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Summary

Tolpreserve(the[beachland[protect[the hinterland mourishments [arelapplied [to ¢compensate
sand[losslin(the[¢oastal [System.Nourishing[theshorefacelis becomingmorepopularsince
more(sand(dan [Belapplied forthe[samecosts Compared [fo Beach mourishment. [Evaluationsof
shoreface mourishments/executed [in [the [pastshow [that the [conventional hethod [6flélongated
bars Tesultsin[Sediment(trapping(in(the Teeoflthe mourishment. The[feeding functionoflbar
nourishingJat[the CshorefacellcouldTbeJimproved by applying [lsmartIdesigns[lof[Ithe
nourishment. This[ktudy[analyses[alimethod[ ofl humplike hourishing[ ofl the[ shoreface,
suggested By Roelvink etlal. (2005),@ndfinallyconcludes(that:

e Humplikemourishinglindeed resultslinthorelonshorefransport[permourished @mount[of
sand, @[¢learoptimum/is[found [foraliump dength (0200 eter with (@ [gap width 0 f300]
500 meter;

e For[moderate[stormconditionsCwith[incidentCwaveangleof 45 degreeswith[the
shoreline, Thumplikenourishing (shows[to[be 1,75 times[more[kefficient. For[imore
perpendicularwaves(this[valuelincreases[to[3 [fimes[thelefficiency [of[theloriginal (bar
nourishing;

e Bylapplyingfhumplikemourishing[less sand(is ised o @btain[Similar[onshorefransport
andservethemearshore(profile.

Currents NourishmentlofTtheshoreface[¢auseswaves
| tobreak further(offshore. Earlier(dissipation
offeénergyisCcompensated by [setliploflthe
water[] level. (] Water[J level[] variations[J in
alongshore[] direction[] form[] horizontal
circulationsJwhich[Tlead [Jto[JanJincreased
onshore[Sedimentfransport(atthe[fips oflthe
artificial Cbar. [JAsalresultthese[ tips[shift
onshore[] faster.[] On[] more[] humplike
nourishments(] this[] effect[] ofTJ horizontal
circulationlcellsatthe crestCof the[bar[is
expectedto[belised [imoreefficiently[(see
Figure). [(WithChumplikenourishing[ofT the
shoreface it lis[Jexpected[ithat[Jmore[Jsand
transports[onshore [Wwithless mourished [sand.
Byot[placing(the humps(too(closefogether,
offshoretransports duelto tip[ currents will
not[ havel great[] influencel] on[] sediment
transport.

)

s

N

Breaking

Breakinglofiwaves[resulting inhorizontal [Circulations
at(thebarlddgesandlin theMearshoreZone

Tolinvestigate[thelefficiency lofThumplike mourishments, [theSimulation$uite[Delft3D s
applied[fo[modelthe differentprocesses. Themodel [appliedislalsimplified [sSchematisation
for[the "Dutchcoast without[the "complexity “ofTnatural “bars. Only[theeffects[ofl the
nourishmentfitselflarelanalysed. To [preventmodel [érrors fromhavingfoo muchinfluenceon
thelanalysis, The Teference(situation(is[Subtracted(inall [cases[so the@utonomous mourishment

WL[] [DelftHydraulics Summary
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behaviourlis[dbtained for'domparison. The Various/scenarios/dre odelled tinder(exposure o
constantwave[fieldsWith[¢onstant[water(levels. Thehydrodynamicl¢onditions [tepresent[a
moderate[stormandshow[behaviour Cof Thumplike "nourishing[[inalrealisticway. TAll
modellinghasbeen executed with@ldepthaveraged @reaimodel (2DH).

ForfathumberlofTdifferent Thumplikelscenariosand [Varying (hydrodynamic ¢onditions[the
initial [Sedimentation [and érosion[is[analysed. (Infdll[casesthe metOonshore [fransport[overthe
crestlofthe umpsand(bar issed[asanéfficiency ineasure. Resultsfindicate that[there(are
advantages/infavourofThumplike mourishing. The Wwaveinducedonshore current[dtthe fips
ofTthebarCandthe humpsleadsto complexonshoreltirculations. Conflicting[turrents
originating[from fip (Tand [downstreamhumps@ndthe Wavelinduced Tongshore[currentlinthe
breaker[Zonelgenerate Tip[currents.[As the[Tip [currents flow[offshorelat/deeper Wwater, Where
sediment[concentrations[arelow, [fheoverall[eéffect[s [positive.[Variation ofThydrodynamic
conditions[showslarge differences for theseldifferent[tonditions. [In[teality Tbehaviourfof
humps(isCdetermined by [varying (waveheights,incidentCwaveanglesand Cwaterdepth.
Analysis(dfTtheseldonditions Teads fothe followingconclusions:

e Incident/wavelangle[shows[to[belofllargelinfluenceand will[determine(thelsuccesslof
humplikemourishing. [Themoreperpendicularthe [approachingWwavelangle, the better
the@esult’ofThumplike mourishingis. [The [frapping [oflsand[isMainly [determined By [the
more[obliqueldpproachingWwaves. VariationéflWwavelanglelis éxpected [folleadfo more
gradual Behaviour Miearshoreand [@ccretiondnshorelin Case[dfthe bar Mourishing.

e Higher(Wwavesland[$hallow[Wwater[tesultlinhigher[water(level[gradients(leading[tolan
increase 0fl sedimenttransport[for[thehumplike Mourishing[in tomparisonvith[bar
nourishing. More[contribution[0fThigh perpendicular Wwaves Withina WavelclimateTeads
tomore @fficiency[0flthe iumps.

VariationlofThump [propertiesshows(largedifferences(in the efficiency [ofldifferent[scenarios.
EspeciallythedengthlofThumps (has Targeinfluencelonthe Mmorphodynamic behaviour. ' The
longerhumps(getthe MmoreMesemblance With[theélongated barfis [Seendnd Tess[crossshore
transportpermourished @amountloflsand s fheléffect. [Thegap width[shows[less impact.[A
trendfis[Seen(in the/dombination0figap Widthland hump Tength. TLonger liumps [show @larger
influence ofigap Wwidth. [Evaluationishows Tesults in favour 0fHump Iengths[f300 Teter, Mo
matter Whatthe gap Width’and [the Mumber [ofThumps[is. In[the TeelofTthe humpsd[¢hain of
sedimentationlandlerosionspotsis¢aused by Wwavepenetrationand[gradientslin[Tongshore
transport. TheTarger fhelgaps(arethe moregradual [theldifferencesare. (With[different[wave
conditions Targeldifferenceslasdmesultofripsland [contraction[ofcurrents dre €xpected fobe
averaged(out/overthe Wholelcoastline.

Morphodynamic[] modelling ) confirms[J the[J initial [l modelling [J conclusions. T Humplike
nourishingleadsfolafasterfonshore shift.[Forfhesamelscenariosasanalysed[fortheinitial
casesthe efficiency[lis[Jdetermined[ifor[different[incident['wave[Jangles by meanslof
morphodynamicimodelling. [Efficiency[is mow [determined by [loss[of’sand [Volumes in[the
nourished[ sectionshormalisedto[the hourished "amount[ofTsand. 1tCisCassumedthat[all
sediment(lost(in[this(sectionlis[fransported [onshore.Volume [@nalysis(is [done(after42 [days(of
morphodynamicmodelling iinder(donstant/¢onditions. The[figure[showshow [for[alconstant
incidentwavelangle[0f[250(degreesland[d[gap (width[6f[500 meter, [a[humplength 0200
meter(is [the[dptimum [@ndhas [thelargestigain [Onshore. 2,9 [%[dnshore (gain [for thebar Versus
6,9% [for[the humps[leads[tolan[efficiencyWhich[is[2,5[times[larger. Morelalongshore

Summary WL[] [Delft[Hydaulics
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approaching waves[show[a¢clear[decreaselin[efficiency for[the humplike hourishing[in
contrastWith fheléfficiency [forthe barWwhichfis@pproximately [Constant.

Efficiency relativefobarmourishing
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Efficiencyoflthe WariousMourishment/scenariosdivided by [the efficiency 0fthe bar Mourishing [scenario,
differentcoloursrepresent/the(different/gap widthsofithescenarios

Themearshorebehaviourofthedifferent/scenariosfishard fo [get[gripon. TLargedisturbances
are[shown(herelin the formoflsedimentationandleérosion(spots. Bylaveragingtheleezone
effect/oflthe mourishments(dver(asection(thelinfluence(onthe mearshoreZonelis(analysed. Mt
turnsoutthatumplike mourishingfeduces the Effect 6f'sediment frapping

ForCfurtherCstudyCitCis[recommendedto Capply Canexisting “bottom [schematisationand
boundaryc¢onditions. Tn[thisWay [fransportprocesses can [Bedescribed thore [Preciseland [the
efficiencylonlthelongerfermdanbeldeterminedfogether With[amoreldetailed [@nalysis’on
the“onshoreprocesses, sedimentation "anderosion. Together Gwiththisfollowpstudy,
executionoflapilotiprojectlis Tecommendedincombination Withhigh Tesolution onitoring
offitsbehaviour.

WL[] [DelftHydraulics Summary
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I [Introduction

I.I Coastline[¢tonservation

Coastlinemanagement(fo [preservethe Beachland protectthe hinterland(is[@n importantiksue
inlthe ¢oastal (Zone. Especially[inthis Zone[populationsarehighland [thelinvestments [are[of
large[Walue.[On(thelotherhand fhelcoastal Zonelis @ Vulnerableldarea’duelfothe ' dynamics[of
wind, Waves and Wwaterevel.[These [fwoldspectscontributefo thefactthatdclearpolicy For
thepreservation ofTthel¢oastlineis[hecessary. [Structural ferosionlofTthe ¢oastlistherefore
unacceptable.

InCtheNetherlandsCallarge “partCofTthe Chinterland Clis Cprotected “againstthe sea by[a
combinationloflbeaches and dunes.[This[Systemloriginally [isfaldynamicSystem,imoving
backlandforth. Because[oflthe [pressureofithepopulation, hoving landward [6ftheshoreline
ismotlacceptedland €rosion0fltheldoastlinefasfo be prevented. TnldirectTelation Withthisa
policyHasbeen formulated for thaintaining[the shoreline [0f1990, [See[Appendix A.

Shorelinepreservation(is(inainly [éxecuted by mourishing thebeachldnd[the[shorefaceWwith
sand. Nourishing[the[coastwith [Sand[is ih factladdinganleéxtrasacrificial layer[fo [fthe[profile.
Roughlytwo[types ofinourishmentslare beinguised to[compensate [theloss[of sand[in[the
coastal[System:[beachand[shoreface mourishments. Beach mourishments(are(directly (placed
on[theupper[part[ ofl the[ beachl[profile.[ Al morel tecent! development[is nourishing[the
shoreface.In[the(latter[¢ase matural [processeslareléxpectedfomovelthesand[upthebeach
profile.[[Shorefacenourishments [Japply “roughly[twice[the Jamount[Jof isand [ Jas[beach
nourishments[for(thelsameprice. Furthermore negativeleéffects(on Beach iiselare megligible.

Aslalresult’shorefacemourishmentslarebeingused (more and[more.[Evaluationsshow[that
thelefficiency [0flthese Mourishments(douldbelapproved(VanDuin etldl.,[2004). Roelvink et
al.[{2005)[suggests[more hump [likehourishments[to[ stimulate[the onshore mechanisms.
This[report[dealswiththeseThumplike hourishmentsofthe[shoreface. This[alternative
method[is[makingmuchlmoreise[0flthe Wavedrivenhorizontal [¢irculations[leadingto
onshore [fransport/and will Be [potentially more éffective.

1.2  Project[¢ontext

TheWork reported lin(this thesis Wasfinanced by [theDelft [Cluster 2 project *North[Sealand
Coast”[(DCI05.02).Part[ofthe work [0fTWorkpackage 2 [ofthat [project[is[dofinanced by the
WINNT(WaterINNovation) [ framework, Cas [part[ofl the project‘Moresand, [ less[effort”.
TogetherJ with[J partners[] from ] Delft[] University [J of ] Technology, 7 UnescoJ IHE T and
Rijkswaterstaat RIKZ,'WL|DelftrHydraulics[develops afhumberCofTinnovative technical ]
morphological [adaptation[Scenariosfo deal Wwith theleffectsloflSeallevel Tise.The Wwork Thas
focusedonthreelscenarios tainly, Viz.:
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e “Broadllbeach,1Better Jsurfing”, linvestigating Ja[imore [efficient[“way[JofIshoreface
nourishment(inlaldontext(0fldoastline anagement.

e “PlentyoflSand, Naturally [safe”,investigatingCamorenatural Capproachtodune
strengthening(in [@[dontext[oflprotection fromflooding

e “Sand[for[the[Wadden[sea, Preservationofl the flats”, investigatingan[innovative
approachtolincrease the Tobustness[ofltidallinlets[inCalcontextlof dealing Wwith[the
adverseléffectsidfiSeallevel rise.

TheWork [Weportedinfhis(thesisis[d[¢ontributionfo [fhe firstitem [on[theabove Tist: Broad
beach, Bettersurfing”.[Mainlobjectivelisfoldnalyse theléfficiency[dflanlinnovative Wway[of
nourishing, Withrespectfopreviously lised morefraditional tethods.

1.3 Outline[éf[teport

Thisteportwill[give[someunderstanding[on[theléfficiencylofTshorefacemourishments. [In
particularly humplikemourishments, [d[chain[oflsmallerMourished humps, [are Being[studied.
Thelreportlis[subdividedlinto 7 [chapters, [outlined @s follows[(Figure[11):

Chapter2 MPractical [Jand[theoretical Cintroductionto [Jthe Csubject[Jand[Iformulation[Jof
hypothesisiandobjectives;

Chapter3[1 Modelling[approachlandl schematisationsoflthelapplied[imodellincluding[the
parameter [settings;

Chapter(4[1 Hydrodynamic[ analysis[ ofl bar[ hourishing[ and[humplike[ hourishing[ bfl the
shorefacewithlinclusionofvarying hydrodynamic(conditions;

Chapter(571 Hydrodynamic(dnalysis[with[variationsinhump(length, gap (width [and mumber
oflhumps;

Chapter(6[] Morphodynamic[analysis[ of humplike[ hourishing[ ‘and[ determination[ bf! the
optimum Humplike(design;

Chapter[7[] Conclusions/andfecommendations.
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Figure(1[1 [Qutlineland ([contents oflthe [feport
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2 Nourishing[the[$horeface

Thischapter(dvaluates [urrently tised shoreface Mourishing methods. Baseddn theseinsights
anlalternative[design[is Suggested. Inparagraph2.1@nd 2.2 [shoreface mourishments[Wwill[be
described(inshortldand [Some évaluations ofirecent mourishments Will Beldiscussed. (Hereafter
thehypothesis [forthethesis Will (be formulated, founded @nd(in relation With the hypothesis
theobjectives for [furtherresearch Will be formulated.

2.1 Lessons[learnt[from[literature

Since1970, Hesearch has been done on[shoreface mourishments[and (the [offshore (berm Wwas
introduced[in[SouthAfrica’by[Zwamborn etlal. [{Westlake,[1995).[Shoreface mourishment
can(belSeenldslda[Submerged structureSuchlaslalsoftdeeflorlasubmergedbreakwater.[Reef
berms/canlbesubdivided(into[(VanRijn,[2004):

o Stablebreakerberms, [(deep Water) thereeflor Berm[0Only has(ahydrodynamicleffect
by functioning(asaWwavelfilter[dissipatingtheénergy [of[the Targer breakingwaves
and[creating(a(sheltereddrealin thelee 6fthe reef. Most[ofTthedriginal volumeldfla
stable(reeflis fetained[dnd[the feeflay Memain at[theplacement sitelindeeper Wwater
(waterldepth= 100 5th) forlyears;

o Activelfeeder( berm, [ (shallow[water)[the[ berm[is[placed[ at[al nearshorel sitelin
relatively [shallow Dwater[(water “depth (<8 [m), where[it[will "show [ significant
dispersaldf’sediment(duringthelinitial [period. Ttfis[Supposed(fodctlds @ feeder Berm
for(theladjacent[beachestesultingin[Wideningoflthebeaches. Theleffectiveness
increases with[decreasing[distance[to[the[shoreline. Regulariaintenance 0flthe
feederberm(is Tequired folénsureld continuous [flow 6flsediment o [theBeachesand
forthebermfoBe fully Effective.

ThepresenceJof Jsubmergedberms[will Thave DanJeffect[Jon[the ThydrodynamicJand
morphodynamiciprocesses[in[the[surflzone.Processes[Melevantfor thesuccessdflshoreface
nourishments arethefollowing:

Thesubmerged Berm [resultsfin WwavesbBreaking moreoffshore from(thelshorelinethanlinthe
case[without[theberm.In[thehormal [situationAlongshorecurrentis forcedduelto
dissipation[ofTeénergyin theSurf[zonel¢ausinglalVariation[ofTtadiation[3tresses (Longuet[]
Higgins,[1964).ReductionofTthe Tongshorel¢urrentlinthe Tee[zonelofthe herm Will[cause
accretion[oflsandupstreamofTthe[¢urrentlandlérosion downstream[dfthe [¢urrents (Figure
20a).

Dueltothe(decreasing Wwaterdepthabove the[sand hounds(in(the mearshorezone [breaking (0f
waves(willloccur. [Thebreaking[ofWwaves(has[anéffect(onthe Water Tevel (behind (the berm.
Early[dissipation(oflenergy(leads tolalsetupand(gradients[ofwater(levelldirect[behind(the
bermland[will[lead[to[horizontal[tirculations[in[the[lee[zonel oflthel submerged berm.
Especially(ontheltipslofithe berm(these circulating[currentsiwill[0ccur[(Figure 2[1b).
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Theldifferencelin(breakinglocation, on(thebarlcrestlor inthe[surfzone, Teads fo different
setiuplevels.[This[leads, besides ofl the ¢circulationaroundltheedgesoflthe berm,tola
circulation[¢urrent[in[thesurf[zone. Theselcurrentsaretheldriving[forces for Tip¢urrents
(Dalrymple,1978).

SEA \ BEACH SEA BEACH
3
[
&— newshoreline .
. k nourishment
nourishment t area
aea
lee of shoreface
nourishment
onshore directed
mass transport
waves &— old shordline
\ returh fiqw fiivérted
)
A ! B

Figure211 [Effectslas(a’consequenceldfishorefacemourishment(van Rijn etlal.,2004)

Cross[shoreltransport(in(the[Surf(zone[¢auses on[andloffshore transportlofisand. Breaking
waves [bring[sediment(insuspension(and(shoaling lofWwaves(inthe [Surflzone[tesultsin[wave
asymmetry, Conshore[currents “and [(het[onshore transport.[The deeper[the water[thelless
sediment[is [BroughtlintoSuspension By Wwaves. ThepresenceloflaBerm hasldpositiveleffect
onlthesedimentfransport.

Water[particles(inaWwavelcrest move[faster(thanthe[particleslinthefroughoflthe Wwave, this
phenomenon Tesultslin(a[pressurelincrease(Stokes[drift)[dsthe Wave[reachesthelcoast. This
pressurelis[compensated by a ¢urrent[¢losefo [the bottom. A fter(breakingofthe Waves(the
propagating Wavelin[thesurfiZone Wwill[be[smaller, Tesulting fih [d[smaller [Stokes[driftland as @
consequencelin/d’smaller indertow [than ih theoriginal [Situation.

2.2 Lessons[learnt[from[practice

Tolprotectlthe$horeline[fromerosionseveral shoreface mourishmentprojects have been
executed[in[thelfecent[Years. [AlsummaryofThourishments(since 1997 Bvaspresentedin
Spanhoff et(al. [([2003). Inthis Paperfitfis[concluded That ostMourishments Behave similarly
and[arelquite[Successful. Most[oflthe mourishmentsWwereexecuted [Shoreward [ofTthe outer
bar.[TheDutchNorth[ISeacoast[consists [mainlylof["allcomplex [natural [bar system,
complicating[themorphologyofTthelsurflzone. Thelalongshore barslarelalwaysSubmerged
and[havelgreat[impact.[After al8horefacelis nourished, the[profilehas[to findalhew
equilibriumlin[Which(thematural (bar [System changesfogether With[the mew mourished (bar.
Thelnourishments Were [dll[éxecuted in[the [form[ofla(feeder Berm, [to [Supply [sand(to[the [Surf
zoneland tolcause[seaward[growth(oflthe(coastline. Thelatter(éffectlismotonly [Obtained By
the Mourished [Ssand[but(isl@an(eéffectoftrapping(ofisandlaswell. [ Thiswill[Beldiscussed laterlin
this(study.
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Threeévaluations(ofishoreface mourishments(are(donsidered [inmore[detail [(Spanhoff etld/.,

2003):

e Egmondlaan[Zee, [ Shoreface hourishment[alongthe Dutch coast.[ Datalanalysesand
Modelling((vanDuin etlal.,[2004)and (Van DuinlandWiersma, 2002);

e Terschelling,[shorefacemourishment(atabarrierfisland. Dataldnalysis. (Spanhoff etlal.,
1997)land[(Grunnet etlal.,2004);

e Delfland, shorefacemourishment(along [the Mutchdoast(Rijkswaterstaat/RIKZ2002).

Egmond[aan[Zee

In19991a’shoreface mourishmentWwas appliedatthelouterbarlofthe [Egmond ¢oastioveria
length[0f(2250m With[al¢haracteristic Volume[of 400 m’*/m at aldepth of 17,5 . The
Egmond(toastal profile[isCalthreebar[$ystem of whichtwobarsare breaker bars. The
bathymetry[dftertheshoreface mourishment(is[shownlinFigure2[2.In[the [period May[1999
to[June2001[6 bathymetry heasurements were[darried[out.

Transect at iongshore distance Y = 0 m

Cross-shore distance In m
Figure212 [Bgmond cross(shoreprofileincludinglshoreface Mourishment((van Duin etlal.,2004)
Conclusions(from(thelevaluationlofltheldatalanalysis(are the[following. [In[Figure(2[3[3D

images(dflthe bathymetry(are/shown(at(different(times.
o Theledges(ofthemourishmentseem [fomigrate’shoreward [fasterthanthe middlelsection

oflthe Mourishment;

o Strongleffectslafter(thesecond[year[oflthe mourishment.[Themourishment[flattensland
diffuses;

o Shiftingloflouter barto[innerbar(location.[Formation ofltrough(betweentheouter bar
and[thenourishment;

o Gainlofisediment(in thelee(Zone0flthe Mourishment [as(alcause o fltrapping 0flsediment;
e Extrallbeachnourishmentsfor[lcompensation Jofinitial Jlosses[Jin[thelee TofTthe
nourishment.
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Figure(2(3 Bathymetry [evolution0fl[Egmond nourishment(vanDuin ezlal.,2004)

Conclusionsfrom[theMelft 3D modellinglin 2DH hode, beingdepth@veraged:

e Wavelénergyis(dissipatedlatmourishmentlinstead [ofTouter[bar, [¢ausing[al¢calmerWwave
climate(onshore;

e DecreasedflowVelocities[shoreward [ofTthe hourishmentandincreased [flow [Velocity
seaward;

e Goodltomparisonlinerosion/sedimentationpatterns, the cross/shore[profiles dohot
show mhuch resemblance With The heasured profiles.

Terschelling

In[1993alshoreface mourishmentwaslimplemented(inthe [froughbetween(the[outer barland
middleBar[oflthe[Terschellingcoast. [Overlalength[0f(4400 [ With[a[characteristic[volume
of 4500500 m*/m at[aldepth[of[14,5to 17 m. Terschelling[isLone of the northern barrier
islandslofTthe[Dutchl¢oast.[ThelTerschelling[coastal (profileislalthree[bar[system. Large
differencewiththe Egmondmourishment(isthelallocation[ofthe miourishment(in [betweenthe
barsldndltheheavierWwave[c¢limatethelisland[is[éxposed [fo [compared fo the [Straight Wwestern
coastlofltheNetherlands.Alongshorelfransport/along the morthern(coast/oflthe Netherlandslis
inlthelorder(0f12 (4 {times(larger(than along[the straight[Holland [coast[(Spanhoff ezlal.,[2003).

Somelresults[fromthe(datalanalysis arethefollowing:

o Fastredistribution(6flsandfin(the(disturbed area, [strong[erosion[0flthe mourished [Sandlin
alongshorelandcross(shore direction(in [the [first[6 tonths;

e  Growthloffmiddle Bar By gainlof'Sedimentfrom tipdrift(sections,sediment(is Trapped/in
the(leezone [0flthe mourishment(and will [dccrete [there;

o Strong(shiftiofithe mourishmentlalongshore (400 m/yr);

e Onlthellonger(term,[4[years, theshoreward[$ection[oflthe[hourishment(showedlarge
accretion. [Theseaward[section(dflthe mourishmentshowed thinor(dccretion.
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Delfland

Delfland[is(Tocated[on[the[southern part(of thelstraight (Holland [coast.[In[1997[alshoreface
nourishmentWas[implementedlin[¢ombination With[abeachmourishment.[Over[adength of
1,7 kilometres[the shoreface wasmourished [at[a[depth (0fTNAPT5 [fo [[7 meter With [an @mount
oflabout[500[im*/m. The Delfland ‘nearshore profile[consists of aminor bar system and(a
relatively small @longshoredrift(Rijkswaterstaat/RIKZ 2002).

Afterlévaluating[theshorefacemourishmentlafter[almost[5 [Years[amumberlof¢onclusions

weretade.

e Lossloflsand(at/the mourishmentsection, [the Mourished [sand(eéroded to mearshore(sections
(12200.000m’);

e Increaselofsand|in the beach section @ast fo the Hourishment (+300.000 m’);

e Accretionofmorthernand Southern Section 6fthe Hourishment(+100.000150.000 m’);

e About(70%[ofltheloriginally Mourished(sand fis still presentfin the Profile [@fter4 [yearsof
the Mmourishment;

Conclusions[and[dliscussion

Overalllit[¢an[bel¢oncluded that[thefinal [Sandbudgetin[the hourishment[Zzonelincreases
afterthelimplementation[0fTd Mourishmentin(the form0flafeeder Berm. The’Solcalled feeder
berm[flattens "out andthesand (s transported to[onshoresections. Ingeneral [seaward
transportidoesioccurButlis[solsmallthatfit/danbBemeglected.

Notlonlysandis[supplied from [the mourished [sand, sand[is[doming[from ipdriftSectionsas
well.[As[altesultlof[waveldissipation[at[the hewly formedbarlalweakerWwave[¢limatelis
caused(dt(theleeloflthe barland[sand[is[trapped [SolitWwill [dccumulate. Finally[an[amount(in
the(order[0f[5070(% (oflthelinitially Mourishedsandlis stillin [theMourished[nearshorelsection
after(3 [5(years.ThelleeZone[beachlsection [benefitslondTonger[tfimelScale oflthelshoreface
nourishmentland[therefore supplementary[beachmourishmentslarelexecuted toWwiden[the
beach.[Thefeederbermmeedsadditional mourishments as(well, [as(the lifetime(oflalshoreface
nourishmentlis[about210(years/theefficiency will[decreasel(van(Rijn etlal.,2004).

Thelévaluations(showgood comparisonwith[thein [paragraph(2.2 [discussed (hydrodynamic
and[(morphodynamic(phenomena, though itlis(hard fo forecasthiow [the morphologic system
reacts[toltheldifferences in the hearshore[profile. Bar[$ystems[are[dynamicl$ystems and
implementation (ofldisturbances(inthese[systems [Will (lead [fo [unexpected desults. [ The Wwave
climateland[bathymetryfare[different[at[éverylocationand havelallargelinfluence on(the
responseoflthe mearshore[profile. [Eventually (the[profile [(will (teturnfo[a [profile [Similar fo
that(ofltheloriginalsituation.

Lesslattention[Wwas[paidfolthe migration[oflthe [edges[oflthe hourished (bars folthe ¢coast.
Especiallylin(thel¢ase[of[Delflandand[Egmond(al¢learmigrationandlaccretionhasbeen
seenoflthehorthernCand[southernsectionsoflthehourished Tbar.[This[phenomenon(is
probably(theresultofhiorizontal [Girculationsf@round theleédgesiand Will e [the [€ssence [0 this
thesis/and following paragraphs will focusdn his.
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2.3 Theoretical[foundation[introducing[the hypothesis

Asmentioned/above,lintheobservations(cleartnigration [of theédges ofTthe Mourished bar
shoreward[douldbeseen.[Apparently [different processesattheledges [0fthe barsoccurlthan
in[theCbther[sections bfl the shoreward zone[oflthe[shoreface hourishment. Horizontal
circulationsfinthemearshore [Zone/dause migration shoreward 'dflthe (Barsand [dccretion[dfthe
edges(atitheleeside. Thisparagraph will [deal (with [different@aspects(0f horizontal ‘Girculation
inftheMearshoreZone; [finally [@ahypothesiswill Be formulated land founded.

2.3.1 [Horizontal[¢irculations[in[the[hearshore[Zone

Inlgeneraltip ‘¢urrents[aretheoffshorel¢urrents(in the mearshorezone causing bathymetry

variations[andhavelanlerosivelcharacter.[ Especially[in"toastal $ystemsWwith[bars[inlthe

nearshore(Zone Tip [currentsare[¢ommon [((Wright[and [Short,[1984).In[general Tip [currents

are[activated Tbyalongshore [variations Jof Cwave[fields caused [by Cinstabilities Cornon[]

uniformitiesihthesurflZone (Dalrymple etldl.,1978). Rip[durrentscan beclassified intofwo

mechanisms(dreatingthealongshore Variation, ieeded for [fhe[generating [0frip [Gurrents.

o Wavelinteractions,édgewaveslinteracting with incomingshortwaves, waves [interacting
with [currentsand(interaction (between wave [frains;

e Structurallinteraction, [rips(as(aresult/0fvariations/inBathymetryand [structures.

Wavebreakingleads[folanlénergy [dissipationandlasal¢onsequencelinlalvariation oflthe
radiation(stresses.This Tatter[variationWill desultlfinto(alSetup. [WavesBreaking [at[different
locations[duelto[interactions(inthe[breaker(zoneWillllead o differenceslin(setupWhichfis
theactualCauseloflthe Tip [currentduelfo [structures like Mourishments.

AslseenlinFigure2[4al(Haas et(al.,[1998),lin[abar[systemthe Waves[Wwill first breakatthe
crest(of thebarland[causelalsetlupthere. TheWwaves [propagating [inthe ¢hannel Will (break
more[shoreward [fesulting[in fwo ainhorizontal [¢irculations. The [first from [the [bar crest
directlintothe[channel Between(thebars, thesecond inthe Teesideoflthe barlin theldpposite
direction.The described¢irculation(cells(arelclearly Seenlinlanéxperiment/0of[Haas (Haas et
al.,12002),TseelFigure[2[4b. Theexperiment[showsalconcentrated outflowthroughlthe
channel between [thebars, andlal¢learflow ofTthe barfédgesalongshore. This[¢urrent[¢an
reach(far(offshoreWwherelit/Spreads(outlinto [So[called[rip Hieads.
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Figure(2(4(a) Horizontal circulation[cells. b) [Velocity Wectors @s result 0frip [current

2.3.2 Three[dimensional[flow[velocity[and[§ediment[transport

Anlinteresting [aspect of(tip[¢urrents[is the three[dimensional [¢character[ofTit. An(literature
most[modelsuisedforwaveinduced (hearshorel¢circulation[arebased on depthlintegrated,
timelaveraged Taws[0fmass[and Momentum {{Chen etlal.,[1999).The¥ertical [profileloflthe
current(is foundtobe[Varying [frommniformloverthedepthmearfo [thelshorelandlinthe
channelfoldepth [varying furtherloffshore. [This[depthVarying[isboth[intagnitudeas[in
direction. [(Haas etlal.,2002)l@and (Drenen etlal.,2002)

Twolexperiments [Wereeéxecuted [folinvestigatethe 'depth Variability [of[tip [current[Velocity.
Bothlexperiments will beldealtWithlinshort.

Dronen etlal., 2002

Dronen etlal. [[2002) performedlanéxperimentlinard mwideland 301 TongWwave fank.In
the wavefankamodel [0fTabar Was[SetQip [fo [dause a[Tip[current. The bathymetry Wwas kept
constant[solonly[the[velocity [profiles[Were[measured. Duelfothelsidewalls[the tip[current
wasmotl[ablefoldeveloplinlalongshore direction. See(Figure[2[5 [for[setup [of[éxperiment.
During[theléxperiment[fests[were[performed(with [different[wavelheight,[wave[period[and
waterlevel.
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Figure2[5 [Sketch(setip[dfiexperiment(Drenen etlal.,2002)

Overalll¢onclusionsfromtheléxperiment[éf[Drenenlin telation folthe[Velocity [distribution

are:

e Afmeanlhorizontal Welocity [field wasdbtained, [domparable With theonefin [Figure 24;

o Fluctuations(oflthe Wwater level [¢close[folthe fransition (between [the bar [crest[and the [Tip
channel,;

e Onlthelbar(crestlandldround the(bar, there Wherelit[heets [the [rip [channel, the[orientation
offtheflow[seems [fo WVary[overthe depth.

e Thelc¢urrentlseems[tolbelStronger hear[the bottomatthelstartlofthe thannel. [More
offshorelthelcurrentlosses/theBottomlandléven(dhanges(direction[onshore.[Someresults
arepresented(in [Higure2[6.
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Figure(2(6 Varyingvelocity [over(cross[shoreprofilelin rip (channel, in[depth(@ndlalongshore (Drenen etlal.,
2002)

Notl(clear from(the Drenenléxperimentlis(the éffectoflthesidewallsforming[standing/edge
waves[and[giving[perturbations(oflthelactual [Situation, [thoughlitlis/Suggestedthat[standing
edgelwaves/¢an[éxist(in(almore(complexbar(system(as(well.[Theleffectlofltheedge Waves

WL [Pelft[Hydraulics 2—9



January,[2006 Z3873/Z3912 Humplike[hourishing[$f[the[shoreface
Al3tudy[dn[inore[éfficient[hourishing[f[the[shoreface

wouldbeanordersmallerthanthe phenomenalresulting[in[the observed horizontal
circulation/cells.

Haas etlal.,(2002

Thelexperiment Haas (2002)[performed Wwas[similarfo thatlof(Drenen. MLargestdifferencelis
that[the Wave basin Wasmore Wide dnd [one Whole Barand fwo Ralfbars Wweremodeled. The
same[setupwasusedbefore[(Haller et[&l.,[1997)Folobtainlinformationabouthorizontal
spacingofftip (durrents(as(dresult(ofiwave heights(dnd Wwater Tevels. In the Haas[éxperiment,
forlamumber(ofllocations/and differentWavelimpactland Water level the Velocity [is easured
atffthreeldifferent’depths. TheWelocity[dtthe bottom primarilyaffects thesediment fransport,
solthe depth[variationClofthe Cvelocity Clis Jexpected Ctobe Joflarge Cimportance. 1The
experiment’s[¢onclusion(isthat[theVelocitydistributionlin[the ¢hannel[ds[mainly Wniform,
moreloffshorethe[bottom [Velocity Vvaries$trongly Cover[the depth.[Velocities[aroundthe
edgesoftheBarWwere Mot measured(So Mmodonclusionsicould Beldrawn [0n Vertical Variation
fromthislexperiment.

Conclusion

Overall[¢onclusion [from[theléxperiment(is thattheleffect[ofTthe¢irculation cellldround the
edges/(is[strongermearthe bottom(andlinalongshoredirection. AstheTip [currentlis building
uplandlimeetingthe channel, [the vertical [velocity [distribution[¢hangesland[the[Velocity[is
getting[stronger[inthe ipper [part(ofithe Wwater tass. Thiscould[bela[possiblereason forthe
sedimentsaccretinglat(the[bottom[nhear the edges oflthebar.[Anlimportant(finding[islthe
three[dimensional Wariability [0f'the Welocities [dround [theeédges ofthe (bar[and[in the[offshore
rip[channel.

2.3.3 Horizontal[¢irculation[by[Vortex[generation

Chen etlal., 1999

Thelexperimental [ set[uplintroducedabovel (Haller et ul.,[11997)inspired[ al humerical
simulation [to [investigate[the [interaction between[surface waves, [fip[durrents(dnd (bathymetry
(Chen etlal.,[1999)andits[dependency [on Wortex [generation. [The thodel wascreated [slightly
asymmetric[folobtain[thore Teal esults. [Figure[2 7 [shows [the [firstTesultsofthe modelling.
Therelis(a[¢lear[differencelin[Wave breaking Tocationand [fherefore(éspecially [on[theledges
large water(level Wariations(arise, [Causing [Vortices.

Figure2[7 Mean [free(surface, [differences [due fo wave Breaking(Chen etlal.,[1999)
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Alsequencelofldifferentl computationsintimelispresentedinChis[papertoldescribelthe
temporalland spatial Wariation 0fTthe rip [Current[System. It Was [Goncluded that the rip [Current
meanders/its Way [out[ofthe rip [channel [and that Welocity [is[dscillating With [Constant Period.

Tolinvestigatelthe dependency [0n perturbations in the bathymetry [on [the(crest0fithe bar(and
thelsurfzone, Vortex [generation Wasmodelled [on[amon [disturbed Bar [profile. Tt furned [out
thatbathymetry [perturbations havellarge influenceon(thelspatial land[femporal Variation. The
longfermlaveraged forcing [ofTthe [rip ‘Qurrentfis[Similarfin the fwo[Situations; therefisadelay
ingetting [instable0flthe rip [Currentasthe Bathymetry [is Smoother.

AnotherprocessidiscussedbyChen etlal.,[(1999)s The tefraction/diffractioneffectloftip
currentsfonwaves. [Especiallyin[the ¢ase [Without[the perturbationstheinfluence of[wave
diffractionfis[clearly present/duefolthe horeldrganized Vortices.

2.3.4 Influence[dfiWave[height,[directional$preading[and[Water[depth

RipCeurrentsCappeartolbelstronger[duringlowtide[(Aagaard et[al.,[1997).[Riplactivity
dependsCon(theldegreeloflwavelenergy [dissipated by [breaking waves.[TheTatiobetween
breakingwavesl[and[water[depthunder(the breaking Wwavelhas(a[constant[valuelsoTow[fide
results(inlargerénergy(dissipation.

Dronen etlal.[{2002)[concludes thefollowing from[his[eéxperiment, describedabove, on
waveVariation:

e Riplcurrent(velocity ioves[offshorelasthe[waveheightlincreasesland[water[level
decreases;

e Thellocation/dflbreakingofiwaves at'thebarwilllinfluencethe flow[ofWaterinto[the
surflzone.Waves [breaking[seaward [of the bar(fend [foldirectover the barlin Tateral
directionfintothelchannel. (Waves Breakingdlosefo The bar[crestWill propagatelinto
shoreward direction,;

e  Wavelbreaking/is motlinfluenced By [wavelength, d(differencelin [peak period did mot
influencethe lintensity (0flthe [rip [Current;

o Thelvelocityfieldlis[developingloverlallargerhorizontal [Surface by irregular Wwaves
than by regularwaves. Thisis [@[result/dfithe Wwaves [Breakingatdifferentlocations.

Theltoastlcanlbel tlassifiedas(alhighlandallow[energy[toast, being dependent onlthe
breaking [(waveheights. [Comparing[different/énergycoasts[(Brander et[al.,[2000)(itcan be
concluded [that(thereis [a[directrelationship (betweenthe thorphology [0flthe [fwo[Systems[and
thehydrodynamics.[Roughly, Caltwoltimesheavier[wavel tlimate[fresultsCin[Tip[currents
reachingfwo [fimes [further(and Welocities being fiwo [fimes larger(as well.

Individual Wwavelgroups [vary[in Wwave[energy, [this tesults[in[a[strong[spatial (modulation[of
vortices[in[thel$urflzone[(Reniers etlal.,[2004). Vortex dynamicslin[thelsurflzone[¢cause
horizontal flow[and therefore[sediment(fransport. [(Oneloflthe conclusionsin[Reniers etlal.
(2004)Ts(thattherelis[@relationship between theldlongshore Tength [Scale[dfthe wave [groups
and[thelScalinglofl¢channelsfandshoals. IncreaselofTdirectional [Spreading Wwill[decrease the
timelaveraged magnitudeoficirculations in the mearshoreZone.

2—11
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2.4 Hypothesis[and[bdbjectives[for[tesearch

Infthepreviousparagraphsprocesses activeinthe mearshore Zoneldre[discussed. [Evaluations
oflshoreface "hourishmentsexecuted [in[thepastCshowthat[the tonventional fimethodof
elongated barslismotldlways[as(efficient(as(it Wwasthoughtfo be.The frapping[oflsand[causes
anlimportant(contribution(fo theshoreline. [Thisfis [theresult0flthe[calmer Waveldlimate.The
tips [0fTthemourished (bars(are shifting[onshore [(faster(as(a[fesultofvariations[in[Water Tevel
aboveltheldrest[oflthebar.[These[Wwater (level Variations [form horizontal [¢irculations [Teading
tolanfincreaseddnshoresedimentfransport.

Hypothesis
Humplikemourishments [¢ausemore[onshore [fransportthanbars becausethe positive effect
offhorizontal(dirculationGells@thelcrestloftheBarlis better lised.

Bylexecutingshoreface hourishments[inthe [ form CofThumps, Cmoresand [istransported
onshoreas @result(ofless implemented [Sand land thussmaller@longshore disturbances 0flthe
bathymetry. By mot[placing the humps oo [closefogether, ip [durrents 0ffshoreWill mothave
great(influencelon[$sedimenttransport. [ The placinglofThumpsontheshorefacelinstead ‘of
elongated Sandbars Wwill [@verall Tesultfin @faster(shiftofithe Mourishment fo theshorelinedand
thus/contribute better [fb Thedoastline than [fhe [donventional hethod, Figure2[8.

Sea Beach Sea Beach

SRR

X X

Bar nourishing Humplike nourishing

Figure2 (8 [Circulationsatbar mourishingland/around liumps founding [the Hypothesis

2.4.1 Objectives[of(the[§tudy[and[general[approach

General [bjective[0fTthis thesisWwill belto [testthel@above mentioned hypothesis. With the Telp
offalhumerical ‘model[simulating[the (hydrodynamicland imorphodynamic(processesin[the
nearshore Zone [this study will [givelinsightin[the efficiency [0 flhumplike mourishments. fthe
hypothesis(isdorrect(this(study(dan (beised(as(d[guideline [for(amew mourishing methodand
how [fo implementmourishments (on the[shorefacelin(amostéfficient[way. Not[every[dspect
responsible(forthebehaviour [0fthehumplikemourishmentsWwill (be [dealt with. [Only [a[first

2—12 WLI] [Pelft[Hydraulics



Humplike[hourishing[f[the[shoreface Z3873/Z3912 January,[2006

Al3tudy[dn[inore[éffici

ent[hourishing[¢f[the[shoreface

WL [Pelft[Hydraulics

qualitativelanalysis[is presented [showing [whether it[is[ofTinterestfo further[investigate[the
possibilities.

Theteportfollowslanlapproach, Wwhich[deals Ivithlall[the Wvaveltelated [aspectsCofThump
nourishing. (Forthis[study[only [theleffect[of(Wavesonmourishments Were@nalysed.[Waves
areléxpected(fo Be themain(cause forthe Way [shoreface mourishmentsbehaveland therefore
tide[isbeyond thelscopeloflthis teport. (In(telationWith theposed Thypothesislaltotal ‘6f[3
objectiveswill beworked Qut:

Objective mumber( 1:[|Getting[ insight[ linto[ 'the( hydrodynamic( behaviour( laround
humplike mourishments/andbar nourishments

Mainlobjectivefor[thispart[isfolgetlinsightlintodifferent’conditions(likeWaves [and Wwater
depthlonthehydrodynamicsaroundishoreface mourishments. [The analysingofthe [varying
oflconditionsWill Belexecuted [on[aMumber oflfixed hathymetries. [For(thispart(afransport
parameterlisfintroduced Wwhichleénables fo compare [different(situationsand[So[fo determine
theleffectiofvaryingldonditionsdn(thednshore oving [Gfhiumps.

Objective number(2: [Optimisation 0f the humplike [shorefacenourishment/by(varying
geometric properties

This[partlis[inorelorl[less/ the design[part ofl thel study.  Different[ bathymetries[will[be
analysed. By varying[the lengthoflindividual humps(and[the[gaps between mutual Humps(an
analysis(will'beldonelon[the[possibility[ofTinfluencingthelefficiency[oflthe hew [method.
Important[questions(tobelanswered(are,[What(is the [ideal [length [0f(the humpslin[longshore
direction, whatlis[the Best(gap Widthltolapplyland Whatlis[the relation [betweenthose.

Objective lnumber(]3: I Determine( | the | morphodynamic(behaviour(]of | humplike
nourishments

Thelhydrodynamicswerelonly analysed for(thelinitial [Situation. As(the[¢onclusions ofTthe

literature (mentioned (the initial (tesponse (0flthe mourishment is(largest. [Thelsituation[is (most
unnatural [during(this (phase[@nd[reshaping will bela(result.
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3  Modelling[humplike[hourishments

3.1 Modellingapproach

Tolinvestigate the éfficiency [6fhiumplike Mourishing 0fTthe [shorefacein[Gomparison With bar
nourishing(a[planelongshore Mniformodelbathymetry isised.[The modelis[@[simplified
schematisation [Wepresentative [for [the Dutch [doast Withoutthe[complexity [0f matural Bars. Tn
thisWay [the@autonomous [eéffect[0fTthe mourishmentslonlycanbelanalysed. Tominimisethe
effectCoflimodellerrors, [predictions will Tbe[compared SwithaTeference[Situation Swithout
nourishmentsSothe [focus Will Tie[on(delative[éffects ‘only. [Paragraph(3.2 Will[deal Wwith[the
modellSchematisationsin moreldetail. (Later [parts [of[the [study [will "work [Wwith [d Miumber[of
scenarios [Based[onthepresented odellschematisations.

Forboundaryconditionsonlylexposure(folalconstant wave field Wwith [donstant Wwater Tevel s
modelled. "Waveconditions are tepresentative [ for[aimoderate stormand Gwill showthe
behaviourloflhumplike mourishments. 'Wave[donditions[and Wwater level will (be [varied [fo [See
the iimpactlofvarious [properties.

AlllmodellingWwas[éxecuted with[the fumerical model [Delft3D.[Alshort[description oflthe
Delft3Dmodellis[givenlin[AppendixB (1, for(amore(élaborate[description referencelisthade
toltheDelft3DIthanual.[Alllmodellinghasbeenlexecuted Wwith[al2DH, depthaveraged(area
model. Thiswill beldealtwithmorelelaborate laterin/this (chapter.

Thelapproachldescribedresults/inthelfollowing stepshade(duringltheldourse 0fTthis[study:

e Application(offd[profilemodel (0fTthe referencemodel fordetermination[0fthefransport
parameter[settings.[A[2DVImodel With[the '[Egmond[(Walstra et[al.,[2004)parameters
wasused [for(dalibration;

e Application[ofTthelcalibrated imodelsettings[forhydrodynamic[simulations on[bar
nourishingJand [asingle Thumplike "nourishing Cscenario. [TThisCpartCwill “deal Ciwith
hydrodynamicVariations(dsiwell;

e Modellinglofvarioushumplike(Scenarios o analyselthe [properties [and [influence[oflgap
width, lhump dengthl@and miumber 0fhiumps;

e Morphodynamicmodelling[ofThumplike[Scenariosand ¢comparison ofl the[predictions
beingmade by themodel. Moreldetail ‘onthe [principlesofimorphodynamiciodelling
will Beldiscussed in[Chapter (6.

3.2 Model[$chematisations

Bathymetry

ThelsimulationsPerformedduringthis(studyarelexecuteddndplane BHottomprofile. Former
studies,[Which[were ainlyévaluationsfand [predictionslofTexecuted mourishmentprojects,
usedthe Cactual Cbottom Cprofilesto CanalysetheCeffectofthe [limplementation Jon the
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bathymetryfandsimulate[$edimentation [and[érosion. [Objective[oflthis[Study[is folincrease
ourunderstanding [ofTthe (positive [and megative effects[df[Various mourishingscenariosand
theprocesses [ beingactive. Gained[ knowledgecan[beused forimplementation “ofa
nourishment(scenarioWith(dpositiveresultih [drealisticsituation.

The simulationodel Beingdpplied [consists[0fTd [doastal [drea0f2500 Meters(incross [shore
directionBy 6500 meters [@longshore. During [the study [different Bathymetries(are [@pplied for
nourished humps(andBars. [Thelorientation[oflthe hodel [arealis[éxactly [East[West, heaning
that[the[seaward (boundary[is[the[Western[boundaryandthe landwardboundary[is[the
Easternlone.[The kX F[0ine correspondswiththelseaward (boundarylofTthe[imodel.[The
landward (boundary [0fthe Thodel [varies(ds fthe Wwater Tevel Waries(in [different/simulations land
duelfolthe(fide.[Thewaterdevel eaches mp [fill X [F2300, 3o [thelextra 200 meter[of[heach
leavesénoughprofilelheightfo et wavesTunupduringhigh Svater. [TY =0 s the Mmost
southern(boundary (6flthe model. The hodel has 4 Tatitude (0f'32° which is fepresentative for
theMutch(Coast.

InFigure3 1 @amourishmentscenarioisfillustrated showing 3 mourished humps (6100 heter
and[@thutual [distance [0f7200 theter. Thedrests 0flthe Mourishments Havelaflatsurface With(a
width[ofT50(meter. [ Thelslopesloflthe humpslarelassumed(folbe[Gaussianlafter(nourishing.
Thelhumpslarelimplemented inlthe[model (byladdinglanamount[o0fl sand[ on[thelinitial
bathymetry followingthe next/équation.

('x_xhump)2 + (y _yhump)2

Z(an’) = dhump exXp 262 30
dpmpy00 O = depthiatidentre 6fHump(m)
Xy > Viwamp = coordinatesat(dentre of hump [(im)
ol 0 0 = parameter foraximum slope(m)

Figure3 (1 Nourishment(designs/implemented on(the hodel bottom, 3 Humps With[dimensions 0’50 By (100 Wwith
algapwidth[0f1200 meter
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Thelstandard[deviationBeing [@pplied in the formulafisdmeasure [for the slopes, [thelSeaward
slopelhasfalmaximum(value[ofl1:15.[For[the(first(sections oflthe Feport four[bathymetry
designslareised, [ihTater(sections the dimensions [@ndlocations 0fthe humps@nd the iumber
of iumpsiwill bevaried.

InFigure32[alcross[Section[oflthe mourished humps is(shown fogetherWwith[its [properties.
Thehumps(¢entrelies[on[aldistance [0f[600 meterfrom the Waterlineand (has[a[minimum
depthlof[3meters. The ThumphasaCheight[of3 meteras[well,[thisakes[that the total
amount(ofisand needed forlthe Hourishing s @pproximately450 m*/m.

I
n

L
=)

Depth (m)

L
wn

-20 ! l !
500 1000 1500 2000 2500

Cross-shore distance (m)

Figure[3(2 [Cross[section(ofmodelled areawithinclusionof mourishment

Computational(grids

ForbothMelft3D FLOWand'WAVE@lcomputational(grid Thas [fo [be [created. (On(thebasis 0f
theselgridsthe Modelldrealis[covered By amMumerical [SchemelonWhichthe model [€équations
are[computed. By dimiting[the@amountofigridpointstheldGomputational fimecanBemadelds
smalllaspossible. Thoughlfolget[Valuablelinformationfaround [yourTocationoflinterest[it[is
required o getldhighénoughTesolutionlaround the iumps. To@avoid boundary[disturbances
to[Meach(thelarealoflinterest,[directlyaround(the mourishedSections, thelgrid has(foHe Targe
enough. Forthewave[computations(a/grid(covering(alarger(arealislapplied(sothe wavesWill
befullyldeveloped Wwhenltheyreachlthe flow [grid.(WavesWwill[éntertinder[an[angle Wwith the
coast[so[theWwavel grid[heeds[to[belespeciallylonger(in[longshoreldirection).[Atl[the
boundaries[ofltheflow(grid [the [ waves[Will havelinfluence[on[the flow [field, this[Wwill [cause
some[boundary(disturbances(sotheflow(grid Has [fobechosen(sufficientlylargelaswell. For
this(deasonland[to [prevent(that[dirculations[duefomourishments(will feachthe boundaries,
the[flow[gridhaslanlextralength[oflapproximately (1250 meter[foltheSouthandthenorth.
Seawardthis(gxtrawidth(is 500 theter.

In(Figure(3(3(the ¢computational [grid [and [its [properties are[shown.[Thel¢ell[sizelincreases
with[a[maximum 0f(10[percentperlgrid cell[(smoothness) [folavoidinstabilities due foltoo
largelstep(sizeldifferences. Themaximum/step[s$ize,[at/the boundaries,is[set[to[bel100
meters. (In(cross[shore(direction(thelarealoflinterestisicovered by(d[grid [dell [size [0f[20 (heter
increasing( to[ approximately 50 [imeter[at’ the[ seaward[ boundary. Shoreward[ from[the
nourishments(the(grid(¢ells(are ofl ¢onstant[Wwidth, [depth[Variations have(a[large[impact/on



January,[2006

73873/Z3912 Humplike[hourishing[$f[the[shoreface

Al3tudy[dn[inore[éfficient[hourishing[f[the[shoreface

theMydrodynamics lhiereland therefore(ahigherresolution fas ToBemised. ThelAspecttatiolis
theratio Betweenthe M [Tand N [stepsize; agridcell[0f2020 m Has[an [@spectratio OfTT.
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(=1
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B Wavelgrid[size (M*N) 711161
Flowlgrid[size[(M*N) 621132
Nr.[grid[cells [Flow[grid 8184
Minlstepsize M N (in) 20120
Max [step [size M [N [(in) 500100
Mismoothness 10%
Maximuma aspect ratio 5.4
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distance (m) —

Figure 33 [Computational grids and[properties 0f[computational grids

Depth[averaged[imodelling[Versus[3[ Himensional[inodelling

InTtheodellinglapproachlitiwasientionedthataldepthlaveragediodel s applied. The
advantagelofldepthaveraged hodelling s that[¢omputationslare[only [eéxecutedinlone Tayer
and[the[tomputational timeWwillCbelsignificant[less[than[in[caseof(BDmodelling. The
velocity fis[distributed Togarithmical [dver the[depth for[domputation 0flSediment fransport.

Figure 3[4 shows[the(depthaveraged [EulerianVelocities @t/alcrossishorerayloverlthemiddle
offalbarl(solidline)land [alhumpl(dotted line) at[Y is[3250m.[Thelagreement[within[the
scenarios[is[large, apparently[the[BD[(see[Figure[B[7) and 2DH [approachlinethod[give
similar[¥alues[for[theldepthlaveraged[Velocity.[Theldifferencelin[behaviourbetweenlthe
middleoflthe Thumplandthe middleCoflthelbarlisconsiderably; apparently[the onshore
velocitylat(the bar[is[much dess. In[dontrast With [this [the fesemblance between [the barhead
and[the humpismucharger[(Figure[3[3). The depthlaveraged(velocities[havel¢omparable
peaks, Onlyltheoffshore Behaviour(is(different.

Figure[3[6[shows[how [theVelocity[in 3D [modellinglis[distributed [over the[depth for three
differentlocations(confirms(the former conclusion.Thebehaviour(atthe (bar head [@and hump
is[similar((redand(green). TheBlueline, the middle(oflthe bar,[shows(large differencelagain.
Averaging(these(lines/over(the Vertical(leads fo[the[depth averagedvalues(and/arefoundlin
the Tatter two figures (X=1500(m).

WLI] [Pelft[Hydraulics
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Depth averaged velocity 3D and 2DH modelling
T

0.2 T T
bar 3D
bar 2DH .
01| ———-- humps 3D // kY B
fffff humps 2DH // i

cross-shore velocity (m/s)

| | |
500 1000 1500 2000 2500
cross-shore distance (m)

Figure(3(4 Depthlaveragedvelocity [forboth 2DH [as3D [thodelling [for(alcross (shore ray [over(the thiddleofld
hump (dots) [@and[the tiddle 6flabar(solid)

Depth averaged velocity 3D and 2DH modelling
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Figure3 5 DMepthlaveraged Welocity for(both2DH las 3D hodellingfor(alcross shoreraydverthe thiddle ofla
hump(dots) @ndthe fip oflabar((solid)
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Figure3[6 3D Nelocity [profile for three differentlocations, @tthe thiddle[0fld Bar (blue), at(the [fip [0f the [Same Bar
(red)land (at/themiddle ofla hump [(green)

TheTatter(@nalysisshowsthe fesemblanceBetweenthe 3D land 2DH modelling. [Ontheother
hand[vertical Welocity [distributions [atfhe mourishmentsare far from [logarithmic Hutshow

WL [Pelft[Hydraulics 3—5
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similar(pattern/anyhow.[Since [thisTeportfis[only [@nalysinglautonomous bBehaviourofbarland
humplike mourishmentsthe 2DH [fodelfisassumed o belalgood Tepresentationloftelative
behaviour.

3.3 Boundary[¢onditions

Wave[$chematisation

Waveslare[the[mainldrivingmechanism[for[¢tirculations "around ourishments, longshore
current(@nd[Sediment [fransport. Tn(thefirst'caseonlydonelconstantWwaveldonditionlis[@pplied
tolgivelinsightlin[theleffects(ofwaveforcing.[Theproperties[dfthis[Wave[condition aremot
really (fypical (for[theDutchl¢oast[but arerepresenting [an[averagestormland describe the
acting[processeslinalgood Wway.[Oflimportancelis[the Visualising [df[theleffects[Soalgood
comparison(ispossiblebetweenlthe different(scenarios’and their hydrodynamics.In[Table
3 the wave(propertiesforcondition[1, thereference 'condition, [dre[Summarized.

Table3 1 Wavelpropertiescondition T, wavelieight H, (JONSWAP)(is thewave lieightléntering the[domain(at
thelseaward boundary, T, [i5 theWave[period,@the@ngle0flincidence with 270°Being the direction
perpendicular(tothelcoast (Cartesian/coordinate System), i, the waterdepth(at thecrest Gflthe mourishment

HO (Jﬂl) Tp L(S) e (—ueg°) hcr L(hn)
Condition(1 2 7 250 3

Bylletting[theangleJof lincidence [ lvary[land[Tmodelling[variouswave[Theights imore
understanding(is [Obtained[on Wave influence in relation fothe shoreface mourishments.

Wind

Wind(is [ofTlittle interest/during(the [present[study [and therefore(it hasbeendecidedfo mhodel
withoutftheinfluenceofwind.

Water[level[schematisation

Atlthelseaward [boundary [a[¢onstant [ Water Tevel (s [prescribed. [At[the Tateral houndaries mo
water(levelslarespecified (butthe Water Tevel gradients [dre. [For the(lateral Boundariestheso
called"Neumann[conditions "are[applied[(Roelvink et[al,[2004)."Neumann[conditions
determinelthe boundary$olution[byimposingthe alongshore waterlevel gradient.[The
problemWiththe[¢onventional TmethodofTprescribingboundaryconditions on[thellateral
boundarieslisthat[the processeslactinglonthemodel,leadingfoVelocity[and water(level
distributionswill [lead [fo[Variations[in[¢ross[shoreldirection. TheseVariationsWwill[leadfo
disturbanceslintothemodel.In(this[¢asethe Wwaterlevel [gradient, mormal fothe boundary,
willBe Zero(attheMateral boundaries. InTaterSections0fthis(study [different Wwater Tevels(are
appliedfor[albetter understanding Contheeffects CofTwater depthabovelthe ourished
sections. [Water[depth(is Varying from 3 [fo (3 theters @bove thedrest0fthe Mourishments.

3—6 WLI] [Pelft[Hydraulics
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3.4 Model[Parameter[$ettings

Aslthedesults(danmotbelcompared Wwith[teal world Valuesthelonly Feferencelis [fo [ompare
theldifferent(simulations(andfestesults Wwith[éachlother. [This[paragraphlgives [attention [fo
some[parameter [settings and lised formulasforwhichaldeliberate[choice Was made.

3.4.1 Hydrodynamic[parameter{$ettings

Sincethemodellonly usesimplicit[Schemes(the mMumerical$tability [is motTestricted by [the
timestepCor[thegrid Tsizeand CisCalwaysaccurate[tothe[secondbrder. "Explicit[time
integration[on[thelshallowWaterleéquationsfis(subjectfola fime step condition basedlon[the
Courantmumber[for[Wwave [propagation. [Especially faroundGrregular[¢losed (boundariesthe
ADInethodl¢anbelnaccurate. [Inpractical [Situations [the[Courantmumbershould ot be
higherthan10{WL[Delft Hydraulics,2003a) However this(is[dfough@stimateldnd thefime
steplshouldbechecked by [€xecuting [@lsensitivity [fest.

o =2cAt /$+Alz 32
y

o= Jah s

c = Courant mumber ()

= wave delerity((m/s)
At = timelstep(5)
Ax = gridldimensions(inx[direction(im)
Ay = grid[dimensionsiny(direction (i)
g = acceleration/due fogravity(m/s”)
h = localwater[depth[(im)

Sensitivity [funs[showthatfime[Steps in the Tange0f[6 24 seconds[givelapproximately[the
sameltesultsforCas[wellthe Swvaterlevel Cand velocity [profilesasfor[the[wavelheightlat
differentTocations{seeappendixB[2).[Time[step [limitation s hotonlytelatedtowave
celerity, but(is@lsoldependenton morphologic parameters. [Forlaccuracy [the fime(step should
belassmallaspossible, thoughiofeduce computational [fimelallargertimelsteplismore
efficient.[The Courant/analysesfogether With [the [Sensitivity Munsshowed thata [fime[stepof
12[seconds/satisfies.

With v,, [being(thehorizontal(Viscosityland D,, [thehorizontal(diffusivity, [bothparameters

will[belset(at the safeValue[0,1m*/s. The Viscosity[is[dependent [on the local water[depth.
The[FLOW odellin¢ombination Wwiththe [Rolleréxtension ¢omputesthe Viscosity [every
timesteplandfis[therefore(selfregulating. [Especially [forthelocationinbetween [the Humps|it
takesfimefolgetalstable Viscosity [ferm, thisis@result0ftheldevelopingVelocities.

WL [Pelft[Hydraulics 3—7
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Table32[givesalsummary (0flthe importantParameters that Were ised in[the FLOW module
forthemodel.

Table32[Parameter(settings for FELOW odule

Parameter!] Valuel] Unitl] Description

At 12 ] computational [fimestep

n 56 m'?/s[) bottom friction (Chézy(coefficient)

Dy 0,1 m?/s[] initial Rorizontal [Viscosity

v, 0,1 m?*/sl] initial horizontal diffusivity

Hary 0,4 m threshold [depth(for(dryingland flooding
g 9,81 m/s’[]  Gravity

P 102300 kg/m’[] water(density

3.4.2 Sediment[transport{formulation

As[waslimentionedbefore, the $ediment[transportlmodel[ismakingise[oflthe sediment
online[Wersion[of Delft3D. Flow[dndfransportlofisedimentsare[computed(atthe[Same fime
and[bothldrefed back [for bottomMipdating [Simultaneously. Inthis[Study[the[sediment[online
version(isuisedin[combination [With [the [fransport[telation formulated by [van [Rijn[(van[Rijn
et(dl,2004).

Delft[3D[computes total[¢hangeinsediment by [summation[oflthe[¢hangeoflthe [Suspended
loadlthelchange[due tothe[suspended load(correction vector(dnd [the changeduefo Bedload.
Suspendedsedimentexchangewith [ the[bed is implemented [ by imeans of[ ‘computing
sediment[Sources(and(sinksmear[the bottom[oflthe flow by Wsingld[teferenceheightlandla
referencel¢oncentration. [(Bedload(transport[is[computed [in[vectors[at/the Wwaterlevel[points
anduses(aldifferent mumerical [sSchemel(Lesser etlal.,2004).

For[the[model [ TRANSPOR2004[(van[Rijn et[al.,[2004){s(used.[ TRANSPOR2004(is[a
newly [implemented [tfransportformulation[in[the Delft3D[online[Version[and[is(mainly [an
updatelJofl 1the [ TRANSPOR 1993 formulation(](van1Rijn.,[11993).[1The ' TRANSPOR
formulation[calculates/the[sediment[concentrations [under[currentsand [waves[by[including
anlanalytical,[semilempirical inodel ‘oflthe[diffusion(oflSediment(in[the[vertical. (In[contrast
with[Jother iformulations [this[formulation[Jis[lincludingJasymmetry [Jeffects.[ The[ imain
advantages 0fl TRANSPOR2004[above[ TRANSPOR 1993 [ formulationare[ based[ on[the
inclusionofTpredictors[for thebed roughness and[the suspended[sedimentsizeinlthe
vertical.

Theéurrent(FLOWmodulemakesiseloflthe[GeneralisedLagrangianMeanmnethod Which
includes Wwavelinduced mass flux.[The[GLM Velocity [corresponds [fo [the [¢ombined [inotion
ofT¢urrentsand [freeSurface[Wavesland[isised [for[sediment ¢computation{Walstra etlal.,
2000)."Withdepthlaveragediodelling[(2DH)[onshore fransportsare far[dverestimated, as
thereCarehotomponents compensatingthisConshoredrift."[For[this (modelthe[Eulerian
velocities(dre@pplied Tor The omputation6f’Sediment fransport.
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3.4.3 Calibration[process

The[TRANSPOR2004 model makes ise[0f’'SomeMiser’specified[¢alibration values o fitthe
transport[properties tolthe[local [situation.Forthelcurrent imodelthere[is[no[teference
situation"and [no[validation"datalJexist[to[calibrate[themodel. In[the lcontextofthe
developmentofithe mourished scenarios/it[is [0f importance fo ‘get[Somegood linderstanding
oflthelsedimentprocesses [and [fhelinfluencelofthe TargestVariations. The mainobjectivelis
not[toknow[the[exact(humbers and[transport[tates butto get[a first(indicationoflthe
influencelofltheVaryingflow[field[in[the¥Vicinity lofTthesehourishments. Therefore the
calibration[ofTthe[modelis[eéxecuted by uising[anexisting[ 3D model fandthel¢alibration
values(are/determined fih[aroughiway.
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Figure[3[7 Vertical[grid for[3D [simulations

Theprocedureforthe talibrationprocessis asfollows.MakingseofTalprofile (model
makestpossiblefoldetermine[fransportValues(inanéfficient Wway.[Anindisturbed[sloping
bottom[ofl1:1000s ‘éxposedfo wavespropagating fowardstheldoast.[Afirstistep[describes
the2[dimensional distributionCoflflowover[the[Vertical,"computed onlthevertical ‘grid
according(foFigure3[7.

Forthe[fransport[formulationsthe fransportparametersused [for[the [Egmondmodel [were
taken[for calibration[ofTthemodel [(Walstra,[2004). This[model showed[Some[good tesults
andlthe[situation[Wwas[typical[for[the[Dutch[¢oastl[aslit[is[schematised[in[this[study. By
applying[thelsamefactors[(Table[3[3)from[the[2[dimensional [profile[imodelapplicable
transportvalues(areléxpected [fb result, forming [thereference for thecalibrating[ofthedepth [
averaged[profile odel. Theshown [parameters(are[describing[the Behaviour(offransportinla
quantitativel$ense, making[distinctionbetweenbedload [and [Suspendedload fransportiand
wave related[and[currentfrelated [transport.

Table3[3 [Calibration factors [for(different odels

Egmond 2D [profile 1DH/profile
Sus 1 1 0.8
Bed 1 1 0.7
Susw 0.2 0.2 0.2
Susb 1 1 1

WL [Pelft[Hydraulics 3—9
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InFigure3[8thelsuspendedand bedload fransportsforboth profiletnodels @re plotted. By
comparing [the fransportsland Waryingthe factors both individual fransportsWwere[determined.
Thepeakslareloflapproximatelysimilarmagnitude. Clearly[Visible from [Figure3 [8 [is [fthat
bed Toad [fransportis ainly [determined by [the[orbital otion[andis[directed ‘[Onshore.The
suspendedToadlis[dominated by the [Currentldffectland fis [directedlin [offshoredirection in(this
case.[Thepositivepeak [for[thesuspendedload for[the 2D profile(model shows[the
domination0florbital thotion in [this Part(6flthe MearshoreZone [for thelsuspended Toad.
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Figure3[8 1DH modelling(blue)@and 2D [profile thodel (red), [suspended load (dotted) land bed Toad [(line)
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Figure 39 Totalltransportforithe 2D [profile hodel(red) land [the [depth[averaged [profile hodel (blue)

Onf[Tirstsight,[the[figures[$how[Somellarge differences. Transportprofiles‘have[different
peak Walueslandléven thelsignlis[different. [Apparently [the thethod[dfising The 2D V[settings
as(reference forthe1DH thodelismotlsosuccessful.[Aldeliberate[choicelhasbeen adefor
thetransport[parametersCas theyare[shownlinthelabove. The peakValues are[§imilar,
meaning [thattheBed Toadandsuspended Toad have[a/comparablesharelinthe fotal fransport
for(both(the2DV andthe1DHprofilefmodel. Mainlythewavelinduced¢irculationsand
currentsfareexpectedfobeloflimportance,theselareldescribed by theparameterssusand
bed.Thelcontribution “ofCwave [massflux [Clis “described "bysuswJand [bedwJandChas
considerablelinfluenceldon [fransport. Earlier(studies[Showed that[a[Value[of[0,2 [for(suswis
reasonable.
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Morphodynamicbehaviour(stilllshowedlan[offshore shiftlofTtheshoreline.[Apparently the
processes/(in(theBreakerZonedre foo far from/its[eéquilibrium(andtheldepthlaveraged model
ismot(describing theprocessesinthebreakerZoneproperly. dtwasdecided fo Wwork (with the
describedparameter(settings (Table[3 [4).[Theseparameters[showed alplausible[description
ofmourishmentBehaviour. By Subtraction0fthe Zero [Situation, beingthe hodel [areawithout
nourishment, a[better [tepresentation (s given. [Inthis[way[the effect[ofTthe mourishment[is
onlydescribedqualitatively.[Appendix B3 [shows[@amumber Gfparameterdonfigurations/and
theirimpacton(thefransport. [Finally [the thain input parameters for the [fransportodel dre
thefollowing.

Table 3 [4[Parameter settings fransport todel

Parameter] Value[] Unit[] Description

Dsq 0,2 mm[] mean(sediment(particle diameter

Dy, 0,3 mm[] sediment/particlediameter

Sus 0.8 O Tuning[parametersuspended(load

Bed 0.7 O Tuning[parametersuspended(load

Susw 0.2 O Wavelrelated[suspendedloadparameter
Bedw 1 O Wavelrelated bedload [parameter

SedThr 0.5 m Minimum [depth for[sedimentcomputations

WL [Pelft[Hydraulics

Settings [oflinterest[for [theorphodynamicbehaviour, likethe morphological (acceleration
factor(and(thespin[uplinterval Wwillbedescribed[in [Chapter(6,the morphodynamic [analysis.
This[chapterwill [deal Cwith[‘more [ analysison[ parameter[ settings[and [ their[effect’on
morphological [development(for(the Wholelarealand [¢onfirm[that(the[parameter(settings(are
notlideal [@and(the 2DH odel[showssome inreliable behaviourlin(the breaker Zone.
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4  Hydrodynamic[analyses[éflhumplike
nourishing[inder[Wave[éxposure

4.1 Introduction

Infthelchapters followinglanléxtensiveldnalysisisgiven[onthe hydrodynamicprocesses[in
the ¢oastal[zonelinthe Vicinity[ofTnourished humps.[AsWwasmentioned [inChapter[2, the
presence/dfmourished Bars(dnlthe(shorefacehaslalgreatimpaction fhehydrodynamicsfin(this
zoneland[therefore[thesebars[behavelin[alcomplex Wway. Nourishing[the $horeface Wwith
humpslinlstead[oflénelélongated har[only akes [the processesmorecomplex [and getting
insightlinthe hydrodynamicsfisthereforedflgreatimportance. Bylanalysing fhelinfluencelof
differenttypesCbf hourishmentsConthe hydrodynamics,it[ispossible[to evaluate Swhich
variations will fesult(in[the ost/efficientMourishing[oflthebeach Zone.

Waves form[the host/dominantfactorfor(the fransportlofisand [and[the Medistribution ofthe
nourishments[into[the[littoral[zone.[Waves[breaking [onhumps[will [cause extralcurrents,
which Gwill [bring [sand [into[suspension. Following[paragraphs[describe thelinfluencel of
varying[hydrodynamic[¢onditions[SuchlasWwavelheight,[angle ofTincidenceland waterdepth
above themourished(sections, (onthe hiydrodynamics.

4.2 Hydrodynamic[¢haracteristics[of[$horeface
nourishments

Different[Wavel¢onditions[like Variation[ofl[Wwaveheight, [angle[oflincidence [but[also[the
amount( ] of[Jwater[labove[]nourished Thumps[land[barsJinfluencelthe[ Thydrodynamic
characteristicsaround[the[fnourished[$ections.[Thelevolution[ofThourishments(inanlactual
situation[isal summation ofl all "effects ofl different hydrodynamic[conditions[ they[are
exposed [ to,[allhaving[ their[lown[limpact[ and[ timescale[ on[morphodynamics. In[ this
paragraph(the[focus[lays[Jon[the[ hydrodynamiclicharacteristics[lofl three( nourishment
configurations(and thelinfluenceldfvariationdfthe waveconditions.

TheTeferenceWaveldondition[(Table[41)lis[chosen(inSuchdWay [that[the processes, Wwhich
influence(thesediment(fransport, dreclearly ecognisable.These propertiesand theldifferent
nourishmentlscenarios described[in[Table[4 2 [arethebasislon[whichlfthe Wwavel¢onditions
andmourishment/dimensions Will Wary [during thedoursed6fTthis [chapter.

Table 41 Reference wavelcondition

Hy/(m) T, (s) 0((deg.) he[(m)

Condition(1 2 7 250 3

WL [Pelft[Hydraulics

Forlalfirst[analysislofTthe hydrodynamicslaroundmourishmentssomelsimplebathymetries
willbeised. [The bathymetries [representthe lindisturbed[situation, thelindividual (effect(ofla
humpontheliydrodynamics, theléffectloflamumber(ofhumpsinfarowlandthedonventional
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elongatedbarlas[alteference forthelefficiency. Inlthellast[fwol¢ases thetotalhourished
length(is[similar.

Table42[Referencebathymetriesforliydrodynamic[characteristics

Number of Lengthlof(crest Mutual Distance
nourishments (m) (m)
Bathymetry [0 0 [ [
Bathymetry(1 1 50 [
Bathymetry(2 1 1000 [
Bathymetry(3 3 100 200

Breakingloffwaves[andlinducement[ofl¢urrentslin the mearshore[zonehavelgreatimpacton
thetransport oflsedimentandlit[isCoflimportancetoinderstand them[well. (Aslalready
mentioned, [ the occurring[ processes [ are[ complex, waves[interact[with[the[ bottom[and
generate[currents[in[longshorel@and[éross[shore[direction.[These[currents[on[their[furnhave
their[influencelon[the[waveldevelopment. This[paragraph”deals[with[the[generatingof
currentsand[Wariation "of (wave [ properties aroundhourishments and[their[tesult on[the
sediment[¢oncentrationand[$ediment[fransport.[Thefollowinglaspects[will[be[dealt[vith
hereafter.

e Waveldevelopmentiand(their(éffect/onfhe WaterlevelandGurrent/generating;

e Developmentofl currentsandvelocity “patterns“and[the cross(shore and[longshore
components ofitheseVelocity Wectors;

e Sediment/Goncentration (patterns(as(alresultiofithese[currents(and Waves;

e Transportloffsand, Bothlincrossshoreland inllongshoreldirection.

Bathymetry 2 Bathymetry 1
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Figure4[1 DepthlaverageVelocity (patterns(as(aresultofdondition(1 for 1) the[donventional Mourishing hethod
and2)(asinglemourished iump (6f150 By (50 meter
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InFigure(4[1 [theldevelopment(ofTthe[Velocity,[dveraged over theldepth, is[visualised. Tnthe
leftplotithedonventional Mourishmentlis[shown By [thered[contour Tines the right plot'shows
alsingle[humplatthesameloffshoreldistance.Bothlarelexposed[fo¢ondition[1 (seeTable
411),theresulting[circulations(and[durrents[are[Visualised by Blue[vectordrrows. [Somefirst
effects, clearly Wisible, [dre[discussed.

¢ Inlthefindisturbed situation(dwavelinducedlongshorelcurrent(is/generated from Southto
north.[Themagnitudeof this[current’dependson[the Wwavelheight and[the angle of
incidence.[Themourished[sections are, in[this ¢ase,located[just outside thelongshore
current. Thelongshore currentfis influenced My [the Mourishment ihduced [Currents.

e Inlthelleel[zonel(eastward) oflthemourished[Section[this[¢urrentlisinterrupted.Duelfo
wave[breakingatthe[crest(ofthe mourishments(the Waveimpact(islessandtheTongshore
current(shifts dnshore. This[effect(is host(dlear(in thesituation With the mourished Bar.

e  Wavesbreakinglandpropagatingloverthe érestofthebarsleadsfolanléxtralgenerated
current(in(the [Vicinity [ofTthe mourished[Sections. [This ¢urrentdoes mot[only[develop[in
thesamel direction[ ofl the[ wavel propagation[but[has[iore[ complex patterns.[As an
example(attheSouthern(tip[of’the bar((left[plot)alrip [currentlis[generated fothelsouthas
at[thenorthern(part(the flow(is[directed [in morthern[direction.[On [the hump(alcurrent(is
inducedlin(theldirection[oflthe[Wwave propagation. These[éffects(are themainldspects/of
interestland will Be [dealtwith éxtensivelyinthe further[sections.

4.2.1 Wave[induced[¢urrents

Inlc¢aselofTshallow [water(the[Wwater[particles are[describinganlorbital (motion[tesulting[in
shear(stresses[on(the bottomacting[on(the sediments. [From[the Wwater(surface [down[fol(the
bottom(the [vertical[domponent[ofithis(orbit/is reducing. The @mplitude(ofithe orbital welocity
near thebottomis[dependenton the wave [properties (Hs(and T,) [and [the ‘waterdepth. [Onlits
turn(the Wwaveheight[litselflis[directly [telated [fo the Waterdepth[asWwell. [Breaking[Wwaves [in
thelsurflzoneland[dn shallow Waterhave dneven morelintenseimpact[dn/sediments (brought
into suspension. Distribution [0flsedimentsfis[dependenton[currents faking[the [Sediments.[As
shown/in[the/dboveldurrents(dre(generated(in thesurfzone(oflthe[coast/and, Thorelinteresting
for(thisStudy, [in[the Wicinity [0f[the Mmourishments. In[Figure(4 2 [the Wave (heightsdre[shown
in[combination With[dissipationofienergy. It illustrates(the ‘éffect 0fithe mourishmentsonthe
waves, breakingand[disturbances6fwaves(droundlit.
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Wavelénergy [is[dissipating[on[the[crest[of[the mourishmentsland(intheSurfzoneladslaneéffect
ofwavel breaking. Dissipation[oflenergy[is compensated by setipof Wwaterleading[to
waterlevel [Variations[and[tass fluxestesultinglin[¢circulations[and[¢urrents. In[Figure 43
thetesulting[waterlevel [variation [is [illustrated. [It[is [¢learthat[for [the (bar mourishment the
dissipation[ofwavelénergy [results(in(a better[developed Wwaterlevel rise. In[the middle[oflthe
barlit(increased [with[app.[0,03 m. Thelongshore[generated (¢urrents (are(mostldeveloped [at
thebarlheads, herelthe[Waterlevel [gradients are[maximal.[This[effectis the[causeloflthe
strong(horizontal dirculations which WillBeldiscussed Tater.
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Figure[4 (3 Water(level variation(on crest/0f[dourishments

5000

Atlthe(Southernfip (0flthe Bar[Waves(dre[dissipating hore énergy, (herethe [current Telated [fo
thesetmpisidirectedinoppositeldirection With the Wave propagation.[Apparently [fhis(leads
tolhigherWaves[andthusmore énergy[dissipation. ThesameleffectisVisiblefor iumplike
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nourishments. [The Gwaterlevel [isCincreasing ChereCas Cwell,[leadingto[longshoredirected
currents(dtthe(crest/ofthe humps. Aldleardifferencelofldissipation thagnitudeis[Seenonthe
crestlofthe iumps. [ThisFesultslinto@separationdf flow[direction(on the liump [crests.

InftheleeZone 0fTthe Mourished [SectionsWaves [@reless high ds[@Tesult0fthe Breaking atthe
nourishments. [As(aTesult(lessdissipationis[Seen[inthe Mearshore Zone. InthedirectVicinity
ofthe Miourishment/Some [effects are Wworth tentioning:

e Theltip currentfoltheSouthoflthemourishedbaris[¢ausing anlincreaselofwavelhieight
Waves arepushed(together@ndigrow;in [doherence with[this the Wwaves(are (getting flatter
where(the ¢urrentsare [propagatingin/thelsameldirection. [ This effectloflwavel¢urrent
interaction [acts(dt[the[0ffshore(side[0fthe MmourishmentWhere [the Tip [current(is [dttracted
by the Waves(and Teturnsfothe Barldgain;

e AtltheltipsCoflthe[barmourishing waves[are slightlyhigherCasaltesult[bfl current
refraction(duelto(circulations. [This(isseenlinFigure4 (4, the[greenland[dark (blue(line
represent/the wavehieights(at(the [tips[oflthe (bar.In[comparison With [thethiddle(section,
the(ted[line, ‘the Wwaveslare[somewhatlhigher. [ The[purplelineshows thelbreaking[of
waves!at/the middlehumpand(theleffect of[waves[propagatinglinbetweenthe humps
leading(toincrease(ofwave Heightlagain.
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Figure[4(4 Wavellieightvariation on different(locations for(the fwo mourishment/scenarios, wave lieights (are
plotted(atthe(different(cross shorerays With@lconstantheight for theseaward boundary

4.2.2 Longshore[and[¢ross[$hore[yelocities

Forlabetterlidealofltheldirections[of thel¢urrents/and[their(magnitude, thellongshoreand
cross(shorevelocitiesare[plotted(at(4 rays[parallel Wwith[the[shore, [See[Figure[4[5. Distances
oflthe(rays(are(chosen(deliberately [in [the (vicinity [0fthe (barand (inthe (breaker Zone. [In Tater
sections, [ especially[the onshore(tay[distances[Vary, depending on[the data[Whichlarelof
interest.
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Cross sections for further analysis
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Figure@[5[Cross/Sections/onWhichdataareplotted, x=141505 justoffshore from thelcrest, x=1508lis 'on the
crest,x=1590justlonshorefrom[the crest/and the Tast[onelis [inthe Breaker Zone.

ThelcomparingofTthe differentathymetries[and [their influence [OnltheWelocity [profilesiin
Figure[4[6andFigure(4 7 givelalgoodlindication(on[thelinfluenceloflthe Mourishmentslon
differentTocations(inthelarealandespecially [thedifferencesbetweenthelScenarios.[Some
firstCconclusionsare[madeand (summarized hereafter. CAllred "lines Frepresentthe bar[]
nourishing, thegreenlines (a3 Thump [Scenario [(humps[100meterTongland (gap width[0f200
meter)[and/the bluelinelalsingle umplscenario.
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Figure4[6Cross(shore velocities/atidross [sections, x=1415 s justloffshore fromthe crest, ¥=1508 [is[onthe crest,
x=1590 (st onshore fromthe crest/and [thelast(onelis [in [the (Breaker Zone.
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Theldnshore[Velocities arelargestlat[thel[crestloflthehourishmentsand just[north[of
them, (here [the[shear(stress(is(increasing(as(a tesult(ofldissipation[dfiwave energy [partly
leading(to(amassflux [ofWater;

TheloffshoreVelocities[arelargest[Southward ‘ofTthe Mourishmentsandlinbetween the
humpslin(thel¢aseloflthe humps.Thelfeturn[currentlisstrongerand(teaches furtherfor
onel¢longated bar(thanin(thelcase[of13 (humps, thislis[the [Mesult[of the betterBalanced
setluplatithe@longated bar;

Cross[shore[velocities Tat[the crest ofl thehumpsaremore[ constantlinimagnitude
compared[to[the conventional Thourishment. [Theleross(shoreproperties CofTthe single
humpfarelsimilar folthe properties ofthe middle ump For thelscenario[With [thelthree
humps;@pparently [the thutual ihfluence [dfthe Humpsonlthe [crossshore Welocities is Mot
soarge.ThoughtheoffshoreWelocity for(thesingle humps is[smalleras(dTesult[ofthe
upstream(generated [Current;

AtlthelcrestlofTthe elongated[barthel¢rossishoreVelocity[is[largest[at(the fips,this(is
mainly[caused by theparallel waterlevel (gradientshere Teading fo[currents [in Tongshore
and(dross(shore(direction. Wavesinfluencelthe direction(oflthe resulting [Currents;
In(the(surflzone, c¢loseltolthe[shorelinelthe[¢ross[shore[Velocities decrease, [influence [of
thehourishments [is[Visible. Especiallyfor[thebarlal¢clear distortion[is[presentat[the
upstream, [Southern, [section. [Heretheleffectdf'the Circulationsfisclearly Wisible;
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Figured[7 Longshorevelocitiesatcross[sections, x=141505s just6ffshore fromthecrest, x=1508 is[On[theCrest,

x=1590{ustlonshore fromthe crest/and the lastdneli5 in [the breaker Zone.

InTongshore [direction(the Targestinfluencelis[visible just[onshore 0fTthedrest. [Herethe
setupleausesfheléurrentlalongthelérest. Forbathymetry (2 [it[is[¢learthatthis[¢urrent
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splitsfapproximately [at(half'the [distance oflthe ¢rest{inlongshore direction) (Wherelit
flows[outlin(both[directions;

o Inlthelcaseloflthehiumps(thesameleffectlis[shown[attheSouthernhump.[AtlthelSecond
and [the third (hump (this[éffect is[still [visible butlis[disturbed by [the mortherly[directed
current, [which[is[generated (at, (from [South o [north, the first[and[the second hump. [This
causes/smallervelocities(in Tongshore(direction;

e  OnshorelofTthemostsouthernfhumplalsouthward¢urrentlis generatedas tesult[dflthe
waves[propagatinglin between the humps. Thesebreak[and[¢ause [Waterlevel [variations
leading [fo the thentioned[current;

e Onshore[from(thel¢restlafendency(isVisible fortheTongshore[velocities for the hump
scenario. Thelaveraging [ofTthe Tongshorelcurrent for the 3 umpsisshowinglalsimilar
linewiththat’ofTthe’elongatedBar, meaningfhatlin[Summation[the humpsbehavelas[a
elongated bar(inTongshoredirection;

e Offshoreloflthemourishedarla3outhward[directed [currentis[present. The ¢irculation
southward 6flthe Mourishment(is Heading (back [fothe mourishmentoffshore.[As(itfeaches
the[mourishmentlagainlitlisCattracted by [the[existing [¢urrents fand waves[tefract.[The
largesticomponent/ofithelcurrentlis [Southwardlandfis[d[resultoflthe [€xisting Setip [@tthe
bar((seeFigure48);

o Inlthelsurfzone, thereWwhereltheWwaves/inducethe Tongshore(currentfrom (South [fo Morth,
thelongshorel¢urrent[is[disturbed. Oneteasonfor this[is the 3helteringleffect[ofTthe
waves; [lesshigh[wavesénter(the[coastlinthe Tee(zone. This Tesultsfinlalshift[onshorelof
the Tongshoreldurrent(duefothe breaker(lineMmovinglonshore dand @ less[strong [Gurrent.
is[the[Tesult. [On(theotherhand dpposite[currents’dauselcontraction[oflcurrentsland thus
stronger(currents(seeHigured(8). Thiseffectlisthainly Visible with fthelelongated bar;

Infappendices[C 1 [theTesultoffthe Mmourished Scenarios(isVisualised0verthe WwholeTarea, [in
combination[with[contour ines [for the¢oncentration[oflSediment[Wwhich arelin[suspension.
By[subtractionofTthezerosituationthe "netimpactof[ the "nourishments is[lobtained
(appendicesC2). Remark forfheseplotsisthatldMegative Walueldoesmothave fo ean(that
currentfis directedinthis Way.

4.2.3 Concentration[éf[$ediments

Figure[4[8[givesla[firstlindicationofTthe [Sediment[¢oncentrationsin¢ombination Wwith[the
longshorelcurrentéffects/andmakes[clearthat/concentration[ishighly Telated [fo thewelocity
profile. Theformulafor(sedimentfransportidescribes(thelinstantanecous/concentration/caused
bylalcombination(oflthe[depthlaveragedvelocityinlongshoreland(cross shore(directionand
the [(hear[bed[orbital[velocity[inder[waves.[ The[figurebelow[shows[alclear[increase of
sediments(in(thevertical lontoploflthe[crest. [Just[South[oflit(Wwerethe [Velocities[dre (high, [in
the [ripcurrent, [ the[ sediment[ concentration[is[not[ particularlyhighlasaltesult[of’ the
increasing[Wwater[depth. [In[thellee oflthe hourished[$ections[it[is[tlearly[Visible[that the
concentrationsdecrease and[ the longshore [ current[ shifts onshore. Forthelleft[ plot[a
concentration [increase(is[present, [there Wherethe[current/is[Contracting.
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Figure4[8Velocity Wectorswith thelongshore component [described by [colourVariations@ndarrowsgiving(d
roughfindicationofloverallprocesses, the Black [contour lines/denote the different[sedimentConcentration Tevels.
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In[Figure4[9thetoncentrationlevels are[plotted together Wwithth
concentrationvalues(arelagainvisualised [dt[the(dross section(and Wisu
Some(cdonclusions fromtheseplotsare:

ewavelheights.[The
alisedlinFigure410.

Atltheldrest[the[concentration [levels(are(significantly higher[than(dtthe[sections [juston[]
and [0ffshore, lierewaves Bring[sand(ihto[suspension(and Welocities/are Highest;
Important(istheconcentrationdevel [@ttheSoutherndideoflthe hiumpslandbar. Rips(are
present[hereland[causehigh[¥elocities offshore.[Thelincreasing[depth (tesultslinlless
wave [impact(at[thebottom[and [low[valuesfor[the[¢oncentrations[of(sand. This has(as
positiveleffectthatthe rip[currents(domot(generate lTarge[offshoreltransports;
AgainftheldifferencesbetweenltheConcentration Peak [0fthesingle Hump [and [the iddle
humpsforbathymetry mumber 3 [aremegligible, for furtherlanalysisConly [the Tmultiple
humpsl(scenario’will betisedasthe@nalysisdflthemBothgive[domparableTresults;
Theldoncentration Tevelatthe humpsis[ofTamoreconstantlevel thanlat[the barWhere
onlyatthe Tipslahighlconcentrationis(seen. [This[fogetherWith thelonshore[velocityis
themainleffectTesultinglinthe Eipsofthe mourished harmigrating lonshore fasterthan
themiddlelSection;

Aslthelcross(sections(teach[onshore, hore(sediment(is[in[suspension. In(thelee Zone[of
thehourishedkectionsthere[is[some[disturbance. Theltlearest[this[is[forthe bar
nourishment, Tiereldldecreaseloficoncentration(is 'Gaused by [thesheltering[éffect/and@s(a
resultithelsmaller Tongshore current. To the[south[the[concentration increased as[aTesult
offcontraction[0fTthe '¢urrent/due o theldopposingcurrents. Theselopposing[durrents(are
theGauseoffaldoncentration(decreaseléven tore South.
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Figure410Sediment/Concentrations [@t/crosssections, x=1508 isonthecrest, X=1590justonshore from the

crest(and(thellast(oneisinthe breakerZone.

Differenceslinlongshoresediment[¢oncentrations[and [ currents[Wwill[tesultlin[eérosion[and
sedimentation[and[thus[variations[in[the[coastline. From[the[analysis abovelit[tan[be
concluded(that[thelonshoreltransport[duetolthe nhourished sand[is[expected to be more
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efficientlinlcaseof humps [than [for[onelelongated bar, (which[is The firstlindication thatthe
hypothesismightbetight.[The [barWwill [¢ause moreldisturbancemearshore and[thus more
variation(inthelshoreline. Tn[dase0flthe Bar miourishment(objectivecan befo [frap [Sand [inthe
lee(Zonelandincreasing [width ofTthecoast. The following[sections Will[give iore [attention
tolsediment(fransportfand(erosion(and[sedimentation0flsand [andthe influenceofbar Tength
and[gapsbetweenhumps.

4.2.4 Transport[éfi§ediments

Thehydrodynamicpropertiesastheywerediscussedinlthelaboveshowed [Somelpromising
results. Sediment [fransportfisthe hovement6f’sediment particles [@nd[is fherefore[dependent
on[thefransportlofTwater[inthe formlofT¢urrents andthe[¢concentration ofsand[beingin
suspension(as(theyWereldnalysed. In'this Partfirstthe crossshorelandTongshorefransports
will(beldiscussed, [first by showingtheiragnitudesonthe Taysised (before andlater by
showingtheleffect(dflthe Mourished Sections[dn fheSediment [fransport.

Cross[$hore

Figure[411[showsthelsedimentfransportlin(crossishoredirection. [OntheX[axis,[dgain,the
longshorellocationlis[ given;[ the four[ plots[ show[the[longshore transports[on[ different
distances(from(the[shoreline.[Thely[axis tepresents(the[sediment[transport[in[volumelsand
perimeterperisecondlin(crossshoreldirection. Therelis[mainly[¢ross[shorelfransport(atithe
crest/ofthe mourishments. Morelonshoreand [0ffshore(the [transport/rates [decrease fast. Only
littleiimpact(is[Seen justionshoreoflthe mourishments. Velocities(arelstill High (Rere, though as
alresultloflthelincreasing[ depths[and milder[waves[the concentrations arellow[and[the
transport[is[minimal.[The[ 3 humps[show[al strong[ onshoreltransport, stronger[ than[the
onshore transportloflthebarnourishment. Onlthelotherhand theloffshoreltransports are
higherherelaswell[sothe metresultis[smalleras(itWill belseen(in [the following figure.
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InC¢omparisonWwiththel¢cross(shoretransportsseenlonlthelcrestlofthehourishments(the
sediment(fransport[in(céross shore directionlinthelsurfZoneseems megligible. [As Tater[parts
ofTthisstudy will 'show, Variationsin the [Surflzone Wwill [Wesult[in Mmorphological [changes [on
longerfimelscaleslaswell.[For(this¢hapterfandthe followinglonelonly initial Eransportlis
taken[inaccount, for Cwhich[this “surflzone[transportshave[littleeffect[in[crossshore
direction.

IntegrationofTthelcross(shoresediment transports[inlongshore direction over[the[full
domain[length, resultsCintheltotal Ccross(shore[transports. [By[subtracting[the[teference
situation,Beingthe odel Withoutfheimplemented Mourishmentsthe metTesultisobtained.
Figure[412showsthefransportiper(scenario, lintegrated [Over[the Tongshore Ways[astheylare
defined (Jby the TFlow grid, Twith[Othe JautonomousJbehaviour JofJthe Tmodel Owithout
nourishmentsinllight[blue. Thefigure Showshow[theldifferences Wwith[the autonomous
situation get[biggerfonshore[WithMmoremourishedamountof’sand. [Figure 413 Shows(the
integrated [Gross[shorefransportWwith [Subtraction 6fthe Situation Wwithoutmourishments.
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Figure413 Netcrossshore fransports (subtraction 6fIsituation without Mourishing) integrated (overthe Tongshore
length 0fthe[domain

Theleffectloflthemourished[sections[is[¢lear[by[the onshorelfransportpeaksat[x[is[1500
meter.[Themorel[Sandlismourished[the higher(the[peak(is. Big[differences are[seen onshore
oflthe mourishedSections (16002000 meter). Thethree [plotted(lineslin[Figure(4 13 mainly
show[telative[differencesdsnegativevalues domothavefolmean that[fransportlis/directed
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offshore(netfransport). [Remarkablelis[thatthe[$cenario [Withthe[three humps[has a net
onshore [fransport/onlévery[distance from(theshoreline, in Contrast With the bar nourishment,
whichshows(alstrongldecrease oflfransportjustlonshore[oflthe hourishment[(x=1600[m).
Theloffshore fransportfor[the bar Mourishment(isainly[generated By [the Targe Tip[South [0f
theourishedsection. "Theonshoretransportlincreasing[in thesurfzone inlcase of the
elongatedbarlis[duefothe Contraction 0fithe TongshoreGurrent.

Objectiveldflthisistudyfis foldetermine the [Efficiency [0fthe implemented [Scenarios.(@Mne Part
ofTthelefficiencylis[thelsediment transportlasaltatio[ofthe[hourished[$and. By isingla
smallerfamountloflsand [for(adarger Telative [fesult, 'dredging¢osts mighthe Towerthan for
thel¢onventional method. Mt(is[¢lear(thattThe Mourished bar sesmuchmorelsandthanthe
scenarioWith [the 3 Humps. [Thefotal @mount6fisand periised(scenariois @s follows:

Table43[Amounts/ofnourished/sand

1Hhump 3Mhumps 1Dar((1000 )

Sand volume (m°) 70.000 270.000 510.000

WL [Pelft[Hydraulics

Figure[#[14istheltesult[ofl thel[total Cofl cross(shoreltransports perlongshoreltay[per
nourished@amount(oflsand. In'¢comparison[with[Figure[4[13(the(lines[dre[more/comparable
now. Remarkablelis(that(the blueland[the[ted[linelarelsimilar; dbviouslythe humberlof
humps(did motmakelany[difference [forthese(cases. This[will belinvestigatedinmore(detail
inlthe nextl¢hapter.[Comparing[the 3 humps[with[the bar(leads tolthe ¢conclusion thatthe
onshore[ transport[for[the[bar[islarger[but[that[the offshorel transport[ for[the bar[is
significantlylarger(dswell. By lincreasing the thutual distance between ‘the Mourished humps
theloffshore [rips (will [probably [decrease [dnd (hove [fo[deeper Wwater instead[df[being[attached
tothe humps, [theoffshore[componenton [the crestWill[decreaseland(the result willbe better
overall. Thelaspectofhump lengths(and utual[distance will be[dealt with thore €laboratelin
thefollowing[Chapter.
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Figure[4[14 Net(crossshore transport, [integrated [over the length [6fithe [domain, [per fotal @mountof’sand.
Figure[415gives al¢learlidealoflthe érossshorelfransportlofsedimentfortheWholelarea.
TheTarge [fransportson thefips6fthe Barandthe humpdrestsare[obviousiandthe Tipslare

clearlyvisible Caswell. [Thetross(shore[transportsin[the surflzone seem[hegligible[in
comparisonWiththe [fransportvValuesonthe Mourishments. Thefransports feaching Walues of
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initially [app. 2.10e *[m*/ms [lead to high[deformations oflthe mourishments during the first
period (after Mourishing.
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Longshore

LongshoretransportConthe Ccrests Cofthe Cnourishments Cwill Clead "toCdiffusionofTthe
nourishments(and [distortion(dfTthelcoastine. Miffusion(ofthe mourishments Will e Targe [in
thelinitial periodWhen the hathymetry [is[far from [the matural [Situation. From Figure[416a
number[oflconclusions(andlaspects(forfurtherinvestigation(are [summarized. [Forlalcomplete
overview [0fllongshore(fransports, teferenceis thadefo[Figure[4 17 [inWhichthe Tongshore
transports(areplotted fortheGverall [@rea.

e ThelonshoreleffectlismainlyVisiblelin[thelee[zone[oflthe mourishments. Thewaves(dre
milderCand[generatealless[strong[longshore current[resulting [inlesstransport of
sediments. ILongshorefransportlis[shifting[shoreward[ds[the Wwaves [dremilder(and break
more[Onshorelinlthe Profile.Atthefransitionfrom [fhe barmourishmentfo thelsouthland
themorth(the Tongshore[fransportsidrechangingds(a[result/6flthe Morizontal [dirculations
at[thetipsoflthelbar.[This[is ¢learest from Figure[4 16, plotfmumber threelin Which
increasing((absolute) fransports(are shown @tBothsides.

e Onlthelcrestlofithemourishments(the Tongshorelfransports(are(distinctfor Both [Scenarios.
For(the bar(nourishments[upstreamand [downstream [transports [appear(as [for[the hump
scenariolonly [downstream[éffects(are [there. [This(is the Wesult/ofthe set[up(development
aslitiwas(discussed before. [For(the single hump(ahigher longshore transport/is visibleon
theldrest/oflthe mourishment(as(altesultlofThigher(velocities. Variation in thelongshore
lengthloflthe hiumps/(is ‘€xpectedfo Bethefool foloptimisednshorefransport (Chapter(5).
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Figure4117 Longshore(transportsforidverall@rea, red dolours @repositiveand fransportfis[directed [fromSouth [fo
north. Thebluelcoloursidenote(the[opposite, from morth [south.

4.2.5 Initial[§edimentation[and[érosion[éf{hourishments

Until mow [the[fransport(value agnitudesand [directions haveBeenlanalysed. [ Thefransport
gradients[describe[thelevolution[oflthelarealas altesult[of(these transports,[Variations[in
transporthave[folead[folaloss[orgain0flsediment. In[general fhethodellarealdanbeldivided
in[sections[for[Whichlalbalancelofltransport¢anbeldetermined. Forlévery singlelsection
transportlis(described(in [fwodirections, longshoreldandc¢ross[shore.And [forBoth(directions(a
nettesult for[thelindividual[Section¢an belcomputed[(seeFigure[4[18). Thesummation of
bothvalueslisthelinitial Sedimentation/erosion rate [for the/doncerning(balanceSection.

Inlthe figureitlis[shown [that[plot[(a)fis[in[Balance, @nléqual @amountofisandlis[going into[the
balancelarealds(is[going[out.[Plot((b)[shows(dbalance drealin which[érosion[0ccurs. Theleft
boundary[shows [less[input/than the[right boundary (has[output(oflsediment. Thishasto Tead
toldldecreaselof’sediment(for(thedrea. [Forboth thelsituations thelcross[shore fransport(is(in
balance, leadingto mo[sedimentation[Or(€rosion.
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Figure[4[18TransportBalance for four random(sections in the thodel [@rea (TAW,1995)

Figure[4197and Figure4 20showthelinitial[Sedimentation/erosion[patternsfor the Wwhole
arealwith[thehighest[possibleFesolutionforbalancelkections. ThegridldellsTused for
hydrodynamicldomputationhaveBeentised For this. Becauseofthe Varying [Surface[Size [0 ff
thegridcellsitheincrease@ndldecreaseofvolumeoflsedimentperigrid(dell hasbeenldivided
bythelindividualsurface(sizelofTéachlgrid ¢ell folgetaltelativeparameter.[The Samelhas
been[donelforlalsituationwithout hourishments, [ theteference. For[every[scenariolthe
referencelsituationhad[beenl[$ubtracted [from[the[$edimentation/erosion[plotfolobtainthe
autonomousinitial behaviour. ThisTeads(to[d value Which[describes[the dveragevelocity [of
bottom[change [in h/slin Wertical [direction.

From[thefigures(it(isclear(thatthe[largest(initial[¢change[ofbathymetrylis(at[the mourished
sectionslitselfland [justlonshore[ofTit.[The[¢hangeloflthe bathymetrylin[the surflzonelislan
order[kmaller.[In[crossishore[direction[variations[areonly[present[at[the[ crest[ofl the
nourishment. [The[effectcausing[the *boomerang’[shapelis[clearly[visible[ for[the[bar
nourishment, [the [fips[aremigrating[significantlyfasterthan[the[middle[section[ofthe bar.
Thel¢irculations[ generated [at[the[tips[oflthe bar[¢auselal¢learlongshore[variation[oflthe
bottom.[Atl[the morthern[part[it[is mainly[generating¢rosion, [south the tipoffshore[causes
transport/ and[ sedimentation[anderosion. Overall[it[ can[ bel concluded[that tross(shore
variationslare directly(telated [with[the mourishment,longshore [ Variations are[morelor(less
dueltohydrodynamic variations [induced by [the mourishment.

Thellongshore[variationslarehard(to[tecogniselas[theyare megligiblelin[¢comparison[with
behaviourlaround[the nourishments. [ In[ Chapter[5[(5.3)morel attention[ will ‘be[paid[to
variations(inthe(lee[0f(the mourished [Sections. It[shows that[frapping [ofllongshoresediments
inftheleelofTthe bar(is[SomewhatTarger than for fhe liumps. Main [Conclusionfis Thatlaccretion
forthebaris[morelconstantand [will TbeCmuchlargerasCanlaverageintime When[the
nourished[Sectionslareéxposed[foVarying¢onditions. [The[gapsinbetweenthe humps dead
toldisturbanceslinthesurflzone Whicharehighly[dependentlon[varying[donditions. Figure
41 97andFigure420Mavebeen(splitfinto3,thedonshore éffect, The Tongshore [éffectland The
totaléffect. Theldrder6fmagnitude 6 flthe Transportsfor(all plots i similar.
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Figure[4[19Initial sedimentation/erosionpatterns(in [cross shore(andlongshore(direction and the [sSummation(of
both(in/s)forelongated bar
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Figure[4[20Initial sedimentation/erosionpatterns(in [cross shore(andlongshore(direction and the [sSummation(of

both[(m/s)for 3 liumps
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4.3 Variation[¢flhydrodynamic[¢onditions

InCgeneral (the Jmorphological [JdevelopmentJoflthe JshorefaceJis [ldependent[JonJthe
hydrodynamicconditions[it[isexposedto. In[theabovel only onelconditionhas been
analysed. [Finally morphology Will Be[determined by [al[Summation [0f(different/donditions the
nourishments(areéxposed fo. Although(this[chapter(is[Only describing the Behaviouroflsand
and[Wwater[in[thelinitial [$ituation,[thepicture will[get more[¢ompletelafter[¢comparing[the
differentconditions dnd fheir [Properties like Welocity, [Goncentration [and fransport.

Forthe¥ariationoflthe[conditions[distinctionWwill (beade Between three categories, Wwave
height,langleloflincidenceldndWwaterdepth(dtthelcrestofithe Mmourishment.Thepropertiesof
the¢onditions’are[Summarised(inTable[4 4. FortheSignificantWwavelheightlat[deep Wwater
the wavelperiodhasBeen(calculated By KeepinglthesteepnessofTthe Waves@tapproximately
2,5%.TheBathymetries beinganalysed(during this[paragraphlarethebar mourishmentland
the 3 humps mourishment.

Tabled[4[Variationofthedonditions[for furtherlanalysis, Hyis thesignificant waveHeightat the seaward

boundary, T s thethatching wave period, B the Wwavelangle@slitienters the Wave(grid land i, [is the Wwaterdepth [at
theldrest(oflthe Mourishment

H (m) T, (s) 0(deg.) he, [(m)
Condition(1 2 7 250 3
Condition2a 1 5 250 3
Condition2b 1,5 6 250 3
Condition2¢ 2,5 8 250 3
Condition2d 3 9 250 3
Condition3a 2 7 240 3
Condition3b 2 7 260 3
Condition3c¢ 2 7 270 3
Condition 4a 2 7 250 4
Condition4b 2 7 250 5

Thelhydrodynamicproperties, being[theTesultloflthe different[hydrodynamicltonditions
prescribed, will[bedealt[withless[detailed thanintheparagraphfabove.[Onlythelaspects
whichlareloflinterestfor getting more[insightin the Hehaviour [0fthe Mourishments Wwill e
described.

4.3.1 Variation[¢f[wavelheight

Waveheight[is the mainWave [property [Mesponsible [forthe morphological behaviourlofTthe
nourishmentsfinderfinvestigation.The Wwaveheightldetermines fhe[@amountéflénergy (being
dissipated [On[the MourishedSectionand thusthe[@mount[dfSand Broughtlihto[Suspensionland
thedevelopmentoficurrents fransporting thesediments. TheimpactofTthe waveheightWill
bemuchTargerwith highfvaves,thoughfheseconditions Will [dccur(less. Themorphological
impactlofibothlsevereland[¢common[waves[Wwill (have[their[¢ontributionfo [the migration[of
barsldndhiumps.[Thelchapter, [in Which[thetorphological [development[ofTthe Mourishments
isldealtwith,[chapter[6, will[give thoreattention [fothislaspect.

Appendices[C3showthelcurrent[as[itldevelopsforldifferent[Wwavelimpacts[(Hs[1,5(2,5
meter). [From[the[plots[it[will (bel¢lear[that[the[ cross[shore[Velocities[ do mostly[¥ary[in
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magnitudeland motfindirectiondr Tocation. Thisfis Wisualisedin[Figure4[21;[clearis thatthe
velocity[increases [@sthe Wwaveheightlincreases|fill [d [certain(level. In the pper Two [plots the
velocitiesforthe 2,5 and (3 neter Wave (heightsdre Similar[@and[éven[decreasing[onshorein
comparisonwiththe2 teterWwaveeight. Thelstagnation6fvelocity lincreaseis theéffectof
waves [breaking[more offshoreofTthe mourishmentsand Thavingtheirmaximal heightlatthe
crest.Thisfis[évenmore(clearfor(theldifferentVelocities forthell,5 heter Wwave (height[(red
line)[@ndthe2 meter Wwavellieight[(green), lin thelsecond [plotthe differenceslare significant.
80netersmorelonshore(theValueslarealmostisimilar. [(TApparently [thelinitial aveheight
differenceldoesmotHavelan/@ffecton thelcrossshorevelocitieslanymore.
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Figure@d21[Cross shore¥elocitiesfor the iumplike mourishment [for[different wave lieights @t different/distances
from/[the(shoreline(on the Mourishment(crest

Morelcomplicated [is[thecurrent[developmentlin Tongshoredirection. [Thelhigher fhe Waves
getlthe Tore6ffshorelthe longshorelcurrent Teaches. From Figure4 22it/can [Beseenthat/at
the distanceCofTthe crestCofthe Thourishments, [inthe Tindisturbed[$ituation, allongshore
currentwith[avelocity[ofl¢a.[0,6 /s is [feached for(aWwave[0f[3 (meter, [in[dontrast[Wwith[ca.
0,1Cm/s[forGwvaves[0f2 [meters. [Inthe Vicinity Coflthe hourishments[the[Varyingloflthe
longshore[Velocities[is[$imilarlas[for[the 2 in[wavelheightlas[dealt[Wwith[inthe[previous
paragraph. [Thelsamel[trends/areobservedthoughlthethagnitudes(oflthevariationsgrow with
the wave[height. [Apparently [the[sameeffects [0f Wwavelset up [and waterlevel variations[occur,
leading[to[sideward[¢urrents atthe humpslandbar.[TAs[theWavelheightlis[growing[the
longshore[currentlis[getting more[dominantand(ds/aresultthe Tongshorefransportwill have
allargeléffectionlsedimentation(and/erosion.
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Figure@22 Mongshore velocities for thehumplike riourishment for(different wave lieights @t differentdistances
from/[the(shoreline(on the Mourishment(crest
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Thelsedimentation[erosion[plots[for the differentwaveheights[and[the[2 Thourishing
scenariosshow that[Wwith high Wavesmainly [in Tongshore [direction arge [differences dccur
as/@fesultiofitheSet[up related[currents. Thelinitial Sedimentation(and [€rosionplots forthe 2
scenariosand[theldifferent[wavelheights{1,572,5[m)are[shown[in[the appendices C4.
Valuesoffsedimentationandlerosion(teach fo [the order[ofagnitudeof@pproximately 100
times the(l meter Waveheightforthe 2,5 hiwave height.

Aslthe[vaves[getlhigher, [thelstronger[thesetfup telatedcurrents getland[the[larger the
resultingfransports(are.[The Waterlevel increase[onthe crest for[d Wave height[0f12,5 meter
isipfo B cmlin/domparisonWith(the 3 [dmforthe2 teter Wave hieight. [Forlawavelieightof
2[meter[thel¢rossshoreltransportvasdominantandtheleffects[of the mourishments are
mainlyonshore. [FortheldaseWwiththe 2,5 MeterWwavefieightthe Tongshorelfransportgetsthe
overhandlandtheleffectsCare mainly [Visible[in[¥icinity fofTthe barheads. Thelongshore
currenthas [Targe impacton [fhe orphology [0flthe mourishments. [Forthe humplike [Scenario
theTipsigetmuchinfluencelonthe morphodynamics(andthe positiveéffectoflthe high[Set[]
uplgradientsleading(fo[large dnshore [fransportsisfurninglintolamegativeleffectasthe Tips
areltakingmorelandmore[sedimentloffshore. It[seems thatlin thellee oflthe humpsiore
accretion0flsandfis[0btained [and the Tongshore €ffectinthe Vicinity [0fthe Humpsfis less.

Forlthe[smallerwavesthelimpact(is(less. Forlthe[1,5heter Wwaveheight, lin[contrastwith the
previouswavelheights, (the Tongshore(transport/isnegligibleldnd [Onlylimpacts [the (bar lieads.
Overall[thehumplike mourishment(contributesBetter [folthe shoreline.[Optimal uselis[made
oflthelpositiveéffect/oflthelsetip gradients/at/the iumps. FromIthelappendix(itlis/dlso[seen
that(the[shoreward [eéffectlincreases(for[the [lower[waves[aswell. For[thehigher[waves(this
nearshore(sedimentation(and(érosion(is[therelds well [But(it(is megligiblelin[comparison With
thelimpact/in(the vicinity [0flthe Hourishments.

Figurel4(23 [Shows(the[dross[shoreleffectperTongshorelray. [Transportlis [plotted [@s(d[volume
passingthellongshore[fray[per[second[perhourished "amountlofl sand. Theldotted[lines
illustrate[the 1000 meter bar, [the[solid Tines [the humplike mourishing. [Clearly [visible[is that
theleffect[varies[per[waveheightlas[described (aboveland[that[thel¢ross(shore effect gets
more [positive[for the humplike miourishment as(the wave heightlis [growing. dt[should Be kept
in(mind(that[the plotlonlylillustrates éross/shoretransportlanddoes motlincludelongshore
effects.
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Figure4 23 Total[0flcrossshoreltransportsper wave heightper mourished @amountoflsand, [situation without/a
nourishmentwas[subtracted [(dots represent[1000 meter bar, solid line representsthe humplike Mourishment)
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In[Table 45 thecross(shoreltransportCover thelcrest[perChourished amount[oflsand[is
presented. Thevalues(only(givelaTelative representation 0freality. [Theldctual (processesand
patternsCin[thehearshore[Zonelare[neglected[inlthesefigures.[As[tanbe toncluded, the
similarity betweenthefwoScenarios is large.

Table45Values for mettransportforionshorelarea, @ll walues fimes10e T(m/m’s)

1/(m) 1,5((m) 2((m) 2,5(m)
3humps100 0,03 0,28 0,72 0,85
1bar1000 0,03 0,26 0,75 0,77

4.3.2 Variation[¢f[Wave[angle

Variation[of wavelanglein[thetindisturbed [situationleadsfoldvariation[in the Wavelinduced
longshore current.In[theory[alwave angle of approximately 45’ generates the largest
longshorelcdurrent. [For this[analysisthe wavelanglehasbeen varied from 240[fb270(degrees,
whichis[60[90[degrees with[theldoast. [ForWaves[propagatingmiormalltothe[coastrioWwave[]
induced[longshore[¢urrent(arises in(the [breaker(zonelandlapattern[of, what(seemsHandom
circulations,[dominates [the[breaker Zone @sévery(disturbance[generates[circulations.

Inlcaseloflthemourishments(an(almost[symmetrical (pattern[occurs; for[thebarnourishment
two[identical [trips[arise,[ tespectivelynorthand[southoflthehourishment[and[ for[the
humplike mourishment(a/complex[system[of(circulations(is[generated. Applying[dtherlangles
offincidence(more[gradualdifferencesoccur.In@ppendices [C[5 the [current[development [for
the different Waveangles(and(the2 mourishment(scenariosdre 'shown.

Inlgeneralit[¢can[be ¢oncluded thatthe[$maller/the angle[with[the hormal, the[larger(the
cross[shore(velocities[areand thusthe larger(the[d¢ross shore(fransport(is. [This[is illustrated
in[Figure(424(and(Figure(4(25[inWwhich/[itlis[¢learly [Visible[that[the[cross[shore[velocities
increase’as(the waves[approachlthe¢oastmoreperpendicular. [In[Figure[4[25[youlc¢an(see
how [the Tipdurrentlatthesouthern part((y 52700) thoves further fromthe mourished Bar(ds
theWaves [énter under d[smaller(angle With[the mormal. (Inthe Matter[situation (240 [deg) [the
longshore¢urrent’does mot pushthelriplagainstithe barhead. ThesmallerthelanglelofTthe
waves[withthe $horeline,thellargerthelongshore¢urrentis[andthelarger(theloffshore
componentofltheltipleurrents(is. Forthe 270 degwavelanglethe rip[ismothindered [by
longshorelcurrents/andfis flowing[outmore inTongshore(direction. Tn Between [the liumps(the
ripslarellargerbuthavellessinfluencelinlongshoreldirection, [Figure[424.[Ripshave(to
escapelthroughthelgaps. Morelonshoreltheldifferenceslarel¢learly increasing[ds[ddesult/of
theldevelopingTongshore current/generated by Waves breakinglonshore0fTthe Hiumps. These
are[the Waves [passingthe mourished liumps.
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Figure[4[24CrossshoreVelocities for[the iumplike mourishment [fordifferentlincident Wwave [angles(at(different
distancesfrom(the(shoreline Mear(fothe Mourishment(crest

f T T
0.5 X151508 (m) — 240deg |
@ i —— 250 deg
E 0k jk--'—'_” \—- — 260 deg H
= d
05+ -
| | | | | |
1500 2000 2500 3000 3500 4000 4500 5000
H I T I T I
0.5 Xis1590 {m} —— 240deg |
) == — 250 deg
E 0Ok ‘-/Bf N 260 deg H
o R
-05F -
1 | 1 | 1 |
1500 2000 2500 3000 3500 4000 4500 5000

Figure425Cross[shorevelocities for the barmourishment for(differentlincident Wwave [angles atdifferent
distancesfrom[theshoreline(dn the mourishment(drest

Figure[426ndicatesCThowthebreaking ofwavespassingthe ThumpshasleffectConlthe
longshore¥elocities. [Alclear frend[is Visible[at The[onshore[side0flthecrest. Thisleffectwill
havefihfluenceldnSedimentation €rosiondownstream[ofithe Humps.
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Figure426[Cross[shorevelocities for the liumplike Mourishment for(differentlincident Wavelangles(atdifferent
distances(from[theshoreline(onthe mourishment(drest
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InfappendicesCl6thesedimentationleérosionplots forthe[wavelanglevariation[are[Shown
forthefwolscenarios. Dverallfitfis¢lear(thatthecross shoreleffectlislincreasingldsthe Wwaves
are[propagating[moreperpendicular(folthel¢oast. [Especially [forthe lhumplike[Scenariothis
resultlis[temarkable. InltheplotsCoflappendices[C6[itlis seenthatthe hearshoreleffectlis
getting[larger(as(the[Wwavelangles[decreases(240[deg). Thiseffect is[¢aused by theshadow
effectlofithe Wavesland Has frapping(ofiSand(as/dresult.

Figure[427and[Table 46 show[the[Variation[for the bverall crossishore effect oflthe
differentlincident[Wwavelanglesforthefwo bathymetries. [Again[the[¢ross[shoretransports
werelintegrated over(the TongshoreTength [0fthe Mhodelled@rea. Thefransportfis Tepresented
as[volume(Sandpassing[perlongshore Hay Pperinitial [Second permourished @mount(ofisand.
Infthefigurelitfis[clearthat[for Waves @éntering [perpendicular @ much more positive Tesultlis
obtained. Theldifferencesatthecrestofthe iumps Vary[significantly[in[contrast With[those
forthebar.[ApparentlythelangleoflincidencelofWwaves[is[of greatlimportancelin[¢aselof
humpmourishing. [Thisléffectlis[éxpected fobe[largerasthe[gap [in[between the humps[is
largerlandthe currentlin[between [can[better[develop. ThisWill bedealtWith[inthe chapter
following.
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Figure[4(27 Totalloflcross shorelfransports [perwaveldngle[permourished @mount(ofisand, situation without(d
nourishmentiwas subtracted (dots fepresent 1000 mheter bar, Solid Tine represents/the liumplike miourishment)

Table4(6 Values for met/transport forGnshore @rea, [all values times 10e Itn/m3 s)

240(deg. 250 deg. 260(deg.
3lumps100 0,46 0,76 1,59
1DHar1000 0,70 0,82 0,85

Conclusion6fiwavelanglevariationfisthat/@specially [the €ffect/dnSedimentationland €rosion
isfargeforthehumplike hourishing.[In[¢ase ‘of[Wwavespropagatinglalmostperpendicular
(260[deg)thecontribution(is mostpositivelandSignificantly Thigherthanfor waves[Wwithla
largerlangleloflincidence[(240deg). [AldifferenceldfT10[degrees Teadsfoldnshore [fransports
whichfdremorethandouble. Thisfsin[dontrast Withthe Bar mourishing[for Which Theleffect
islonly[ca.[7 %o after Varyingthelangle Wwith[10degrees. [For the bar mourishing fransport[is
clearlymoredonstant(dsthe incidentlanglelisVarying.
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4.3.3 Variation[éflwaterdepth

For[practical [reasons[shoreface hourishments are[in[general Conly[being[executed ‘ona
waterdepth[0fT5 meters [and more. [Theldissipation [0flénergy [on[the mourished [sectionisthe
main[cause/6flsediment fransportfinonshoreldirection.This[makes thatthe Waterdepth[is [of
large[influence onlthebehaviour ofTthehourishments. In this[studythe depth[hasbeen
chosen[to"be[3 [meterforinitial “computations. IDifferences will (be more[clearJand
comparablewithsevere [Storm[conditions. Tn Teality it/is[seen(thattheseSevere(storms [@relthe
causelofTthel¢haracteristic[behaviour[described before. This[paragraphldeals With[different
waterdepthlandlgiveslinsightfinthedifferent behaviourlofthe mourishments.Apartfrom the
3meter[depththefwofainmourishment[scenarioslareimplementedlatldepths[of[4and[5
meter(aswell, [theseldepths aremeasured[atthel¢rest[dfthe Mourishment. The mourishment
itselflstays(donstantandfasaldrest height0f3 meter@bove theTocal Bottom.

Variationlofwaterdepthhas its mainlinfluenceon(thebreakingdf[waves. Forldeeper Wwater
waves [ break Cimoreoffshoreand[thewaterlevel [variations Cat[the fhourishments Cwill Cbe
significantly Tess.Intheprevious[paragraphs(itiwas[described how [wave €énergy[dissipation
leadstollargerfonshoreVelocities attheltips[ofTthebarand the humps. Figure[428and
Figure(4[29(show thecross[shorevelocities at[the crest/ofithe mourishment. [Clearly Wisiblelis
how(thelvelocities(atlthe Barhieads/decrease for [theldeeperwaterand (how [the [positivelaffect
will belsmaller(atideeperiwater.
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Figure[4[28[Cross shorevelocitiesforthe barnourishment(for different waterdepth [atdifferentdistances [from
thelshorelineon the Mourishment(drest
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Figure[429Crossshorevelocities for(the bar mourishment for(different water [depth atdifferent(distancesfrom
thelshorelineon(the mourishment(drest
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Forfthe umplike mourishing/it(is[clearhow the Tip [durrent(grows and[is [pushed [dgainstthe
downstream hump [asthe Waterdepthlis[decreasing. Thelstrongermip[currenthas(as atesult
that[morelsediment(is[fransported offshoreleading [folaless efficient system.[Allarger gap
between[the mourished Thumps[is[expectedtoteducelthis offshoretransport. Figure[430
shows(thelinTongshorelintegrated [cross[shore[Welocities [for[the[differentWaterdepths.[The
dotsrepresentthe 1000 meter bar, the Tines [fhe Humps. Conclusions from theseplots are:

e Forllarge[water[depths,[like[5 [imeter, [ the[differencesin[cross(shore[ transport[are
negligiblelat(the crests.[Apparently ‘waveldissipation does[nothave(the[positive[effect
herelaslitlhas/for[smaller[depths.[Thelwaterlevel [does hotlincrease[significantly and
variations [domotTead[fo[differences betweenhumplike and Barmourishing;

e Forlthe[SmeterWwaterdepthmo [dccretionlis[shown[riearshore. [Apparently [the frapping[0f
sand(doesmotldccur(for(thisWater(depth.The mearshore(Zonedoes/show [disturbances as
alresultlofithe barheads(and theresultingcross(shoreleffecton [the mearshore.

e Thelshallower(the mourished(Sections(dre, thethoreonshore fransport(is Tesultingland the
largertheldifference between [the liumplike [@and Bar mourishing [is. Hump Mourishing is[in
this[daselthe hore[positive method;

e Inlgreenltheltesult for theBmeter[depth[islillustrated, clear[is that[thelTesultfor
humplike ourishing, [inCtomparison “withthebarmourishing, "decreasedagain.[This
effectlis[duelfothe ripcurrentland(dan/be compensated By increasing [theutual [distance
between the Humps.
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Figure[4[30Totalloflcross shorelfransports [perwaveldnglepermourished @mount(ofisand, situation without(d
nourishmentWwas[subtracted (dots represent[1000 eter Bar, [Solid dine represents ‘the humplike Mourishment)

Remarkablelis(theresultfor the[4[tneter Water [depth. (In[¢ontrast (with [the [other [Hesults, [the
humpsl(are much more [positive [for(this [situation.Analysing [the Velocity [patterns [around [the
humps(shows [that(the ripsbehavedifferently from[the rips(in(all theother(situations. The ip
currents[ show[alstrong[varyingeffectlin[time, [ Velocities vary[bothlin[magnitudelas[in
location[(see[ Figure[#(31).[As[the[water[level Cand[the[Wwave[ properties[are stable[the
phenomenonhas[to[belaltesult[ofl vortex dynamics[responding[slowlyon[thelsystem.
Chapter(3will [show [the[dependency [0f(the [gap Width[dflthe Humps/in[Gombination with [this
meandering [effect.
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Figure4 31 Variations [in rip[currents ih(between liumps for Water depth[0f4 heter

Table4[7showsthevaluesfortheldaveraged, initial .change[due[fo[sedimentation(and(érosion
for[the[wholelonshorelsection. In[appendices C[Talmorel[detailed [analysis[oflthelinitial
sedimentation [€rosion(for(the Wholeldrealis [presented.

Tabled (7 Values formet transport for [dnshore [@rea, [@ll values fimes [10e” (m/m’s)

3m 4m S
3 humps100 Total 0,72 0,59 0,14
1Dbar1000 Total 0,75 0,38 0,17

4.4 Synthesis

Theprevious[¢hapter[showshowWwaveldissipationhas[itseffect[onhydrodynamicsaround
nourished Thumpsandbars andhow 'the Thydrodynamics $ubsequentlyteactlon[sediment
transport. [In[general Gwavelenergy[dissipationis[tesulting[inawvater[levelsetfup.This
waterlevel [SetupcanMot[bebalanced overthe Whole Tength [0fTthe [barland mot(dtlall [forthe
humplikemourishments. [ThisTack[ofBalancelinWwater Tevel Teads o [@nlincreased Mmass flux
ofwaterlat the[tips[of(the[bar andlat[the ¢restloflthehumpslcausinghigher fransport of
sediments here.[Thisléffect’causesthe “"boomerangshape” mourished bars form after’Some
time.

Thelincreased mass [flux[atthefipsoflthe Bar@and the Tiumps Teads fold[concentrated [Gurrent
leading[totomplexcirculationsConshore. Conflicting "currents Coriginating fromip MTand
downstream humpsand(fhe Wavelinduced ongshore¢urrentin [the breakerzonesteer the
nourishmentfinducedldurrents(offshore. TheseSoldalled TipldurrentsThave megativeleffectlas
they[transportsediments[offshorelandl¢auseldifficulties for[tecreation.[As[the[fip[currents
flowl[offshoreldt[deeper Wwater, Wwhere[sediment concentrations arelow, [theloverall [effectis
positive.

Overalllthe humplikemourishingshows[advantagelin[¢comparison [with[the[barnourishing.
Perlamount(ofinourishedsand(the(dross/shore effectlon(thelcrestlis[similarfor(the @nalysed
cases,[ expectation[is[that[ byl varying[ gap[ width[ and hump[lengthl efficiency[canl even
increase.More/onshoreloflthe Mourished [sections(the humplike Mourishing [showsévenmore
advantage. The humplikeMourishment(generates Iess/intense(currents lonshoreland(asldresult
lessimpactfis(seen lereldue[to dffshoreltransports.
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Theonshoreleffect/oflsediment(frapping/showed[advantage(in the[dase [0fthe mourished bar.
InltheeelofTthe (bar, Waves[are[¢almer tesultinginlaWweakerlongshore [fransportlandthus
accretion. Wearthe(fips[ofTthebarlarge disturbancesoccurlas(altesultlofTthe tips.[Varying
waveldonditions@reéxpected o [Spread(thiseéffectland finally Teadfo@ccretionlinthe Teeland
some[Mminor[erosionjustlsidewardofTit.[For[theThumpsalsimilar[effect Wwas[$een, though
penetration"of(Wwaveslin[betweenthe Chumps[tauses[disturbanceshere. [ Erosion$potslare
alternating[Sedimentation[Spots[which[will[also[belaverageddver[the [leelof the humpsin
time.

Themearshorelgffect'0fthe Mourished sections Wasmotlanalysed infalquantitativeSense. [Still
theconclusion/éanBemade Thathumplike mourishing hasTess [directiimpacton(theshoreline
asldamesultlofTfrapping [0flsand. Chapter 6 Will[give [Some horedttention fofhis. [CrossShore
effectslare far[more dominant[forthe analysed¢onditionsCandShowed advantagefor(the
humplikeScenarios. It[shouldBeldonsidered thatthe [presented(analysisonly [presents(initial
sedimentation(and[érosion.

Thelhigher[theWwaveslare,[thellargerthe differencesbetweentheScenarios. This[¢anlbe
explained(bytheleffect[that[Wwaves[dissipate ore[énergy[at[the mourished[sections(as they
getlhigher.[At(theldrestthelonshorelfransport(islargest for[the barmourishing, thisleffectlis
compensated[bytheléffects(onshore[oflthe mourishment.[Overallthe[¢ontribution [ofThigher
waves[withinla[wavel¢limate[Wwill[make[the[difference [fortheléfficiencyoflthenourishing
method.[Amorphodynamiclstudy[with[éxposuretoldmore realistic[wavel¢limatelaveraged
overlalyear will[givelthorelinsight.

Thel kame[ canl bel said[ for[variation[ bfl water[ depths. Thel[ shallower[ the crest[ bfl the
nourishments[lays,[the higher[thelinfluencel 0fl theldescribed[processes. Forltheldifferent
scenarios[alwater[depth[ofl 3 [meters[on toploflthelcrestiwaslanalysed. This[showed the
occurring(differences (well [and[the [fesults(givelinsightlin ‘theBehaviour. (In[reality [these Wwill
onlybeldlsmalll¢ontribution ontheldverall Behaviouroflthemourished(Scenarios. Themext
chapters(will (tfakealwaterdepth[0f(4eters(aslaveragelon(thel¢rest.[This[Wwill[giveore
realisticresults.

The'angleloflincidencelofwaves(has(alargelinfluenceonthelsedimentation@ndeérosion Both
on[the mourishments/(as in(the (lee[ofTit. Tt Gwas[shown[thatthe more [perpendicularthe waves
approach[theJcoast,Jthe ThighertheJcrossshore[leffect. JEspecially [Jfor[Jthe Thumplike
nourishment(this[effectlis Hemarkable. [(Obviouslythe Tongshore flow duefo Wwave breaking
inlbetweenthe Thumps (has[alargelinfluencelon this[¢ross Shore transport.[The [frapping [of
sand[is[mainly [determined by themore parallel [approaching waves.They¢ause theTarger
longshorel¢urrentland [thus(alarger disturbanceleading o laccretion. Variation[oflanglesis
expected [fo Tead[fo oregradual Behaviourmearshoreland orelaccretionlin(dase0fthe bar
nourishing.
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5 Geometric[yariation[and[dptimisation|of
humplike[hourishments

5.1 Introduction

Infthepreviousichapter(anléxtensivelanalysisWwas[donelon fthehydrodynamicbehaviourfof
shoreface ThumpsJand Jbars. [JConcluded [wasJthatIthe Jimplementation T of Thumplike
nourishments(showedadvantagelin¢omparison With[the [conventional methodandthat[the
method(¢anbelmoreefficient[inpotential. [ This[¢hapter[goesFurtherlintothebehaviourof
humplike mourishments andWwill [deal Wwith[different MourishmentScenarios.@bjective0fTthis
chapter(is o earn how [the[éfficiency [0fThumplike Tourishmentsdepends(on [theindividual
lengths 6fthe iumps [@ndtheirmutualldistance.

Amumber(ofiscenarios(dre beinglanalysed, [for (5 [different(hump Tengths[(50[400 eter) @and
gap[widths[varying [from[200 o500 meter theproperties [Wwill be[¢ompared. [ Theminimal
distance[0f1200 eter(is [chosen[Sothe humps[do motlhave overlapat/theBottom [ds[aresult
ofltheslopingénds.Theloverallgoalisfo[checkWhether itlis[possible fol0Optimize [the hise [0f
humpslas(shoreface mourishments(andwhatlarethedeterminative variations.

Table51 [Shoreface mourishment/Scenarios [for @nalysing [6flhump [geometries

Numberof Length of(crest MutualDistance

nourishments (m) (m)
Bathymetry 2 1 1000 (]
Bathymetry(3 3 100 2000500
Bathymetry 4 3 50 100(500
Bathymetry(5 3 200 2000500
Bathymetry (6 3 300 2000500
Bathymetry(7 2 300 2000500
Bathymetry(8 2 400 2007500

Inichapter@(analyses Waséxecuted[on theVariability of iourishmentBehaviour@s/aresultof
differenthydrodynamicéonditions. In [this[chapterthe Teferencedondition (H, =[2,[dpproach
angle =250(deg. [and T, =(7[sec.)Wwill be(used again. Results showed that(the Waterdepth has
allargeleffectlon(thebehaviour’andWwavelinduced[¢irculationsbehaveldifferentat[Various
depths.Because(thelimplementation [depth Will Be atlaminimum 0fT5 etersbelow dverage
waterlevel [aldepth[0fT4 meter Will (be[analysedlas [reference. 5 eter water[depth[did ot
resultfinldistinct Variations [infhe previous analysis(and Wwill Mot contribute fo the [éxpected
efficiency.[Tidal rfangelin [fhedctual [Situation Will [Gause Variations[ofthe Water Tevel;dldepth
offd meterWill be Teasonableanddetermine the Behaviour for(dcertain period 6f fime.

Thefollowing[paragraphswill (first[deal withthe Variance[ofThydrodynamics[aroundthe
nourished Thumpsand(theTesulting[¢rossshorefransportlasiatesult[ofthese mourishments.
TheCdependencyofTlengthCandgapwidth[and[the "bandwidthfor[optimisationwillCbe
discussed [hereafter. (InthelastCpartthe nearshore “variations [lin Ctransportand Cinitial
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morphologylarelanalysed. Finallythis[¢hapter Wwill ‘givelinsightinthe[design[ofshoreface
nourishments(inthe form 6flhumplike mourishments.

5.2 Variations[6flhumplike[hourishments[and[influence[én
its[¢ross[$hore[behaviour

5.2.1 Hump[length[variation

In{Figure[5 [ he fotal [fransportsfor Four [differentmourishmentScenariosareillustrated fin
blue ¥ectors.[The mourishmentsallThavelamutual [distance [0f200 neter, [the Thump Tengths
vary [from 100 meter(in the Teftplotfo 400 meter[inthe mostdight[plot.[Together Withfhe
different hourishment[scenariosthetransports, “as[alresult oflthe "barTnhourishment, “are
described by tedvectors. [Forthe[400meter hump [lengthsonly 2 Thumps[aremodelledin
orderfoKeepthe@amountdfourishedsand Similar(fo thedonventional ethod [@nd Keepthe
modelleddrea’small.Inthis Way mourishmentScenarios [fitfinto[the [Gomputational [grid. The

300meter hump dength s Being [éxecuted ForBoththe2 Mand [3 humps Variants[folseeWwhat
impact(this(has.

length 100 m length 200 m length 300 m length 400 m
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Figure[3(1(Total fransports[(im*/ms) on the crest(6f fhe Mourished Scenarios, [fed Fepresents (the Bar fourishment,
bluethe fourdifferent hump dengthsall with[a hutual [difference 07200 meter.
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Infthefigureldclear(differencebetween thelscenarios(is Visible. Forthe[smallhump Tengths
thelfransportslon(thelindividual (humps[show similar[patterns. This[is[in[contrast[With[fhe
scenarios With lengths (@300 [and[400 meter. In these casesthesouthand morthern humps
show(¢leardifferences. Inlall ¢ases, [exceptfor[the oneWith[100 meter Thumps, theMmost
upstream "humps[shows imore[intense “onshore[ transportthanthe Thorthern, Cldownstream
humps.

In(Figure[52ftlis[seenhowsmaller iumpslead [foldifferent[éross(shoreVelocities,[onshore
velocities[dnthe100and 200 meter Humps@reclearly horepeaked/than forthe 300@nd 400
meter humps. [Forthe Tongerhump Tengths the [Wip[éurrentlinbetween s [getting [Significant
larger.[This[sostdlearforthescenarios With iumps 0f[300[and (400 meter.[Theeffect[of
thelonshore[Velocities being[largeratthe fips[isSeenforthe 400 meterhump.This s [éven
clearer[for(the [fransports, [Figure[5 [3.[Apparently [a[400meter hump(Starts(behaving likela
barlandhasfabetter'developed setMip @t thecrestleading b Parallel ‘Currents.
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Figure[312 [Cross[shorevelocitiesfor theldifferent iump Tengthsandalgap width 6f200 meter(onthe Crest(6fthe
nourishments, [positivelisfin/dnshoredirection, Megativein[0ffshore direction
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Figure[53 [Cross(shore fransports [for the differentAump lengthsand@gap width (0f[200 meter(onthe crest/ofthe
nourishments, [positiveis[in[onshore direction, negativelin[offshore(direction

Anotherléffect which[Was mentioned before Wwas the Targe differencesthe iumps[showed per
scenario. [ Thesedifferences seemto[ growlas[the[length[ofltheChumpsgrows. Forthe
upstream liump [the lonshore Pattern(for the 400 eter Humplis[Similar fofhe 1000 eter bar.
Theltips[showlarger bnshoreltransportwhile[the middlesectionhas alsmalleralmost
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constantlonshore fransport.[This [pattern[iséxpected [fo [developasthe Thumplgetslarger.In
contrastWith thisthe[downstream liump [shows [Iess fesemblance. [The [downstream [fip 0fTthis
humpshows[similar transports as the barlsituation, the outhern tipshowsnolonshore
transportlatlall.[This[is[duefo a ¢ombinationoflthe [Tip [¢urrent[flowing [offshoreand the
opposinglongshorel¢urrentlasaltesultlofthe Wwaterlevel [gradients.[Whenexecuting (more
humpsronlalrow(thelefficiency Wwill[behighestWhenising[alsmallerChump dength.[The
onshore [ transport[per[nourishedlength “will CbeChigher "and[the transport[patternsper
individual iump Will Be Morelsimilarand humps Will igrate [Onshore oreléqually. [For the
300meterhumps,Scenarios Wwith 2 humpsandWwith [3 Thumps [are modelled [folsee Whatthe
effectloflthe Tatter[describedéffectlis. [For these[dases it isindeedSeenthatthe third Thump
behaveslikethe$econd Thump with[both 2 Thump fand (3 Thump [$cenarios. ' The[largerthe
number [0flhumpsTis, the [Smaller thelefficiency Willlget. Appendix M1 [shows both(scenarios
inoreldetail in[dombination Withthe barMourishing, the@ffectfis[dlearly Wisible.

5.2.2 Gap|width[yariation

Variation[ofTgap Wwidth has[only[d[smalléffect[on[the Total [¢ross(Shorefransportion thelcrest

oflthe mourishments. [Figure 54 [andFigure 5[5 [show(the Behaviour0flfransporton thedrest
offthehumps(foriscenarios with[100[and 400 eter liump [engths.

Gap 200 m Gap 300 m Gap 400 m Gap 500 m
4500 ,' 4500 : 4500 : 4500 :
4000 | 1 4000} 1 4000} 4000
] 1 \ 4 v
’ v 7 7
k| 7 i
3500 1 3500} 7 1 3500 / 3500 - ; .
Z 7 7 7
“ g, ER £
- @’ 7 4
3000 - % 1 3000} = 4 3000- = 4 3000f E
& 5§ = =
= =
= = B 5%
M 3 Y
2500 E 1 2500} E 2500 - E 1 2500 s .
2000 : 2000 : 2000 : 2000
1500 1500 1500

,
1500
Figure[3 @(Total fransports[(im’/ms) Gn the Crest6ffhe Mourished Scenarios, Fed Fepresents the Bar fourishment,
inblueldifferent(gap Widths for 3 Humps Wwith @Tength [6f(100 meter.
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Figure (55 Total fransports (m’/ms) ©n fhe Grest 6fthe fiourished Scenarios, Fed Tepresents [fhe (bar Mourishment,
inbluedifferent(gap Widths for 2 Humps With@Tength6f[400 eter.

Inigenerallitis [concludedthatthegap widthdoes motMHave Targeinfluence Onthelcrossshore
transport(as(it(is[illustrated (by [the[previous(figures. [The[Tip[durrentsinbetween the humps
are(still [@ttached(fo the[downstream liumps(and havetheir(éffect(dn thisHumpdnGross shore
transport. [Apparently [the [Tip [is mot[a[Tesult ofwater Which[has o [flow [offshoreasfast[as
possible[butlis taused by conflictingcurrents. This effect[Wwas[already[seen for Varying
approachlangleslof waves. ForChumpsWwith[allength[of[ 100 meter[a ¢cleardifferencelis
presentbetween the 200 meter(gap widthandthe TargerWidths. Forthe 200 meter gap Width
another/éffectdccurs, Which hasBeendealtWith(inchapter(4 (the Warying[ofidepth).

Figure[3[6[showsthe fransportvalues for the Tiumps With [@Tength[0f400 meteron Thedrest
ofTthemourishedSections.[Remarkablefis that[the ‘onshore [fransportpatterns [domotseem [fo
vary[inagnitude.TheloffshorefransportsidecreasedsthelgapWwidth[is gettingTarger. This
figurelillustratesthat[the overall lonshore [fransport(aybeaTittle[bitTarger for Targegap
widths [butthatthefotal mourished dength s much Targer [andthe efficiency s [Smalllin this
way. WidegapsWillTead o Targervariations [in the Mearshore Zoneaswell; This mighthinder
thepositiveléffect'oflsedimentfrapping. Thiswill Beldealtwith Taterinthisichapter.
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Figure[3(6(Cross[shoretransports(for(the(different/gap widthsand[ahump length 6200 meter(dnthe crest0fithe
nourishments, [positivelislin/Onshore direction, Megative in0ffshore(direction

5.2.3 Optimisation[éflhump[length[and[inutual[distances

Gap[width[andhump [1ength [both "havelinfluencelon[the ‘morphodynamicbehaviour of
shoreface humps.[ By[variation[ofl these[ properties and[ evaluating[them, the optimum
scenario (for[shoreface humps(cdanbeldetermined. /As[chapter(4(already(discussed, (humplike
nourishinghas [@dvantages/in comparison with barmourishing. In(the[previoussubparagraphs
almumber(oflscenariosWwerelanalysed, [from[theselit[Was[¢oncluded thatmainly [the hump
lengthleads to[differences/in(cross shoreltransport.

Evaluatingmourishment(scenarios has[as[difficulty [thatamumberdflaspectsicanbeseen ds
important[forthelefficiency [0f[the Scenarios.[As[this[section[Wwill [show, it[is impossible fo
bring Back(all parametersfo[onevValuelandévaluatethis Mumber(as it[is.[Aspectsoflinterest
whenlevaluatingthelScenariosare the following.

o Totallfransportlofisediment[onshorelas(aldirect[fesultloflthe Mourishing. This[Sandlis[a
direct[¢ontribution fo[the[hearshore[zone. Objectivelof hourishments will(betoladdla
certain [@amount(dflsediments [fo(the Coastal [profileland widen [the (beach;

e Thelratiobetween [the mourished @amount(ofisand(and the [onshore [effect[0fthe [Scenarios,
alhighlonshore transport(ds(a resultlofiascenariolfor whichlonlyld[small @mount(oflsand
wasneeded Wwill [belevaluated(as(a/good(scenario;

e Theflfotal TengthlofTthe mourished[sSection, dlarge[gap Width[canTeadfohigherlonshore
transportButtheéfficiency(decreases(as(thelfotal stretch ofhitilized [Coastfis increasing.

Hump length

<>

— —

o o OO

Nourished length

Figure5[7 Nourished Tength/in [domparisonwith HumpIength
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Notlonly[is the onshore effectloflthemourishmentsthemselves¢contributing[tothe sand
balance. Trappingloflsand[inthelleezoneloflthe nourished $ections[canbeloneloflthe
intended effects[asWell.[Policy nakers[decide Wwhetherlamourishment[designhas [fofulfil
thisCobjective. Theldisadvantage[of this[frapping [ofTsand[is that erosion[Willloccurlmore
downstream.Thisstudy morelor(less Teaves/leeZzone [Processesout(oflits[Scope. [Dbjectivelis
to/gainldsuchlsandonshoreldsd Wesultlofthe Mourishments fitself. The paragraph hereafter
willldeal With[thisl@spect.

Thelmain[threeparameters/for[thelevaluating[are theConshoreltransport, the[amountlof
nourished Sandland thelengthlofthemourishedarea. These [parameterswill belévaluatedlin
combinationWith[the[designparameters, the gap [Widthandthe Thumplength.Table[52
showsthel@mount/oflsand meeded PerScenario.

Table52[Amount/ofourishedsandperMourishingscenario

Length Number Sand volume (m®)

1000 1 510.000

50 3 210.000

100 3 270.000
200 3 420.000

300 3 560.000

300 2 370.000
400 2 470.000

Efficiency[to[amount[éf(hourished[sand[6f[ the[different[§cenarios

Figure(3(8covers(allldifferentiscenarios(into(onesingleplot:

e HumplengthldnltheTiorizontallaxes, Per Tengthdifferent’Scenarios wereéxecuted. These
differentvaluesper hump length represent:

e  GaphwidthWhichfis[distinguished by the Warious/dolours ih the legend[dfthe figures;

e ScenariosWith(2 humps(and(3 (humps/are(distinguished By [tespectively “lo’land[*+’. [For
the 300 meterMump TengthsBoth[Scenarios @re represented,

e Thelvertical axshows[the efficiency [parameter, this[¢anbe fransport[inm®/s, relative
transport(per(mourished [@amount[oflsand (%) [dnd [telative o [the mourished (Tength [(1/m).
Division By thelconventional barmourishingaldimensionless[parameter/(is (Obtained;

e Thelblackldottedline represents(thelefficiency waluefor(the referencebar.

Figure[ 58 shows[that[the[amount[ofl onshoreltransportlincreases aslthe humplengths
increaseand [thus the[@amount(ofmourished 'Sand[increases. Therelis(dlinear trend [Visible [for
the[3 hump(Variants((‘0’). [ Thelred[¢ircles for[the100and[200ineter[Variantsshow[less
coherence. [Theseldre(the[values(discussedbefore(and(dre the Tesult[oflthe meandering Tips.
Aslit[was[¢oncludedbefore these tips (tesultlin[largeronshore [fransports(as(they havelless
contact(with(thehumps(and(thus(less offshore transport. Forlalcertain mumber of’scenarios
theloverall(Onshore fransport/(is(largerthan for the bar mourishing. [Apparently [longer humps
result(in(a(larger(onshore(fransport, (though it(is[assumed[that(an [optimum [is [0btained for(a
certain(lengthland onshore transportWwill [decrease(to [d[¢onstantvalue(comparable(fo[that(of
theblack"dotted[line. Morphodynamic "analysis “ofT thedifferent scenarios shows[this
optimum fin[chapter (6.

WL [Pelft[Hydraulics 5—7



January,[2006 Z3873/Z3912 Humplike[hourishing[$f[the[shoreface
Al3tudy[dn[inore[éfficient[hourishing[f[the[shoreface

CrossIshoreltransportfor(differentthumpllengths
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Figure 58 Transport/onshore permourishedScenario, horizontalaxes [presentsiump length, [dolours[distinguish
gaplwidths,[circlesarelscenarios with 3 Humpsmourished@ndplusses represent the 2 hiumpsiscenarios

The(truelefficiency [ofTthe different(scenarios(ismotlonly ‘dependent’onthe amount’of’sand
transported ‘onshorebutfonthe hourished amountloflsandas[Wwell.[The[larger(the telative
amount[ofSand’going[dnshoreis, theTarger(theléfficiencyis. Figure[5[9shows thetelative
transportlonshore. TheseMalues(arelobtained By:

Transportonshore m’ /s
Nourishedlamountlof sand  m’

=m’/m’s 50

e Valueslareldivided By [thevalue forthelconventional barmourishingso(drelative valueis
obtained.Forlexamplelalscenario (with[ahump length[6f[300 meter and gap (widths[of
500meterlis[@pproximately 20 % moreldfficient than(the

e Theltedl¢irclesfor[100and[200meter humpslareleftloutloflthescopeloflthelpresent
analysis. [The[values(show [behaviourWhich(ismot[éxpected to belrepresentative [for the
morphodynamicBehaviour;

e Apparentlythelefficiencydslincreasing[asthe Thumplengths[increase, however this
increaselis[ clearly[not[linear. In[case[ofl the B humplscenarios{‘0’) almaximum
efficiency/(isreached [foralength (0300 Meters. [Forthe [Small[humps(the [contribution [0f
thelsidelslopesion(the mourished wolume ik Targe. Theselslopeshave less iimpacton Wwave
breaking and(thereforeléfficiencylincreases(as/the humpsgetlonger;

e  Aslthelhumpengths grow thelinfluencelofTthe [gap width[islincreasinglaswell.[This[is
explained by [theleffect[of(thelincreasing¢urrents generated [onthe humpsleadingto
more [Tip[strength. CApparently 7300 Cimeter Thump Cengths,[in[€ontrast"with[200 (meter,
generateshoreparallelicurrents;

e Scenarios[Wwith[2[humpslarel¢learlyimore efficient than[Wwith[3 Thumps.[This[effect(is
explained by [the [dontribution [0flthe Wpstream hump [being Targer;
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Figure[5[9 Relativeltransport(dnshore per mourishedscenario, liorizontal l@xes represents liump Tength, [dolours
distinguish [gap Wwidths, [circles [@arescenarios Wwith (3 humpsHourished [and + represents/the 2 liumpsScenarios

ItCcanbeltoncludedthatlonlythe$cenarios Tor[200and 300 meter (humpsare[showing
positive[results.[Thescenarios (with[2 Thumps[show overall "better resultsbutare[not
applicable"as[extension[to[scenarios with [more Thumpswill Cnot[give [ similar[results.
Extension[0fTthe3 humpScenarios Wwill[giveless [impacton thelefficiency.Differences[in
hump Mumber(areldlearly isible[inthe mextfigure, [Figure310.Clear is thatthe[greenland
redlinelarehardly (morelefficient thanthelblack [dotted Tine. Thebluelineshows[almuch
higherislopelandisiclearly moreefficient thantheldther 3 humps(scenarios.

Relativeltransportfor(different(gapwidth(and(hump(length
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Figure[S[10Relative fransportionshore per dourished/Scenario, Horizontal ‘dxes fepresents(gap Width,[dolours
distinguish liump lengthand umber(of iumps

Efficiency[to[hourished[length[éf[the[different[§cenarios

TheformeranalysisCandCefficiency parameter[showedFesultstelative[to thehourished
amountbfsand. InCimosttases[this[parameterwilldo. Moresand “onshorewith[less
nourishedsandfis [the HestTesult. Tnlcases Where [a[dertain [dlongshore(stretch [0flcoasthasfo
befed, fhemourishedTengthisoflimportanceas[well. [Thefollowing plots[show eéfficiency
onlthe Handoffrelativel@mount/6fsand(goingdnshore permourished length.
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Relativetransport foridifferentthumpllengths
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Figure[311 Relativeltransport/per mourished lengthlonshore perdourished scenario
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Figure[3112 Relativelfransportidnshore per mourished Iength, Horizontalaxes [presents/gap width, Colours
distinguish liump Tengthand iumber[0f hiumps

Figure[5011@nd[Figure[5[12[show(thatlonlyin[¢ase[of[2 humps alsituationlislobtained [for
which[therelativeltransport[per[nourishedlengthCisChigher.[In[most[cases[shoreface
nourishments [areléxecuted (beinglongerthan[1000meter, [thelefficiencyoflthe[treference
nourishmentwill belsmaller(aswell. Tt[is[assumed that[the[values Which [Were[plotted [in[the
latter(arelgiving[goodindication[dfTthe efficiencyldnd that[éxtension [fo Tonger bars [0r[more
than(three liumpswilligive[Comparable felative results.

Conclusionfrom/the Tatter[analysis/is[thatahump(scenario Withliump dengths (0300 Teter
and(gapWwidths[0f500 mheterhas thelargest €fficiencyforthelanalysed(scenarios. [For(amore
efficientmourishment(scenario(in(the form(oflhumps/itlis[¢lear from[the latterinitial (analysis
that(thetotal mourished length(should motbe dflimportance. [Only [than humplike mourishing
can/belan(option. [For(clarity @(practical .éxamplelis[given in[Appendix (2.
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5.2.4 Sensitivity[6f[dptimisation

TheTatterplots[showed [Some[clearTesults(on humplike mourishing findicatingthat[itindeed
can[be[more[lefficient[than “bar[nourishing JofTthe [shoreface.Before Jconfirming "this
conclusion[some(sensitivity [checks Wwill beldonelon fheleévaluation tethod.

e Crosslshorelfransportfon[differentlocationslon(the ¢restloflthe mourishment(folanalyse
the spatial [dependency [0flthe[évaluation method;

e Chapter4showedaVariationlin[time ofTtheTip¢urrentfor SomeScenarios With[Small
gap Wwidths. Thelsensitivity Will Be[checked onthis Wariation[in fime;

o Theldepthlofltheldrestoffthe mourishmentshowed differencesonhydrodynamics. [For(a
depth[of13 eterthefransportvalues Wwill Be[dompared fwith Tthose For [the 4 eter Water
depth.

Aslthelimethod[beinguised [is[imainly[telling[information"about[the overall, crossishore
behaviouroflthe Hhumplike[scenarios, [it[is worthchecking[the[spatial Variations[on[the[crest.
Inlappendix D3 [for[fourTongshoretays(thefotal [cross[shore fransport[per mourished length
has(been(illustratedaslin[the[above. [ With[teference on[themiddleloflthel¢rest[(x[=[1500
meter)[thelother rays/lay(on(distances[0fi40and [80reters [0ffshorefrom [the[cresticentreland
40Imeters[onshore.[Thelhighestlimpactoccurs onlthemiddle[section[oflthe mourishments,
moreloffshore[(x[+1460meter)andlonshore[(x [F[1540meter)[theltransports decreased [in
value.[Thepatterns/still show(advantagein [favourdflthe [Same Hhumpsizes[andltheefficiency
clearly[dependslonthe[implemented [amountlof(sand. For(the[furtherloffshore[values[(x [
1420 meter), thelimpact(decreased [significantly (as [the[waveimpact[does mothave[so much
morelinfluencelhere. Most(temarkableare(the ted[dots[for[the100and[200 meter hump
lengths.[The[tip [¢urrents[showed somelinstable[behaviourhere, asWwas mentioned before;
apparently [this [(behaviour(hasa[large[¢ffectoffshore. [Overall (the [Spatial [variation [does Mot
changeldonclusions.

Themeandering[oflthe [tipssShowed [someléffect on thebehaviourloflsome scenarios. This
meandering Has(aperiod(oflapproximately anhour.[Appendix (D[4 [shows[the[variance 0fTthe
transports[for fwo oments(infime. Thetagnitudes(arethelsame(for(all[dots, €xcept for(the
100Tand 200 Cmeter Thumps[with "gap [widths[0f 200 fmeter.[These$cenarios showedthe
meandering [6flthe rips/anddsiaTogical Tesultfinto [differences.

As[was[discussedbefore the[Water[depthCabovethe trest of thehourishmentshas[large
impact(ontheBehaviourloflthe mourished Sections andtherefore(on the fransports. [Appendix
D15 shows[the wvariance “ofTthe values[for depths "ofl B Cand 4 meter[abovethelcrest.
RemarkableTisthatthe patterns dre(similar Butthatthe Ted[dots, Tepresenting [the 200 Meter
gapwidths[givelsomel¢learldifferencesfor the4 meter depth.[Apparently (theineandering
doesmotloccuronthe3 meter/depths.The magnitudes(dfithe fransportsforthe 3 meterdepth
arel@pproximatelydoublethevalues forthe 4 meter depth.
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5.3 Trapping[éf($and[as[a[tesult[dflhumplike[hourishing

Processes Tesponsiblefor VariationlinthesurflzoneWerediscussed in[chapter[4 and will (be
analysedfor[the[differentThumplike$cenariosbeing[discussed[in this[thapter."Ofmain
interest(is theBehaviourloflSediment [frapping in [relation With the [gap Width. [Assumed/is that
larger(gap WidthsTead o morepenetration(ofithe Waves andthereforeTess[distortion [0flthe
lee[Zonelonlaverage. [Chapter4 showed [fhatthe downstream lumps have greatinfluencelas'd
resultiofBreakinglinducedcurrents(and finteraction dfwaves.

Thebarl$cenariolshowedl$mallloverall accretionlinthelee[zonedflthe mourishment. [This
accretionlisfovershadowed by [the éffectlofTthelinduced Tipsland [donflicting[¢urrentsfothe
south.[Expectation[for[thelactual [$ituationisthat[Variation[ofTthelangle of incidencefor
waves[Willtesultlin[variation[ofTthese perturbations[intheVicinity [ofthe barheads.In
contrastfwith[this[eévery[$ingle[Wwavelcondition[oflalwavelclimate Tesults[Anlalongshore
currentBeing [disturbed By [the mourishmentland/sedimentfrappingloccurs. [Finallyla’gradual
developmentlofltheshorelineWith[accretionlin[theshadow[ofTthe mourishmentWill(bethe
result.[Figure[53 1 3(showsthe ihitial Sedimentationlandleérosion Plot for theoverallarea Wwith
the [Barmourishing implemented; [the right[plotonly [shows [values [for[the Mearshore[Zone. It
is[clear[that[values[are[significantly [smallerhearshorethanon[the nhourishment[itself,
accretion(@slaresult/ofisedimentfrappinglis[distinct.
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Figure(3(13[Sedimentation @nderosion for Bar mourishing, left plotishows overall [pattern, rightplot Zooms/inon
magnitudes [for iearshore Zone. Magnitudesarelin /s, red[is [Sedimentation, Blue[erosion.

Forlthehumplikemourishing[scenarios(thesamelhas[been donelas(forthebar mourishing.
Theplotted (figures [show ‘thelsedimentation(eérosion plots[for the hump [Scenarios [0f100(and
400 [meter(Iength (for(different(gap (Wwidths (Figure[5 (14 [@nd [Figure[3[16)and the[same [plots
with thorelaccent(on the mearshorezone(Figure(S15andFigure(S(17).
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Figure[5[14[Sedimentationand/érosionplotted for Mourishing(ofthe shoreface Wwithhump Tengths 0fT100 meter
andlavarying(gap Wwidth.[Values(are for(dverallarealin m/s.
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Figure[3115Sedimentationland €rosionplotted for mourishing[dflthe [shoreface Wwith liump Tengths (0f100 theter
and(@varying(gap Width. Values are forMearshoreZonein /s.
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Figure[5(16Sedimentationlandlerosion(plotted for Mourishing [6fthe [shoreface with liump Tengths[df1400 meter
and(d[Varying(gap Wwidth.[Values(are for(dverall [arealin m/s.
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Figure[317Sedimentationland erosion[plotted for mourishing[0fthe shoreface with liump Tengths (6f1400 mheter
and(@[Varying(gap Width. [Values[are forMearshore Zone/in m/s.
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Thefigures(show [arge [differences With the bar Mourishing Wesults. [Sedimentation [0ccurson
largelscalelbutlis(alternated by erosion spots. Thelgapsinbetween the humpsWwill Thavela
large[contribution[on[themearshorebehaviourfofmorphology. Both[forthe100meter[and
400Cmeter[humpllengths changesare[mostlintense for[$mallgap [(Widths.[As[the mutual
distancelis(increasing[thesedimentationfandlérosion[shows similar patterns (but[the[values
are[decreasing[andsurfacesare[larger. Thelarger[the[gap widthsare, thesmallerthe
gradients(in[fransports (are ih the Tee0flthe humps.

Themagnitudes(oflsedimentation[and€rosion(areSimilarfor(thedifferent’Scenarios.Forthe
humplike “nourishing['method “nolclear(IsedimentCtrapping Coccurs. [JErosion Cspots Care
alternating[sedimentation[plotsTas thelinfluence of the Thumpslandgapsare[changingper
location. Mifferentwaveconditions Wwill effect fThese Tocations€venthore@nd Will [Spreadthe
effectiovertheWhole éffected Zoneofthe Mourishments. ot clear i ifthis Will [overall Tead
tolalgradual Widening oflthe Beach[if[Softhsexpected thatlthe [order offmagnitude Wwill be
overalllsmaller(than forthe barmourishing.

5.4 Synthesis

Variation[oflthehump [properties 'shows[differenceslin(thelefficiencyofldifferent/Scenarios.
Especially[the[length[ofl the[ humps[willhavellargeinfluence on[thel imorphodynamic
behaviour.[Thellonger humps(get the moretesemblance With[the ¢longated [barlis/seenland
lesséross[shoreltransport/per mourished[amount[oflsand(is(the effect.[Thelcontrast/between
humps(withinld[scenario[grows [With Tongerhumps(aswell. It Wwas[shown[that[the ipstream
humplhasTargelimpactlon(the[behaviourldflthe[downstream humps. [Thisleffect[gets [larger
withlbnger liumps.

Thelgap[width(showed [lessimpact.[Allarger[gap[width[Was[éxpected [fol¢reate morelspace
for(thetip[¢urrent(to [flowdutlsolallesslintense current(should arise. Thisleffect[waslonly
shown[on(small(scalelanddid Mot desultlin[significantly [larger [fransportonshore. [Alfrend[is
seenlin/the[combination[0flgap Wwidth[and hump dength. [ The Tonger humps arethe larger(the
influencelofTgap (width(is.[This[is[¢aused [bytheleffect oflthe Tips getting larger[wWhen(the
humpsgetdonger.

Optimisation[shows(that[the[shorter(humps(are, (the (larger theefficiencylis ds(afunction[of
themourished length. Independent(ofldredging(costs(it[dbviousthatthoresand [gain With(less
sand[is[always[morepositive from thispoint[of[View.[Thelévaluation method [Showed [that
hump Tengths (01300 meter [fulfil this [Property Mo atter What(the [gap Wwidth and the Mumber
ofliumps(is. The100@nd 200 eterscenariosshowedTarge [ddvantage(as(they ise less[Sand.
Atfthelsame fime(they haveless gain0flsand in the Miearshore Zone.

Themearshoreleffect[of the humplike MourishingWwas(dealtWith[inthis[chapter(dswell.[The
smaller(the iumps(the Targer [the Variations mearshoreland [disturbances [@s@Tesultlare. Inthe
leeCofTthehumpsalchainCbfT sedimentationanderosionspotsis taused [ by[theiwvave
penetrationand(gradients(inTongshorefransport.[The [Targer thelgaps[arethe Morelgradual
theldifferences(are. With Tongerhumps/increasingtip o [@Bar morelsand frappingonshoreik
expected than(inthecase0fismaller Humps.With[different Wavedonditions Targe(differences
aslaltesultlofTrips[and ¢ontraction[oflcurrents[areéxpectedfobelaveraged[over the whole
coastline.
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Mainly [thel¢ross[shoreleffectlofTthe Thump ‘ethod iséxpected [folgainmoresandandlact
more/éfficientthanthe barmourishing.The Sedimentfrapping inthelee (0fthe Mourishments
isCsmallerfor[thehumplike$cenarios. [It[shouldbefaken [in[mind that[Sedimentfrapping
alwaysTeads(fo Toss0flsand ip Tand [downstream ‘and[thereforehas[onlyTocal l@advantage. [If
thelCbbjectivelis[tolget[morelsand[into the beachprofile[bver allongerstretchofcoast
humplike mourishing[seems [foBelagood ethod.
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6 Morphodynamics[oflhumplike hourishments

6.1 Introduction

AfterDanalysing initial Jbehaviour Coflshoreface Inourishments Cin[Jthe Dlatter Cchapters,
morphodynamicbehaviour[is (beinganalysedin[this [chapter. [Conclusions [being ade mintil
now [are[mainlybased Con[cross(shoretransports and [showedadvantagelinlcase[0flthe
humplike mourishing.

Mainldbjective Forthis PartdfTthe [studyis o showtheéfficiency [6fboth BarMourishingland
humplike hourishingafter lbottomchanges duetoMmorphodynamicmodelling havebeen
realised JandCcompare (those Cresults. CAttention Owill Jmainly Cgo Cto Cthe Ceftects CofCthe
nourishments[itself Jand Tnot[JtoJtheir JeffectJon[Jthe (nearshoreJand[shoreline.[1As
morphodynamictresults willCshow largedisturbances Gwill “loccur Conshore Candsediment
trapping Will behard fo[distinguish./AnalysingWill be[done[dnly for(éxposurelibSingle Wwave
conditions.[Thelsame[scenariosasidealtwithlih [Chapter (S will[Be@analysed.

Table 61 [Shoreface mourishment/Scenarios [foranalysing [6fimorphodynamics

Numberof Length of(crest MutualDistance

nourishments (m) (m)
Bathymetry 2 1 1000 (]
Bathymetry(3 3 100 200(500
Bathymetry[3 3 200 2000500
Bathymetry(6 3 300 2000500
Bathymetry(7 2 300 200(500
Bathymetry(8 2 400 2000500

WL [Pelft[Hydraulics

Paragraph6.2 [will[deal[withtheprinciples(ofmorphodynamic todelling and(the [procedure
and/settings. Paragraph (6.3 [deals With the horphodynamicBehaviour for[Somescenarios and
paragraph(6.3[¢ompares the[different/scenarios fordifferentconditions[and [shows[the final
efficiency [6flthe ourishments/aftermorphodynamic todelling

6.2 Morphodynamic[inodelling

Morphological[acceleration[factor

Thelsedimentlonline[Version[of[Delft[3D,aslitWas[described[in[Chapter(3, [simultaneously
computes Sediment(fransportévery fime step@and lipdates the resulting Bottom. [These Bottom
changeslaresimplythe[Sumlofltheldhanges[in[bed Toaddand suspendedload [perigridicell in
time.Formaking ¢omputations[morelefficient the[morphological accelerationfactorhas
beenlintroduced.HydrodynamicsConly[tesultfin[$mall changes oflthe bathymetry ‘during
hydrodynamic(simulation fime. By multiplyingthe changesofthe Bed by[adonstantfactor(a
new morphologicalfime[scalewill lead fo moreefficienthodelling (Lesser etal.,[2004).
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Atmorphudynamic = fMOR Ahydradynamic 611

Thellattertechniquemakes[it[possible[tosimulate “morphological behaviour by only
simulating(a(short[duration[for (hydrodynamics. Therelis[a[limitation for[the morphological
acceleration[factor[as[hydrodynamicslarelsensible[for[¢hanges[oflbathymetry. In[¢aselthe
considered(locationlis[éxposed(fosevere[donditions[and(large[changes(are éxpected,[d[Small
factorhas(fobelapplied. [Iffonly[small[changes(areléxpectedthe[dpposite is[frue. Forcoastal
areas(éxposed[fomoderate(fidal [variation[and[wave[eéxposure,[d [morphological [dcceleration
factor0f’50(100(dan(be @pplied.

Forlthelcase oflthe Bar mourishing simulationshavebeen(donewith [different horphological
acceleration[factors((10,25,050Cand[100). In[a situation Wwith[4 [ imeter[water[abovelthe
nourishment[andalwavel of( 2 [imeter[highandanlincident[angle ofl 250 degrees,the
development(is[shown(after/duration(6f(67 [daysofmorphological [computing[(Figure61).
Bottom updatinghas[hot[been[executed [duringthe first[ 240 minutes of hydrodynamic
computing, [ during[this spiniplinterval Thydrodynamic propertiesarelable[tolteachlthe
initially [stablevaluesbefore bottom level is[changing.

The [ figuresIshow [Inegligible Jdifferences] for[Jthe [ nourished [ sections [ for [ different
morphological Jacceleration] factors. [ In] comparison [ with[Jthe Jinitial [ situation[] clear
morphological[development(is Visible. In[the Wicinity [0fthe[shoreline more [disturbances [are
shown.[The Marger [the {y,, thelless[distinct¢changes are,thefigures sShow howtheltedline
showsmuchTarger Variations than(theBlack Tine.

cross-shore profile N = 67; t = 67 days
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Figure6[1 [Cross(shore profile after 67 [daysofmorphological simulating, [cross[Section[atmiddle[0flthe bar

Forthelcurrent/sectionafi,,[0f(30will beused, [thisfactor(shows[good [fesemblance [for[the
nearshore [processes(in[comparisonwith[the moreldccurate (i, [dnd [provides extraléfficiency
inlcaseloflthe[simulation fime.
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Transport[parameters

Figure1611 Dshowed[Jclear[ldevelopmentofJthe nourished Csections Cafter (167 [days[Cof
morphodynamicimodelling. CAslater (parts [will(show, [ thebehaviour ofTthe fhourishments
showslgoodTesemblanceWith theéxpected behaviour.nContrastwith [this the breakerZone
shows Tessplausible desults. [Adargelonshore fransporthere Tesults [in[Sandbar forming mear
thelshoreline. Thiseffectwasalready "described [in[short[inChapter[B. Apparentlythe
processes(described by [the fransportformulaldo Mot(givelalgood Wepresentation0fmearshore
processes[lin Jcombination (Owith CdepthTJaveraged (imodelling [((2DH). CCalibration CofCthe
parametersWas/donelin[suchlaWwaythat'shoreface mourishmentsdevelop Well ih [Gomparison
withfhe 3D Profilemodel.

Table 62 [parameter settingsfor Figure 62 fin Which susw(stands for wave [felated [suspended Tbad[parameter.

Sus Bed Susw Bedw
0.810.7(10.21 0.8 0.7 0.2 1.0
B annnn annn Quin § 1.0 1.0 1.0 1.0
(1 (I [TT0 (110 1.0 1.0 0.0 0.0
(1 (110 [0 (110 1.0 0.0 0.0 0.0
[0 (I [TT0 (110 0.0 1.0 0.0 0.0

WL [Pelft[Hydraulics

Table[62[shows[the[dependencyon(thel[transport[parameters(as[theywere described in
section(3.4.3.[Thefigures Hepresent (5 [different ¢onfigurations [0flthe[¢alibration [parameters
(Table[612).

e Thebluelineshowsthe parameter(settings astheyWwereldappliedforthelatter[chapters
and[thefigures/above.

e Thelfred[line[representsthe[defaultCsettings Cofl the transportimodel “and[Tleadto
comparableTesultsasfinthe Situations@pplied before; morphological ([dhanges follow(dn
equal (patternbutlare Targer.[Remarkableforthe mearshore[zoneisthatthe shorelinefis
accreting faster but/sedimentationérosion(alternation andmagnitudefis uchess. Wave
effects/seem(foSpread(sandthoregradual

e Comparing(thered@andthelgreenlineshows the impactofithecontribution(ofthe Wwavel]
related Suspendedload.Mainlylin[thebreaker[zonethis[differencelistemarkablebut
aroundltheMourishment/differences [are(clear(as well.

o Thelbedlload[ parameterand[ wave[ related bed[load parameterhardly[showJany
contribution. The Black Minefis in/thiscase similar Wwith[the initial mourished profile.
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cross-shore profile N = 67; t = 50 days
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Figure[6(2(Cross[shore(profile after(50(daysofmorphological simulating for differenttransport [parameter
settings

Alllsettings[show [large[changes in[the mearshore(zone. [Onshore [fransport[shows[fo (be large
in[situations [forwhich[the [Wave(telated [fransport(parameters((suswand (bedw)(are [applied.
Inlthe(caseswith[Susw(set(on(zero,mo [barforming(atlthe[shorelineldccurs. In ¢ontrastwith
thislévenlarger(disturbances[are [presentin[theMearshore (Zone than(fortheloriginally [@pplied
settings.[The(light blueTlinelin (Figure 62 [showsthis[disturbance[(2000[2200 ). [Applying
high[wavel(telatedparameters[leads[ toal more[ gradual ‘nearshore development.[ These
propertiestake/it[hard [to[choose(asetting. (In [thelcaseWwith[susw seton[0, the fransportover
themiddleloflthe[barlis almostnegligible,[appendix [E[1shows(theldifferencefor thetwo
situations.

cross-shore profile N = 67; 2 parameter settings
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Figure[613 Time(scales fordifferent[parameter settings, bluelines/setting 1100, red lines[Setting[0.8[0.710.2 1

Figure[6(3 [shows[d[¢omparison (for(the [default(settingland for(this study applied(setting[of
theltransportparameters. Remarkablelis[that[with[ different[ parameter( settings the[same
behaviourlis[seen for[the nourishment but[forfa differenttnomentlin[time. Apparentlythe
time[Scalelis[tuneable With [the [fransport[parameter settings(as well. [The[same[does Mot (apply
for(themearshoreprocesses. Thelsame parameter(setting ised [for(the [former chapters will be
usedfor themorphodynamicanalysis. Theimagnitude ofl the [individualbedloadand
suspended(load [fransportgavelteasonableValuesfin[¢omparison With [fhe 3D [profile thodel.
Expectation(is[thatthe behaviourloflthe shoreface mourishmentsWwill[giveteliableTesults.
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Conclusion from the Tatteris that[the 2DH odellin[dombinationWith the [parameterSettings
doesnot[giveaccurate[resultsforthe Tnearshore zonebut[that[the behaviour oflthe
nourishmentslitselflisodelled in[@reliable Wway.

Reference[subtraction

Asflthefigures(in(thelabovelshowed,the mearshoreZoneshows dignificantldccretion. [Figure
6[4shows[thelsituation[for[the bar[hourishing(red[line) and thelsituation Svithout any
nourishing[(bluelline). Both[show [similar(sedimentation, By [Subtracting the situation Without
nourishing[from[themourishing[Situation fhelautonomousbehaviourlofTthe mourishmentsis
obtained{greenTine).[Mevelopmentafterfmorethan40ldays(still shows disturbancelofTthe
nearshoreProfile. TheTatteray belexplained by Theléffect(of'sediment frapping butmainly
horizontal [dirculations fin the Mearshore Zone@s @ Tesult6fthe Mourished Sections. From ow
morphodynamicbehaviour Joflldifferent JscenariosisCJdone by [analysing Jautonomous
developmentonly. (ltCshould [be Cconsidered Cthatthis Jautonomous Dbehaviour CofCthe
nourishmentlislinfluenced by the effect[ofTthe hearshorebarforming.[As[thelslopelgets
steeperthe effect’onhydrodynamicswilligetlarger.

cross-shore profile N = 67
T T T T

with nourishing
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subtraction
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cross-shore distance (m)

Figure6(4Cross(shore profilelafter’50(dayslofimorphological [simulation

Subtraction[bfTtheZzerolSituationleadstoalgood representation 0f thehumpandbar
development.[The[zero[situation[$hows[similar[disturbances on[the[shorelineasfor[the
nourishment[Scenarios. [AtthelSouthernlateral boundary [small Mariationsariselin[c¢ross/shore
direction. [Initially [these velocities aremegligible hutmorphological [developmentlincreases
theseWVelocities, (leading [fo [significant fransports(and[sedimentationand [érosion. [Analysing
oflthe different(scenarios (will[be hard [for the mearshorezone [and conclusions (will[be hade
onlthe Handoffthelalready mentioned results. [Figure 65 [shows the@utonomous bar(Situation
afterd2[days(ofimodelling. Compare thefigure Withlappendix E[1 forlanidealdfldifferences
withdriginal odelling Tesults.
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Figure 65 Autonomous bar(situation @fter42daysofihorphodynamicmodelling

Forfthemorphodynamicinodellingmostiparameter(setting Were[dealtWith[inthe [previous.
Table 63 [givesdsummaryoflthe thost important Parameters.

Table[63 [Parameter(settings horphodynamic thodel

Parameter Value[] Unit[] Description
Morfacc 50 (] Morphological @cceleration factor
Spinfplnterval (] 4 hours[] Spinup interval before morphodynamic/computing
Total time 24 hours[] Simulationfime
42 days[] Morphologicallfime
Sus 0,8 (] Tuning [parameter(suspendedload
Bed 0,7 O Tuning[parametersuspended(load
Susw 0,2 O Wavelrelated[suspendedloadparameter
Bedw 1 O Wavelrelated bedload [parameter
alfay, 1,5 ] Transverse bed(gradient
6.3 Morphodynamic[behaviour[6fflhumplike[hourishing

Main[objectivel for[this[part ofl the study[is[to[ obtaininsight[in[the morphodynamic
behaviourlofithe humplike mourishments. ‘A fter thelinitial [danalysis/a Mumber oflconclusions
were[madelon[thelinfluencelofThumplength,[gap (Wwidth and[the ‘humberlofThumps. [Itlis
expected[thatmainly in(the beginning, just(after mourishing ‘of theshoreface, (thelimpact(is
highestland[thebehaviourlis/most(clear.[Sand[istedistributed [into[amore matural way [fast
and[transportswill[decrease [to Tower(levels.

Figure 66 [shows(thedifferences forthelinitial [Situation[0fthe 1000 eterbar((left) and the
bathymetry Cafter 42 Idays Cofmorphodynamicimodelling CafterJexposureto[the[Jsame
conditions. TAlthoughtheunits CofT the[two[differentplots Care Cdifferent, ‘comparison[is
possible. In(the Teftplotfitlis[Seen how [the fips[ofthe barmovelonshore uch faster[thanfhe

WL [PelftHydaulics
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middlesection(does. Theright plot(confirms(thisbehaviour, the fips(ofithe barihdeed moved
shoreward faster. This éffect Was[described(@arlier [(F‘boomerang(éffect”) land fit[is iow [shown
thatmorphodynamic modelling Teads(fo the léxpected [shape.
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Figure[6(6 Differenceslin/initial ichanges(m/s)and the [umulative bathymetry changes (in) @fter42(days[of
morphodynamicmodelling

Thelvaluesfrom thelinitial [Sedimentation[érosion[figurelarelinthe order[oflapproximately
8.10 % m/s. [Over(42 (days this(rate would lead [fo far[too (high Values for the (bottom change.
This[¢onfirmstheleffectloflthelinitial (behaviour[being[far[imorelintenselthan(thelbverall
morphodynamic behaviour.

Thelcumulativebathymetry[ changes[show[ expected Values[for[the bar[hourishment. In
contrast[Wwith[this[theshoreline[shows[less[tesemblancewith[the onlforehandexpected
pattern.[ Nearshore[ processesare[ disturbed[at[ the[ boundary forming[circulations[at[the
shoreline. This eéffectis[shown[bythe[alternating [érosionsedimentation[spots[as[shownlin
thelabove.

6.3.1 Morphodynamic[properties[oflhumplike[hourishing[scenarios

Previous(conclusions(showed[that[the 300 meter hump[Scenarios resultlin the most(efficient
nourishing.[Longerhumpsshowed more onshore transport. [ Together[with[this(larger(gaps
resulted in Targer(onshore [fransport(aswell. [For(the[smaller liumps [gap (width haslessimpact
onthe[dnshore(gain(0f(sediment.Appendix [ [2 [showsthe ¢umulativeérosion(sedimentation
plotsfor(three(different iump(Scenarios.

WL [Pelft[Hydraulics 6—7
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Hump(length

Figure(6[7[andFigure[6 8 show [theldevelopment[ofTthe humps [forthe fwo differenthump
lengths.Main(difference, Which¢an[alsobelseenlin[Appendix (E[2,[sthe[differencelinthe
northernandlsouthern tips[oflthelindividual Thumps. For[the 100 imeter Thump [ength[the
wholelhumpshiftslonshorelintheldirection[0fTthe Waves. [This Teads o [alstrongerfonshore
shiftlofTthe morthern ip [6fTthe hump ((green(line) than [(for [the[Southern Tine((blueTine). The
3000meter humpsbehaveldifferent, [algradual (shiftlof the humploccursfonshore.[Only the
southern"humpseemstomoveloffshore. ThiseffectlisSeenfor all[theThumpsforlthese
scenarios(and(is[@scribed[onthe stronger rip [effects@saresultlofore@longshoregenerated
current(dt(theldrestlofTthe Targerhumps. [Thelsmaller humps [hove Morelshoreward [thanfhe
larger(ones. [Dbviously [Smaller Humpshaveless Tesistance.
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Figure[6(7 Bathymetry [after(42 [daysmorphodynamicthodelling for[300 meter[hump length, black dots represent

initial situation
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Figure6[8 Bathymetry [after42 [days morphodynamic thodelling for 100 meter liump length, (black dots represent
initial(situation
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Gap|width[and[humber[6flhumps

Chapter[ 5 [showedlargedifferences[for[theindividual Thumps[perscenario.[ The imost
southernhump (s Jexpected[to Cdevelop Conshore Cover[the “wholeClength “whereasthe
downstream humps[showed [theldescribedeffectaslaltesultloflthe Tips. Figure[6[9[shows
how(the three humpsWithin[éne[Scenariobehave. [Inthe[figurethe [Southernand morthern
hump tips[are[plotted foralscenario[0f[300 eter hump [lengthand (500 eter [gap Width.
Similarplots for[different(gap Widths Teadfothe followingconclusions:

o Differences/betweenthe humps[Wwithin[alscenariolare$mallland are[notlexpected to
resultfinlTarge WariationsbBetween the lipstreamand[downstream liumps;

e Gaplwidth[¥ariationTeads[fo [small[differencesinonshore[shifting [0 flthe humpsbutdo
notlresult(ih Targer(differences between(the iumps Withinalscenario;

o Theleffect[beingldiscussed forlinitial [¢ases[isnotlapplicableforthe morphodynamic
situation.[For[thelinitial [analysis[thisled fo [large[differencesbetween 2 [Tand 3 hump
scenarios. [Forthe thorphodynamic/situation [this Will be [0fhinorimportance.

profile differences per hump, 300 meter length, 500 meter gap
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Figure69 [Comparison/Southern, thiddleland morthern liump [development for 300 eter liump lengthland (500
meter(gap width[(dotted lines [Southern Hump [fip(Solid Tines morthern iump [fip).

Wave[angle[Variations

ThelimpactiofidifferentivavelanglesiandWavehieightsfisfingeneral ‘@analysed by éxposing the
modelareaon[alfull Crepresentative Gwavel climate. ThisCwas[notCdoneinthisCstudy,
disturbanceslat the shoreline[generatetoolarge differences Which Wwill[finally Thavetheir
influenceonhydrodynamics/in(the [vicinity [0f[the Mourishments. [In[stead [0fld Wave climate
somel[differentlincident Wavelangles[were[modelled [in[¢combination With[aioderate[storm.
Theseldifferences [will (show [ how[thehumplike hourishments[teact on[different wave
conditions(and ater, how thelefficiencydepends on/it.

Appendix[E[3shows[the[morphological "developedshoreface Thumps[after exposurelto
differentwavelangles.In[Appendix [E[4 [the[¢cumulative[Sedimentation[and [érosion[plots [for

theseldaseslareshown.

Conclusions[whichwere[madein[Chapter[5 [are[applicablefor(the[analysis oflexposure(to
differentwave angles. Withthe 260degrees/incidentwave, this(is[¢losefo [perpendicular, [the

WL [Pelft[Hydraulics 6—9
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humps(shiftlonshore Taster[than [forthe[¢asewith mmorelongshorelapproachingWwaves.In
contrastWith(thisthe240[degreesdpproachlangleleads o Mmorelgaininthe MearshoreZone.
Thelefficiency [@nalysis Will[give thore @ttention [fo [this partofthe modelling.

Remarkablefact is[thatthe (moreperpendicular[the waves[approach[thelcoast, thelfaster
onshorethe humpsldevelop. For[theTonger humpstheFboomerangeffect”[istecognisable
for[themore[perpendicularfapproaching vaves.[The$outhern(tipsfofltheThumpsbehave
similar(ihdll[cases.Apparently thedirculations Gause similar [patterns for@ll wave [@ngles.

6.3.2 Sediment[yolumes

For[Jcomparing [the DdifferentJscenariosthe

o o ooo )
volumelchanges oflthe sedimentare[¢computed S8 225 3

for[different(sections[oflthe(modelled area. Per 5000

section(thelgainlorloss [0flthe[sediment[danbe A 4500
plotted.Higure610showshow theSections(are B s
chosen.'The Inourishments[Jare executed [in C =
section/A (G2, illustrated By theyellow Block. o 3500 %
3000 E
ItCisCexpectedthat[section[ 2 [mainly [shows E 2
erosion[]and[ I that(]all]sediments | from[]the 2500
nourishments [dreMovingdnshore[folSection (3. F 000
Sections(4[and[3[¢ontain(the(zonelin[Which(the G
longshore(current(is[éxpected/tobelmost/dctive 1 2 34 5§ 15K
and[sediment(changes(as(alresult/ofldirculations Cross-shore distance
and[ contraction[ of! currents[ occur.[ From[the —_—

latter[] paragraphs(]it[]was[]shownl[]that[]the
nearshore! zonel gives| less! reliable! results/ for  pigure(610Sections for sediment volume
exposureltowaves(dnly. computation

In(Figure(6[11 fheSectionanalysis hasbeenéxecuted Forfwolscenarios. Inltheleftplotithe
barmourishingis[shown,the Fightplotshowsthe3 fimes 300 meter umpsWith gap Widths
off500neter. [This(scenario [showed o e the Tostlonshorelgaining [Variant(after[theinitial
analysis. Bothscenarios isela[similar@amountofisand forléxecution.
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Figure 11 VolumeGhange [(* 10* ) Per Section for the Bar Mourishing (left) @nd @300 meter iumplike
nourishing(right)

ThemourishingTocations(inthe(figures drelclear by [the(distinctSedimentationTand [érosion [’
sections. [For(thebarmourishingtheBarTieslin/section[CDE2.The3 HumpslintheTightplot
lie[in[Sections[B[2,[D2and[F[2.[Table[6[4 [shows the[$edimentation and[érosion oflthe
different sections(in[values. For[this[fable[and[thelater[dnalysis the [sectionsAland (G Were
leftlout/ofidonsideration o PreventthatBoundary[disturbancesfiaveaTargeinfluenceonlthe
analysis.Theldifferent/Scenarios show Targe Wariations for [fheanalysedSections.

Table 6 4[Sediment(change PerSection (m*), Megative Walues Tepresent @rosion, Positivelis Sedimentation.

Section B C D E F

) bar 9.000 1.300 [16.400 [7.300 1.600
humps [7.900 2.700 (12.100 [6.300 [4.900

3 bar 8.800 17.500 14.700 8.600 [1.900
humps 23.500 10.400 21.800 6.100 13.500

4 bar 16.500 25.300 3.900 [13.700 20.800
humps 2.100 [13.100 29.300 4.700 25.900

5 bar 2.800 700 9.500 12.000 3.100
humps [600 1.100 2.600 16.700 12.100

For3ection[2[thelsections[areloosing[$and asla logical [tesultlof(the mourishment(lying [in
theselsections.[Obviouslythesandfisfransported onshore folsections3.[Theselsectionshave
allargegain[ofl sediment. Section# Ton[its turnshowsimainly "erosion. Here[sand[is
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transported "bothCoffshore “and"onshoreasaltesultCofl trossishorevariations induced by
circulationsfandl¢ontracting ongshore [currents. For[the bar mourishing [the Tip ¢urrentslare
clearly Wecognisable for(sections[ABC[4 [fothelsouthland [F 1234 [fothemorth. Thelinfluence
ofTtheWwavelinduced Tongshore¢urrentTeadsfosedimentation [0ffshorelon [the[Southern [part
ofTthebar.[ThislisWhythesectionlin Whichthe southern[barfip Tays((E2)[does Mot show
clearlérosion. [Forthe humpsprocesses/arelessgood recognisable/and(dnly [Sedimentation in
sections3[is[distinct.

Alsummation(ofisections Willbetised from mow. Table[6 5 presents [the [sum [0fthe Tongshore
sections [B[F [forlcrosssections(1[3.ThisTesultsin (3 overallSections WhichWwill e tised [for
further(analysis/ofTthe €fficiency(dflthe iourishing[Scenarios.

Table[65[Sediment Ghange [Per Gross Shore Section (m’), fiegative Values Fepresent @rosion, [Positive lis
sedimentation.

Section 1 2 3 4 5
bar 900 [14.600 46.400 [42.500 21.600
humps 1.500 32.000 73.200 [36.900 40.300

TheSediment VolumesinTable 65 [show [that[in[section 3 Significant[Sedimentation[occurs
aslafresultoflthe mourishments. TnicontrastWith this Section2[shows Glear@rosion.Although
the [total volume L of nourished [sand [is[$imilar[for [ both [hourishments, [ the differencelin
volumeTlincreasefor section3 [is[temarkable. Thelerosionlin$ection[2 [for thehumplike
nourishingfis Morethanfwiceltheerosion[ofthe Barmourishing. This[is partly [daused by [the
morelefficientlonshore(fransport(éffects, [@nothereffectlisthe Strong rip Tesulting in6ffshore
transports‘and [(bringingthesand from$ection 3 [folsection2[again.[Section4hasla ¢lear
eroding[tharacter.[Sandfrom[this[Sectionlis[transported to[both$horeward[sectionsand
offshorel$ections by wavelinduced [processes. [Withthese[Values for[the S sections[itlis
possibleto[compare[all [scenarios (which Gwereanalysed Cbefore. “ThisCwill Cbedone"in
paragraph(6.4.

Development[in[time[éf[§ediment[Volumes

Plotting[the Wolume(dhanges ofltheSections[2 [4[in[fime gives(dnlidealofthedevelopmentof
the[different(sections(and[their[influenceonléach[other.[Figure(6[12[dnd[Figure[6 13 [show
this[development[for[the barhourishingand[for humplike[$cenarios (humplength[B00
meter) [With[gap[Wwidths[6f[200[and 500 meter[(dottedlines). Figure[614and[Figure[6[15
illustrate(the [development[ofisection 3 [after(évery 7 [days[for[the fwolscenarios.[Analysing
the [figures(the following(can Bedoncluded:

e Duringlthefirst[2530days developmentlismearly [constant[and[similar for(the barland
humplike (nourishing.During[this periodthe nourishments CshiftJonshorebut[the
described[barheadsldndliumps(domot/reach(section (3 [yet.[Circulations(in[the nearshore
zonemovesand [from[section(4[fo[section (3 leading[to[¢lear[sedimentation[South[oflthe
barland inbetween(the humps;

e FromBO[days the onshoreltransportedsand briginating[ for[the hourishments ktart
reaching(Section3 [dnd[dlearlincrease0f’sediment volumes [dreTesulting. [From mow [it[is
clearthattheiumplike mourishinggives[different valuesforsediment Wolumesoverthe
sections. [Figure[6[14[and Figure615show thisléffectlévenbetter,[it[is[¢learhow the
humpsreachisection 3 faster(and more(even;
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o Inlthelonshorelsection4[differenceslarelseen from(thismomentlasWell. Misturbances(at
the shoreline (feach(sSection[4 [from[day[25(and ¢ause significant érosion here. Sand(is
transported Bothlonshore(to[Section 5 and dffshoretosection(3.

o Theldifferencesbetween the2 figures(Figure[612[and[Figure[613)shows[that[Small
gapwidth[results[in[similar[behaviourGwith[the[bar[hourishing.[As[the[ gap width
increases(the [0nshore [transport[of’the Mourishments/it[selfldoes mot[change[Significantly
butlonshorelcdhanges are. ILarger(gap Wwith[leadsfo hore[sediment TossinSection4.[This
isltheléffect(oflstronger variations(inTongshore[durrents.

w10’ volume development in time (days); 3 humps 300 m; gap width 200 m
10— T \ T T \ T T
section 2
section 3
sectond) -
o SF e
é ’’’’’’’
s | e
=
=
g o0
_5 | | | | | | | |
10 15 20 25 30 35 40 45
time (days)

Figure[6[12 Morphological [development(ofBar miourishing[(solid line) @and umplike Mourishing (dots) forthe 3

sections
v10° volume development in time (days); 3 humps 300 m; gap width 500 m
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Figure6(13 Morphological development/dfBar iourishing[(solid(line) ‘@and liumplike mourishing[(dots) forthe 3
sections
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Figure6(15Development/oflsedimentationandlerosion(in section(3 forthe Humplike Mourishing
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Volume[¢hanges[for[different[incident[Wave[angles

Different[wavelangles[showed different[behaviourof the mourishmentl$cenariosand [Wwill
giveldifferent(sediment¢hangesper(sectionlaswell. Tt[s[expectedthat[more perpendicular
waves Will[givemore[gain[oflSediments for(Section[3.Table[6[6 [up fo[Table 68 [show the
sediment[volume dhanges[perSection(for(the three differentwavelangles. [Forthe(humplike
nourishinganlincrease[oflgain[for(section 3 [is[shown[astheWwavelangles approachesmore
perpendicular. [ThisWasSeenbefore ds Wwell [and Wolumechangesonfirm the[Gonclusion [fhat
moreperpendicularWaveslincrease [theléfficiency. Forthe barmourishing Waluesfor(section
2and B [stay Cimore “or[lessconstant. CTApattern [fortheonshorechangesisnot[tlear.
Disturbanceslin(the mearshoreZonelaresignificantly Targer forthe humplike Mourishing.As
wasl[¢oncludedinlearlier(sectionstheselareexpected fomovelmore gradual with[Varying
wavelanglesland waterevels.

Table 6 6[Sediment Change [per(crossShore[Section (m®) for Waves With 240 degrees @pproach@ngle

Section 1 2 3 4 5
bar 1.900 [13.200 44.200 12.500 5.500
humps 1.600 [23.900 65.500 38.600 5.600

Table67[Sediment (change per(cross shore[section (m®) for Waves with 250 degrees @pproachlangle

Section 1 2 3 4 5
bar (900 (14.600 46.400 [42.500 21.600
humps 1.500 (32.000 73.200 (56.900 40.300

Table 6 [8[Sediment(change per(crossShore[Section (m®) for Waves With 260 degrees @pproach@ngle

Section 1 2 3 4 5
bar 700 [19.900 47.200 [9.200 [6.000
humps 2.100 [60.500 97.500 142.200 25.200

6.4 Morphodynamic[éfficiency[éflhumplike[hourishing

Theprevious partCshowed [that[the Corigin “ofsand Clis Chot[clear CforCall Csections.[For
determination(ofTtheE@fficiency [threeSections WereGonsidered (see[Figure 6116):

e Sandlgainlonshore, originating fromthemourished$ections[is theintended[positive
effect.[Best[Way [fo Judge this[is fo[¢omparethe Toss[of[8and [insection2. For this The
assumptionfisMadethatfhe Yolumeldecrease 0fsection 2 Will inconditionallyTead [fo
gainldnshore;

e Sand[gainlinl[section[3[is bothlalpositiveleffect as alnegativel effect.[This can[be
explained by [the éffect that(sand(is[fransported from[section 4 fo Section3[aswellandis
thusmovingdffshore;

e Trappingloffsandlin[the[leeloflthemourishedsectionslis[alsummation of the ¥olume
changes[inlthe[sectiononshoreloflthe[nhourishments.[Thelsectionlislénclosed[by[the
coastline, [the Xx=1700rtheter lineand the Morthern(and [Southern tips(ofithe Mourishments.

WL [Pelft[Hydraulics 6—15



January,[2006 Z3873/Z3912 Humplike[hourishing[$f[the[shoreface
Al3tudy[dn[inore[éfficient[hourishing[f[the[shoreface

o o o © 9 (=} o o (=3 -] (=3 o O [ -] (=3
o O o © O o o O o © O o oS O o © O (=]
(=) © 0 O n (=2 ) O 0 O n o ™ © 0 n
- v v v« ~ - v v v« ~ - v - v« ~
5000 5000 5000
A A A
4500 4500 4500
B B B
4000 4000 4000
c O c O c O
3500 3500 3500
o) | > |0 o |0
3000 3000 3000
| I ar mr
2500 2500 2500
F F F
2000 2000 2000
G G G
1500 1500
1 234 5 1 234 5 T 234 5 0
a)Tossoflsand[Section2 b)gainiSection3 c)sedimentfrappinglonshore

Figure[616Differentsections(foranalysing

Thescenarios(as(theywerel[described[beforeWwerelallinodelledfor[different[wavelangles
leading(toaldollection [0fldata points showing [theefficiency periscenario. Higure 617 shows
the“efficiency [ofl all (hourishing[scenarios.[ The[ values represent! the[ percentage ofl the
nourished amount[ bfl sand which moved [ but[bfl the nourished [ sections, onshore.[ The
different(scenarios [are(distinguished by [the hump (Tengths (100400 (m)(alongthe horizontal
axes;thelgapWidth[distinguished by dolours (200400 m)@nd the iumber6fThumps by [+’
(2humps),“o’[(3Thumps). [Theefficiency [ofTthe bar mourishing[isHepresented by theblack
dotted Tine, [all (pointsTayingabove thispoint[tesultin moreefficiency. Main[¢onclusions
from [this figure drethe following:

o Firstlofldll[thelargestonshore[transport(is [Obtained By [dpplying @ mourishment(Scenario
with200meter Thumps [and [500 (meter[gap (widths. For(this[scenariolapp.[7 Y [oflthe
nourished(section is[fransported fo [the [onshore sections(after42 [days ofimorphological
modelling.[Thislin[Gontrastwiththe bar(sScenarioWwhichldnly leadsfold[gain(oflapp.3 %
(black(dottedline)

o Larger(gapwidthsloverallleadfo [better[onshoredistributiondflsand thanthesmaller
ones. Mainly[theldifferences[between[ 200 meter[gap[widths[and[300[500 meter[ gap
widths are(clear;

o Largelgapwidths(alsoeadfoTarge mourishedTengths(and thusdistribution/over(alonger
stretch[ofl ¢oast. [(IfTalparticular [partlofithe[¢coasthas(to[benefitlofl thenourishing[this
mightbelaldisadvantage.

e  TheMmumberlofThumpsshowed[fo belofllargelinfluencelinthelinitial Bituation. [Forlthe
morphodynamiclsituationthisleads[toValues[similarfor3 [asfor[2Thumpl$cenarios.
Extension [foore liumps ih@lchainwill Tead [fo the[Same Values.
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Relativelgainofisandlduefomnourishments
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Figure6(17Relative/gainonshore(due fo Tosses insection 2, [different/colours Tepresent(the [different'gap widths
oflthe[scenarios

Efficiencyrelativefolbarnourishing
2.5

—+—— 200 3
e 300 © 1
o 2 © ® -
9 ——+— 500 5
S 1.5 . 1 .
HG—J
+
1 | | | | |
50 100 200 300 400
humpilength(m)

Figure[6[18 Efficiencyper(sScenarioldivided by the BarMourishing efficiency

Figure[618[shows(theValuesper(scenarioof Figure[617 [divided by thelefficiency of the
barmourishing.[The[optimum [$cenarioforalincident[Wavelangle[0f[250 degreeshasCan
efficiency [Whichlis[2,5times[largerthanthelefficiency foflthebarhourishing.[Table[69
showstheloptimalfor(thelotherincident wavelangles.

Figure[6[19shows[theltelativel[gainloflsandlin[Section[B[Whichlis[justllandward[ofthe
nourished(sections.[Sand Wolumel[differencesih[this(section @re(daused by: @) Mourished [Sand
shiftinglonshore, [b) frapping[oflongshore[sediment and[¢) moving [offshore[oflsediments
fromimoreonshore[sections. Thelatter contribution[is[initiated “mainly "byhorizontal
circulations(dueto [themourishments.[Figure[6[14 [and [Figure[6[15[showed theldevelopment
oflsection[3[in[fimeland giveslal¢learlidealofllocationslofsedimentation duelfo mourished
sand[and[other[processes.

Comparing(thevalues(forisection 2 [and 3 [itlis[Seen [that/gain in[section(3 [is much higher than

losses(in(section(2.[As(it[was[mentioned beforelit[is hard o makelconclusions/dut(ofFigure
6(19.Forlargeriump lengths tore(sand [gain from onshore(sections [and Tongshore trapping
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occurs.TheOptimumfump(scenario, lisingSection 3 [ds theasuring [Section, Would bethe 300
meter lump dength With the widestgap.

Relative’gain(ofisandidueltomourishments
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Figure[6[19Relativelgainlinisection(3, [different/colours [fepresent the different igap widthsoflthescenarios

Sediment[trapping

TheSummation[oflsand[Volume[changes[onshoreloflthe hourished[$ectionsleads[to the
values(plotted(inFigure(6[20.[Thefigure[shows[values/for[anlincident[wavelangle 0f[240
degrees.[ With[‘more[alongshorelincoming waves[ sediment[ trappingfis[more[clear[and
patternsdre(better seen. The figure shows how [the nourished bar fraps @pproximately(1.10*
m’ [Sand in42 days 6f moderate(storm (Gonditions. [This is 6f similaramount with the onshore
transported (sand from the mourished bar((1,3.10*(m?). Forthe humplike Scenarios/it(is clear
thatTessSandfis Being[frappedonshoreland that/évenloss 0flsandfis[Seen. Fromthisit[danBe
concludedthatSediment(frapping [for the liumplike Mourishing[is indeed Tess [than(forthe bar
nourishingmethod.[Apossible Teason [forthis[could belthe Targeroffshore [fransport/duefo
wave penetrationthroughthelgapslandthegeneratingloflcdirculationsonshore. Inthe figure
clear(frends [dreseenforthedifferent/gapwidths, @Wider[gap leads fo morelerosiononshore
instead[oflsedimenttrapping.[This[confirms[theconclusionlof[Wwavepenetration tausing
onshorelerosion. The onshorelerosion Partly [éxplains Why the[gain[6f’Sedimentlin(section3
(Figure[619)Gsarger than(thelbssih(Section2.

x10"* Onshorelgainiof’sandiduefonourishment
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Figure620Relative frappingduefo Mourishment[Scenarios, [different/colours(represent/the [different'gap widths
oflthe(scenarios
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Thelcumulativesedimentation(andlérosionplots'show Targedisturbances[onshore Wwhich dre
expected(folgivelafalseMepresentationofthelactual behaviour. [ Theconclusionoflsediment
trappingonshore ofThumpsbeing smaller[than[for[bar[hourishing[is tonfirmedby[the
previous. [Disturbances(are averaged overthelsection[onshoreand therefore it is[expected
that(ithasTittle impact/on fhisdonclusion.

Wave[variation

AppendicesE[5[andE[6[show [theSame [plots[as the Tatterforlincident Wwavelangels 0240
and260Cdegrees. Forldetermination oflthelefficiency telative[changeslin section 2 Wwere
applied(@sfheselgivethethosticertainTesults(0fmourishing behaviour. Theresultsaresimilar
as[for(the250(degrees[Wwavelangle, largestlefficiency [isobtained Wwith gap widths[ofT500
meter. [Table 69 shows per[wavelangle the mostefficient $cenario Wwith[ts[efficiency[in
comparisonwiththeléfficiencydfthe Barmourishing.

[Table[69 Maximum/efficiencyperWwavelangle

Most efficient Efficiency (%) Efficiencybar Efficiency

hump Iength nourishing (%) factor
225(degrees 100 meter 5,3 2,9 1,8
240(degrees 200 rheter 5,3 2,6 2,0
250(degrees 200 rheter 6,9 2,8 2,5
260(degrees 300 meter 11,2 39 2.9

WL [Pelft[Hydraulics

Forthe[more[ perpendicular[waves[ the[efficiency[is highest. Tt[is[ clear[ that[the imore
alongshorewavel conditions dominate[ the wavel climate[thelless[ efficient the humplike
nourishing[gets.[However, the[240(degrees[wavelanglelstill [shows[an(efficiency [Whichlis
twicelhigher than the bar miourishing. [For(athorelcomplete pictureof’éfficiency With Varying
wavelanglesthe225(degrees wavelangleWasladded(asiwell. Thefable shows[constantMalues
with[differentlincidentWavedangles[forthebarmourishing Whereas [the humplike mourishing
showsclear[decrease. [Fortheoreshore mormal@pproaching Wwaves éfficiencyis higher for
theshorter iumps.

Thelonshore[distributionoflsand(ds [@Tesultoflshoreface mourishing indeedis more éfficient
by Japplying Thumplike nourishments. J1t[JisCJrecommendedto[Jmodel TJthe Thumplike
nourishmentsinder(éxposure [folalbetter[describing Wave[c¢limate [fo [investigate [the[overall
efficiency [for@Tongerperiod 0ffime.

Waterlevel[Variation

ForftheDarScenariolandlahumplikeScenario 0200 heter liump Tengthsand 500 eter [dap

widths[simulationsWwereéxecuted With @ Varying waterlevel. DistinctionWwas fhade [between

alsituationwith@andwithouthorizontal fide:

o Tidallamplitudelof1 fmeter[With[alperiod[of 12 hours and[nolhorizontal [Velocities,
meaning [thattherelis Mo phasedifference between thelateral Boundaries;

e Tidallamplitude(ofT1 meter(with(alperiod[ofl12 hours(includinghorizontal [Welocities, @
tidal'wave[0f400 (km[wasdpplied(leadingto(3,15[degrees [phase(differencebetween ‘the
lateral boundaries.
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For[bothconditions the average waterdepthGwas[setCon[ 5 [imeters above the hourished
sections. [This Tneansthatlonlyalsmall period[of fimeWater[depths[0f[4 neter[are [present.
Conclusions(ofTinitial behaviourshowed [that(the [shallowerthe Wwater[@above[the humps, [the
lesslefficientiumps(getland the[smaller theladvantage [in [comparison With[Bar mourishing[is.
TheladvantagelofThumplike hourishingis[obtained [during low "Wwater (fide.[Appendix (E[7
shows [thehumplike Situationlafter 25 [daysofimorphodynamic modelling[in[¢omparison
with[thelsituationWith[al¢onstant[Waterdepth[0f[4 imeter[abovelthe nourishments. [Some
general[conclusions oftheseplots(are(the following:

e Theliumps/(shiftlonshore(less fast/than [inthelsituation with [donstantTow Water(level. Hor
determining thelefficiency(dftheScenariosafteréxposure fo fide@aTonger ferm/should be
modelled. Themodelledshortferm showed fasterrelative [Onshore shift forthe Humplike
nourishingthan(for [the barMourishing;

e Theltelativelonshorel¢fficiencyshows[fobela little[less for[alsituation [with horizontal
tide(included.Mainly [the[downstream (site[0f the (humps [and[bar[show [morelongshore
distributionof’sand(and [therefore(less Onshore [transport;

e FErosionlandsedimentationalternation[is spreadover[thelinter(fidal"beach[Zzone; the
nourished(sectionsmovelonshore thorelgradual.

Thelfactlthat(humplike mourishing[only(gets horeefficient With [shallower water leadsto[the
conclusion(that(the[valuescomputed[in[Chapter 6 (may [befoohigh (butgive algoodlidea of
the[@fficiency 0flhumps.

6.5 Synthesis

The(different(scenarios(giveldan(idealof'the improvementofitheléfficiency (ofthe mourishing
method [ for(differentdimensions and [Whether[the hypothesis[is tightor(not. Figure 617
collects/alldatalofTtheldifferent modelled [Scenarios/into [one plot’dnd [shows @n[optimum for
humpswith 200 meterhump Tength [and (500 mheter(gap width. [The best hump length showed
to[beldependenton thelincident wavelangle. Allength([of[200 meter[willloverall[give good
results. [Gap[widths[tanging[ from 300500 meter showed[to[ givel only[little[ difference.
Larger(gap[widths[do[give [bettertesults But/cover(alarger(stretch/ofl¢oast. [Alchoicelhas fo
bemade between Widening(a/certain part(ofithe Beach@and [gaining[0r uchsandonshoreas
possible.Forthelseconddption Humplikemourishing 'givesgood Tesults. Tncomparison With
the efficiencylanalysis forthelinitial Behaviour it'shows thathumps behave [éven better than
thefihitiallanalysisshowed.

It[shouldbel¢onsidered [that[this[isConly [the optimum forlsingle Wwave ¢onditions[overa
period 61742 [days. Variationin Wave [dangleshoweddverallpositiveresults for the humplike
nourishing. TMore shorenormal [wave Cangles CshowedJmore Conshore Cefficiency.[1The
schematisationsshowed thatlonshorefransportfduefo Thumplike Tourishing[is(largerthan
transport/as/aresult/ofBar Mourishing. Variationsinlthe Mearshore Zonedid tiotTesultin[Clear
patterns for liump Tength landgap Width.
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7

1.1

Conclusions[and[Recommendations

Conclusions

Bothlthelinitial Sedimentationandlérosionanalysis[and[fhe imorphodynamic[analysishave
shownthatThumplike mourishments (havelal¢lear[advantageover fraditional (bar mourishing.
Morelsediment[ismovingonshore per hourished amountoflsand[intaselofChumplike
nourishing, Whichlconfirms[the (hypothesisfoflthisTeport. Besides thismainl¢onclusionla
number0fisubldonclusionsfis listed Below:

Literature

The(final [lbudget(Jin[Jthe mourishment[zone[lincreases/Jafter limplementation[Joflla
nourishment(inthe formof’dfeederberm. Finally l@ndmount6f750[70% 0fTthelinitially
nourished [sandfis still fin the mearshore(Section after 3 (5 years
ForltheDelfland[én[Egmond[shoreface mourishments[¢lear(accretion [onshorehasbeen
seenl(at(the(tips(oflthemourished (bar.[Waves[breakingat[different locations(cause[Wwater
level[variations[inalongshore[direction. Thel¢oncentrated [¢urrent[over[thebar edges
leadsto[ complex [ circulationsonshore and[offshore[ directed [ rip[ currents. Vertical
velocity[distribution¢hangeslin[the tiplandleadsfo[morelonshore[transport overbar
edgesthanoffshorefransportfintheripchannel (Drenen etlal.,[2002).

Initial[behaviour

Modelling[ofTbar [mourishments[shows [that[the bar[heads move onshorefasterthan(the
bars’middle/section;

RiplCcurrentsChavellittle[impact[on onshoreltransports.[Ripcurrents flow[offshoreat
deeperwaterwheresedimentconcentrations/are low(and little fransportlis the result;
Incident[vavelangleShows[tobelofTlargelinfluenceland almainldeterminant oflthe
behaviourdfithe mourished Humps. Themore Perpendicular(to [fhedoastWwaves @pproach,
the more favourableliumplike mourishingis .compared fo mourishedbars;
Higher[waves[andshallow [water[tesult[in higher[ater[level [ gradients[leading[to
increased/dnshorefransport(in(case dfliumplike mourishing;

Initial [fransport[shows [the highest[éfficiency [for hump dengths (0f1300 meter. (Efficiency
is(formulated["asthe cross(shoretransport[overthe[crest ofl thehourished[section
normalised [fo the Mourished lamount(6fisand,

Thellonger the humpsldre the darger(theinfluenceofthe(gap (width[is.[Thelscenariosare
analysed[with[gap[widths[0f[200[500 meter.[Wavelinduced tips[éffect the fransport on
downstream humps, With larger (gaps this(offshoredurrent haslesslinfluence;
Humplikemourishments(lead[folalternatingérosion’and[sedimentationSpotsWhich[are
expectedtolbelaveraged bylalwave[¢limate[Wwith[varying[Wwavel[properties[leading[to
morelgradualldevelopment.
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Morphodynamic[behaviour

e Morphodynamiclmodelling[confirms thelconclusionsloflthelinitial 'sedimentationand
erosion (@nalysis. [Humplike Mourishing(leads tothore[Sediment [fransport(dnshore;

o Aldlearloptimum Was found [for fhe iumplengthlandgap Width. [AThump Tength[6f7200
meter[withlalgap width[0f[300500 meter gives[thelbest results. [Longer Thumps[start
behavellike[bar[hourishmentsand[shorter humps[uise[too muchlamount[ofl $and[in
relationwith theefficientIength [0fthe hump;

e For[barhourishments, onshorel transport[showed to[be approximatelyconstant for
differentfincidentWavelangles.[Incontrastiwiththis, iumplike Mourishingclearly [Shows
greater[efficiency[forthe moreperpendicularly fapproaching Wwaves. [In[¢aseof[waves
approaching[with[457(225)[degreestothe Shore Thormal ‘the Thumplikehourishments
showed[to[bell,75times[inorelefficient. [ For[imore[perpendicularwaves[this[value
increasesip [fo3 fimeslarger.

e NearshoreBehaviour[washard[folget[algriponWith morphodynamiclimodelling.LLarge
disturbancesWereshown herelin[the formlofTsedimentation anderosion $pots[which
were Mot considered o be(realistic;

e Averagingl(the miearshore(behaviour(over(alsection(in/the(leeoflthe iourishments, (it[was
seen(thathumplike mourishmentshavelalmegativelinfluenceonlsediment[frapping.In
comparisonWiththe[¢onventional bar iourishments, [érosion [0ccurs [inthis fegion Wwhich
is[probablyGaused by Wave penetrationand(offshore fransportofisediments.As/alogical
resultlargergap widths Between liumps resultin lesssediment(frapping.

7—2 WL [PelftHydaulics
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7.2 Recommendations

Theprevioussection[¢onfirmsthe[formulatedhypothesis2.4,humplike ourishments are
indeed potentially (moreefficient[than [barmourishments. [(It[shouldbel¢onsidered that[the
analysis['was[basedJon[rather Jsimplified Cschematisations CofTthe Ccoast[andTboundary
conditions.[Themodel@pplied [isable [fopredictbehaviour of shoreface mourishmentsinla
realisticway.[However, tesults 'werelonly [¢ompared telativefo [preventmodel[érrors from
having[fooMuchlimpact. Sedimentationandlerosionin themearshore Zoneare ¢onsidered
unrealisticfandlalimodel,[describingthis partlofTthecoastal[zonebetter, wouldbelalgood
improvement.[More [tesearchismeededonthe actualbehaviourfandtheinfluence on the
shoreline, Tor(this the following fecommendations(are made:

Performlalfollow up[studyincluding[tealistic[ schematisations 0fl bottomand[boundary
conditions with [ds [@bjective [to thodel lthe [dctual behaviour [0f (humplike nourishments.

e Bylusinglanlexistingbathymetryland boundary(conditions[determinative for(the dovered
coastal[areareal [dataldanbelisedfo [calibratethe Model [dndhavemore TealisticTesults.
Thehewiodel[should[describe alsmooth bathymetrysothe behaviour ofThumplike
nourishing/dan Belanalysed Withoutthe complex ihfluencelofMatural bar[Systems;

o Forlobtaining amorelrealistic[description[ofl transports[and[3D[imodelling[shouldbe
considered.Depthlaveragedmodelling (2DH)showed difficulties[with [fine funing [of
cross[shorefransportsfinthe breakerZone. Dverestimating [0fthis fransportWwas Tesolved
byonlyl@nalysingthe@utonomousbehaviourofmourishments;

¢ Newlmodellingshouldl¢ontain(Tongerfermpredictions.The present(study mainly [paid
attention [to initial '@nd shorttermbehaviour.

Execution [0fld pilotprojectlin [dombination Wwith[ahigh Fesolution honitoring [program.

e Forlthispilotprojectatow[oflthreeumps Withlalength[0fT200300@neter[should be
sufficienttogetWaluable(datafor Hindcasting studies.
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A [Momentary[¢oastline

In11990, Dutchgovernment Jadopted "apolicy Cof[F*DynamicPreservation”[toJprevent
structuralCerosionloflthe ¢toast. [ The[1990shoreline[Wwasadopted ‘s the[Basal[CoastLine
(BCL), Tecession[beyond(this linelismotallowed. Themain designlobjective [of[shoreface
nourishmentlis[foimprovelshorelinelstability[and [prevent[the $horeline [from (structural)
erosion. [Every andommoment[infime[The Momentary[CoastLine (MCL)[inla[cross shore
profile[éanbeldetermined by d ¥olumetric[computation.[TheMomentary Coastlines forthe
10[previousyearsformafendency ([TCL)onWhich[it[éanbechecked Whetherthe coastline
fulfils(theldondition [ih future@nd ifthaintenance is meeded.

Structural ferosionlis almatter[whenlthelaveragelow [Wwateris[shifting Shorewardduringla
period[of10years. Toldecide Whether[the[coastshould [be maintainedthe following hethod
hasbeendeveloped. To[preventthat/decisionakinglis[donelontheandoflcoincidencesof
profile fluctuationslaldoastinelis(defined, Tepresenting [the [dverageposition dfltheprofile.
Figure [l 'showsow the Momentary [CoastILine (MCL)fis/defined.

Momentary Coast Line (MCL)

l /.-__.\I
= Ila'l \
; Br I 'III \\‘\_H_\__
¢ Average low water =
B = A H
|
\ B i
i |
:

A = Surface calculation zone m?

H = Difference in height dunefoot average low water
B = Distance MCL to dunefoot (=A2H)

Br= Upper houndary calculation zone

Or = Lower houndary calculation zone

Figure[l Momentary CoastIlinelcalculation(Roelse, 2002)

Policylis[to[maintain[the[shorelinel seaward[0f the[BCL(Basal[ Coast[Line), being[the
position[ofithe coastlinelon[01[011990. By [eéxtrapolating(amumber(ofmomentary [Coastlines
theneed[for[nourishingloflthe[profile[¢anbeldetermined. Figure[2[shows how[the[Trend
CoastlllinehasBeenchanged By [éxecutingMourishments.

WL [Pelft[Hydraulics A-1|
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Beach profile line (RSP in Dutch)

Trendline for BCL Change of trendline
calculation after nourighing

Temporary trend
calculation

1981

—— Time 1080

Figure(2(Trend(Coastline (TCL)I(definition[in[combination with Basal (CoastILine[(Roelse,2002)

WLI] [Pelft[Hydraulics



Humplike[hourishing[f[the[shoreface Z3873/23912 January,[2006
Al3tudy[dn[inore[éfficient[hourishing[f[the[shoreface

B [Model[$etup

B.l The[Pelft[3D[model

TheDelft3Dodel[is[anexampleloflaprocessbasedmodel.[Process telated modelslare
basedlon(thedetailed[description(oflrelevantiprocessesdswaves, [fide,[currentsand [Sediment
transport. [Interaction[ofTthese processes ¢causeldavarying [flow field[andbedlevel [changes
whichlareldomputedinDelft3D.In[coastal lapplications [fwo [fypesloflprocessbased odels
can/beldistinguished: [areaodelsland Pprofile odels.

Infprofileodels(onlycrossshore/domponentsofrelevantprocesses(are included, Tongshore
componentsarelassumed fobelconstant. [ExampleslofTtheseare 1 DHmodelling[inwhich
velocityfis[averagedover(thelfotal [depthland 2DV forWhichtheldepthlis[divided [in[Tayers
forfhumericl¢omputation. [Arealiodels[¢anbetwolor three[dimensional (2DH,3D)land
includewavelTandtideldriven[¢urrentsfand[$edimentfransportiwhichcanldiffer[in[¢ross
shorefanddongshoreldistances. [Inboth(the profileland [the areaodels,bed level ‘changes
follow from [dMumerical [Solution[ofthe thass [donservation Balance.

Delft3D[hasbeen(designed(todompute hydrodynamicland horphodynamic[changes/infime
bylcombining|all[related processes. Theprogram(consists 0f[several integrated modules ised
for[modelling [ currents,[ waves, [ sediment[transport[andbed[level changes. The[Delft3D
versionused(for(this(studyusesDelft3D [FLOW as[the heartloflthe [framework ofhodules.
TheJFLOWImodule[ ] performs[the[lhydrodynamic[computations[|and[]simultaneously
(“online”)[¢alculates[waves, [fransport[oflsedimentsandlanlupdate[of[the bathymetry.[The
figureshowslalschematisation[oflthelonlineDelft3Dlapproachlised. [Exchangelofl datalis
performed By Wwriting d[communication file [@fter funning[the Wwaveland flow [domputations.

Initial bathymetry

y

Tidal [ Tldal ) >f Wave j Wave
information flow T 17| field conditions
~ Flow _"
field == EE
Delft3D-WAVE

Sediment
transport

-— e = -

(————

Bathymetry
( updating J Communication

data
Delft3D-FLOW

Schematisation(ofitheonline tipdating0fthe Melft3D FLOW module (Sun, 2004)

The DFLOWodule Jprovides[Jthe Thydrodynamic[lbasis IforJmany[Jcases Jin[]coastal
environments.In[Lesser etlal. [(2004)aldescriptionlis[givenloflthe online[Versionoflthe

WL [Pelft[Hydraulics B-1
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FLOWmodulelanditsapplications. Thefollowingsection Will igive alshort/introduction, for
aldetailedlinformation See [references [(Lesser et(al.,2004and WL[DelftMydraulics,2003).

FLOW Module

The FLOW modulelisalhydrodynamicflow[$imulation[program(that[simulates/transport
phenomenalandlsolvesthe Tinsteadyshallow[Wwater[é¢quations[in[2DH[{depthdveraged)lor
3D.nlthemodulephenomenalas tide, Windand Wwaveldriven[flows, stratified[and[density
flowslarelincludedlin Situations[Wherebottom level, Water (level land[Velocity field[¢hange
significantly[duringa[flow[simulation. Three dimensional imodelling[isbasedon (@ mumber
offlayersiwhichlarelconstantdverthe Computational [grid, heaning[thatfheSize 0 fldach Tayer
isproportional o the Tocal [depth.InéachTayerthe [sameldonservationéquations aresolved
asinJthe[12DHOmodel.[JRecentOJmodifications (in [the CFLOW DOmoduleCincluded Cthree
dimensional Wwaveeffectsas Wavelinduced [inass [flux, Wwavelinduced [furbulence, [Streaming
and[forcing/duefowaveBreaking[(Walstra etlal.,2000).

WAVE Module

This(study akesise0fthe[SWAN(SimulatinglWAvesNearshore, Holthuijsen etlal.,[1993)
model Which(is@fthird [generation Thodel With TheBiggestdadvantage fhatlitakes iise0flthe
samelgridfas[the[FLOWImodule.[Themean[Wwaveldirections are[computed [bythe Wwave
model SWAN after[which[thelenergylassociated[with[thewaves[propagating [shorewardis
computed.[Alnew[waveland tollerfmodulelis describing[Wwave[propagationland[breaking,
operating[on(timescalelof[wavelgroups andlisi¢oupled(tolaldepthlaveragedmnon linear flow
model [to [predictlthe timeldependentlinfragravity [flow field[(Reniers etlal.,2004)

Sediment Online

Forlsediment[fransport(dmew [@pproachhasbeenimplemented. Instead [0fusing [the odules
Delft3DISEDand [ TMOR [the[sediment[ online[Version[ continuously[updates[transport[ of
sedimentsandthereforelis[ possible[tol thangelthel bedlevel and  givelfeedbackltolthe
hydrodynamics.[For[the[ transportlofl 'sediments[ twol typeslofl 'sediment[ transport[Jare
computed. [Overlthelentire[Wwater ¢column[the[Suspendedsedimentl[is[¢computedand(forla
reference heightlabove(the bottom[thebedload fransportlis[computed.Alcorrection Vector[is
introduced [fo[prevent/double(Counting.

Themainladvantagesoflusing[theonline "approachof[ Delft3DIFLOW [are summarized

(Lesserlat(al.,2000)

e Threeldimensional Thydrodynamic[processesandthe "adaptation “of nonléquilibrium
sediment[lconcentration [profilesCare[‘automatically [laccounted for[lin["the[suspended
sediment(calculations;

e TheldensityeffectsofiSediment(in[suspension(which Thaydausedensity[currentsland/or
turbulenceldamping)are@utomatically included ih theiydrodynamiccalculations;

e Changes/inbathymetrydanBeimmediately fed back [fotheliydrodynamic calculations;

e Sediment[transport[and [inorphological[simulationsare[simple[to[performland(dohot
require(allargeldatalfilefo ¢communicate tesultsbetweenthe hydrodynamic, sediment
transport, [@andbBottomipdating thodules.

Morphodynamic [ development[]timeJ scales[] are[] significantly [ bigger] than [ those ™ of

hydrodynamic(fime(scales. Themorphological [acceleration factor s [therefore usedSoldnly
forfa[fraction[ofTthe durationthehydrodynamiclsimulationslaretequired. In[this[Wway the

B-2 WLI] [Pelft[Hydraulics
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speedCofl changes[in[theMmorphologyisscaleduptolaltatewherelit[begins[to havela
significantimpact[on the hydrodynamics/andthe/¢omputational fime[canbe Teduced. More
detaileddescriptions0fthe thodel Tormulations@redealt Wwith hiereafter. During thecoarse[of
this[study‘imodel "parameters and[inputwill[change, the bverallschematisations [ Wwill [be
discussedlih(this/chapter.

B.2 Time[$tep[analysis
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B.3 Transport[parameters

Forldetermining[ofltheparameters for theltransports computed by [ TRANSPOR2004the
parametersused[for Egmond[(Walstra,2004) were ised. [These (parameters (fitted best forthe
localsituationand(dreuised(ds(a deference for the[current(study. The(fransportproperties [for
the undisturbed, (plane[profilemodel as(dealtwithlin the(teport(gives results which[will (be
usedas(areferenceforthe 2DH thodel.

Thislappendixshows Tesultslafter[Varying [the parameters: [SUS,[BED, [SUSW [and[BEDW.
Theseparametersidescribe the Telative contributionofwaves(and flow [fo thesuspendedand
bedToad(fransportland(as(aresultthe Total fransport. Mentioned (parameters Will (be Waried o
getsomelinsight[in[theirfinfluenceslandlafinal [Setting, ‘describing the fransports/the best,
will[bel[theltesult.[Inlall[cases[theted [lines tefer tothe[BDprofile[model, which[is[the
referenceodel for(thelcalibration 0fTthe parameters. Theldotted lines Tepresent [the bed Toad
transports, the[dthers(arethe[Suspended Toad.

Parameter variation[SUS

Thefigures bBelow [show how [the SUS parameter has onlyinfluenceonthesuspended Toad.
Inftheseldasesthe BED,[SUSW land[ BEDW were keptlon Tespectively1,[0,2[and 1 [andare
assumed [folgiveTepresentative Values.[Avalue 0fT0,8describesthemagnitudedflthe [peak
value for(suspended Toad best.
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Asltheltbtal fransports show [the[0ffshore [peak 'shows[Similarmagnitudes butlis Tocated ore
offshorelanddnshorepeaksiareless/good.

Parametervariation BED

TheBED [parameterhas/littleinfluence [0n(the[Suspendedloadfransport.[As for the bed Toad
transport,[theparameter does[hot[havelalsignificant[impact.[Though, aFalue[ofl0.7[in
combination With the[0,8 forthe [SUS [parameter[givesgoodresults.
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Parametervariation SUSW

The[SUSWparameter[is(theparameter(describing[the [¢ontribution[oflthe transport[due o
waves.[This[parameter(has motonly[influencelon the [suspended loadbut[significantimpact
on[bedloadlaswell.[The[value ofl0.2 [shows[algood[description[oflthebed Toad fransport
without(disturbing (the [Suspended loadand [bringing [the[total [fransportlintobalancesothe
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shorefaceWwill[be morelor[lessinlits equilibrium. This (meansthatthetotal Clonshore and
offshoretransport[is$imilar.[Gradients[in[thesetransports vill [causelsedimentationand
erosion.[These 3willhot[belsimilar(butCassumed[is that[the behaviour[oflthehourished
sectionsWwill be[comparable With[the3[dimensional [Situation.
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Parametervariation BEDW
Leavingthe BEDW parameteron(its [default(ofl1, in[¢ombination Wwith[the Value[ofT0.2 [for
SUSW showslalgood[representationoflthebedload [fransport.
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C.1 Vector[plots/bar[andhump[$cenarios
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C.3 Velocity[vectors[{or[different[wave[heights
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C.4 Sedimentation[érosion[plots[for[different[wavelheights
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C.5 Velocity[vectors[{or[different[approach[angles
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C.6 Sedimentation[érosion[plots[for[different[approach
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C.7 Sedimentation[érosion[plots[for[different[water[depths
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D.2 Practicalléxample

Example
Forlalplanned nourishment[anamount 6f 1.000.000(m" [$andis available. Two different
objectives willlbeWorkedlout:

a)[Findingthe[Scenario Tesulting in (the higgest[onshore[gain[of[Sediment, [independenton
theTength dovered by the[executed Mourishments;
b)Finding[dScenarioWith haximum gain [for(alength [6fhaximum3000 meter.

Procedure(a)
A Bar Wwith @ volume6f1.000.000 i’ Has a Tength 612000 meter,

T V/AEL, with/Alis[500m?, V(isthe @vailable Volume@nd 1L [is the Rourished Tength

[Efficiency fromfigure39
[MNumber @ fHump:

available Volume(m’ )

0 number((round)= 3 5
40.000(m’ )+humplength*500(m" )

[Wolume fis the Mumber 6 flhiumps multiplied With fthe Wolume [perfump
[(IGain(is [the efficiency multiplied With The mourished ¥olume

Scenario | Efficiency | Number(| Volume(m®)[| Totallength Gain
length(gap 104 (m) (m3/hour)
bar 1,34 1 1.000.000 2000 134
2007300 1,31 7 980.000 3500 128
2007500 1,40 7 980.000 4900 137
3007300 1,37 5 933.000 3000 127
3007500 1,58 5 933.000 4000 147

The highest éfficiency [fromfigure 59(is[1,58.10 * for a scenario with[500 gap width and
hump lengths[0f[300meter. [ForthisWariant[3 lhumps(can beléxecuted with[d[fotal Wolume[of
933.000m’.[Some other scenarios were[describedin the fable for [better ¢omparing [of the
results.

Procedure(b)

Thelshowed[tesults[led to[executable[kcenarios covering[ morethanB0O00[{m) length.
Keeping(the [fotal mourished length [shorter [than [this Walue Teads to [bar Mourishing. (Figure 5[]
12shows(that[the Mearestvalue(fo the bar mourishing/(is for(ascenario with 100 meter Tength
and[300meter[gap width. In[potential the[200meter[gap[width vould[give[morel[gain.
Problemwithl(this procedure is[that(it[does Mottake(care[dfthelinfluence (0fthe Wolumes. [The
tablebelow [shows|that(these mourishments(do Mot make[optimal ise [0ffthe [@mountsand.
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Scenario Efficiency  Number(! Volume Totallength((m) (| Gain(m®)

length(gap (104 (m’)
bar 1,34 1 1.000.000 2000 134
501300 1.10 8 560.000 2800 61.6
100[300 1,26 7 630.000 2800 79
2000300 1.31 6 840.000 3000 110
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D.3 Sensitivity[dn[¢ross[$hore[location[{for[évaluating
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D.4 Sensitivity[bn[time[dlependency
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[Morphodynamic[analysis

Influence[bf[$usw[bdn[bar[behaviour

1 bar 1000 (m) without susw

<
2 5
=3 e
S e
e s
o
TR
S
L
ol e
L
R
S
.

< B
S
RIS
o
R
M
T
RN
QRN
SR

v =

=3 7] =] ')
N

(w) ydep

=g f=d
(=] f=)
=T =t
o o~

1600

1600
longshore distance (m)

longshore distance (m)

0.2

-6
-6

o

5953

1400

m) with susw
e
1200

(

.

o
o

.
.

1000
1000

1 bar 1000
-

7
-

1000
///
7
1000

e

s
2000

3000
3000

5000

=g
j=]
f=
wn

cross-shore distance (m)
cross-shore distance (m)

Barmourishment/after(42dayséfimorphodynamic simulating. [Wpper[plotishows [situationWith Susw(=[0, Tower

plotishows the[same for[susw=[0,2

WL [Pelft[Hydraulics



January,[2006 Z3873/Z3912 Humplike[hourishing[$f[the[shoreface
Al3tudy[dn[inore[éfficient[hourishing[f[the[shoreface

E.2 Gaplwidth[influence[énmorphodynamics[{(cumulative
sedimentation[and[érosion)
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