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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



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

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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Chapter 2 > | Literature —> Hypothesis

Objectives

Chapter3 |—> Model set-up 3 Schematisations
Boundary conditions
Parameter settings

Chapter 4 ——> | Hydrodynamic —> Wave height
analysis Approach angle
Water depth

Chapter 5 |——>» | Geometric ——> Hump length
optimisation Gap width

Chapter 6 | ——> | Morphodynamic —> Modelling
analysis Behaviour
Efficiency

Chapter 7 | ———> | Conclusions and Recommendations

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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