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Abstract

Beach fill design typically involves nourishing one
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more thahtaryeéaeacnenernsth obreejpe ccto Mihdesestdeodr.e s and mov e me
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l.Introducti on

Beach nouwrriosjfenca stf etrarserdt i fi ci albemaeyarifstieneeanh ,repl eni sh
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this typethd usees hofd c-e¢ quriopfnteagtr estr i att o aadlis fnRaarietnitme )

di schatgesupblygy increase the t.dthael fdwxshthi qfeat bborfeé | |
pl acemegsatal |y undeonakdhedgi wg td.ppaianti emancien acti vit
navi gahammelcause | arge volumes of materi al can be m

economi stasdapnfl dr ddge de guirp rh@r tg ohno popfe pbtrhdeth @fdlidléelr

bar glehseland i s pl aced nbeyarcsrimoarter nagfiafltidarkgath e @b Ehghn h

wi tdhearaer al |l el Wiat h gampnepeat | cewergnhan the deptrhsbfdc
sawd!| bebein motion boynswbouresedeandemt gr ahwwalveecuwtentdual by
becemeart edchhleebm and (bMaack afl2O& 33yst em

Al t hoaugrhandy ¢ f g€fiddt comest haas | be ewcshend gudd fpdracement
houl d be boepstti nd erevde ttoh e s pperciinbabrgyescettaliper 10 ¢l ene ntthsi sa n d
i ght, monitori ngAn sa dd q unatjienrgneprhgenr tt iacnutl@a rdl oyc uvnael nuta b |
nd atshsee spgr eorj feccrtanialncved e §i he thbe pfewljfeicltl s the requir e
which it wMosnidesaintprge dg.ns i nv adlavian gc @dwlesttcdtmantre cwi | | en
t heest anbbelnate d | At € otphtemtimp or a | and spatidl nmradcirdtarli, b uatni
consequenmhlew pmevighhe s to the governing predde®es, for
specific moHbehthngotuabk&htehntatbdrym ipme.ras gd eoontgi v e

Di stcaomast al mai nt enanciem@lpe reesatcahtces a phlaovree bteheen nour i ¢
benefditfsf er ends ctomd eme¢é §a h me ne ., gaipopirapgaro h e ¢ tn g Sheendd E
Schipperal20l6owmary, projstcisBenhap@®or )| ycoretioombdetdi ng
signifio&dntknbawtkdge about t he peAf ortrhaen ceanef tdanmed
understandihegnlkbds girhne r eosfp omesaecsh fill s t detclmenesor ci n
extremel yin mpedasaingd and performancet eervml nasp @oms e sWhi
usualalkyytnh eaffidldljst st mesesetd@mendyi stri buti o,nheoft otnhge f i |
term responses are intriowshrcal hgwr ebadldlbdihgeln,t st asetve
effects of gradients in malye pl ampng sscheotreer es end imnganntt h et rlaa
response of beachimtihlel 4 argwar dnodeé § it iylpiti caitl 4 yoefl bhe f
cresshsore pr ahexdbhewi h response to the characteristic
s ze, vol umes, pl acement, etc. ).

Duet hhleack of compr ehenariiveusnotny gegs i cdp pdizp e divhtave b
t hsehdretrm respoimser ®» fa.¢dgiBIEMAESH and bXuBtE ACehrroyd eflacsw b e
applied tioth@sctmiesshsb ee se@ff p,owhhscer e t he beaah dsmowaesnew
equi |l i bfyiewmossdpt ®déact, the models that fhdaeegbédeen mo
timeales often involfwe Wheeasswomptitomnshdthe beach
equii uimbewviapheout rtehper ocdeuadiimg i ¢ seasonal(Kasanestatlon of
200 &) sion mor e compr ehensiny@edssasasarad peaviodel yaystisiceasi |y
represented in a schemastiinke@aeamamsmaR 0t1B)ough source

The psetddpywtonedgmpatbpobcati oandvdlrerfhaaphaygi mgpeand on
bealcyh i nvestigati ng hredhier irsehde cs t gte vibbu traeutrs iiafnpatl b evee.r t i ¢ a |
The paolt eeatdl uti on of di stinct wnobr ias mmemsstisosreendélnar i os
transport andmopdée¢ohGEShed elv)o| dud 8 gtntedd eeewo | bteiagtthn ® f t he
systaémdesccaadlaeh resto,na 2)0Tlhée mo d e | takes into account tra
over compati bl e ei,meclanfdf depraceseiroéne aalnedd-is®r m hpraeacesses
su@alb t heofi mpmadcitv idiurachee f ec ins ey mhe abbhmmsgd nbanges wit
|l ohgsting cdms & @ u ebnecaecsh imo r phradleargyt o moded&i nsuch pr
mor phol ogi cal features of the profile momre hod bgmatail z ¢
parameters, wher esicdgaerggeoimet tr h € & htkigedpdr lecsfciro hbeesde by
kepar amenhetr e priehee niadsstod dyb,rsatmeadaéd @eevol uti on of a no
pl anedr sahtortehe top aqf®ahvexi Sti agdlpd€halrirek scuohnipsar e d
agai notbsfeir erleedcioo e e2 moanftthbbei | | p.| acement
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22Model description

I n t hi shes ecsrtoissose, nu me(rGioadleviniold ednl y dwels b rat edfeltyairl eewdi
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descralpoh@meor eti cali sdegiieMammedent2A0s1ZQ186himodwéas

devel oped to -shomuéaéerchaprgerosssand and the resultin
by taking intoebhecaamdice bps mad ey ars piendsgnelcdenrgpes:i on an.
over was-bl owi nsandntdr-lamassrmomat er iEad c he xccrheang® . t hese pr
corr esstpandndi vinaddiwll e i nttéherm@&dal ,imovht ahincaphys based
al gorithms that agaileadbtoean owrv gl (aldadresfadnal2dl lndadader t o
model ttheer m opnrgof i Iseetr eefposnasned, vaol ume conservation e:¢
sol ved wiotghe tstheoorsesot r a e §jm a tdiesrcs i be the evolution of
featuMéese | i mited morapshsoummegir esle nhan-&Em@tserfagnrdarf ¢ | e

i ncldwche (sei gte | ocations of the (ylamdrvesrpk cantdhes g3 war
ber mlcorceagyf), omnd the | on@g hsoeree 1Pbitg.i sohemamnasdotr kat the
sedi ment, tcraaunssipnogr tc h asilg@igs® ,inn dtthoee dprdogfeird sgfa wd nd e a
waters Trosghanged aiglh e profilag er gemares g i cal |y presc|
schemati zation ocfafelgeapdbitptalrea nleggee si sar e Icrhatmlgye ng wi
foll owing a shaeratc hd enodruil et modicdayopat iias g pddgei de
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Figure 1. Scheme of thbepamghteomgi eemomy t
seaward dunme sfpeqaniptierd ptehe f or eshor e s Dgrpeepr(ec
the berm height (related to M

>

2.0Duneer osi on and over wash

Dune eirosimputsdadchanalnyti palopmgddleerts padl0.0 47 hi s model wa
devel oped Dtasckiffea ke dd&6 ) and Ni ¢HO9OP&hddKKnauser osi on,
the eroded volume from the dwmpédotsetthhchoemst i beéei pgop
dune. face

As an example of how the profile malM d«lvoalbvea,edt he i
wavwist h the water | ewaelupp®ad,uydhdse s wifuipc itemdg hdtu neex c e e
f oot , tlhdew mvé | | |l osb)amd usnepgl y the I &adl) maenrtaswd tth odan

erosi bhe dwwvesf sdto walwanr ¢ aaedt,haats stuhmd ngame seaward d
mai nt ai ned.

et 1
%/D: (ES R-ZD 2? ( )

aefis the time step of the simulatiol,t he vertical distance between the du
T the wave period an@s the empiricalimpact coefficient. Th e s mag | Itehre grriesak eof tdene
er o {iFOlIHAl s sanalalienrcrsehseprobabil ity that waves will é
l eading t(Rzxo¥plem wiaihbecaaee | mpact i s ocfo ntshied eardeddi tli oowne
momentum flux over the dune (Eq. 2).
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, et 2
6é\/D= 4:3 R'ZDI? ()

During papamrwasshH the sedhweaevriged))mobil | bzrzedviBpnspoboetddne
craeaot the shorewar(@dV)s i idirepaoyfd et hye@ld@maewmar d Imo vtetmest ) .
cashg Itandward ,buine dlace &4 yreeednad mri sntga rth.t eei anlov e d
seawabr)dr he pamdgie¥yb e h wee\eannad\(i .kow much ofdutvimd uereode d
goes onshsohrger eamsip eodthi avgeilwe f unctiipnybéNdivigdg ( AtiUd
ana\=a\/ ( 1.+0)

R-le

S (3)

. A
where A is an empirical coef fiecti el0.0Ueteehmowegh ¢ ommb:
with fiWhledd/peMat . i s considered that etthe RDDWmMe .i s erode

22Wind -bpil d

Recovery of the dunes deipé¢ ondasn de n Tthdewneef ogmed wti M nsat or
substantiiarlr etviemesidnd changesoccurtt hhe acbBatmzleloH jhatiem
transporitncratases al onmge a chiheiesfgoirleisthrairpeont 2adtltégael ) s o me

di stlmentceeen t Heesmorceleistg .dmdegtuhid i dune migppiasnsport [
comp wtyesdi ng the formula pr dpDswid chy itlnedl tusdheesarm dv dled d i
anacritical value of the shearfoel bdowhpprchast tmdesds t
wind blows from the $dhiogret haeeoiwhsHou ludhed edpudneed c e
|l ocal condi tdiomensisarc hamad , ht miedtitey wifnd hwe Iscedii tme n(t Ko
DavidAsomtt andAdaov, dilMnpett)ou rf,ddred rdtas ( 1984) tadceated t
of-16 m would the rsauddh cikbat equil i #Arinomt staamtde ,L awh g rled
reported80OtmafoRO0Omoregdmatiebe, s&gcaihwe rmsoidoen odfevel ope
Sauerenafa@iD) s appl dedhani beé al sopfa tti had  tgrggnast o Ir It o wiant @
q,=0at (GE®. 4) :

Os=Owe 1€ XPAYs Vs . dygys <20 @)

whediesspagi awehf tot et tfaprdpg droth grhartoedsé lor adtdippean d e n t
wind transport rate cal cul addfoinni nag ctohnes tsame e da emfl i tam
process can .alBhi vecasmelrd fuseadf ul in the oaderd that t
vel ocity and direction.

23.Berm amdt baral exchange

The exchange of materi al bet ween the bar and the ber
means that no materi al is | ost offshore. The for mul
berm and theéeéehbaproégli eni efrbeasséendt dodart sts(cdtd.1B9gdelAccor di n
to this model, the volume ersbthded braomtthtae véd mh ievos
equil ibriVgm VEml. doe e @diengvave ¢ dcredisteidohnase macntbehritisst i ¢ s .
equilibrium bar usohgmani esmpompetéd based expression
(1989), when employing | arge wave tank (LTW) data (n
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whebtas the deepwHttere videweslwearn dtehihgehtd,i mensi goahdss f al l
Cga drigneonl ess empOr 002A.1,0 8 e f feircoiséNbtmrafp e ciamerst o fard f
data, respectively).

The model agsoswtintte ibeatr h avti | & ¢ a u sdee car iedadsre® rerm pwoitdu mea (

a shorewar dy;mmnwe we icEEe@hfange i n(q@@girs vodkiene to be prop
to the fdreovm aittisonequi |l i brium condi baony &pgmepteydmyg t hat
given time is smal Vgr t thiear ttbiel whadpgemyt ameeg a bar

gr owtolhr. realistievwhuei onpdiowmiphdaerd amsail ygi cthéeé sol ut
proposed ebhlyl&L0alr3s)o:n

W= Vge Vg (£%9 (6)

e rate at which
eal(lorsgfeed, ,whnidwwa & £ fsibaiinalr ttm, with values to be c

i n wd&iischa coefficient quantifying th
si z
da¢@. 5%lni0. 5 fag sa esti mates) .

3.Met hodol ogy

The potenti al evodamdoni of mehnytp oitarimtedoipceamit s wndy obheach
investigated througfthi stdimsd igshé rieCsBmd BAHY hseinnsu | at i ons
wembmasedhensafmer en¢anpoofi t&esulbpjreocftiddeyaoet bendamieons
unt nelve @qui | 5 b gitnepm fd coxrgp t e bsehsorreed i st r i Fumaoadac @dl d hiee

achi.ghedsitmulcaatsied mbushe opti mal | sedi,mepricfiffayuirmigaci ng
kegr esshsor e Ifootrhei( 6 BE€ B).: high bmpeonalt hposufaonheof the
seawar d )dalnen dheatatdeh & la athiger o fbielteween t he shoreline anc

cl opaimakt hbear sTle emouri shed croefséidentede veil @madim ons wa
appliine®@000 myaled ma stgpe& ®s | on al50mi/onh.ume o f

\

A

a) Dune b) Ber m c) Profile d Bar
Figarebi fferent ty¢pgéeimebke ntoiug a tsédne (nvlaorcya tnigo nt)h

Subsequebatebyr i s h mewmas s<ehleanmixteldeyrpa a d meotuird slh ment scenar
wer e gidmul adomtthse f yecquanct he magni t udker oarf tthtees ei rsti exr
hypot het i ctahlrweeersdeityneg ar yfiingd tphsea b e che hatd:d it fhigo & & | fildl
vol ume tat hdhebodagirnni ng peefr (bhlde aseifteatretdi oans concentr a
megnaour i shment approaedhgyatlaleyd t ohah @i bifdowdidgsumencit n t
occasdiuondmg si mul @t +@mdpeei6dld2; t =0, t =)3F058;t hte= 6 lalst
threecasaisfyf er ent vod awecsfadlimef et enge 0v@IMéni& Mm

1MMwer e tested fnoolulroiwsihnnge nal haeggplred 4 om aw e rveod aupmsedse d

for an aloaoaffshbeenembeasat m2nkm.

Theésmodel was not designed to hkaddlthdfudinlf tveasaht sedi
asisned similar tRealhiestnat iwaev essanadnd wataerc alsev esltsudiyn g
pr etseech by ePtal(a&llodmwteheonnort hwest Portuguese <coast wer
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si mul aMaivensh.ei ghts coll ected by theurmPiom2jOulg@dersee Hydr o
adjusted for obliqgue waves hamgl ecsad bceul cart 8 uosmimpd o tplee i n
formul ation by Hanson and Larson (2008),

"0 OVMAT-S )

Wh e iOas the modifiel wave height used in tloalculations andj the offshore incident wave anglehe

longshore sediment transport gradient was included in the simuldiianggh a continuous sink term in

order to describa coastal stretch hypotheticaliffected byshoreline recessiofror the dune buildip by

wind-blown sand, only a constant transport rate was assumed for the seaward side of the dune, whereas for

the shoeward dune face slope mand-blown transport was considered. The idealized esession was

set according to thigpical beach profile shapelescribinga flat berm(implying theberm crest at the s

level asthe dune foot) and a dune (or barrier)hwi trapezoidal shape (which can eventually become

triangular if significant dune erosimtcu). Th e ttieme of t he si3nuhaudn D nawasr dien ¢

the frequency of t h€hmvadrmed srusbdiosr tdesr graracsgtomgpdbiye ¢ @ark.i n g

i nt o &peadieisticgn ea.qged htod s(, f i | Ipetryfpoe)smanochej ecti ves,
Finalttlye properties of btyhesimoud ealt iwegrbeanhdea neoveod tuet a toend

project undertaken i nniQi.l vMade$wnaaald R fadk mendCa b iy f ard j

si-dgeci fic input parameeeirafdamatd odopuaehohbescih mdr ¢

reliable sources, wher eascatrird teldo daugh vab mdaalideongrag

observations (bar voysumes) estimated from surve

4. Numeri cal a fhpylpiod ehteitdc affornour i shment scenari os

N

.Model set up

s c hematesesc thiaosne d ionnpputtdiee | elcyt eRlabal(a2h0el 6) represent th
eattthne system evolution of a coasPoarlt hsgtsrlebtecehn |toackaetne
s ef erpegrodfeolre t he f ol l owi ng, nwanrenr é £ @dn daypmpgl ti tcima h 0 on s

i (erderbth e Furt her mor e, sbhée pprd&@iteh €er sa massedalt we s
byi €dkal(a2h0el 6) . These values were determined fo
r to odgraé eamdrhte lbhetsween t heolmedelatliecendt ted amd i n
13 fheradcthme system respCghceef fTihei emtr dime tatrlea )d un e
sidtP@naf ri cti onCroofleffAsi @amwmptreedduce the front spece
echedfbiyctionoasritthewodmpdatt €se 0 n sekeadlaicen sedi men
nspoattl &wWayst sxr Tikeef fi ci entt bwad ndqacwcmedance with t|
posed ety(@D4da63on Treenpwatagur e Was bdadte viood ulmeAC.an i n
ue no/fm 1was speci fied, representing not only the
osits. The ddgespvds od¢ alcdlBlsadarssmthagl 6 ebenei er 65a.(1981)
ally, a shoreline retreat rate reprRasentgiurg et he
t hwestern beaches owas tihmowluwgde d itchoentskh earnshi pdhkantgieo n
eby ad)usting the, parameterFo  mor e i nformation about the calidct
viuonudselryt aken, e«tol0L6) Pal al ane

Di stinsthorce o$s®cations for the ftheasmodeBuoas. wer e
nouri shnentul wd mmpo shiyngadvance of the segwaobeér chune fo
nour i sadmdrf®jrevnbhet waen the crest me(recmalacnudugtiehedn tsha o |
ratio between the dfh) cwasl.dashene dnhd sb ecaheshe , pid hhya&me tneprug
Yyoanyghadbe@ppr olpgdjauset ed tt dbeeemmucreedthaand the seaward
at t he ssmevdlpdpienith @ gs a mef islelc t(isoBriugne T h en gpuroifs Hme nt
scheasethrough an equi valferthes ebaeyway doasdeamnedd t hr ot
rati o besttwaddmhtthe ol ume and the verticatlhdkcdpshawée be
cl osduyr,g Fi mal Ipy,oft | et hbea u rswenbuelytesgd di ng t he tot al fildl
bar vohpme p¥yg ameltlernouri shmeanf isgthreémkes Ilwegienni ng o
simul ati(dn nmeersitedp: t =0)

B(DO“

T 3ISTQA<T*YPSNOOVIYTH
- —~0 T O T R O-T O
P<TST TOo® T @ADC
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Tabll e Mor phol ogiicmilt ipaalf awelflbeasst e hypot heti cal nouri shment
Y Ys YB S Sms x Ds Vg b, bg be

[m] [ m] [ m] [m] [m] [m] [f [ra [ra [ract

181 240 286 5 5 5.9 100 0.3 0.1 0.0

4 . Model results

4 . 2V.alr.ycirnegshsor e | ocati on

The purcphoasney haafg-ehoise | ocation of the fildl pl acement
the nouri shedeyalod attléeemmgoerisdgplo® nasned spati al evolution to
AsCSmodel a s sruane ma tt ehrait a | ie hosti ssidfdshprefilteh respo

was distingui shedechteircenably ftihlel tviomMeu nieh atte

adjust ment)
the beach system when subjected to the same

part of

300

T T T T 1
——Unnourished
——Dune fill
290 Beachface fill|
Bar fill
Berm fill
YA S A,

Location of profile features (m)
&
o

ez =TT
240+ St

230 ! ! : . -
2009 2010 2011 2012 2013 2014
a) Model edf gyraasnyll t s b) Model edf avigasniMk.t s
FiguSiemBdlrag swant pi mlgad ddrment of .Tthhee croonutriinsuhonnesntand d
model ed berm and seaward dune foot positions

Figdisplays the evol uti oyg befr m lpeyysaenadw atr e ddinree famod
volume vVvari priodml es noamos he daotihdest e gl Bbesmmb hel e,
andt dafhfeshore bar. I n oardert e rbesudhilse otha acomp f o
di spl acement i mp o ®ederdewartd ed bree w=cypjdf prossit moinati ng t
berm nouywashamedéd t o t hegacnad (cseled)teidg . vtad utetse ofer m el e
resulting fromréedeothibanllaihgnetht ¢ o mod g ueret ldphmmed v ol ume
t o i bne otse ds i tmhugl mahteeme o0 t he same profile volume coul d L
( sEiedh).

Overraddgf tdrhesshsor e extcha nge u oif sdheento nmea treartieadl t hat mo s
ri shment schemes differed mainly concerning the
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bar vobsmd wed t he bar s chemel odhudeenst g r ii bbisnrge atoHl ey me e v
adjustmenbrmawacdsedi ti ons

Foaaswhsethhe materi al i s placed hiitghwausp oibnshetrhviei dpIrt ohfait
mat etrakebsngbe r ediasctrroishstieeved vehi hat hg €ondi hi ons towar
mor e fr equenstt orrent,uervreenntcsee ofartgdose@O0mhédnts to move s
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