoaling, [refraction[Jand [energy[dissipation. JTheJmodel[consists[lofT three[first[drder
differential [equations. Thelfime averagedwaveénergy [balance[(Battjes(dnd [Janssen,[1978),
thebalancelequation(for(theénergy¢ontained [in[surface[rollers(in[breaking Wwaves (Nairn (et
al.,1990)(and[thehorizontal inomentum [balance [fromWwhich(the thean water level [Set uplis
computed. [The Tefraction [0flthe Wwaves [is[computed ising [Snellius’Taw. Thesethreedoupled

equations(areSolved By Miumerical ihtegrationdver fhelcrossshoreprofile.

Theseleéquations[generate[thelinputtequired by thelocal models for theVertical [velocity
profile, thedoncentration Wertical and the bed [Toad [fransport.

Theénergybalancelequationfor organised Wwavelenergy | E’[is[the[samelas[used[inthe

UNIBESTICL+thodel (Equation[C.3®o[C.11).

TheBalanceléquation for(theénergy [dontained [in[surface rollers in (breaking Waves reads:

24
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aixzf, .C -cos(8) = D,, - DISS ; [E, = %p .c? -%; DISS =259 i (D.1)
Infwhich: 2 factor[fromradditional [dissipationfofTrollerfénergyduefola [[]
netlfransferlofiwater from the Wwavefo the roller
E, rolleriénergy [J/m?]
C wave propagation/speed [m/s]
Dw dissipation[oflorganised Waveleénergy [W/m?]
DISS  DissipationofTollerlénergy [W/m?]
B Slope(offthe faceofthe wave (BETD) [J
A ArealofTthelroller [m]
L Lengthlofftheroller [m]

The'thirddifferential ‘@quation(is the [dross [shore momentum(equation, which reads:

on_ 1 & S _ 29 2
5x ~ pgh ox ,ith[3,, = ((n +ncos?6 -0.5)E +2E, cos® ) (D.2)
Inwhich: 7 meanwavelsetiup, h=1(z, [
X positionalongtheprofile []
S cross(shoreradiation stress [0
n group [velocity/ wavelpropagation(speed (C,/C) []

Inlorderfolsolvethelsystem forthethreeinknown, £, E,[and nboundary ¢onditions for
Hpus, T,,'and Olatlthe ipwave boundary land a[given bottom height z,[dre meeded.

D.3.2 Mean[¢urrent[profile[inodel

Thelmean[currentprofile[model [ ¢omputesthelVertical [distributionoflthe[Wavelavaraged

mean[¢urrent(in [bothJongshoreland(c¢rossshoreldirection, accounting [for thevertical mon[]
uniformldriving[forces: [Wind [Shear[stress, [wave breaking, (bottom[dissipationlin(the wave

boundarylayer(andthelslope 0fthefree [Surfacedueto @longshorel(tidal) [Current.

Inlorder [fo[dalculate(this Welocity distribution, the Horizontal momentum balance needs [to [be
solved.[This[is[doneising[aldquasi[3 (D model[which[¢onsists[of threellayers[(DelVriend,
Stive,[1987):

e Thelsurfacelorfrough(folcrestIayer, whichis fepresented by Boundary(conditions(on/the
middle(layer

o Themiddlelayer, fromfopoflthe Bottom (wave) boundary layer [fo the thean [Water level

o ThebottomMboundary Tayer

Thefotal [shear[stresscanbe calculated By lintegrating [d thomentum (balance [0flthe following
form:
ot _
oo

R, Ifbrid> s (D.3)
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or; 0 ~
a—a’:R,+%(pu,w)ED]ﬂJr c<d (D.4)
Intwhich: horizontal[shear stress [N/m?]

o dimensionless(depth((z/h) [0

R; pressurelgradient(forcing,[@ssumed [fb bedepthlindependent [N/m?]

uw  oscillating[velocity [ lcomponents[Jin[Jildirection[Jand [ lvertical [m/s]

directionrespectively

0 thickness(oflthe waveBoundary layer [J

i ildirectionwith i=X [Or[y [0
Thenonldimensional [thickness(dflthe Waveboundary (layer(reads:

0.82
A k, . B ez _k

5= o.oga[ksj ., [N, , - 0.5End3,, - o =2 I, - 543 (D.5)
Inwhich: A4 wavelorbital [€xcursion[parameter [J

o factor(forfirregularwaves (ALFAC) [J

ks user(defined foughness hieight (RKVAL [m]
IntegratinglofTEquation 3 and D[4 from TheSurface[downwards Teads(to:
7, =7,,; —R,(1 - o) Ifor ¢ > & (D.6)
r,:fs,.-R,(1—a)|3+Df7kfﬁ5EnJJ]ﬂ>ra<5 (D.7)

! (0]

Inwhich: 7, surface(shear(stress applied attMSL, [which[account(forwind [N/m’]
stressldand shear(stress by [the dissipationlinthe(surface(rollers
k; waverumber ihfildirection [m"]
Dy dissipation[due fobottom friction [W/m?]

The formulationdfthedissipationdue(fo bottom friction/is [computedas:

-0.52
1 . A
D, = e pf, u?, MIWith[E), = 1.39[20) @ndH, . = 0.3 (D.8)
InGwvhich:  f, friction factor [J
u,p  orbital velocity Mear(the Bed [m/s]

Thelshear(stress(is related [to [fhe Welocity [gradients By:

_ PV Y,
L= e (D.9)
Inwhich: o, eddy [viscosity [J

Thelwvertical [structure[oflthe [éddy [Viscosity[is[¢alculated[separately [forthe[middle[andthe
bottom[layer. (It[is[written[as[the productloflthe depthlaveraged [Viscosity[and[a[parabolic
shape[function.[Theldepthlaveraged[viscosityis[defined[as the[tootinean square oflthe
depthlaveraged Wiscosity[contributionsdue to (braking, Wwind[dnd(the slope driven(current. In
theboundary (layer, theleddy(Velocity [is[increased [folaccount[forthelincreased [furbulence
dueltothewavelorbital thotion.
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Integrating[Equation [C9gives[anlexpressionfortheVertical velocity [profile(as(a function[of
theCeddy [viscosity. [Integrating onceimore[ gives[the depthmean [velocity [in[XMTand [
direction(@s(afunction(ofTthe forcing: Wind [shear stress, thefoller[shear[stress, thestreaming

function(and theldepthlindependent pressure(gradient.

Theldepthmeanvelocity ih X [direction follows from [the thass flux fih the surfaceTayer:

~ _E+2E,
- qnon—breaking + qro//er - c

u (D.10)

q rift , x ri COS(@) P
, -t = (ot 2 MGith 6,

Theldepthlindependentpressuregradient(iny [direction Ryfollows [fromtheChézylequation:

V-C hahmﬂmnhmﬂslog[lz”] (D.11)
oy k,
Inwhich: V (tidal) Welocity(atlareferencedepth [m/s]
kp roughnessheight (RKVAL) [m]

Theremaining unknowns[arethedepthmeanvelocity [in[y[directionand[thepressure
gradientR,[in X direction. These WValues(depend [on(thedepthlaveraged Welocity, Whichitself
dependsion R, [(vialthelslopeldrivencurrent). Thereforeanfiterative[procedurelis followed o
solveltheléquations, Teading o a[Solutionforthe depth inean(durrentland thecurrentprofile
inX[Mandyldirection.

D.3.3 Near[bed[érbital[Velocity[inodel

ThemearZbedvelocity[computes/the fime [Variation[ofTthe niear bed vVelocity [(orbital thotion)
dueltomon(linear(shortandlong Wwaves felated [fo Wwavelgroups. [Starting [pointfis[afime(Series
inlthelcaseloflregular Waves, based [0n Rienecker(and Fenton[(11981).

U,(t)=Y B, cos(jwr) (D.12)
j=1
Inwhich:  Bj amplitudes Tnumerically [ldetermined (Isuch[that[the Cdifference [[]
betweenthe ‘minandimax[velocity Cof[theasymmetric[iwaves
equalstheldifferencelin[case/oflhonochromatic waves
U, near bed velocity [0

Nextlsteplistoldddld[second velocity [time series Wwhich(isslightly lout(0f[phase with [the [first,
thelamplitudemodulationlon(thefimelscalelofldWwave group[islintroduced yielding altime
seriesUy(t):

U, = ZB]. cos(jot)[0.5(1+ cos(Ar))Y (D.13)
Jj=l1
Iniwhich:  A®w = ®/m,Cm[being the number ofl waves in one wavel group [
(defaultfis(7)
U, nearBedVelocity [
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Themagnitudelof Uslis[dorrectedfo U’; inl[Suchlawaythatthe thirdmomentof U ,léquals
the [third homent 0f U;.

1/3

ITU%

1

U0=|—"—| U,® (D.14)
— U3t
mT <

Intwhich: T wavelperiod [s]

TheTongwaveVelocity[islcomputedaccording foRoelvinkand Stive[{1989) Wwholassume
that[the WwavefrainWwith[equal features [ofla fandom[wave[field may be[tepresented [by [a
bichromatic[Wavefrain[With[équallamplitudes a,[and a,, [andlalaccompanyingbBound Tong
wave With@mplitude &, and[reads:

Jah

. aa
U,()=¢, Y cos(Zt + ), with ¢, =—G, 2" and
R VTR VT

mO _gHrms _éan +Aam +A§a

Iniwhich: g, longwavelamplitude [m]
o) phaselshift [rad]
Gunm  transferffunctionl@ccordingfoSand((1982) [0
ana, amplitudes/ofitheBichromaticWwavefrain [m]
my total surfaceWariance [m?]

Thephaselshiftiisdalculated @ccording b Roelvink@nd [Stive (11989) by:

o 2
cos(p)=C,|1-2| —= (D.16)
Hrms,O

Inwhich: C. alcorrelation(doefficient[(C_R) [d

H,,.o thelincomingwavelheightatitheseawardBoundary [m]

Finallsteplis[the[computations[ofithefimesSeries U,(?)0flthefotal (orbital Welocity, By [Simply
addingtheleffects/duefo theshortwavelenvelopeland the bound TongWave:

U, =U,(t)+U,(t) (D.17)

D.3.4 Bed[load[transport[and[suspended[load[inodel

Bed load [transport(formulation
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Themetbed(load fransportratelin'donditions With liniform Bed Materialis[0btained by [fime [
averaging[{over(theWwave[period[T)[oflthelinstantaneousfransport(tate using [the bed Toad
transportodel ((quasilsteady@pproach),ds follows:

q, = ijqb,tdt (D.18)

Inwhich: ¢,,  F(instantaneous[| hydrodynamic[] and[] sediment[) transport [m’/m/s]
parameters).

The formulalapplied, reads|(as:

' JO'S max(O,r,;’cw’t —Tb’cr) (0.19)

Ty oow
qb’t — O.SpstOD;Oj ( b,Cw,t
Jo)

Tb cr

Iniwhich: 7, instantancousgrain(telated bed shear stress Idue[itollboth [N/ m’]
currentland wavemotion=0.5 p i (Ug,cw,t)2
Usen: 1nstantaneousvelocity[dueltolcurrentlandvave motionlat [m/s]
referenceieight a
fe current(telated grain[] friction[’ coefficient [[]
=0.24(1og(12h/Kq grain)) >
S waveltelated ] grain[] friction[] coefficient=Exp[[] [[]
6+5 '2(A8/ks,grain) L(D.19]’
U5 the [peak(orbital Welocity, Vg is[the [equivalent[currentvelocity [m/s]
calculated(atlreference lieight a

Br coefficient(related [fo [vertical [structuredflvelocity [profile [J
As peakorbital [éxcursion [m]
7.  critical bed[shear stress/according(to(Shields, [N/m?]

Thetwo mostlinfluential (parameters of Eq.[(D.19)(are: f. ' rand ki grain. Various!field [data

sets[fromthe[literature Cand Cnew [datalsets[(laboratoryand[field) collected Twithin[the
SANDPIT projectChavebeenused to[verify/improvelthese parameters ofl the bedload
transportformulations (see VanRijnand Walstra,2003).

Basedlon(the findingsofTVanRijnland Walstral[(2003), the Following[expressions havebeen
implemented:

fon=a"B f+(1-a") f, (D.20)
s grain = oo (D.21)

Suspended load transportformulation

Thewave(telated [suspended [transport/component(is hodelledasfollows:

vt o —Ud
g, = 7| Sy, | [edz (D.22)
U&,for + US,back
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Inwhich:  Us,,  near'bed(peaklorbital(velocity linlonshoredirection/(inlwave [m/s]

direction)
Uswaer  Dearbed(peak orbital [velocityin offshore direction[(against [m/s]
waveldirection)
Us wavelinduced streaming Velocity Mear(the Bed [m/s]
y phaselag function(0.2) [0

Thelmixing(coefficientneartheBed[isthodelled(as:
v =0.0188, 6,U, (D.23)

ThefreferenceTevellis(described By:
a =min(0.2h, max (0.5k, 0.5k 0.01)) (D.24)

s,c,r? s,w,r?

Intwhich: k., current(telatedbed roughness[ height'due(to[lsmall(scale [m]
ripples
ks,  waveltelated bedroughnesshieight/dueltolsmall(scalelripples] [m]

ThereferenceConcentration((single fraction @pproach)fisidescribed by:

L5
du(T,)
¢, =10.015 p, ——5 with ¢,y =0.05p,

0.3
a

*

D.3.5 Bed[level/¢hange[imodel

Thebed devel changesare [domputed from the[depth [averaged assbalance [that(reads:
aZ aqbot+sus

—  Fhottsus () D.25
ot ox ( )

Itfspossibletointroducedlongshoregradientin fhis @quationTeading [fo:

%+—8q”"”“”§ +FL_POS-q,=0  forq, >0
ot ox (D.26)
@+M+FL MIN -q, =0  forq, <0
ot ox - g Y
Iniwhich: gy, longshorefransportrate [J
FL POS coefficient[fointroduceTongshore(fransport/gradient [m"]
FL MIN coefficient[fointroduceTongshore(fransport/gradient [m"]

Approaching[theWwaterline[the[¢alculations$top Whenthe[Wwater becomes$hallow.[This
depthlis(calculated fromthehiser(defined relative Wave [Period:

T =T,\g/h (D.27)
Inwhich: 7T relative Wave period [(TDRY) [m*/m/s]
T, peak Waveperiod [m"]
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Landwardloflthe depthl¢alculated Wwith[this[équationtheSedimentfransport[is [interpolated
over[the[profile.[ Thel¢cross(shore $ediment[transport ¢, Varies[linearly between thellast
calculation pointlandtheiiser(defined fransport ((USTR A)@s [the host Tandward point.
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