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I [Introduction

1.1 Background

Nationalldecisionstegarding[¢oastal imanagementtequire understanding[oflthelong ferm
(50100(years)effectsland Targelscale((ll (100 &km)implications0fbothMatural processesand
majorcoastal[éngineering projects.[Examples[@retheeffects(oficlimateichangelandSealevel
rise[on(alsandy[doast[that[is [partly Protected by groynesorisealWwallsland,inTelation folthis,
the Tong [fermeffects[oflcoastlineMmaintenance by on going mourishment. Problems(telated
tomajor(coastal[éngineering[projectsdre [the Far(field [éffects(of Targe[scale Tand Teclamation
andtheleffects0fltheTargeScale Sand hining mecessary for(such projects.

Thelhational (researchprogram COAST*2005 [focuses,[amongstothers, on[linderstanding
these Tongferm, TargeScalemorphological léffectsfand [ondeveloping thefools[fo quantify
them. 'Withinthis[framework, "alimodel[isbeingdeveloped, which[should(beltapableof
simulating[the “morphological Cévolutionbflthe[Dutchcoastlat[theltequiredspatial and
temporalscales.

Morphological characteristics “ofl lcomplicated[coastal[systems[can[beldescribedusing
different[modellingapproaches[De[Vriend[étlal.,[1993].[Onelsuchlan[approachlisprocess(]
based Cmodellingwhere[the[ physical [processes involved[are[described mathematically,
combiningaldetailed[fluid [flow[imodel Wwithalsediment[fransportCmodel. [ By[Successive
iterationthedynamical(@volution(oflan(areadanbelsimulated.

Forlthelanalysis[oflthe[dominant[processesand[ circulation[patterns, wvave, currentland
sediment[ transport, [ process based [imodels appear[to[beluseful. [ However, [ they[arelless
suitable [for(simulating Tong [time [periods, [d@s[they [fequire (large [computational [éffort[and the
numerous/iterations(and(dccumulationofrounding[offlérrors ay (lead [to inrealistic results.
Moreover, litlis[questionable whether(such@nup(scalingapproachyields realistic land iseful
result[for [Tongferm[applications, because processes thatmay [belignored at(thelsmallscale
(hencelaremotlincludedinthe [processmodels), thay(Have large metleffects onlthelarge(scale.

PoNToOsandTASMITAMuselaldifferent modelling[approach, (Wwhichis[behaviour[oriented
[Steetzellet(al.,[1998;[Stivelet(al.,[1998]. In[PONTOS [the[physical [processes((i.e. [¢ross[Tand
long(shore(transport)[are parameterised[in[ simple[telationships Wwhich[tespond[tolinput
conditionsoflwaveland[tidal[¢limateland[seallevel. [The[¢ombined éffects ofthe processes
resultfin the orphological [évolution0flthedoastal[system. The Tesolution [of[simulations [is
coarserthan Wwould belavailable With @ process [based model, Butthedesults [in [ferms[ofTthe
distribution(oflérosionand[Sedimentation [after,[€.g. @50 yearperiod, seem morerealistic. In
addition, [becausel ofTits[$traightforwardapproach, these[modelslarel¢asier[accessible and
more userfriendly than mostprocess based models.[Calculations With the [previous [Version
ofTthelPONTOS model[(version[1.0)lindicated [thatlit[is[a promisingfool [fo [Simulateand
quantify themorphologicallimplications(ofthe problems justidescribed

WL [Pelft[Hydraulics[&ALKYON | — |



Allong[term[inorphological[iodel[for[the[fvhole Z3334.00[A 1000 November,[2004
Dutch[Coast

TheHasiclconceptlinfASMITAisthat(afidallinlet[system danbeschematisedlintod Mumber
offmorphological[¢lements [and [that[for[¢ache¢lement[amorphological équilibriumexists
dependinglon(thehydrodynamicl¢onditionsland(largeScale morphometric[¢onditions{e.g.
tidalasinldrea). 'Whenone[0rmore [€lements dredut[ofléquilibriumorphological changes
will Jtakeplace Jtending JtoJrestore Jthesystem[to[](allpossibly Inew)Jequilibrium.
Erosion/sedimentation (tates[are [assumed o [beproportional (fo [the [difference betweenlthe
localéquilibriumGoncentration(and the [actual [Concentration.

1.2 Study[ébjective

Withintheframework6fthe MDutch mational fesearchprogramCOAST*2005”,[dmodel has

tolbeldevelopedthatlis ¢capableldflquantifyingtheTongferm [(50fo100[years)[andlarge™
scale[(1100&km)mnorphological lévolution[éflthe Dutchlcoast.[This[model Wwill Tbemsed o

determineltheleéffects[oflseallevel Tise ford[partly [Protected [Coastline, [the [far field[effects [0f
allarge(Scaleandteclamationandlthe [tequired extraction[ofTlarge@mountslof’sand [(sand

mining), thelongfermeffects "ofCongoinghourishmentsandthelongfermeffectsofla

changing(climate.

Within[the framework[ofla[preceding [phaseloflthestudy [(contractltRKZ[370), thelsetup of
the [lPONTOS model, [thesol¢alled [pilot[Wersion[Jand [the lconceptual [lvalidation[JofTlits
componentswerel[ dealt[with.[Alsolalpreliminary [application[for[the Holland[toast[ivas
addressed[[Steetzell¢tlal.,[1998].TIn[themext[phaseloflthestudy[(contractrtRKZ[594),the
existing[pilotversionhasbeenupdated(and [validated[yielding[amore completeand better
applicable Wersion[0flthe mhodel [and [the[PONTOS[1.0 hodel hasBeen [@ppliedfothe [Holland
coast.

Inlthepresentphaseloflthelstudy((contracti RKZ[1257)theldpplication[is[éxtended. In[order
tolapplythemodelconcept tolthelentire[Dutchl¢oasttheimpactloflebbldeltasland[telated
tidalCinlet[ systems[has[to[be[taken[into[account. Therefore an[Tinletéxtension’[ofl the
PoNToOs[¢oncept, Based [onformulations isedlinthe MOBIC[model [(amultilayermodel[for
thelinterrupted[ coast[whichlacted[as[the[basis[ ofl thel currentlPONTOS model) has to[be
implemented. The ASMITAmodel will beused(to provideinput[forthisinlet/extension.

1.3 Approach

Thelmodelldevelopedisloriginally (basedon[the multi(layer[concept,in[which[thel¢ross ]
shore [profilelis [Schematised [ds @ mumber[ofmutually ([coupled (layers, [defined between [fixed
profileldepths. These layerslinteract/through cross(shore transport. Tnlongshore(direction [the
layers(tespond(folgradients(inthe Tongshorefransportigeneratedatthe profile degionsthey
represent.

Thisltypeoflimodels has[beendevelopedtol[describelthe imovementoflselecteddepth
contours(infa/similar Way [as[one Tinemodels. Thedross/shore[éxchange0fsand Between [the
various [crossshore[subsections @ndlassociatedchanges(inthebed Profile(can foSome extent
belfakenlintolaccount. ThisWas firstldccomplished By [Bakker, Tater by Perlinland Dean, by
DeVriendland Bakker[and[Steetzel[(see [Bakker, 1999]).
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InTspitelofTtheadditional [detail [given by the Mmulti[line[models, they (havenotbeen Very

successfulSo far, ainly becauselithas (been(difficultfospecify [realistic Telations fordross ]
shorelsedimentfransport’and(the[distribution[6fTthe [Tongshore fransport. [ The[initial Tesult

was[almodelthat[is[moreldetailed[thanthelone(linemodel,butlalso Fequiresmuchmore

calibrationand[intheend[doeshot provide[Significantly (more mew [information[than[it

requires [for[calibration.

Some(tecent[developmentshavesubstantially [increased thelapplicability fof(these[models.
Starting With[the[Bakker’s[fwoline model [[1968), Steetzel [(1995) [eéxtended[the[doncept by
incorporating[the Cmorphological Cbehaviour Cbfinixed[tidal[inlets (based Con[work by De
VriendandBakker(1993)[andore Tecently byladding more Tayers [@nd improving the Way
infwhichboththe¢érossshoreand Tongshorelinteractionare [fakeninto[dccount[[ISteetzel [ét
al.,[1997].

Earlier ersions[6fTthis kind[6flhodels, [seele.g. [[Bakker(ét(dl., [1988],had the drawback [fhat
theTinteraction“between[the[layersTandtheir responseinthelongshore directionwas
determined[byal$eriesCof constants, [Whichhadtobepreldefined by the iser[basedon
mathematical [process based models[orionl@mpirical [data. This[put/considerable Mestraintson
the[practical [use oflthetoncept.[ Inthepresent setmp ofl the[modellthese preldefined
constants “have[ been[replaced [byformulationsto‘compute[ cross(shoreand[longshore
sediment[fransports(directly [Within the modellin [fermsof’external[¢onditions(suchlas Wwave
climate,fidal[donditions, Bathymetry(and [Sedimenticharacteristics.

1.4 Project[team

The3wvork[has[beenl carried Cout[by[aljoint[venture (WL | Delft HydraulicsCand[Alkyon
Hydraulic[Consultancy[& [Researchmainly by [Dr. dr.[H.J. [Steetzel [((Alkyon)and (Dr.Ir. [Z.B.
Wang (WLI[[IDelft[Hydraulics).

Dr.[J.P.M. Mulder(and r.[J.G.[de[Ronde[participated [on[behalfloflthe INational Institute for
Marineand[Coastal Management0f[Rijkswaterstaat.

1.5 Set[up[éfithe[report

The final feport(dfithelstudy(is(divided [into [fwo [parts, namely ‘the odel [formulatios [@nd [the
application 6flthismodel fo the DutchCoast.

Thislis[partIlofTthe [Weport, [dpplication (0flthe odel(fo [the MDutchdoast.[Attention hasbBeen
paidfolthelgeneral(setupofitheldpplication, theldalibrationland Verification[0flthe Thodel(ds
well(@s The Tesults 6fthe omputations. Thefollowing itemswill Bediscussed:

e Thelgenerallsetuplofithe@pplication (Chapter2);

e Theldescription(oflthethodel input(Chapter(3);

e Thelcalibrationloflthemodel (Chapter(4);

e Thelverificationlofftheodel (Chapter(5);

e Thelresults/oflthemodellapplication (Chapter6).

InCChapter[7[the[main[conclusionsandtecommendations[Wwith[tespect[tolapplicationlare
summarized.
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2 General[$et[up[of(themodel

2.1 Introduction

Some[general Caspects oflthisCapplication oflthe PonTos model [forthe[Dutchcoastlare
discussedhereafter.[Almoreldetailed [description0flthe@pplied inputlis [providedin the mext
chapter.

Forftheldefinitionoflthemodel, The MDutch¢oastlis[Schematisedlalonglalsocalled Teference
line.This[teferenceline[morelorless[follows[the curvedltoastline[of BelgiumandThe
Netherlands. [Theldefinition[0f(the Weference linehasbHeenlddjusted[compared folthe[original
referenceline[[Steetzel€tlal.,[1999]. Theselddjustments(are:
e Anladditionallcurvedlsectionlat[thelsouth[$ideloflthe[tnodellinlorder(to takelinto
account/theloverallshapelofithe Belgium(doastline;
e Anfddditional Gurved(section(datthe Mortheast(side[0f[themodelinlorder(fo fakelinto
account/theloverallshape(ofithe(€asternDutchWadden(Islands.

Inlthelactual[PONTOS nodelthe teferencellinelis[schematised [as[a[straight(line. All[data
(layer[positionsandlénvironmental [¢onditions) [are[defined With [teferenceto [this[straight
line.

Figure[2.1shows[the general [setfuplofTtheTeferencelline. [Aldetail [ofltheDutchl¢oastlis
shownfinFigure2.2.

Detailswithrespect(fo theldefinition 0fthe Teferencellinedre presented in[Section3.2.1.

2.2 Hydraulic[¢onditions

Forthehydraulic’¢onditions fimelaveraged¢limates havebeenmised. Thewavel¢onditions
havebeen[determined Mising [ineasured[fimelseries[atlamumberloflwavelstations[alongthe
Dutch/doast.

Inlorder o provide énoughlinformationforthe[Southern part ofltheModel, [anadditional
waveldlimate(station(atftheWestHinderBank[((WHB) hasbeen applied.

Inforderfouselthebasic Wwaveldirection formulation [(using[the direction [the Waves¢ome
from),al$pecial(humerical [procedurehas beenldeveloped foltranslatethe [offshore Wwave
conditions [fo [an [arbitrary [position @long the referenceline.

Forltheldefinition[oflthe(thean(tidal[¢limate, [use[has beenmadelofla[¢computationwith(the
solcalled[KUSTSTROOK [model. Informationfrom amumber ofistationslalong[the ¢oast/has
beenfusedlas/ihputforthemodel.

WL [Pelft[Hydraulics[&ALKYON 2—1|



Allong[term[inorphological[iodel[for[the[fvhole Z3334.00[A 1000 November,[2004

Dutch[Coast

2.3 Back[barrier[$ystem

2.3.1 Introduction

Asldescribed [in[part[l[ofTthis Teport, the[ASMITAmodellishised fo[definethe metéxchange
with[the backbarriersysteml.[Aldistinctionhas beeniade betweenthe 'Wadden[and[the
Deltalregion.

2.3.2 The[Wadden[fegion

TheTASMITAmodel[sused [for [thelassessment[of themet[Sedimentfransportfhroughlthe
inlets[intheWadden[Sea. [Forleachofltheselinlets Aan[ASMITAModelalready[exists.[These
modelshave beenlsetip By VanGoor(2001)dnd Kragtwijk(2001)[duringthepreparation
ofTtheirMsc(thesis. The modelsforEijerlandseGat, [AmelanderZeegatland (Friesche[Zeegat
arelduelfo Van[Goor{2001)andthemodelsforMarsdiepdnd Vlieldre[duefo Kragtwijk.As
all[these Models[are(calibratedfheldriginal parameter Setting [0f the todelsarelapplied [{see
Chapter3and/AnnexA).

Forlthe[Wadden[Seabasinsthe[ASMITAmodel istised(inonline[dption, ile.[ASMITAlis tun
atléachltimelstep 0fthe [PONTONS [Simulation.

Inlthe modelthelfwo [fidal inlets Pinkgat(and Zoutkamplaaghave [BeenGonsidered(asa@lsingle
tidalinlets, Becausetheyare[locatedclosely [foléachother(and because their(ébb(fidal [deltas
cannotbeldistiguished from(éach[other.[Thelcombination(isfealised (by[ddding[the[sediment
exchangelat(the [inlets [fogether(after thatfor(each [0fthefwoinletthe[ASMITA model is tun.

2.3.3 The[Peltaltegion

Forlthe[Deltal¢oast[in[SW [NL[Western[Scheldtlisthelonly naturaltidal [(basin[left(in this
region.[All(thelother[inlets(are[closed[or(semilclosed, [Solthat therelismoléxchangeofsand
between[the[basinsland[the ¢oast.[Thuslonly[the[eéxchangelofl$and[between[the Western
Scheldt/and(theldoastmeed fo belsimulated by [ASMITA.Thelmostrecentimodelfor thisarea
(Western[ScheldtplusEastern Scheldt) Wwas/setip by Meangbual(2003).

Duelfolthe[complex [bathymetry, [the[schematisation[of(thearealwasmade in[fermsofwet
volume’lofléach(¢lement(in the Schematization:[6[élementsfor[the estuary, 27 [¢lements for
thelriver(mouth[(outer[delta) of the[Western[Scheldt (Figure[2.4). [(NB:Wet[Tvolume’[=
volume ofiwater Between the Water Tevel[and the bed level). [Asldldonsequence, the [@mpirical
equilibrium (relationsassed for(the[Wadden[Sealinlets[¢cannot[beused [foldeterminelthe
morphological Jequilibrium(state. [ Instead[Jequilibrium CJvolumes [oflJeach[Jsectionare
determined by [calibration. It[turned “out[that[the equilibriumVolumes for the[ Western
Scheldtiwere/alldargerthandetermined inf@n(earlier[ASMITAstudy By Wang[(1997),Wwhich
includedonlythe[Western[Scheldt.Nevertheless, Since[the morphological behaviourloflthe
studyareal¢ouldbelteproduced well, [itwasconcluded (by Meangbual[(2003)that[results
using(theseléquilibriumVolumes(are[qualitatively realistic.

WL [Pelft[Hydraulics[&ALKYON 2—2



Allong[term[inorphological[iodel[for[the[fvhole Z3334.00[A 1000 November,[2004
Dutch[Coast

Aldifficultyherelisthattheldefinition[ofthe(ébbtidal 'deltalis Motclear. Tt fis Mot[Clear Where
the[fransitionbetween(thebasinland(theldoastlisTocated. [For practical teasons/itlis[decided
toliseltheldross(section/defined by [the seawards Boundaryoffthe Segments[8 (1 2 [in[the hodel
offMeangbual(2003,Seealso Steetzel and Wang, 2003 ) For this purpose((see [Figure2.4).The
sediment(fransportlover[this cross[Sectionfrom[the[ASMITAmodel[will(befransferred [fo
PONTOS. No(feed Back fromPONTOS [fo ASMITAWwill Befaken into [dccount hiere.

The’ASMITAmodelforthe[Western3cheldtlinletlis[completely [differentthan the[ASMITA
modelsforthelWaddenSealinlets.[Asmo feed back fromPONTOSfo[ASMITAWill [fake
placefitfis[decidedfo Keeptheldoupling For(thisinletdffline.

ThemodelfisSetip [SuchlthatfheSimulations(startin[1988,So modelTesults fortheFequired
transport[isonlyavailable[from[1988.[To[¢omplete[theTequiredfimelseries starting [from
1970thefransportfis[derivedfrom the(field [dataforthePeriod 197011 988.The field[data’as
reported by [Wang[(1997)areused.[Moreltecent[datalanalysisChas[beenlcarried Cout[by
Nederbragtiand [Liek [(2004), butfheir Tesults(cannotbe directly ised Hecause Mot thesame
schematisationfofTthelebbfidalldeltalarealismsed. (However(theirfdatalhavebeenmised [for
checking(thefinal Tesults.

Thefollowing steps[drefollowed [fordriving [the fransport(rate through the mentioned [croos ]
section [fromthe fielddata:

Step 1. Transportthrough theldross/section[Vlissingen (Breskens [as@lready reported(in[(Wang
(1997)(isised. [Theltransport/is(drivesfromthe[sand (balance (0fithe [Western [Scheldt(eéstuary
assuming|[ that[there[isno[ transportthrough(the border betweenthe Netherlands[and
Belgium. [The(datalagree Wwith those reported By Nederbragtand LLiak (2004).

Period Export through(Million m’/year)
197020975 3.4

197521980 3.2

19801985 0.88

198521990 10.32

Step[12: [Determine[the Cnatural JsedimentationofTthe TJarealbetween [the JcrossSection
Vlissingen [Breskens@nd thecross sectionthrough which the fransportlistequired. [Thiscan
beldonelusing[thelavailableldatalof[Wwet[volumes, [dredging[and[dumpingamounts. These
datalare/only dvailableforthe Whole Period[19701994.Solonly@nldveraged/sedimentation
rate(can Be determined. (This(isabout (0.1 millionm’ [per year.

segment wetMolumel(m3) Dumping total Natural
sedimentation | sedimentation
1969/1970 1993/1994 (10°m’) (10°m’) (10°m’)
7 93971341 95634866 1.4 [1.663525 [0.263525
8 1.89E+08 1.89E+08 0 0 0
9 8.65E+08 8.65E+08 1.8 0 1.8
10 1.41E+08 1.48E+08 2.4 [7 4.6
11 59517389 59478277 0 0.039112 0.039112
12 1.90E+08 1.81E+08 0 9 9
Totallchangelin 24 [year 0.375587 2.375587
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Step3:Determinethe fransportthroughthedrossiSectionbased (OnfhelSand halance.

Step 4:[Transform(the [step [function fime series into(dltrend(line functionand [Combinethe
resultsWiththeloutputofithe model. Thefinal results [@re shown/ih Figure2.5.

2.4 Coastallmanagement

2.4.1 Nourishments[{(model[input)

Inlorderfo[fakelinto [account theéffects[ofl¢oastal (fnanagement, the [possibilities foldefine
andlapply[preldefined (mnourishment[Schemeshavebeenléxtended. Basically, [twoltypes of
preldefined mourishmentschemescanbeised, mamely:

e Alscheme/simulating the performedmourishments [(until present);

e Anlanticipated mourishment/schemesimulating [futureefforts.
Forftheatter(a@nticipated schemesfwo [ScenarioshaveBeendefined.

Aslmentionedbefore, [inlorder[folfest[the ‘conceptlofCsystemmourishments’, [aSpecial [duto
cellmourishment(optionhas beenldefined.

2.4.2 Coastal[State[Indicators[{(model(dutput)

UsingtheCoutputloflthe[model, [thelevolutionCofl$pecificlayerpositions or[volumesin
specificisections/danBelassessed.

Forlthelassessmentlof thelocationoflthelsoldalled [ BCL, theposition ofthe mpperlayer
(representingthe Y;Mand Y,Tayer; from NAPTmRillENAP+3 i) canbeised[aslafirst
estimate.

Inlorder [fo [take [into[dccountthe [local Wertical [boundaries((which wary[dlong [the Coast) more
accuratelyland((possibly)(alsolthelevel [0f(thethean Sealevel, [Someadditional processing [0f
the Masiclayer informationmay berequired.

Thelmodell¢an[directlybeuised folassess[thelévolutionloflthe Wolumelinlalspecific[¢oastal
section.[Aldistinction[thay [bemade [between(the Wolumes(in the Towerzone [(the Y;land Y,[]
layer;tepresentingtheldareabetween the INAP[20m[and the(NAP[7m[depth[contour)andthe
upper[zonel(thelarealbetween[the NAP[Tm[depth[contourand[thelocal duneltop).[The
results[can be [presented [in terms[of absolute ¢changes (inMm®)[or fime [averaged [tates (in
Mm’/yr).

Figure 2.3 [provideslalgeneral(dverview [0flthe Coastal sections [@pplied in this(study.

It(should(bemoted the location[ofthe[so(called [fafslaglijn”, [¢annotbe[¢omputed using [the
PoNToOsmodel, [sincelyearly [averaged [¢limates(are applied by [definition. The[¢computation
ofltheposition[ofT*fafslaglijnen” [fequires ore [éxtreme surgeconditions [anddmore [detailed
computational [model (DUROSTA/DUINTOETS). However,[ the[ location[ ofl the dunel foot
(represented by [the location0flthe Y, layer)lislavailable.
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3 Description[éf[the[applied[imodel[input

3.1 Introduction

Infthefollowing(thelihput/dfthe modelforthe Mutchdoast@pplicationfisdescribed.
Referring(folthe Modified odel Set[up, mine [differentgroups[ofinput[parameters(arebeing
distinguished.Thesegroups(arelgivenlin(Table[3.1.

Groupno. Parameterigroup Remarks

1 Geometry Orientation ILevels, positions

2 Bedmaterial Sediment[characteristics

3 Structures Dikes,[dams

4 Tidalfinlets Inleticharacteristics

5 Conditions Waves, ftides,[changes andfrends
6 Boundaries Longshore, [dross(shore, linlets

7 Management Nourishments/and(scenario’s

8 Runispecifications Time/stepping,[dutput

9 Calibrationfactors Longshore, (dross(shore, inlets

Table(3.1:[Overview(ofimainparameter(groups(inithe[PONTOS[model
Inlthefollowing[sections(thegroupspecificlinputlis/described.

Forldmoreldetailed description(oflthelappliedinput, referencelis madefo[Annex [Alin which
detailedtableslareprovided.[Alsolanléxtended version[of(Table[3.1 ik [providedlin which(the
applied [domputational [arrays(are(defined.

3.2 Geometry

3.2.1 Reference[line

Thelteference line, Which[describes(theloveralll tontour oflthe (Dutch) North[Sealcoast,
consistloutlofl five[subsequent[Sections hamelylal¢ircle[segment, alstraight[lineand[mext
three(other(circle segments. [Somebasic[characteristics [0f thereference lineldre [sSummarized
inlthe followingfable(seelalsoHigure2.1and2.2).

Section X, [[km] X5[[km] RiJkm] 01 | Shape Remarks

1 50.00 28.284 250 Circle South 6fupdriftlboundary
2 28.284 93.431 O Straight(line

3 93.431 211.241 150 Circle

4 211.241 296.919 150 Circle

5 296.919 400.000 150 Circle Eastlofidowndriftboundary

Table(3.2:[Characteristics(ofitheappliedreferencelline

AlongthisTeference(line, Thecoastlinelanglegradually [changes. [This Telativeorientation[is
used(asfinputforthe PonTosmodel.
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This[¢coastlinelangleis sed (o [fransfer[the[(interpolated) ‘offshore Wwaveldirections[{given
relative[to[the North) towardsthe morphological wave direction[{relative to[the[local
coastlinelandWith@positivelangle(yielding positive fransport).

3.2.2 Layerlevels

Thehipperlevel (ofltheldune Tayer((the Z,devel)ldependsionlthelbcationldlong(theldoast. The
actual[dunelevel isedlinthe[domputationsfisbased on(the JARKUS dataset.

ForfthelotherTayerevelstheldefaultvalues have Beentised.

Level Z[m] Remarks

Zy >NAPH3m Levelldependsion X [ordinatealong(doast
Z; NAPH3m Transitionbeach/dune

Z, NAP=Z2mm Transition/surfzonelayer/beach

Z3 NAP=Z7mm Transitionmiddle shoreface/Isurfzone
Zy NAPI3 TransitionTower(/lthiddleshoreface

Zs NAPR20 Lower(shorefacellevel

Table(3.3:[Overview/ofitheappliedlayerilevels

Figure3.1providesianoverview [0fthe@pplied levelslalong thecoast.

3.2.3 Layer[positions

Thelactual (positionoffanfindividual Tayerfis[dssessed from[€ither the JARKUS [datalSet/or(the
bottom(opography@ppliedfinfheSo¢alled KUSTSTROOK nodel. For@achlindividual profile
the results@refransferred o fthe referencegrid.
Figures[B.2[toB.6show[thelapplied[initial "positions [in1970,71990Cand 2003 [for the
individual Tayers. dt[shouldbemoted that,[since[donly Timited information[isfavailableforthe
deeperregion, [the Positionforfheselayers femains thelsame.

ThefhitialTayerpositions Tor[1970,19907and 2003 lare Provided ih[Figures 3.7 {0 3.9.

3.2.4 Outer[boundary

For[this[application,thellocation[ofTthe[seaward [boundary[is[located [at[a[fixed [position,
namely 20,000 m[seaward [from[thereferencelline.

3.3 Material

Forlthe Western[partal¢onstant[Sediment[Size hasbeenlapplied (Whereas[algradual [decrease
ofltheldiameterhasbeenapplied[for[the northerlylWadden[Coast. Figure[3.10[shows[the
appliedlongshoreldistribution.

Nolspecificl¢rossshoreldistribution oflthesediment(sizelis taken[intolaccount. [ The DSZ[]
valuelequals(1.0 for(all Tevels.
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3.4 Structures

Theocation[ofTrevetmentsand dikeslisbased lon theléxtensiveloverview [provided in[the
‘Afslagkaart’ (study [Alkyon,2002].

Details(on(theTocationand/dimension(oflthe(appliedstructures/are presentedin /Annex [A. Tt
shouldbenotedthat[the (relatively[small)[groynes, Whicharepresent[alongthe Holland
coast, [dre mottakenlintolaccount(inlthemodel.

Figure3.11[provides@nloverview [0flthe @pplied(structures. In’addition fo [thelexisting[dams
alsodmumbernew damsdre shown. Thesethreedams @rerelated folScenario [C.

3.5 Tidal[inlets

3.5.1 Introduction

Alongthemortherly[Wadden [Coast, [Six hajor[fidal inlet/systemsarepresent. Inaddition Both
the Western[Scheldtland[Eastern[Scheldtléstuary [are[schematised@s(altidal inlet[fortheDelta
region. In[thelinitial[(phaselthe ‘mutuallycoupledlinlet[system[bflthePinkegat[(#5) and
Zoutkamperlaag[(#6)has[been[treated[as[twolheighbouring[systems. [ In[the[finaltuns
however, [thelinlet/systemshave[beenmerged yielding[onel13 kmWwide[combined[fidallinlet
(#9)between[Amelandand [Schiermonikoog.

Aslalconsequence, [in[thefinal [Dutchl¢oast model[theSeven inlets are defined. Using(this
schematisation(thefotal[Goastline[0f[34 1 km [donsists[0f 103 (km [fidal inlets /Touter(deltas(30
%)[and238 km(dfldunes[(770%).

3.5.2 Geometry

Theloverall[geometry [0fTthelindividuallinlets[(positions[oflboundaries/dnd(centre)hasbeen
based(onlanalysisoffthelinletsystems. TheseBoundaries(are [presented in[Annex A.

3.5.3 Equilibrium[shape

Forlthe PonTosmnodel theéquilibrium shape((protrusion and (offset) @rerequired.
Figure(3.12[shows(theldpplied 'Schematisationforthe[Waddenlinlets, Which[hasbeen [based
onlthe1990[¢ontours. The related [protrusiona@nd offsetMalues(are givenin theannex.

Inlet X 1 X ¢ X r B Delta |lambda r |phi r |Q ebb
[m] [m]  |m] ml [0 |0 [0 [Mm%yr]
#1]Marsdiep 21200001 [21900001227000 1500001 (0.46701 [0.345 0.08901 |0.604
#2 ] [Eierlandse (Gat 24300001 [248000011253000 1000001 [0.50001 10.226 0.03901 0.475
#3|Vlie 2630001 2700001278000 1500001 (0.467(1 |0.233 0.163[1 0.599
#4|/Amelander(Zeegat 298000L1 (3040001310000 120000] (0.5000 (0.311 0.17601 (0.147
#501Pinkegat 32900001 (3320001334000 500007 0.6000] [0.143 0.302[1 (0.404
#61[Zoutkamperlaag 33500001 (3380001342000 70000] 0.4290] (0.198 [0.10601{0.135

Table(3.4:[Main characteristicsofithe(WWaddenlinlets
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Themain(characteristics[0fthe[Wadden inlets [arepresented(in[Table[3.4.In[the tighthand
column, theMmagnitude[of the Mean [fransportlinthelébbchannelisgiven Which istequired
tolobtain[the’équilibrium/state. [As/élaboratedinPart I 6fTthis Meport (Chapter[7), this Tatelis
computed by themodelland basedlon(thelcharacteristics[0flthe[shapeforcing[(vertical) [fide
andWave dlimate.

The lorder [ofthagnitude (which is in[the fange [0f10.1 fo[0.5 Mm*/yr)[seems [feasonable.

Figure(3.13shows[thelapplied [Schematisation [forthe Deltalinlets, WhichRas(also been bHased
onlthe 1990 ¢ontours.

3.5.4 AsMITA toeffients

Thelcoefficients[thatThavebeenapplied[inlthe basin[module oflthe [ PONTOSthodel are
summarizedin[Annex/A.

Theselcoefficients[havebeenuisedtotunlthemodellinthe ‘online[modeyieldingthehet
transportthrough(the(fidal[channel@s/aresult.

3.5.5 Net[transport[and[basin[évolution

Figure(3.14[shows(thelévolutionlofTthe met[fransportforthe[Waddeninlets. For[theperiod
2003 Z2053 aldistinctionlisthadebetween [the Tesults [forfwo sealevel rise[Scenario’s. [More
seallever(riselyields relatively (lessimport[fromthe (basin(visually more import[fowardsthe
basin).

From[theAsMiTaltesults, theévolution(ofithe characteristic(flatlevel [dan [becomputed. The
resultsoflthis[¢computationlare[presented [in Figure[3.15showing[that the flat[arelablelfo
follow[themean [Seallevelfo [@largelextent.

Figure[3.16[shows[thelévolution[0fTthe depthldboveltheflats. Forlincreased(sealevel Miseldn
increase(inthe 0rder(0f10.05 fo[0.10m(can belexpected.

Thel(volume(of'the)outer(deltalplays(dnimportant rolelinthe [tidallinletmodel. Figure(3.17
shows(the[computed[évolution oflthis[Volume[(using[the[ASMITA module). TThe telated
changes/(arelrelatively limited.

Infaddition, (Figure[3.18[shows thelappliedimport[from[the [Western Scheldtbasin for[fwo
seallevellrise(scenario’s. ThishasBeen based onlexisting[ASMITA [tesults.

3.6 Hydraulic[¢tonditions

3.6.1 Wave[¢limate

TimelaveragedWwavelinformationfis[defined usingfive Wwave(climateStations.
Thepositionlanddescription [0fthese stationslis[providedin(Table3.5.
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No. X [[km] Stationidentification
1 10.0 WHB

2 55.0 EUR

3 155.0 YM6

4 240.0 ELD

5 340.0 SON

Table3.5:[Overview[of[applied wave climate stations

It’should e moted thatthe Mearshore information from "Meetpost Noordwijk’ [((MPN)is mot
taken(into @ccount.

Inleéach(oflthe[stations, [d Wwavelclimate [table[is[@ssessed [from[the @vailable [time[series.

Inlfotal [9[different[wavedirections Wwith[10Wwavelheight[¢lasses[éachhave been definedlas
wellCasloneltesidual Cclass[{with[hon[felevant[iwvaveconditions).[As[alconsequencelthe
average[wavel[¢limatelisdefined ising[91 [(=9[x[10[+1)[conditions, éachWwith[alspecific

frequency(ofidccurrence.
Parameter Magnitudes Number
Waveldirections 0,130,(60,190,1210,1240,1270,(300,(330 9
Wavellieights 0.50,(1.00,(1.50,12.00,12.50,(3.00,(3.75,14.75,(3.75,16.75 10
Wavelperiod Relatedfowavedirection/height 90

Table(3.6:(Overview(oflappliedwave climate(classes
More(detailson the(fidal dlimateclimates(are provided in/AnnexA.
Figure3.19showsthelbongshoredistributiondf Wavelclimatecharacteristics.

3.6.2 Tidal[¢limate

Comparable(fo [fhe Waveclimate[Stationsdlimited iumber(offpoints HavebBeen hised.
TheTequiredfimeSeries areobtained fromld[computationWiththelsolcalled KUSTSTROOK ]
model. In [fotal, 9[different(tidal swave [climate [Stations (Have [Been [defined.

No. Output X[[km] Remarks

1 #03 19.0 Near(WHB [(southerly boundary)
2 #06 30.2

3 #07 61.0

4 #11 120.3

5 #16 183.4

6 #23 236.6

7 #29 279.7

8 #40 338.3

9 #45 373.3 NearBorkum [(easterly Boundary)

Table(3.7:[Overview!oflappliedtidal climate(stations

Inleach(oflthe(stations, @ltidal [climate fableis [assessed (from[the[domputed [fime [Series.
Infotal (12 [different(fidal[¢onditionshavebeen(defined, eachwith[a differentwater(level,
longshoreWelocity land percentagel(dfloccurrence.

Moreldetails(dn [the [tidal[dlimate (climates(are [provided in[Annex A.

Figure(3.20(shows[the [Tongshore [distribution [0f(the tidal (fange. In[this [figure [also (the[tidal
rangeised(inthe(individual Basins(is[shown.
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Aslal¢onsequencelthelaveragehydraulicl¢limatealongthel¢oastlis[defined s allongshore
varying[climate[using (11,092 [(=[91x [12)individual C"combinations Tofwaveand[tidal
conditions.

3.6.3 Changes[and[trends

Forlthemean(sealevel [fwo [specific fime(series have Beenhised, mamely:

- Allow/scenariofising0.20 m/century;

— AlmoderatelScenariotising[0.60 i/century.
TheselscenariosWilllalsobelapplied [forthe[¢omputation[oflthe met fransport tate through
individuallinlets. For[éachlinlet, fime[series forboth[sealevelrise[Scenario]1]and [2]will
belpresent.

Theldefaultsetting WwithTorelativeWaveTeightchangehas beentsed. [AICWH [value0fT1.0
hasbeenfised fortheldomplete period.

Theldefault/setting Wwith Mo [@bsolute Waveldirection [changehas Been iised. [ATCWD [Walueof
0.0MhasMBeenisedforthe/dompleteperiod.

Theldefault[Setting[Wwith Mo relativefidal Tangechangehas heen Mised.[AICTR Falue0f1.0
hasbeenfised fortheldomplete period.

Theldefault(setting With o relative fidal Welocity [dhange has beentised. [AICT Vivalueof(1.0
hasbeenfised for(the complete period.

3.7 Boundary[¢onditions

3.7.1 Left[hand[Gipdrift(boundary

Forlthe(left(hand, southerly boundaryofthe odell(located @t X =[3.000 km [at[thelcasterly
dam[ofTZeebruggeharbour), alifree open[boundaryhas been[lised. Consequently, the
transporttates(are(directly related tothe(lbcallcoastal [orientation [and thelocal Wwaveland [tdal
climates.

3.7.2 Right[hand[downdrift(boundary

Forl(theright'hand, dasterly (boundary [0flthe thodel (located[at X [=[346.000 km), [@[free Open
boundaryhas(been[uised. [Consequently, (the tfransport(tatesare[directlytelated [folthe local
coastal [drientation andthe Tocal Wwaveland [tidal[climates.

3.7.3 Dune[boundary

Inlorder(toltakelintolaccount/themet[sedimenttransportlacross the firstldunelrow, alhet
boundary [fransportatthe Tandward Boundary has Been [@pplied.

Comparable(fotheloriginal [application[for[the[Wadden[Coast[Steetzel,[1995],[al¢onstant
ratelof g, =12 m*/m'/yr((sediment lossinTandward direction)(can(be ised.
ThisValueis[assumedfobelindependent[oflboth fime[(years1970[+[2053)andlocation
along(the(doast (X =3 =2[346km)[Steetzel, [1995].

Forlthelcompletelstretch[0f7238 km Té¢onsisting[0f dunes, [thisfransport/dontributionwould
yield dmet sediment loss[6f10.476 Mm”/yr.

WL [Pelft[Hydraulics[&ALKYON 3—6



Allong[term[inorphological[iodel[for[the[fvhole Z3334.00[A 1000 November,[2004
Dutch[Coast

InfthelpresentrunsthisSedimentbss(is Mot faken into@ccount.

3.7.4 Seaward[boundary

Inlorder(fo fakelinto [dccount(the met/sediment fransportdcross the Tower(shorefaceboundary,
ametMoundary fransport(atifhe seaward Boundary HasBeen @pplied.
Comparablefoltheloriginal ‘application[forthe 'Wadden[Coast[[Steetzel,[1995],[al¢onstant
rate[of ¢;5=[15[m’/m'/yr((sediment( gain[in(landward direction) could belused. Forlthe
completel[stretch[0f B4 1 km[(=[3463-[5) this[transport[tontribution Swouldyieldalhet
sediment(gain(6f1.705 Mm’/yr.

Infthelpresentruns(thisSediment/gainfis motfaken [into dccount.

3.7.5 Tidal[inlet[boundaries

ForléachlofTthe fidalfinlets The MetSediment [fransportlacrossthe Tandward thodel boundary is
computedising the[ASMITAtfnodel.

3.8 Management

3.8.1 Pre[defined[performed[§chemes

Until[2003,[dTarge mumber[0fmourishments have been performed.

Forldachlindividual mourishment, the location(alongthe(coast, [the(cross[shoreposition[(level
interval), themourishmentperiod [@s well [@s the mourished Wolumehave been determined.
Inlthe[¢omputations,[a[fotal mumber[of(228 [individual mourishmentshave[beentaken into
account.[The fotal mourishment(volume amountsfo[160.210Mm’, [fepresenting[an[average
nourishment effort(of approximately4.86 Mm’/yr((inthe [period 1970 =2003).

Figure[3.21and3.22[show[thelongshoreldistribution[oflthe hourishmentsin[the[period
197001990(and 199012003 [Hespectively [(note the[different [Vertical(Scale).[Both[the[detailed
and(thelsection(averaged [(solid line) thagnitudes(are[presented.
Theltimelevolution[oflthe[hourishment[intensity[is presented [in[Figure[3.23.[As[can(be
observed, [the mourishment(intensity [shows(d(gradual increase.

Moreldetails/dn the [performed Mourishment(schemes [arelprovided ih [ Annex [A.

3.8.2 Pre[defined[anticipated[$chemes

Forlthe@nticipated mourishmentschemes [(period[2003(=12053), Twoldifferent(scenarios(are
defined, mamely:
— aMmourishment(scheme(basedlon(thelpredictionslof [Mulder, 2000] witha fotal
constant rate 6f(11.9(Mm?*/yr((denoted(as/scheme!A), and
— amourishment[scheme(based 0nthemean/éffortsinthe period 2001 M2003 with
atotal Gonstant Fate[6f13.0 Mm®/ yri(schemeB).

Apartform(theldifferentrate, the Tocation 0flthe Mourishments is @lso different.

WL [Pelft[Hydraulics[&ALKYON 3—7



Allong[term[inorphological[iodel[for[the[fvhole Z3334.00[A 1000 November,[2004
Dutch[Coast

In[Vertical [/[¢ross[shoreldirectionlit[isfassumed that[30[%[ofTthe hourishmentVolumelis
positioned/dntheBeach{inthe Y;MayerbBetween NAP2mlandNAP+3)land70 % inlthe
interval between NAP 8 hand NAP[3 m.

Aslaléonsequence2/3[0fTthis[70%[(46.7 % [oflthe(fotal)[is[placedlinthe Y,Mayerbetween
NAP7mAndNAPR2mand1/3[(23.3 % [oflthefotal)[s placed[inlthe Y;Tlayerbetween
NAPO3hland NAP[7 m.

Theldetailedlongshore distribution[perlindividual¢oastal Sectionlisbasedon the present
distribution[ofTthehourishment éfforts. [The Tongshore [distribution forthe[AMandthe B[
scheme(is [presented [ih [Figure3.24and 3.25 Tespectively.

Moredetailsfor both[Schemes/areprovidedin[AnnexA.

It(shouldbehoted that,[due fo thepresenceloftheVarious[inlets[{(whereduneand (beach
nourishments(¢an motHefakenlintodccount) thelactual linputlinthe odel is[Somewhat(less
then(the anticipated numbers[(thus less than[11.9Mm®/yrfor[the A [scenario [and less that
13.0 Mm®/yr [for the B scenario).

Sincelespecially[the ‘mutual Cdifference[between[thelVariousschemes[is[¥eryimportant,
Figure(3.26 [provides(dn(overview oflthe@pplied mourishmentlinput. The Ripper(plotrefersto
therecent/Scheme((19901212003 period), theothers tothelA [Tand B[Scenario respectively.
Figure[B.27providesCanloverview[for[the[ Holland[¢oast[only.[As[tan[belobserved, the
nourishmentlihtensity [for(the A [ScenariolisIessthan(theintensity [0fTthe [present[scheme.

3.8.3 Auto[layer[hourishments

Theldpplication(offaldritical Y;[positionfor(specificistretchesdccordingtothelocation(oflthe
basallcoastline[(the[soc¢alled BCL[position) ik tisedinmanagement(scenario [C. In[this[dase
theinitial [position[0fTthe Y;Mayer[{for(theMolland[doastlisised(as(acritical [position.
Additional Mourishments(are@pplied to [achievelthis(goal.

3.9 Additional[fun[information

3.9.1 Computational(grid

Thebasiclgrid[sizelequals(1 km. Nearthe dams atlexample Hoek Wan Holland[and TJmuiden
algridSize[0f(500m hasbeenlapplied. Using [this[schematization(in fotal 389 grid(cells are
present(onlal341 km(longstretch.

Moreldetailsd@re providedin/AnnexA.

3.9.2 Time[tange

Thetotal[Gomputational [fime period[@amountsfo[83 [years. Details@re[provided in[Annex [A.
Thefirstperiod (1970 =2003) willbe used fordalibrationand verification purposes.
Themodel predictions Wwill Be Performed for(the[second Period (2003 =F2053).
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3.9.3 Time[$tepping[¢onstraints

TheBasic[fimelstepping[constraintsaresummarized(inthe following Table.

Parameter Value
Dt min 0.01year
Dt max 1.0lyear
DY/dt _max 250h

Table(3.8:[Overview ofltime[stepping(constraints

The'dctual [fime(Step[is o @ Targe éxtent[related [fo thetnobility [ofTthe[individual Tayersand
thus(fothelastparameter.

3.9.4 Balance[sections

Accordingfo [Mulder, 2000]MinedifferentCoastal Sectionshave beendefined.

Infaddition fwo [Small[Sections for fhe FEuromaasgeul’[andthe[1) [geul’[are[present.
Sincethemipdrift boundarylislocated@tZeebrugge’,lanother ipdriftisectionis [defined.
Thelouter[boundarieslaflthefirstland Tast[coastal [Section[dorrespondWwith the first[and Mast
pointiofithedomputational [grid.

ItCshouldTbemoted that[the[Eem(Sectionhasot[been[takenlintoaccount[inthe present
computations.

3.10 Calibration[factors

3.10.1 Longshore[transport

Initially, Thocorrections forthe Gwavelinduced “longshoresediment[transport, the wave
directionland [the(tidelinducedlongshore[sedimentfransporthavebeenlapplied.

Theldefault CWX [Value[0f(1.0,[CWD [Value [0f10.0[and [CTX [value[0f1.0havbeenused for
the [domplete(stretch.

Thelfinalcalibration(is[discussed/in [the mext[Chapter.

3.10.2 Cross[$hore[transport

Initially, Mo [Corrections(for[the Wwavelinduced [cross shore[Sediment [fransport, the[cross[shore
steepness(and(the profilelshapelcalibrationhiavebeenlapplied. Thedefault CCX[valuelof(1.0,
CSX(wvaluelofTl.0land [CPX[waluelof(1.0havebeenised [for the .complete stretch.

The CWXj[value refers fo the mew [cross [shore [Process (calibration.
The'dssessment(0f'the Tequiredfactors(is(élaborated [ih [the mext/chapter.

3.10.3 Tidal[inlet[transports

Theldefault(settings have been @pplied for(the fidal inlettransports.
Morelinformation(on(thisfis[provided(inthe mext(chapter.
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4 Calibration[¢f[the[iInodel

4.1 Calibration[and|verification[procedure

Theperiod1970=2003 Masbeen used [for[calibrationand Werification [Purposes.
Basically, the(firstpart(197031990)Is used for calibration; the [Second Part (1990 =2003)
forVerification. [However, theamount[ofTuseful [¢alibrationand [Verification[datalis[very
limited,Cespecially GwithTtespect[tolthelargelscaledevelopment. Forlthe calibration[and
validationlofTthelévolutionlofllargescale éells[only[oneldatalSet(is[available, Whichlinakes
thedistinction Between thelcalibrationand Werification phase Somewhatfinclear.

Inftheldalibrationphase{1970=1990)theconclusionsonthe performancedflthe model Wwill
primarily bebasedlon the[comparison Between the[domputed fransportsland themost Tikely
transport[patterns. [Also[3omelattentionWwill Cbepaid[on[the general frendslin theVarious
zones.

Theldevelopment(ofithecoastal[dells Will be[dompared[Wwith [lobserved’[data(for fheperiod
199012003)lih theWerification [phase.

Inlthe[Verificationphase[(1990(=-2003)the ¢onclusions[on the[performancelofltheodel
willbebased [onlthe[domparison betweenthe[computed movement[oflthewariouslayersland
theldbserved(displacement(dfithese layers [(see[Chapter (3 formore(details).

Iflthemodellislable[foproducelalteasonabletesemblance, thelapplied[¢alibrations[factors
will beRised for(the [Prediction[phase((seeChapter|6).

It[should(belnoted[that[theloriginal [phases[ (1970 —>[1985 ->12000) havelbeenlthanged
[Steetzel 'and [Wang, [2003]. [For the(fransition [fromthe ¢alibration fothe [verification [phase
1990(isised[(instead[0f1985), becauseoflthe(distinctichangelin [Coastal management/(in [this
year.

4.2 Cross[$hore[transport[¢alibration

4.2.1 Layer[distances

Forlthe(calibration[oflthe odel Special [attention hasbeen [given fothedross[shorefransport.
Forlthispurpose,thelinitial Tayerpositionsforthe Welevantyearshave been(studied[in thore
detail.

Theequilibrium[layerdistance[(or Cprofile[steepness) playsanimportantrole[in the
assessment[ofl thelcross(shoreltransport tate.[Thelgeneral[ideais[that[theactuallayer
configurationTeflectsthis’équilibrium state o d Targeeéxtent.[Consequently, [the [first[steplis
toldlaborate [the thutual Tayer(distances.
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Figure4.1(and 4.2 show [the Tongshore distribution [6fTthe hutual Tayer(distance for[1970and
1990 respectively./Asicanbelobserved, the Tayer[distancelincreases Withlincreasingdepth.
Theldombined results [for(theindividual cross(shore Zones(are [presentedin[Higure 4.3 {0 4.6.

4.2.2 Calibration[factor

Using(the mew [Gomputational [foutine folassessthe mon[¢alibrated climate based [@quilibrium
layer[distances,theTongshore distributionofthe[correctionfactorhas beenlassessed.TThe
resultsCoflthese[ tomputations{denoted (bythel$olid andopenldotsfor[1970and 1990
respectively)@represented inFigured.7t4.10.

Figure4.7showsthe Mesults0flthese [computations for the distance bBetweenthe YO land Y 1
layer((related fothe beach width).

ForltheHolland coastthelactual “beach Wwidth’fs[inthelorder[of100m (see[Figure[4.3).
Sincethe[domputation Todel yields(alsmalleridistance(inthe order(0f50 ) as(aresult, the
requiredcorrectionfactor fis fih the[drder(ofT2.

Theldotslinlthelfigure[tefertothe mostfavourablel¢orrection factor[forleachindividual
profile[(gridicell)and(year.

Forltheldpplied(dalibration factor((in thisicasethe[CW 1 [¢oefficient), the thean [frend hiasbeen
used, [given(by[theSolid black Tinelin the figure.

Thelsame[procedurelis[dpplied forthedthersZones;[see Figure4.8t04.10.

Moreldetails(on(thehagnitudeoflthe @pplied(dalibration factors [@re[presented in Annex [A.
Itishould (bemoted [that[éachactualcalibration [factor[(or(in[factthelongshore(distribution0f
the[CWj[value)has(aldirectlimpact(on [the agnitude[oflthe cross(shore fransportrates.

4.2.3 Cross[$hore[transport[fates

Inforder(tocalibrateand [checkthelOverall [pattern (0flthe [dross[shoretransportrate, the[ihitial
cross[shore[ transport[Jacross[ the[77m[depthcontour[has[beencomputed using[former
described(calibration factors. [ Thedesultlis[provided(in(Figure(4.11 [showing[the [¢ross(shore
transport[rate[(denoted [ as[the[lqs;[value) for[ithelinitial (situation[Jin[11970Jand (11990
respectively.

Thelongshore[distribution[of(this fransport(tatelis[directly telated (fothe[magnitudeloflthe
CW3valuelas[shownlin[Figure[4.9.[As[tan[be observed[the magnitudeloflthe applied
calibration[ factor[is[ somewhat[less[than[the[imost[ favourable[ correction[ factor[ for the
Holland[¢oast.This(calibrated mismatch’[yieldsaTesidual (landward directed)[cross[shore
transport(as@result.

Forthe[Waddencoastlalandward[fransport[is[found forthe Westernpart[whereas theéastern
partfis[morelorlless(in[anequilibrium $tate.[At[the$cale ofthe outer[deltas,alseaward
directedpeak in'the(cross(shorelfransport/danBelobserved (atthe location 0f thelebbl¢hannel.
ForftheDelta'coastthelcrossishore fransportpatternis[comparable [(net/dross 'shoregain).
ItCshouldbeMhoted that[mholinformation[is available[onltheactual [ cross shoreltransport
patterns for(theseregions.
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However, [for the Holland[doast/some information(is[present for[comparison.
Figure4.12[shows[the/domputed cross[shorefransportratesfor [thispart/oftheCoast.
The[(calibrated)general [pattern[for[theHolland "coast[seems consistent with[available
insights.

Accordingfo [VanRijn,1995]:

e  Order(ofhagnitude0to5m’/m/yrlandward;

e  Minimum between Hoek Wan Holland[and Ilmuiden;

e Maximum morth6f(Hoek Wan Holland 10 o 15 m*/m/yrlandward;

e AlseawardpeakjustSouth[dfIImuiden;

e Maximum morth(6fIUmuiden(15 fo 20 m’/m/yrTandward.
In[Figure(4.12,[the[solid(black[line[denotes[this actual ‘transport[pattern[(referringtolthe
cross(shore [transportlacrossthe WAP [8m[depth(Contour).
Comparing/(thispatternwiththe[¢omputed [(and [¢calibrated) [patterns, it[was[¢oncluded that
theloverallresemblancelis(dcceptable.

Thelonly[major(differences(are present(on(thelright(hand(side.[Since the actual[¢ross shore
transport[patternin[thistegionlis[not known (dueltothe[complexity CofTthe buter[delta
region), itisdifficultfoimprove(this.

Based[on(theprevious, it Wwas[concluded that(the ¢ross[shore fransportpattern produced By
themodelfislacceptableland ([dan Behised for[furtherglaboration.

4.3 Longshore[transport[¢alibration

InlorderTolcheck thelcomputedTongshore [patterns, [thelinitialTongshorefransportpatterns
haveBeenlcomputed forthe 1970and 1990 situation.

TheltesultsWithtespect Totheupperzonel(landward[0f the INAP[7mldepth[contour)lare
presentedCin[Figure[¥.13to[¥.15, Cshowingthe Cwavelinduced, "tidelinduced "andtotal
longshorefransportTates(respectively.

Comparablelfo fthecross’shorecase, Mo information(is@vailableforthe whole/(stretch.
However, for[the[Hollandcoast[somelinformation[ispresent. [Data fromtwo [different
sources[ik[Presentedin [Figure@.16, mamely(datafrom VanRijn[{(1995)and torefecentlinfo
fromRoelvink(2001)referringfo @ Flylandstudy’withthe MELFT3Dmodel.

Accordingfo [VanRijn,[1995]:
e  Orderlofithagnitude(0.10to(0.15Mm*/yrfortheipper(Zone;
e Aflgraduallincreaselin[theltransport(tate[towards[the[ Waddenlinlets[ $tarting [3wvith
negativevalues(for/the region justmorthof Imuiden.
The [present(results show [the[same pattern, ([€xcept forthe megative part(see Higure4.16).

In[Figure(4.16[alsothetesults fromRoelvink[(2001)[dre[dddedschematically.Tt[should be
noted [fhat(the[presented line refers fothe mon[calibrated [pattern [(for[dalibration [purposesthe
magnitudes havebeen reduced By [afactorfwo) @ndonly [gives [dlSchematicline.

TheloverallpatternofT Roelvink[(2001) deviates from[the Van[Rijn[(1995)[patternfor
especially [the right(hand Part. Nomegative [fransports [are present Here.
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InfSummary it[was[¢oncluded thatthe[¢omputed [patterns[agreeWwith thelavailableinsights
and[there(is[honeedfor[additional ¢alibration. [Consequently, [the [default$etting [for(the
longshorefransportsicanbeiised for further(élaboration.

Comparablelto [fheipperZone,in [Figure4.13fo4.15 theTongshorefransportpatterns forthe
lowerZzone {in between the WAP [Tmand NAP220m[depth [contour)(dre presented[in Figure
4.17to4.19 forthe wavelinduced, fide[inducedand fotal fransport rates Tespectively.

Aslcéan[belobserved, the dontribution6fTthe Wavesis[only minor[in this Wegion. Theloverall
patternfis[dominated By [fhe fidelinduced [fransports.

Figure[4.20(showsthefimeldveraged fidelinducedfransport¢apacity [(including theleffects
offwavelstirring) for the Warious Tayers. Thelq, (Tfo [dsMumbers Tefer To fhelaverage [fransport
inthe™NAPR2/+3,NAP7/12, NAP13/7land NAP20/013Zone respectively.
InTFigure(4.21theTesults[for[deeper water for the Holland[¢oastlare[¢ompared [Withthe
resultsfaccording [fo[Van[Rijn[(1995).[As[danbelobserved,the presenttnhodel [yieldsslightly
higher Waluesfin(the Teft(hand Ppart.

BecauselofTthe fact[that[the actual [valueslare[subjectfollarge Mincertainties, hoadditional
calibration ofTthe fransportpatternsfor Thedeeper Tegion Was [Garried [Qut.

Inl[summary (it Was[concluded(that[the[computedlongshore [fransport[patterns(arelacceptable.
Consequently, molddditional[dalibrationWwas [fequired [@and[the[default[Settings[can be@pplied
forfurtherlelaborations.

4.4 Coastal[évolution

4.4.1 Large[$cale[évolution

Using[former[derived(setting[the[tnodel hasbeenapplied [fo[compute [the[¢oastal[évolution
forthe1970=21990period, taking[intoaccounttheperformed Mourishments.

Figure(4.22 [provideslan/dverview 0fthelinitial ([1970) @nd final [(1990)1ayer [positions.
Sincethe(telated ‘changes(onthisTarge(scale[dre relatively (thinor,[it(is [very [difficult[fo [draw
conclusions[dn(the model [performance ising [thiskind oflplots.

4.4.2 Detailed[évolution[hear[ljmuiden

Sincelmajoridhanges(occurlin/the IJmuiden(region, d[comparisonbetween(thelobserved [and
computeddevelopments/in(this/arealseemslihteresting.

Figure[4.23 [shows[the Telated Tesults. [Theupper plotishowstheobservedevolution[(based
on[thelinitial 1970(and1990 Tayer positions), Whereas the Tower [plotishowsthe ¢omputed
evolution. [In[both[c¢ases, the thick lines refer tolthe[1990[Situation. [It[should e moted that
theobservedlayerpositionfortheY; Tayerlis[probablylincorrect.
Thechanges(in(thetpper[layers(are comparable folaTarge ‘éxtent. The odel reproduces the
distinctlaccretion[on [theSouthboundary.Inthe Towerlayer(thelagreementseems(less, Wwhich
isldlsoldueltothelacklofladequatelobserved(data.[Thecomputed [frends With[dn dccretionon
the TupdriftCsideand [erosion[on[the "downdrift[side (representing[the scourhole)are
consistentWwithgeneral [Gbservations.
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Itfsl¢oncludedthat(theModel (providesfadequatetesultslinthistegion. [However,[a[more
detailed [comparison fequiresdmore(detailed thodel ((including(detailed Galibration etc.).

4.4.3 Evolution[é6f{the[duter|[deltas

Thelanticipated behaviouroflthe ‘outer(deltasfinthemodellislalreadydescribedlin[part1of
this@eport. [ Thelactual [calibration[ofthe modellis faken intodccountlintheldefinition(ofthe
outer/deltaiodel fitselfl(see Chapter(7).

4.5 Layer[évolution

InforderTolchecktheBehaviourofltheodel, @[comparisonfis madebetween the [Observed
and(the'domputed fimelaveraged(frends for(specificTayers.
Thefobserved[frend’lis[basedon[the[difference between[thelinitial [((1970)@and final [(1990)
layerpositions. ThelTesults for[the dunellayer, the Mipperlayerfandthelower[layer are
presented(ih[Figure4.24fo4.29 [respectively.

Figure[4.24shows[al¢omparisonbetweenthe observed frend [(theboxes) and[thelSection[]
averaged[domputed(trend for the[dunelayer./As[can belobserved(alot0fiScatter is[present.
Figure[4.25[showsl[theresults [forthe Holland[coast((the[stretchWith[the ostldccurate[data)
in[more(detail. Thefed boxesldnd[red(line[(showing[alsectionaveraged imagnitude)denote
thelobserved rend.

Thelresults0fthethodelare[presented on boththescaleldflthegridcellslds welllasiaiSection[]
averagedvaluel(seelalsoHigure4.24).
Asl¢an[belobserved[theltesults[showallot[oflscatter[yielding form[31fo[31m/year. [ The
observedland/computed(sectionlaveraged Walues/are/comparable.

Figure4.261and4.27 [showlthe [Mesultsforthe(relatively important) lipper layer.TheSection ]
averaged(dbserved [trenddmounts [fo #1.0 m/yr@nd[10.1.1 m/yr(for the[southernland Morthern
part(tespectively. [The[valuesfor(thesouthern[part(are [comparable with [the ¢computed(tates.
Forlthe northern(part(alargerideviation(is[[present.
Onlthemore(detailedscale[(comparing[the(ted boxesland the thin(line), the [fesemblancelis
less, [@lthoughlsome0flthe [patterns are reproduced ratherwell.

Figure(4.28and[4.29[show theltesults[for[thellower[layer.[1t[$houldbe[hoted[that[the
information(on(the0bserved(frend(is (very (limited. [Themodel[yields megative [trends forthe
lower(layer (for mostofTthe(sections. [For(the Holland [coast/thehaximum(deviation[is[inthe
order(of10.5m/year.

Based/dnthese dlaborationsfitfis[oncluded thatthe todel produces iseful Tesults, @specially
onlalmoreintegrated(scale.

4.6 Large[$cale¢ell[évolution

ThePONTOSmodel can(alsobetised fol[domputelthe [@verage behaviourlofidoastal(dells.
Thelintegrated resultsforthe calibrationperiod are providedin[Figure4.30.
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In(this figure/table, the averagetrend [(expressedin IMm®/yr)(is[presented for(a number[of
levels, mamely:

e Thewholeutchldoast((1 [dell);

e Thefipperfandlowerdayer/alongtheDutchlcoast(2 Cells);

e Thelihdividualcoastal Systems Delta, Holland [@andWaddendoast(B[dells);

e Thelihdividualicoastalldells((11 [Gells);

e ThempperiandlowerisectionsforlthelihdividualCoastal(dells(22[cells).

Thelinteraction(across/the boundaries [0f thelindividual(cells is [provided in [the box lbcated(at
theldentrelofiéachboundary.

Inraddition, [the metlexchange with the[back barriersystem[(box below [thefost Tlandward
cell) fandtheCapplied Thourishment[intensity [(box [inupper[tright[cornerfofleachlcell) s
provided.

Aslcanlbelobserved,theoverall [sedimentbudgetsare[dominated by [the Tosses [fowards(the
tidal Basins. (The dverageloss fowards the (Wadden Sealamounts to[3.9 [Mm”/yr((forthe 1970
—990period;seelcentrelofltheldell ‘onthe mostlaggregatelevel). Forthe Deltalcoast{the
Western(Scheldtlinlet)the @verage(lossfowards|the (basin équals 2.0 Mm®/yr (see(also Figure
3.18).

The [ net(loss[ of[ the whole  coastal (system[isabout 5.4 Mm’/yr,which includes a net
nourishment[¢contributionCofT1.5™™Mm3/yr.[Without[latter[toastal fmanagementlefforts, the
total met Toss would liave been in the crder(6f6.9 Mm*/yr.

Alc¢omparisonwiththelobservedsedimentToss{onlylavailable[onthe19651995 period)is
presentedlihthemext/chapter.

4.7 Sensitivity[and[teliability[bf{themodel

Inlorder(fo [festland[calibrate the [computational model,[amumber oflindividual computations
havelbeen[performed.

However,[inlorder[folgainlinsightlin[the[actual [Sensitivity [of[the model,[a large mumber[of
mutually[felated [computations[shouldbelperformedin[Wwhich[theactual [inputlisvaried
between(distinct[boundaries. [Since[the present WVersion[0fthethodel requires [long [fun[fimes,
itiWwasmot[possible [to[perform(suchalsystematicsensitivity[check.

Nevertheless, [it[is [obvious/[from[the [present [éxperiences [that the [Overall results(0flthe model
are/dominated by the met(transport/dcrossthemodelsBoundaries. [Thisholds forboth[the net
transportlin[theltidal(inlets as[welllas[ for[the het[transportlacrossthe[NAP20m[depth
contour.

Onlalmoreldetailed scale(the behaviour(ofithelindividual layers(is(¢ontrolled by [the [dpplied
calibration oflthe cross(shoreltransport(pattern [toalarge éxtent. In(the [present version 0iflthe
model(thelsol¢alled (CW parameters play [an important(rolelin this(calibration.

Itlis[tecommended (to [perform[suchlal$ystematicl$ensitivity [¢heck [in[alhext[phase oflthe
model@pplication.
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4.8

Conclusions

Thelmodel(hasbeencalibrated by [ running[the imodel “for the period 119701990 and
comparingthe[model(tesultsfolthelavailable[data. Theamountloffuseful [¢alibration (and
verification)(datalonespecially thelarger(scalesis Very [limited. [Therefore alsolinsightinto
thelcoastal [Sediment(fransport, Both[crossshorelandTongshore, [as Ppresentedin [the Titerature
hasbeenfised forthelcalibration 0fthelgoverning [Processes.

Thefollowing[donclusions(aredrawndoncerningtheldalibration[ofthethodel:

Themost[important[ calibration[ coefficients appear[to[ belthosel controlling the
equilibriumlayer[distances. For[these toefficients for[alllayers[$patial [Variable
values[far[from(theltheoretical Valuel[(1.0) are(necessary[inlorder[folhavelcorrect
modelTbehaviour. [TThese Ccoefficients “mainly “lcontrol Cthe Jeross[shore Jsediment
transport(inthemodel.

Thelgeneral calibrated [pattern oflthel¢ross(shorelsediment transportlat[7 [in[depth
along[the[Holland[ Coast[produced[by[the imodellisl tonsistent3vith[thel[insight
availableihthelliterature.

Default[setting “ofT the parameters controlling[thelongshorekediment[transport
appearsto[belsufficient[ for[ reproducing[the[patterns alongthe Holland Coast
described(inthe literatureforthe RipperZone[(landwards (0f INAP[7 ). [For [the lower
zone[ the[modelljyields[slightlyChigher[valuesin[the Southern[part.[iGiven[the
uncertainties(oflthe(datapresented inthe diterature the[dgreement(is [considered [to[be
acceptable.

Comparison[between Jthe Tmodel Jresults[Jand Jobservations[iconcerning [coastal
evolution(inthe TJmuidentegion, [the mostlactive partlofthe[Holland [Coast,[shows
reasonableagreement.

Thelobserved(trend oflayerpositionsalongthe Holland [Coastshows alotoflscatter.
Themodel[cannotteproduce this(scattered(frendldccurately. [Concerning[the Section
averaged(trend fheldgreementbetween themodelland thelobservation(isfair.
Thelsedimentbudgets/oflthelarge(scalelcellsare(dominated by [the[losses[towards
theftidal basins.

Takinglintolaccount(the[“intral¢oupling’[for(the fidal[inlets has only[d[minor(effect
andlisMotltaken [intolaccount(in(the final funsWith 'the odel.
Inlordertolassess[thelsensitivity [of(the (model[inmoreldetail, allarge[mumberfof
computations[should(beperformed.[Since the[present(versionof the hodel fequires
long run(times, it[Wwas [mot[possible(to [perform@'systematic [Sensitivity [dheck.

In[summary/(itlisl¢oncluded(that[the model[provideslacceptableltesultslespeciallyonlthe
largeldcaleland [thereforelthe [derivedmodel(settings(dan [be lised[for[verification [purposes.
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5 Verification[of[the[model

5.1 Introduction

Using[former[derived(settingsthe odelhas been [@pplied [fo[¢omputethe [coastal [évolution
forlthe 1990312003 [period, [faking[intodccountfhe performed Mourishments.
Special @ttention Will begiven(to the comparisonWith thelavailablelargeScaleldata.

5.2 Coastal[évolution

Figure(3.1providesian(dverview 0ftheihitial [(11990)and final (2003 ) Tayerpositions.
Related[changeson(thisTarge scalelare(relatively inor.

Figure[3.2providesal¢comparison[betweenthe[dbserved and [computed developments[in
IJmuidenlarea.[Themipperplotishowstheobservedeévolution(based [On[theinitial 1990 @nd
2003 [Tayer(positions), whereasthe Tower [plot[shows[the[computed [évolution. Inboth[cases,
thethick lines refer tothe 2003 [Situation. The[changes(in theipper layers(are [comparable.
ThelactuallévolutionlofTthe [lowertegion(which[isnot tepresented by the “observeddata’
presentedin[Figure[5.2)is[teproduced [bythe[imodel: accretionon[the pdrift[side and
erosion[on theldowndrift(side[(representing[the formation(oflalargelscalelScourHole).

5.3 Layer[évolution

5.3.1 Upper{layer

Inlorderfol¢heck(theBehaviour oflthe(model, @ [¢omparison(is madebetween the [observed
and thelcomputed timeaveraged frendsforlespecially [the lipperlayer(for the Holland[doast.
The[*fobserved [frend”[is (based [on[the[difference (between [thelinitial [((1990) and {final (2003)
layer(positions. Theresults for(thislayer(are [presented in[Figure(5.3.

Theloverall pattern[is[comparable. Thel$ection—averaged[accretion[for[the observed[data
amounts(to+1.9(and 1.5 m/yr for(the [South[and morth (part(tespectively. [Themodel[yields
+2.9(and 2.8 m/yr(ds(dresult.

5.3.2 BCL[layer

Figure(5.4showslda[comparisonbetween [the[observed [and[¢omputedfrend [0fTthe[So[called
BCLayer.

Thelobserved(frend[isbased onthe ¢omputed MCL position for[theinitial 1990 and the
(initial) (2003 Cbottomtopography. In[the[ffigure, thered “boxes denotethelindividual
‘observed’[trends; thelsection[averaged Values(by [thered Tine.
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Thecomputed Walues(are bBased[on MCL [position forthelinitial 1990 @nd the[computed 2003
bottom[fopography. Tnthefigure, the openboxes/denotethelindividualicomputedfrends; the
section/averaged values by theblueTine.

Asldan(beobserved, [the fesemblance between Observed(and [domputed Values(is rathergood.
Thelindividual IMCL[frends[show[the[¢omparablepatternsandthe deviationbetween the
sectionlaveraged(frendsfisOnly Timited.

Forthesouthernpartithe model lyields #2.3 th/yr/dompared [fo 1.9 i/yr For(thedata.
Infthelsouthernpart[the [computed [frend[@mounts [fo[32.1 in/yr[Whereas[the[datalsuggest[a
+1.3m/yr(frend.

Basedlon[this[éomparison,[it[is[¢oncluded fhat[fhelfodel Gs’ablefoproducelarathergood
representation 0f[the(MCL [frends[forthe Holland [¢oast, [althoughho[$pecific[¢alibration
efforthasBeen performed(fo @chievethis.

5.4 Large[$cale[¢ell[évolution

Figure[3.5providesthe computedtimelaveraged eévolutionloflthecoastal[system[Torthe
1990212003 Period(comparableto Higured.30forthe 19701990 period).

TheloveralllsedimentBudgets(are(dominated By [the losses towardsthe [fidalbasins(aswell [@s
the Mourishmentihput.

Thelaverage [gainamounts fo43.8 Mm’/yr[(compared fo=5.4 Mm’/yr for the 1970=1990
period).

This(large differencelisdue o the largermourishment quantity (+6.5 instead 6f # 1.5 Mm’/yr)
and(the[Significant[change in[theMetfransport(dtWestern[Scheldtlinlet((+1.4instead [0f[42.0
Mm?*/yr).

Figure(5.6[shows(the[computed(differences(in[the[domputed frendsbetween(the Verification
and (calibration[period.

Thelrelative total [difference lamounts fo [+9.2 Mm?/yr, [due(to an increaselin the nourishment
rate[(+5.0(Mm’/yr)Land a[Significant[decreasein the loss towards the basins[(4.2[Mm’/yr
less).

Inlorderto verify[the [0Overall behaviour(dflthe [Coastal [System, a[comparison(is thade Wwith [the
results [0flan [extensive [SedimentBalance [study [Mulder, 2000].
Inlthisreport(thefime[dveraged sand[balancelisprovided [for(the 1965+1995 [period.[The
average/(loss @mounts fo(6.4 Mm’/yr.

Table[5.1provides(theoriginal(datal(based [dn(Table 2 ih[Mulder,2000]).
ItCshould Tbe"noted Mthatthe Toriginal [datalThaveTbeenJcorrected [for [the performed
nourishments.

Thelfotal mourishment¥olume in(this period (1965 =1995)[@mounts [fo 74 Mm’ [(see[Annex

A)lyielding[ an[ average  gain[of 2.5 Mm?®/yr[ onl average. [ Latter| nourishment! effort[ per
individual [Gellis'added(in(the(table.

WL [Pelft[Hydraulics[&ALKYON 52



Allong[term[inorphological[iodel[for[the[fvhole

Dutch[Coast

Z3334.00[A 1000

November,[2004

section Delta Holland Wadden

cell 1,21&(3 4 6 7 8 9 10 11 total
HVHT | Idmuiden(D . Eierlandse | . Amelander | Friesche

part Delta IJmuiden | Den(Helder Marsdiep Gat Vliestroom Zeegat Zeegat

Upper 0.30 0.25 0.08 1.04 1.12 0.75 0.61 0.29 1.54

Lower 0.43 0.01 0.74 0.40 0.07 0.08 0.05 1.38

Outer(deltas [2.50 1.13 0.92 0.82 1.42 1.370] | [3.48

Total [2.20 0.18 0.09 2.91 0.60 1.50 2.1 1.03(] | 6.40

Nourished 1.05 0.31 0.12 0.24 0.51 0.01 0.15 0.09 2.47

Nettotal 1.15 0.13 0.03 2.67 0.09 1.49 2.26 0.941) | [3.93

Table 5.1: Overview(of available/large scale datal(expressed inMm®/yr)forithe 19651995 period.

The met(total [is[presentedlin(thelower [tow [0f(the [fableand[¢anbe compared (with thelcell[]

datalprovidedlin Figure[4.30[(forthe[1970(2[1990period)and(Figure(5.5[(for(the[1990(+

2003 period).

Table[5.2 [summarizes the [computed results [forthe 1970 21990 period.

Infthisicase,themetfotal (including the [performed mourishments)isderived(directly from fthe

computed(Tesults[{see[Figure4.30).[Anlorder fo compute[theAutonomous [fotal [frend, [the

performed mourishments Have [fo beSubtracted from the Met fotal values.

section Delta Holland Wadden

cell 1,21&(3 4 6 7 8 9 10 11 total
HVHT | Idmuiden(D . Eierlandse | . Amelander | Friesche

part Delta IJmuiden | DeniHelder Marsdiep Gat Vliestroom Zeegat Zeegat

Upper 0.65 0.31 0.09 0.05 0.07 1.40 10.65 1.7801 | 4.20

Lower 0.78 0.38 0.03 0.43 [0.16 0.19 0.16 0.45 10.98

NetTotal 1.43 0.07 0.06 0.48 0.23 1.21 10.50 1.33(] | (5.18

Nourished 0.65 0.25 0.04 0.16 0.33 0.00 0.06 0.05 1.53

Total 2.08 10.32 0.03 0.64 10.56 1.21 10.56 1.370) | 6.71

Table 5.2:LLlarge scale results (expressed inMm’/yr)iforithe1970=+1990period.

Comparable dataldrepresented [for(the 1990212003 (period (see also Figure(5.4)in Table(3.3.

section Delta Holland Wadden

Cell 1,21&(3 4 6 7 8 9 10 11 | total
HvVHT | IJmuiden( . Eierlandse |, ,. Amelander | Friesche

part Delta IJmuiden | DeniHelder Marsdiep Gat Vliestroom Zeegat Zeegat

Upper 3.33 1.75 1.01 0.41 0.72 1.30 0.43 0.39 5.10

Lower 10.63 [0.35 0.04 0.42 0.15 0.23 0.17 0.10 1.08

Net(Total 2.70 1.41 0.97 0.01 0.57 1.08 10.26 0.29 4.02

Nourished 1.37 1.73 0.94 0.55 1.13 0.16 0.34 0.31 6.52

Total 1.33 0.32 0.03 0.56 0.56 1.23 10.59 [0.600 | [2.51

Table(5.3: Large scalelresults (expressedin Mm®/yr) forithe 19902003 period.

Table[5.4presents[anloverview [0f[the metfotal [frends[{including performed mourishments)

forlthelthree(sources.
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section Delta Holland Wadden

Cell 1,21&3 4 6 7 8 9 10 11| Total
HVHT | Idmuiden(D . Eierlandse | . Amelander | Friesche

part Delta IJmuiden | DeniHelder Marsdiep Gat Vliestroom Zeegat Zeegat

Data(65(95) 1.15 0.13 0.03 2.67 0.09 1.49 2.26 0.9411 | 3.93

[Model((70190)] .43 0.07 0.06 0.48 0.23 1.21 10.50 1.330] | 5.18

Model (90[03)] 2.70 1.41 0.97 0.01 0.57 1.08 10.26 0.29 4.02

Table(5.4: Comparison ofinet total trends (expressed in Mm®/yr; including nourishments).

AslcanBelobserved, theimpactioffincreased mourishmentleffortsfis[dignificant(comparelthe
lower[fwo Tows).

Theldomputed Walues [forthe1970=1990 Periodlagree well Wvith Theobserved Walues[(1965
—[1995 [period). Mnly theldataforcell 7 [(Marsdiep)and 10 (AmelanderZeegat) show alarge
difference. Theloverall[frendfortheldbserveddatalis telativelylessdue(tolthelincreased
nourishment(effort((until 1995 [for[the Fdata’instead [0fintil 1990 forthe ‘model’).

TheTesults With Tespectfothelautonomous frends(withoutmourishments)drepresented fin

Table(5.5.

Section Delta Holland Wadden

Cell 1,283 4 6 7 8 9 10 11 [Total
HvHIT IJmuiden( . Eierlandse . Amelander | Friesche

Part Delta IJmuiden | Den(Helder Marsdiep Gat Vliestroom Zeegat Zeegat

Data((65/95) 2.20 0.18 [0.09 2.91 [0.60 1.50 2.11 1.030 | (6.40

|Model((7090)] 2.08 0.32 0.03 0.64 [0.56 1.21 [0.56 1.370) | 6.71

IModeI\(90\03) 1.33 10.32 0.03 [0.56 [0.56 1.23 [0.59 [0.6007 | 2.51

Table5.5:[Comparison(offautonomous(trends {expressed inMm®/yr; withoutmourishments).

Taking[lintoaccount[al‘correctionfor[the nourishmenteffortsprovidesevenal better
agreementbetween (Observed (11965 31995)and[computedidata (1970 21990).

However, [ the[llarge[Idiscrepancies[iforJcell (17 [Jand[110 Cremain. [ItCis[noted (that[these
discrepancies(dre(directlycaused By theldifferences Between(the[computed [and the lobserved
exchanges(between(theebb fidalldeltalandthe(fidal basins. This[meansthattheldiscrepancy
isfin[the TASMITApartloflthe model.[Forl[¢cell [T this[is[probablyduelto thelinsufficient
calibrattion0fTthe [existing[ASMITAmodel. [For[cell[10the reliability [0f the Observationdata
can[bequestioned. Morerecent(dnalysis(oflthe field[datalsuggests(aldifferent(picture, Which
agrees much [better with [the thodel [results.

5.5 Conclusions

Theperiod (199012003 [has [beenuised (for(the (verification[ofTthefnodel.[The model (tun has
been(continued for(this[period Wwith[the [Same [parameters(settings [for(the thodel [@s(in [the[final
calibration[tun.[It[is[hoted[ that[the[coastal imanagementlin[this[periodis[ considerably
different(than(thatlin[the[¢alibration[period. This[makes the Verificationtun(not(simply[an
extrapolation0fltheGalibration fun. The following donclusions(are/drawn:
e Concerning[ thelcoastalevolution[and[the[evolutionofl the[layer[position, the
agreement[between[the modeltesultsland[the observation[datalis[similarlas(in[the
calibration period.

WL [Pelft[Hydraulics[&ALKYON 5__4



Allong[term[inorphological[iodel[for[the[fvhole Z3334.00[A 1000 November,[2004
Dutch[Coast

e Theloveralllsedimentbudgets/ofithe(coastlare[dominated By [eéxchanges with[the [fidal
basins[and[ by[ the nourishmentinput.[ The increased hourishment[trate[‘and[the
decreased(sedimentloss(to(thefidal [(basins havefogether tesultedinlalgain for(the
coastlinh(the Werification period(in [Contrast[to [@lossin[the [Calibration period.

e ConcerninglthelsedimentBudgets[thedgreement bBetween [fhe model[andtheldatalis
reasonable[for[mostloflthe large[Scalel¢ells.[Onlyfor[the ¢ellsiMarsdieplandthe
Amelanderzeegat(theldiscrepancy [between [the inodelland theldatalis[¢onsiderable.
Toltesolvel[theseldiscrepancies itlis[tecommended fo tevisit/the calibration oflthe
ASMITA Jmnodel(J for[JMarsdiep[land[JtoJrevisit[Ithe[]datalJanalysis[]for[Ithe
Amlanderzeegat.

InCsummary,[itlis[concludedthat[the[model provides[fairly[good tesults[concerning the
sedimentBalance [0fthe large(scale(cells. [Thegeneral (patterns(ofiboth(the behaviour(ofboth
layer(and[coastall¢ells[agree with[observed data tolallargeléxtent. This[holdslalsofor[the
trend (in the BCL [layer, Whichfis teprocuded by [the model ratherwell.
Thelagreement(concerningthe(detailled Wariation oflthe individual layers/is(less.

Since(the[basiclidealoflthe[modelis[to [providevesults onla telativelylarge[scale{coastal
cells)[this[goalseems(to[belachieved. Moreover, [theinodel [tesults forthe BCL layerlare
fairly(goodalso.As(dldonsequence(theloriginally [derived odel settings[(see (Chapter(4)can
now [be ised for (prediction purposes.
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6 Prediction[$imulations

6.1 Definition[¢f{the[$cenario’s
Thepredictions @reperformedforthePeriod 2003 Z2053 [(+50ear Period).

Forlthelsealevel riseTate fwolSpecific/Scenarios have been lised, iamely:
1. AlbwIscenariosing[0.20Th/century;
2. ATighlscenarionising[0.60m/century.

Forfthel@nticipated miourishmentschemes [(period 2003 =2053), Three[different anagement
scenarios(are(defined, namely:
A. Amourishment(schemeBbasedonthe Predictions(df[Mulder,2000]With(dbtal
invariablerate[0f11.9 Mm3/yr;
B. AMmourishmentSchemebased(dnlthemean Effortsfintheperiod 2001 M003 With(a
totallihvariable rate[0f(13.0 Mm3/yr;
C. Afmourishmentischemelaccording/to([/A]lincluding(thelconstruction(oflthree/dams
alongtheHolland [coast/combined With [activelauto mourishments inthisregion.

Thellatter[three management[schemes[([A],[[B][and[[C])lare[¢ombinedwith[thetwol[3ea
levellriseschemes((] 1]@nd[[2]),yielding[six Gombinations.
Aslshown(inthefable,0nly 4 [combinations areiised for the [Computations.

Scenario Management([A] Management([B] Management([C]
Seallevelrise([1] [1A] ad ad
Seallevelrise([2] [2A] [2B] [2C]

Table(6.1:[Applied(scenario’s(for(predictions

With despect(folthe fesults[oflthe Various[computations, [Special[dttentionlis[given [fothe[so[]
calledMCLfrends/as Well [dsthe Wolumes in[SpecificiSections. [n [Order [fo [gain insight/in [the
effectloflthe Warious/scenarios, @lso [thelrelative limpacts/aredssessed.

In(thelfollowingthe tesults[oflthe performedpredictions for the period 2003 [+2053are
presented. [Four(differentimodelruns(dre(defined, iamely (seelalsoTable6.1):
e Pl1A:0,2m/yr[Seallevel rise[Gombined With Mourishment(scenarioA;
e P2A:0,6m/yrlSeallevel rise Combined With Mourishment(scenariolA;
e P2B:[0,6m/yrseallevellrise[dombined WwithMourishment(scenarioB;
e P2C:[0,6m/yriseallevel rise[dombined Wwith MourishmentiScenarioA, the
construction[dfithree dams(and [@utomourishments(along(the Hollandcoast.
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6.2 MCL[trends

6.2.1 Individual[tesults/per[$cenario

Comparable(folthe[procedurefollowed fortheVerification of(the MCL [frend [(seeFigure
5.4),thelcomputed frends[areBased dn thelinitial MCL [position[in[2003 [and [the[¢omputed
MCLpositionin2013.Asa@result the domputed frendis Based (onla10year [fimeframe.

Figure[6.1shows(the computed individual frends forScenario TA.
Infthempperfigureoththeapplied [({scenario[A)And (fhetecent{19902003) mourishment
scheme/(is[provided.As[canbelobserved, thelintensity [0fTthe [@nticipated [Schemelis Tessthan
theactualscheme.As[dTesult, ih[Someregions MegativefrendsOccur.

This[same pattern(is presentfor(scenario 2A;see Figure[6.2.[Duefo Thelincreaselin/sealevel
rise, the frends [@reslightly thore Megative.

InCeaseloflscenario2Blalmoreintense ourishmentSschemeis applied [(see mpperplotof
Figure(6.3)thel@amount(ofmegative frendslisreduced [Considerably.

The(results [for(scenario 2Clareprovided inFigure6.4.

Inladditionfothebasic mourishment[scheme (scheme[A), also[additional (hourishments[are
presentlds(shown(in(the lipper[plot.Latter(are[theresult0fising theSol[¢alled[automourish[]
ment[option[0fithe [PONTOS[tnodel.

Regions with megativeltrends[arerestricted [fothe downdrift Sideofthelddditional [dams.

6.2.2 Effect[éf[increased[sea[level[fise

The(relative impact/oflincreasedseallevel rise[(0.6 (m/century linstead [6f10.2 [m/century)[dan
beldetermined by [subtraction(the results 0firun2Alandrun 1A.
Thelresultlis[shownlin[Figure(6.5,[showinglanlincreased(sea levelriseWwill [yield[d megative
correction(on [thelactual MCL [frend. [This(more[or(less tiniform)(Gorrectionlislin[the(drder [0f
0.21t0[0.4m/yr.

6.2.3 Effect[6fldther[hourishment[§cheme

Thelimpact[ofTthe mourishment[schemel¢an[belassessed[from[theldifference between tun
P2Bland[P2A. TheltesultWwith tespect(to the[MCL [frend [is[shown[in (Figure[6.6.[As[can(be
observed, the[positivel correctionis directlytelated tolthe (magnitude0fl the increased
nourishmentlintensity (seeipper Plot).

6.2.4 Effect[6fladditional[$tructures[and[additional[hourishments

ThelimpactlofTthelscenario[2C¢anbelassessed from[theldifferencebetween tunP2Cland
P2A.[ThetesultiwithTespecttolthe MCL [frendis[shown inFigure6.7.[As[canBeldbserved,
thepositivel¢orrectionlis[directly[telated o the magnitude ‘oftheladditional (hourishment
intensity [(seeipper plot). The Megativelimpacts(arerelated(fo [the mew [Structures.
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6.3 Volumetric[¢hanges

6.3.1 Individual[tesults/per[$cenario

Thelintegrated [Tesults for theprediction tunslareprovidedlin[Figure[6.8[fo[6.11,[showing
boththelaveragebehaviourloverthelinitial (10 yearperiod (2003 2013)[@sthe whole[S30year
period[(200312053).

ForlScenarioMAl(seeFigure(6.8aland6.8b) theeffectdf theaveraging periodisonly Timited.
MoreleffectslarepresentforthelScenarios with[increased[seallevel [tise[(see[Figure[6.9fo
6.11).

Itishouldbe motedthatfhelactual dccretion/erosion miumber Perfindividual [éells(arebased lon
the Tesultsforafixed vertical Teferencellevel. Theconsequences forlalrelative[defence Tevel
(linked[to [the hean [Sea Waterlevel) will be[discussed hereafter.

6.3.2 Effect[of[increased[sea[level[tise

Thelimpactloflincreased seallevelltise[¢an[bel¢omputed from[the difference between tun
P2AlandP1A.Theltesult[Wwithtespectfothellargelscalel¢celllevolutionlis[provided [Figure
6.12[(forBothal0[Mand50[yearldveraged [period).
Asl¢an(belobserved,theléffectslare[mainly(testrictedfo [thefidallinletarea, showingsome
additional Cerosion[bfl especially[the upper[zone. Increased[seallevel rise[isespecially
important/on(thelonger(fimelscale[(compare(Figure(6.12aland[6.12b).

6.3.3 Effect[of{dther[hourishment[§cheme

Thelimpactloflthe mourishmentschemel¢an[bel¢omputedfrom(theldifferencebetween tun
P2BlandP2A. Thelresultwith Kespect/foltheTargelscalelcell(€volutionlis (provided(in (Figure
6.13 [(fforboth @10 Tand[50year dveraged period).

Theeffectsareconsistentwith [theldriginal [Objectives [0flthe [fwo lindividual[schemes.

6.3.4 Effect[é6fladditional$tructures[along[the[Holland[¢oast

Thelimpact(ofithe[construction(ofthree(damsand [the additional mourishmentscan(belderived
fromthe differencebetween run P2Cland [P2A.

ThedesultWwith[respect(fo(thelarge scalelcell[évolutionis[provided[Figure(6.14 [(forbothla
10(Tand[30(year(averaged(period).

From[theseltesults[is[can[belfound that thistequiresadditional (hourishments[upto[1.7
Mm?/yr((averaged overa10(yearperiod)and (0.8 Mm®/yr(averaged Over @[50 yearperiod).
Alsolalsmalllgffectfispresentlonthempdrifticell (Marsdiep).

Figure(6.15showsthelbngshore(distribution [0fthe Mourishmentintensity (both detailedand
celllaveraged)forBothfhe Preldefined mourishments [(according foScenariolA)[and thelduto]
generated @dditional Mourishments[(indicated(in red).

Itishouldbe motedthat(the latter Mourishmentintensity for the Holland [doast[is [based[0n the
initial M0 [year(dverage.
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Since, [the (imomentary (magnitude[oflthis[additional mourishment[Wwill [decreaselin[time by
definition, the 50(yearlaverage Walueis much Tower((see [Figure(6.14b).

Figure(6.16[provides(the(fimeleévolution6flthe Mourishment intensity, [startingin 1970.
The fequired(additional (nourishmentsare [initially [in the order[of[3 [to[5 Mm®/yr. After[10
years lin/the (order(ofl1 Mm®/yr.

6.4 Volumetric[results[for[modified[reference[level

6.4.1 Introduction

Forrarsituation[withseallevelriselamountlofTsedimentlosslinalspecificlsection[¢anlbe
expressed Telativefolafixed Meference level [ds Wwell [@s Telative o @ Teference Mevel, hichis
coupled(dnlthetheanseawaterlevel.

ThePONTOSmodel dseslafixed Vertical feference Tevel.

6.4.2 Assessments[of[basic[¢orrections

InCorder[tol[transform[theoriginal [PONTOSfesults[towards [ resultsfor altelative[level
magnitude(ofltheldorrectionhasto Beldetermined.
This[dorrection(depends(ontheldrealofléachlindividual ¢ellldsWwell [as[on[the [@mountoflSea
leveltise.

Inlorder[fol¢compute [theareaslof thelindividuall¢ells, [the [position[ofthe pperland [lower
boundaryoflboth thetipperlandlower layerhave[to beldetermined.
TheseboundarieshaveBeenbased(ontheleélaborationshownlinFigure([6.17.In(thisfigurea
numberofl¢ontours and Tayerpositionsare[shown. Thelactual[boundaries(drebased [on(the
NAP+3mIi(Pontos), NAP[7mland NAP[20m respectively.

Based/dnthis [the @reas0flthe individual (cells HasBeencomputed; (see Figure(6.18.

Theldorrection [(or(in [(fact(the[sediment Toss) [per(individual [¢ell is [shown [in[Figure6.19 [and
6.20[respectively.

Inlcasel0f10.2 m/century [seallevelrise, the[coastal System [@xperiences @ met Toss [0fldbout (7.4
Mm?*/yr.

6.4.3 Results[per[individual[$cenario

ForleachlofTthe [four$cenarios, (the[net[$edimentlgainlorloss foreachindividual Ceell (s
providedlin(Figure[6.21,[6.23,(6.25[and[6.27.[These[tesults[are[¢omparablefothe10year
averaged(resultsids(discussedin[Section[6.3. InltheseCases, the [ volumelchange[is Telativefo
alfixedWertical referencelevel.

Theresults(forlarelativelevel(fixed o @lihcreasing Water evel) [dre provided in [Figure[6.22,
6.24,16.261and[6.27 [respectively.

TheTatterresults[show [dmore megative frend for(thedreadflinterest.
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InCcaseofTscenario 1 AC(with 0.2 Cm/century [seallevel [trise), the Cnet[trend (including
nourishments[andCon[thellargelScale)lis[stillpositive.[Forthe other[scenarios (with[0.6
m/century sea(level rise), this frend is Megative (up to =14 Mm*/yr).

6.5 Detailed[results[{or[§cenario[C

Figure(6.2910[6.3 1 [showtheldetailed [évolution 6fTthe [Holland[coastlin[case[dfScenario 2C
forlthelintervals2003MR013,2003 22028 land 2003 22053 [respectively.
Thelimpactiofiéspecially the mew [dams canbedbserved inltheseplots, showinglaccretionon
theTipdriftisidedf thesestructures.

6.6 Conclusions

With(thecalibrated hodel simulations[6f50 years have Been[carried ([Gutfor fourScenarios in
order folévaluate(the impactlofTthelacceleratedSeallevel tise Tateand Variousianagement
options. Insummary the followingconclusions havebeendrawn:

e According tolthelimodel, theleffect[ of accelerated seallevel tise[will belmainly
restricted folthe fidalfinlet(areas. The[extralsediment[demand(in(the basins Wwill [Cause
additional [drosion0flespecially the ipper Zone [dfthelddjacent/Coasts.

e Forlthellargelscalel¢ells[the nourishment[appears[to belanléffective[management
measure. Extramourishment(causes(additional (gain [forthe[coast[oflalmost(the(equal
amount.

e After[the[constructionoflthelthreel considered dams[along the HollandCoast
additional mourishment will Be required, initially in the [order (0f3 [fo 3 Mm’/yearand
later((after@bout (10 (years)in the Grderof[1Mm®/year.
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7

1.1

7.1.1

Conclusions[and[fecommendations

Conclusions

Model[¢oncept

ThelmodelconceptThasbeendescribed[inpart[1Cof thisteport. [ This[part"ofTthe teport
describesthelsetip, ¢alibration, Werificationandthelapplication 6 flthe model [fo [theéntire
Dutchidoast.'With Tespectfothe modelitlis[Goncluded that:

7.1.2

Themodelhasbeenlimproved on Variouspoints.
Bothltheltidallinletlandthelcoupling With[the back barrier(systemhavebeen
incorporated(successfully.

Themodel Providesvaluableresults(onéspeciallythelargescale.
Results/onlsmaller(scalesshow [promising results, @lthough@lotlis[ScatterCan be
foundlon(these(scales.

The time[required [fo fun(the hodel is @problem, becauselit requires/in theorder of
days o [perform(asinglelong [ferm Tun.

Model[¢alibration[and[Verification

Thelmodel(hasbeencalibrated by running[the imodel for the period 119701990 and
comparingthe[Model(tesultsfo theavailableldata. The amountloffuseful [¢calibration{and
verification)(datalonlespecially thelarger(scalesis Very [limited. [Therefore alsolinsightinto
thelcoastal[Sedimentfransport, [bothcross(shoreland Mongshore, [ds presented [inthe Titerature
hasBeennised for thelcalibration[0fthegoverning [Processes. The Following[conclusionslare

drawnld

WL [Pelft[Hydraulics[&ALKYON

oncerning [theGalibration 0fthe todel:

Themost[important[ calibration[ coefficients appear[to[ belthosel controlling the
equilibriumlayer[distances. For[these toefficients for[alllayers[$patial [Variable
valuesfar[from[the[theoretical [Value[{1.0)are[hecessary[in[orderfo havel¢orrect
modelTbehaviour. [TThese Ccoefficients mainly “lcontrol (the Jeross[shore Jsediment
transport(inthe model.

Thelgeneralcalibrated [pattern oflthel¢ross(shore[sediment transportlat[7 [in[depth
along[the[ Holland[ Coast[ produced[ by[the modellisl tonsistent[3vith[thelinsight
availableihthelliterature.

Default[setting “ofT theparameterscontrolling[ thelongshore[ kediment[transport
appears! to[ bel sufficient[ for[ reproducing[thel patterns along[thel Holland[ Coast
described(inthe literature(for the lipperZone[(landwards [0f INAP[7 ). [For [the lower
zone[ the 'modelyields[slightly Chigher[values[in[the[ Southern[part.[Given![the
uncertainties(0flthe(datapresented (in(the literature(thelagreement(is(considered(to (be
acceptable.

Comparison[between[Jthe 'model Jresults[Jand [Jobservations[concerninglcoastal
evolution(in/the TJmuidentegion, [the mostlactivepartlofithe[Holland [Coast,[shows
reasonableagreement.
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e Thelobserveditrendloflayer(positions/alongtheHolland[Coastishows[alot[oflscatter.
This[scattered (frend [cannotbe teproduced by the model [accurately.[Concerning the
section(@veraged [trend(the@greement between [the hodel land [the [observation is [fair.

o Thelsedimentbudgetsloflthe Targelscalelcells[areldominated by [fhelossesfowards
the(fidal basins.

e Thelperformanceloflthelowerllayer[is(stillhotlsatisfactory althoughlit[should (be
stated[thattheavailablefinformation/is limited also

Theperiod199012003 asbeen isedfor theldalibrationldfTthe model. [Theltnodelhas been
continuedfor(this period [with [the[sameparameterssettingsfor[the model[as in thefinal
calibrationrun. [1t[ishoted [ that[the toastal imanagementin[this[period is[tonsiderably
differentthan(thatlinthe calibration[period.Thismakes the verification funmotSimplylan
extrapolationoflthelcalibration Tun.Concerningthe Werification[ofTthe odel [thefollowing
conclusions/areldrawn:

e Concerningthe toastal evolutionand[the evolutionofl the[layerposition, the
agreementbetweenthe modeltesultsandthelobservationldatalis[Similarfasfin[the
calibration Pperiod.

o [tlis[concluded(that(themodellis(ablefolproducela rather good representation (0fthe
MCL[frendsfor(the Holland ¢oast,[althoughmolspecific(calibration efforthasbeen
performedffolachievethis.

e Theloveralllsedimentbudgets/ofithe(coastlare[dominated By [eéxchanges with[the [fidal
basins(and by [themourishmentlinput. Theincreased (mourishment(dnd (the [decreased
sediment(loss [to[thefidal (basins have fogether resulted (in(a(gain [for the [doast(in the
verification [period [in[contrast(tba(loss [in [the [calibration [period.

e ConcerninglthelsedimentBudgets[thedgreement bBetween [fhe modellandftheldatalis
reasonablefor[mostloflthe large(Scalel¢ells.[Onlyfor[the ¢ellsiMarsdiepland[the
Amelanderzeegattheldiscrepancy betweenthethodel [andthe(datalis[Considerable.

In[summary, fit[is[concluded [thatthe model[provides fairly [good results. The [general patterns
oflboth[the behaviour oflboth(layer and[¢oastal [¢ells[agree[Withobserved dataltolallarge
extent.

Since(the[basiclidealoflthe[modellis[to [provide[tesults onla telativelylarge[scale{coastal
cells) this/goallseems to belachieved.

7.1.3 Model[application

With(the calibrated thodel [simulations([0f[50 [years have [beencarried (outfor four(sScenarios(in
order[tolévaluate the[impactofithe/accelerated3eallevel tiselrate[and[variousmanagement
options. Tn/summary the followingdonclusions Have beendrawn:

e Accordingtoltheiodel, theleffect[ofl accelerated[seallevel tise[Wwill belmainly
restricted [to(the(tidal[inlet(areas. Thelextralsediment/demand(in(thebasins(will [dause
additional [drosion (0flespecially (the ipper Zone 0fltheddjacent/Coasts.

e Forlthellargelscalel¢ells thehourishmentlappearstolbelanleffectiveimanagement
measure. Extranourishment/causes(additional gain [forthe[coastlofldlmosttheléqual
amount.
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e After[the[tonstructionofl thelthreel considered dams[along the HollandCoast
additional mourishment will Be required, initially lin[the [order (0f3 [fo 3 Mm’/yearand
later((after@bout (10 (years)in the Grderof[1Mm®/year.

o Thelstrength[oflthe modellis inthe€valuation/oftheéffectlof Variouschangeslinthe
natural[forcing[andin[the (human [interferences, by [comparing[the model[results for
theldifferent/Scenarios.

e Predictionlinlabsolute[$ense Wwith[the[model[stilllaccompanies[with[considerable
uncertaintiesalthough individual Tesults/arepromising.

7.2 Recommendations

7.2.1 Model

With respect(to the modellit[is recommended [to:

e InvestigatethepossibilitiesfoTeducetherequired[computational fime;

e Tolperform(a(largemumber oflcomputations/in/drder(tolassess the [Sensitivity[oflthe
modellinmore detail (sincethe present Version oflthemodeltequires longfunl]
times, [itWas Mot [possible o performd@systematic(sensitivity [check).

e Tolimproveltheldutomourishmentmode by ising[the(relative[BCL[layer[ratherthan
anlabsolute(Y [layer.

e Givelhoreattention[fo fhe’Sediment/demand 0fTthe fidal basins because0fthe
dominant(role 0fthe[sediment@xchange between [the fidal (Basinsland [the [doast for
the[SedimentBudgets [0fthelarge(scalecoast(cells. Especially the hodelling oflthe
tidalinlets Marsdiep,/Amalanderzeegatand [the[Western[Scheldt(estuary [should be
paidmoreattention[to.

e Improvethelcalibration/concerningtheldevelopmentofthe individual Tayers and
especiallytheTowerlayer.

7.2.2 Application

With(Tespect(fo [the @pplication fit[is fecommendedfo:

e Providemorelarge(sScale(datal(especially thore(details(asafunction 0ffime) for
calibrationland validation[purposes;

e Toluselthisldatalfor(albetter(calibration oflthe model;

e Uselthelpresentversion(oflithemodelldpplicationonlyfor(largelscale/development(of
theldoast.

e ThelpresentlargelscalemodellisMot/suitable for[simulatingldevelopment/on
detailled[scales. [Suchlalscalelaskes/forlamore(detailed hodel Setup.

e Carryloutongerferm(simulations,(e.g. for500 years.
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ANNEX A

Overview of input data

File: PonTos_input_r16.xls



Overview

File: PonTos_input_r16.xls

no. Group Sub ltem Specification array | length
1 |Geometry 1.1 |Overall COD| 10
1.2 |Levels Level ZO Z0X | 100

Level Z1 Z1X 5

Level Z2 Z2X 5

Level Z3 Z3X 5

Level Z4 Z4X 5

Level Z5 Z5X 5

1.3 [Layers Layer YO YOX | 500

Layer Y1 Y1X | 500

Layer Y2 Y2X | 500

Layer Y3 Y3X | 500

Layer Y4 Y4X | 500

1.4 [Seaward YBX 50

2 [Material 2.1 |Longshore DSX | 50
2.2 |Cross-shore DSz 5

3 |Structures 3.1 [Revetments RVM | 25
3.2 |Groynes GRN 50

3.3 [Breakwaters OBW | 10

4 |lInlets 4.1 [Inlet characteristics TID 15
4.2 |Basin characteristics TBD 15

4.3 [Inlet coefficients TIC 15

4.4 |Basis coefficients TBC 15

5 |Conditions 5.1 |Waves Stations WCR| 10
Climate conditions WCi 99

5.2 |Tides Stations TCR 10

Climate conditions WTi 20

5.3 [Changes Sealevel CsL 5

Wave heights CWH 5

Wave direction CwD 5

Tidal range CTR | 100

Tidal velocity CTV 5

6 [Boundaries 6.1 |Left Layer YO QL1 5
Layer Y1 QL2 5

Layer Y2 QL3 5

Layer Y3 QL4 5

Layer Y4 QL5 5

6.2 [Right Layer YO QR1 5

Layer Y1 QR2 5

Layer Y2 QR3 5

Layer Y3 QR4 5

Layer Y4 QR5 5

6.3 [Dune QDX | 25

6.4 |Sea QSX 5

6.5 [Inlets (pre-defined) no.nn Qlnn | 10

7 [Management 7.1 [Schemes PSS | 250
7.2 |Layers Layer YO YoC 25

Layer Y1 Y1C | 200

Layer Y2 Y2C 25

Layer Y3 Y3C 10

Layer Y4 Y4C 5

7.3 |Cells VCC | 10

8 |Runinfo 8.1 [Grid CGD | 50
8.2 [Time-range TRD 15

8.3 [Constraints TSC | (3)

8.4 [Output Balance sections CsD 20

BCL-levels CLD 30

Profile location CPD 10

Depth contours CCD 5

Box boundaries CBD 20

8.5 [Stochasts SVC 30

9 |Calibration 9.1 [Longshore Wave CwXx | 10
direction CDX 10

Tide CTX | 10

9.2 [Cross-shore Capacity CCX | 10

Steepness CSX 10

Type CPX 10

Equilibrium width correction CW1X]| 500

CW2Xx]| 500

CW3X| 500

CW4X]| 500

9.3 [Tidal inlets Capacity CQl 15

Overview of parameter groups

Version: 11/5/2004
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Summary of input - 5-1 (1)

Individual wave conditions wave climate station no. 1
(for all individual conditions, viz. 10 wave height classes per direction)

Station 1
Cond [][ Hs [m]| _Tp[s]] phi[deg][ hs [m] | d [m] pLl
1 0.010{ 0.010 0.000| 0.000 | 31.00 0.0509
2 0.500( 4.000 0.000| 0.000 | 31.00 0.0594
3 1.000| 5.660 0.000| 0.000 | 31.00 0.0360
4 1.500| 6.200 0.000| 0.000 | 31.00 0.0262
5 2.000 7.160 0.000| 0.000 | 31.00 0.0151
6 2.500( 7.700 0.000| 0.000 | 31.00 0.0083
7 3.000 8.440 0.000| 0.000 | 31.00 0.0047
8 3.750 8.950 0.000| 0.000 | 31.00 0.0022
9 4.750( 10.070 0.000| 0.000 | 31.00 0.0002
10 5.750( 10.730 0.000| 0.000 | 31.00 0.0000
11 6.750| 11.620 0.000| 0.000 | 31.00 0.0000
12 0.500( 4.000 30.000| 0.000 | 31.00 0.0718
13 1.000| 5.660 30.000( 0.000 | 31.00 0.0553
14 1.500| 6.200 30.000| 0.000 | 31.00 0.0243
15 2.000 7.160 30.000( 0.000 | 31.00 0.0104
16 2.500( 7.700 30.000| 0.000 | 31.00 0.0051
17 3.000 8.440 30.000( 0.000 | 31.00 0.0011
18 3.750 8.950 30.000| 0.000 | 31.00 0.0002
19 4.750( 10.070 30.000( 0.000 | 31.00 0.0000
20 5.750| 10.730 30.000| 0.000 | 31.00 0.0000
21 6.750| 11.620 30.000( 0.000 | 31.00 0.0000
22 0.500( 4.000 60.000( 0.000 | 31.00 0.0304
23 1.000| 5.660 60.000( 0.000 | 31.00 0.0189
24 1.500| 6.200 60.000( 0.000 | 31.00 0.0069
25 2.000 7.160 60.000( 0.000 | 31.00 0.0036
26 2.500( 7.700 60.000( 0.000 | 31.00 0.0018
27 3.000 8.440 60.000( 0.000 | 31.00 0.0002
28 3.750 8.950 60.000( 0.000 | 31.00 0.0000
29 4.750( 10.070 60.000( 0.000 | 31.00 0.0000
30 5.750( 10.730 60.000( 0.000 | 31.00 0.0000
31 6.750| 11.620 60.000( 0.000 | 31.00 0.0000
32 0.500( 4.000 90.000( 0.000 | 31.00 0.0109
33 1.000| 5.660 90.000( 0.000 | 31.00 0.0039
34 1.500| 6.200 90.000( 0.000 | 31.00 0.0006
35 2.000 7.160 90.000( 0.000 | 31.00 0.0001
36 2.500( 7.700 90.000( 0.000 | 31.00 0.0000
37 3.000 8.440 90.000( 0.000 | 31.00 0.0000
38 3.750 8.950 90.000( 0.000 | 31.00 0.0000
39 4.750( 10.070 90.000( 0.000 | 31.00 0.0000
40 5.750( 10.730 90.000( 0.000 | 31.00 0.0000
41 6.750| 11.620 90.000( 0.000 | 31.00 0.0000
42 0.500( 4.000| 210.000| 0.000 | 31.00 0.0203
43 1.000{ 5.660| 210.000| 0.000 | 31.00 0.0190
44 1.500| 6.200| 210.000| 0.000 | 31.00 0.0136
45 2.000( 7.160| 210.000| 0.000 | 31.00 0.0056
46 2.500( 7.700| 210.000| 0.000 | 31.00 0.0019
47 3.000( 8.440| 210.000| 0.000 | 31.00 0.0007
48 3.750 8.950| 210.000| 0.000 | 31.00 0.0002
49 4.750( 10.070| 210.000| 0.000 | 31.00 0.0000
50 5.750( 10.730| 210.000| 0.000 | 31.00 0.0000
51 6.750| 11.620| 210.000| 0.000 | 31.00 0.0000
52 0.500( 4.000| 240.000| 0.000 | 31.00 0.0616
53 1.000| 5.660| 240.000| 0.000 | 31.00 0.0892
54 1.500| 6.200| 240.000| 0.000 | 31.00 0.0582
55 2.000( 7.160| 240.000| 0.000 | 31.00 0.0316
56 2.500( 7.700| 240.000| 0.000 | 31.00 0.0168
57 3.000( 8.440| 240.000| 0.000 | 31.00 0.0050
58 3.750| 8.950| 240.000| 0.000 | 31.00 0.0015
59 4.750( 10.070| 240.000| 0.000 | 31.00 0.0001
60 5.750| 10.730| 240.000| 0.000 | 31.00 0.0000
61 6.750| 11.620| 240.000| 0.000 | 31.00 0.0000
62 0.500( 4.000| 270.000| 0.000 | 31.00 0.0440
63 1.000{ 5.660| 270.000| 0.000 | 31.00 0.0253
64 1.500| 6.200| 270.000| 0.000 | 31.00 0.0131
65 2.000( 7.160| 270.000| 0.000 | 31.00 0.0065
66 2.500( 7.700| 270.000| 0.000 | 31.00 0.0026
67 3.000( 8.440| 270.000| 0.000 | 31.00 0.0010
68 3.750| 8.950| 270.000| 0.000 | 31.00 0.0002
69 4.750( 10.070| 270.000| 0.000 | 31.00 0.0000
70 5.750| 10.730| 270.000| 0.000 | 31.00 0.0000
71 6.750| 11.620| 270.000| 0.000 | 31.00 0.0000
72 0.500 4.000| 300.000| 0.000 | 31.00 0.0317
73 1.000{ 5.660| 300.000| 0.000 | 31.00 0.0176
74 1.500| 6.200| 300.000| 0.000 | 31.00 0.0089
75 2.000( 7.160| 300.000| 0.000 | 31.00 0.0039
76 2.500( 7.700| 300.000| 0.000 | 31.00 0.0026
77 3.000( 8.440| 300.000| 0.000 | 31.00 0.0008
78 3.750| 8.950| 300.000| 0.000 | 31.00 0.0001
79 4.750( 10.070| 300.000| 0.000 | 31.00 0.0000
80 5.750( 10.730| 300.000| 0.000 | 31.00 0.0000
81 6.750| 11.620| 300.000| 0.000 | 31.00 0.0000
82 0.500 4.000| 330.000| 0.000 | 31.00 0.0337
83 1.000{ 5.660| 330.000| 0.000 | 31.00 0.0147
84 1.500| 6.200| 330.000| 0.000 | 31.00 0.0090
85 2.000 7.160| 330.000| 0.000 | 31.00 0.0043
86 2.500( 7.700| 330.000| 0.000 | 31.00 0.0034
87 3.000( 8.440| 330.000| 0.000 | 31.00 0.0020
88 3.750| 8.950| 330.000| 0.000 | 31.00 0.0008
89 4.750( 10.070| 330.000| 0.000 | 31.00 0.0000
90 5.750| 10.730| 330.000| 0.000 | 31.00 0.0000
91 6.750| 11.620| 330.000| 0.000 | 31.00 0.0000
1.4285| 5.1252| -62.5888| 0.000 | 31.00 1.0000
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Summary of input - 5-1 (2)

Individual wave conditions wave climate station no. 2
(for all individual conditions, viz. 10 wave height classes per direction)

Station 2
Cond [][ Hs [m][_Tp [s][_phi[deg][ hs [m] | d [m] Pl
1 0.010| 0.010 0.000| 0.000 | 32.00 0.0828
2 0.500| 4.000 0.000| 0.000 | 32.00 0.0503
3 1.000| 5.660 0.000| 0.000 | 32.00 0.0521
4 1.500| 6.200 0.000| 0.000 | 32.00 0.0284
5 2.000| 7.160 0.000| 0.000 | 32.00 0.0127
6 2.500| 7.700 0.000| 0.000 | 32.00 0.0057
7 3.000| 8.440 0.000| 0.000 | 32.00 0.0025
8 3.750| 8.950 0.000| 0.000 | 32.00 0.0021
9 4.750( 10.070 0.000| 0.000 | 32.00 0.0003
10 5.750| 10.730 0.000| 0.000 | 32.00 0.0000
11 6.750| 11.620 0.000| 0.000 | 32.00 0.0000
12 0.500| 4.000 30.000{ 0.000 | 32.00 0.0333
13 1.000| 5.660 30.000( 0.000 | 32.00 0.0329
14 1.500| 6.200 30.000{ 0.000 | 32.00 0.0170
15 2.000| 7.160 30.000( 0.000 | 32.00 0.0082
16 2.500| 7.700 30.000{ 0.000 | 32.00 0.0039
17 3.000| 8.440 30.000( 0.000 | 32.00 0.0016
18 3.750| 8.950 30.000{ 0.000 | 32.00 0.0009
19 4.750( 10.070 30.000( 0.000 | 32.00 0.0001
20 5.750| 10.730 30.000{ 0.000 | 32.00 0.0000
21 6.750| 11.620 30.000( 0.000 | 32.00 0.0000
22 0.500| 4.000 60.000( 0.000 | 32.00 0.0209
23 1.000| 5.660 60.000( 0.000 | 32.00 0.0168
24 1.500| 6.200 60.000( 0.000 | 32.00 0.0099
25 2.000| 7.160 60.000( 0.000 | 32.00 0.0045
26 2.500| 7.700 60.000( 0.000 | 32.00 0.0016
27 3.000| 8.440 60.000( 0.000 | 32.00 0.0007
28 3.750| 8.950 60.000( 0.000 | 32.00 0.0005
29 4.750( 10.070 60.000( 0.000 | 32.00 0.0000
30 5.750| 10.730 60.000( 0.000 | 32.00 0.0000
31 6.750| 11.620 60.000( 0.000 | 32.00 0.0000
32 0.500| 4.000 90.000( 0.000 | 32.00 0.0118
33 1.000| 5.660 90.000( 0.000 | 32.00 0.0093
34 1.500| 6.200 90.000( 0.000 | 32.00 0.0050
35 2.000| 7.160 90.000( 0.000 | 32.00 0.0011
36 2.500| 7.700 90.000( 0.000 | 32.00 0.0003
37 3.000| 8.440 90.000( 0.000 | 32.00 0.0001
38 3.750| 8.950 90.000( 0.000 | 32.00 0.0000
39 4.750( 10.070 90.000( 0.000 | 32.00 0.0000
40 5.750| 10.730 90.000( 0.000 | 32.00 0.0000
41 6.750| 11.620 90.000( 0.000 | 32.00 0.0000
42 0.500( 4.000| 210.000| 0.000 | 32.00 0.0261
43 1.000| 5.660( 210.000( 0.000 | 32.00 0.0352
44 1.500| 6.200( 210.000( 0.000 | 32.00 0.0295
45 2.000( 7.160| 210.000| 0.000 | 32.00 0.0189
46 2.500( 7.700| 210.000| 0.000 | 32.00 0.0104
47 3.000( 8.440| 210.000| 0.000 | 32.00 0.0051
48 3.750| 8.950| 210.000| 0.000 | 32.00 0.0020
49 4.750( 10.070( 210.000( 0.000 | 32.00 0.0001
50 5.750( 10.730| 210.000| 0.000 | 32.00 0.0001
51 6.750| 11.620| 210.000| 0.000 | 32.00 0.0000
52 0.500( 4.000| 240.000| 0.000 | 32.00 0.0398
53 1.000| 5.660( 240.000( 0.000 | 32.00 0.0479
54 1.500| 6.200{ 240.000( 0.000 | 32.00 0.0387
55 2.000 7.160| 240.000| 0.000 | 32.00 0.0288
56 2.500( 7.700| 240.000| 0.000 | 32.00 0.0193
57 3.000( 8.440| 240.000| 0.000 | 32.00 0.0113
58 3.750| 8.950| 240.000| 0.000 | 32.00 0.0073
59 4.750( 10.070( 240.000( 0.000 | 32.00 0.0010
60 5.750| 10.730| 240.000| 0.000 | 32.00 0.0001
61 6.750| 11.620| 240.000| 0.000 | 32.00 0.0000
62 0.500( 4.000| 270.000| 0.000 | 32.00 0.0240
63 1.000| 5.660( 270.000( 0.000 | 32.00 0.0202
64 1.500| 6.200{ 270.000( 0.000 | 32.00 0.0150
65 2.000( 7.160| 270.000| 0.000 | 32.00 0.0107
66 2.500( 7.700| 270.000| 0.000 | 32.00 0.0061
67 3.000( 8.440| 270.000| 0.000 | 32.00 0.0042
68 3.750| 8.950| 270.000| 0.000 | 32.00 0.0044
69 4.750( 10.070( 270.000( 0.000 | 32.00 0.0008
70 5.750| 10.730| 270.000| 0.000 | 32.00 0.0001
71 6.750| 11.620| 270.000| 0.000 | 32.00 0.0000
72 0.500( 4.000| 300.000| 0.000 | 32.00 0.0208
73 1.000| 5.660( 300.000( 0.000 | 32.00 0.0172
74 1.500| 6.200{ 300.000( 0.000 | 32.00 0.0123
75 2.000 7.160| 300.000| 0.000 | 32.00 0.0082
76 2.500( 7.700| 300.000| 0.000 | 32.00 0.0056
77 3.000( 8.440| 300.000| 0.000 | 32.00 0.0031
78 3.750| 8.950| 300.000| 0.000 | 32.00 0.0028
79 4.750( 10.070( 300.000( 0.000 | 32.00 0.0006
80 5.750( 10.730| 300.000| 0.000 | 32.00 0.0000
81 6.750| 11.620| 300.000| 0.000 | 32.00 0.0000
82 0.500( 4.000| 330.000| 0.000 | 32.00 0.0311
83 1.000| 5.660( 330.000( 0.000 | 32.00 0.0272
84 1.500| 6.200{ 330.000( 0.000 | 32.00 0.0187
85 2.000( 7.160| 330.000| 0.000 | 32.00 0.0119
86 2.500( 7.700| 330.000| 0.000 | 32.00 0.0075
87 3.000( 8.440| 330.000| 0.000 | 32.00 0.0038
88 3.750| 8.950| 330.000| 0.000 | 32.00 0.0038
89 4.750( 10.070( 330.000( 0.000 | 32.00 0.0008
90 5.750( 10.730| 330.000| 0.000 | 32.00 0.0002
91 6.750| 11.620| 330.000| 0.000 | 32.00 0.0000
1.7626| 5.3259| -80.3250| 0.000 | 32.00 1.0000
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Summary of input - 5-1 (3)

Individual wave conditions wave climate station no. 3
(for all individual conditions, viz. 10 wave height classes per direction)

Station 3
Cond [][ Hs [m]| _Tp[s]] phi[deg][ hs [m] | d [m] X8|
1 0.010{ 0.010 0.000| 0.000 | 21.00 0.0907
2 0.500( 4.000 0.000| 0.000 | 21.00 0.0421
3 1.000| 5.660 0.000| 0.000 | 21.00 0.0449
4 1.500| 6.200 0.000| 0.000 | 21.00 0.0226
5 2.000 7.160 0.000| 0.000 | 21.00 0.0096
6 2.500( 7.700 0.000| 0.000 | 21.00 0.0034
7 3.000 8.440 0.000| 0.000 | 21.00 0.0016
8 3.750 8.950 0.000| 0.000 | 21.00 0.0013
9 4.750( 10.070 0.000| 0.000 | 21.00 0.0004
10 5.750( 10.730 0.000| 0.000 | 21.00 0.0001
11 6.750| 11.620 0.000| 0.000 | 21.00 0.0000
12 0.500( 4.000 30.000| 0.000 | 21.00 0.0266
13 1.000| 5.660 30.000( 0.000 | 21.00 0.0236
14 1.500| 6.200 30.000| 0.000 | 21.00 0.0108
15 2.000 7.160 30.000( 0.000 | 21.00 0.0039
16 2.500( 7.700 30.000| 0.000 | 21.00 0.0014
17 3.000 8.440 30.000( 0.000 | 21.00 0.0004
18 3.750 8.950 30.000| 0.000 | 21.00 0.0001
19 4.750( 10.070 30.000( 0.000 | 21.00 0.0000
20 5.750| 10.730 30.000| 0.000 | 21.00 0.0000
21 6.750| 11.620 30.000( 0.000 | 21.00 0.0000
22 0.500( 4.000 60.000( 0.000 | 21.00 0.0147
23 1.000| 5.660 60.000( 0.000 | 21.00 0.0140
24 1.500| 6.200 60.000( 0.000 | 21.00 0.0082
25 2.000 7.160 60.000( 0.000 | 21.00 0.0030
26 2.500( 7.700 60.000( 0.000 | 21.00 0.0012
27 3.000 8.440 60.000( 0.000 | 21.00 0.0003
28 3.750 8.950 60.000( 0.000 | 21.00 0.0002
29 4.750( 10.070 60.000( 0.000 | 21.00 0.0001
30 5.750| 10.730 60.000( 0.000 | 21.00 0.0000
31 6.750| 11.620 60.000( 0.000 | 21.00 0.0000
32 0.500( 4.000 90.000( 0.000 | 21.00 0.0096
33 1.000| 5.660 90.000( 0.000 | 21.00 0.0093
34 1.500| 6.200 90.000( 0.000 | 21.00 0.0039
35 2.000 7.160 90.000( 0.000 | 21.00 0.0011
36 2.500( 7.700 90.000( 0.000 | 21.00 0.0003
37 3.000 8.440 90.000( 0.000 | 21.00 0.0001
38 3.750 8.950 90.000( 0.000 | 21.00 0.0000
39 4.750( 10.070 90.000( 0.000 | 21.00 0.0000
40 5.750( 10.730 90.000( 0.000 | 21.00 0.0000
41 6.750| 11.620 90.000( 0.000 | 21.00 0.0000
42 0.500( 4.000| 210.000| 0.000 | 21.00 0.0222
43 1.000{ 5.660| 210.000| 0.000 | 21.00 0.0333
44 1.500| 6.200| 210.000| 0.000 | 21.00 0.0285
45 2.000( 7.160| 210.000| 0.000 | 21.00 0.0197
46 2.500( 7.700| 210.000| 0.000 | 21.00 0.0110
47 3.000( 8.440| 210.000| 0.000 | 21.00 0.0055
48 3.750 8.950| 210.000| 0.000 | 21.00 0.0028
49 4.750( 10.070| 210.000| 0.000 | 21.00 0.0004
50 5.750( 10.730| 210.000| 0.000 | 21.00 0.0000
51 6.750| 11.620| 210.000| 0.000 | 21.00 0.0000
52 0.500( 4.000| 240.000| 0.000 | 21.00 0.0352
53 1.000| 5.660| 240.000| 0.000 | 21.00 0.0396
54 1.500| 6.200| 240.000| 0.000 | 21.00 0.0324
55 2.000( 7.160| 240.000| 0.000 | 21.00 0.0243
56 2.500( 7.700| 240.000| 0.000 | 21.00 0.0176
57 3.000( 8.440| 240.000| 0.000 | 21.00 0.0111
58 3.750| 8.950| 240.000| 0.000 | 21.00 0.0078
59 4.750( 10.070| 240.000| 0.000 | 21.00 0.0015
60 5.750| 10.730| 240.000| 0.000 | 21.00 0.0002
61 6.750| 11.620| 240.000| 0.000 | 21.00 0.0000
62 0.500( 4.000| 270.000| 0.000 | 21.00 0.0245
63 1.000{ 5.660| 270.000| 0.000 | 21.00 0.0223
64 1.500| 6.200| 270.000| 0.000 | 21.00 0.0175
65 2.000( 7.160| 270.000| 0.000 | 21.00 0.0132
66 2.500( 7.700| 270.000| 0.000 | 21.00 0.0087
67 3.000( 8.440| 270.000| 0.000 | 21.00 0.0053
68 3.750| 8.950| 270.000| 0.000 | 21.00 0.0055
69 4.750( 10.070| 270.000| 0.000 | 21.00 0.0018
70 5.750| 10.730| 270.000| 0.000 | 21.00 0.0006
71 6.750| 11.620| 270.000| 0.000 | 21.00 0.0000
72 0.500( 4.000| 300.000| 0.000 | 21.00 0.0263
73 1.000| 5.660| 300.000| 0.000 | 21.00 0.0247
74 1.500| 6.200| 300.000| 0.000 | 21.00 0.0191
75 2.000( 7.160| 300.000| 0.000 | 21.00 0.0131
76 2.500( 7.700| 300.000| 0.000 | 21.00 0.0082
77 3.000( 8.440| 300.000| 0.000 | 21.00 0.0050
78 3.750| 8.950| 300.000| 0.000 | 21.00 0.0053
79 4.750( 10.070| 300.000| 0.000 | 21.00 0.0016
80 5.750( 10.730| 300.000| 0.000 | 21.00 0.0003
81 6.750| 11.620| 300.000| 0.000 | 21.00 0.0000
82 0.500 4.000| 330.000| 0.000 | 21.00 0.0406
83 1.000| 5.660| 330.000| 0.000 | 21.00 0.0433
84 1.500| 6.200| 330.000| 0.000 | 21.00 0.0297
85 2.000 7.160| 330.000| 0.000 | 21.00 0.0177
86 2.500( 7.700| 330.000| 0.000 | 21.00 0.0097
87 3.000( 8.440| 330.000| 0.000 | 21.00 0.0053
88 3.750 8.950| 330.000| 0.000 | 21.00 0.0056
89 4.750( 10.070| 330.000| 0.000 | 21.00 0.0017
90 5.750( 10.730| 330.000| 0.000 | 21.00 0.0007
91 6.750| 11.620 330.000| 0.000 | 21.00 0.0001
1.8702| 5.3569| -79.8586| 0.000 | 21.00 1.0000
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Summary of input - 5-1 (4)

Individual wave conditions wave climate station no. 4
(for all individual conditions, viz. 10 wave height classes per direction)

Station 4
Cond [][ Hs [m]| _Tp[s][ phi[deg][ hs [m] | d [m] Pl
1 0.010{ 0.010 0.000| 0.000 | 26.00 0.0626
2 0.500( 4.000 0.000| 0.000 | 26.00 0.0370
3 1.000| 5.660 0.000| 0.000 | 26.00 0.0428
4 1.500| 6.200 0.000| 0.000 | 26.00 0.0267
5 2.000 7.160 0.000| 0.000 | 26.00 0.0117
6 2.500( 7.700 0.000| 0.000 | 26.00 0.0055
7 3.000 8.440 0.000| 0.000 | 26.00 0.0023
8 3.750 8.950 0.000| 0.000 | 26.00 0.0012
9 4.750( 10.070 0.000| 0.000 | 26.00 0.0004
10 5.750( 10.730 0.000| 0.000 | 26.00 0.0001
11 6.750| 11.620 0.000| 0.000 | 26.00 0.0000
12 0.500( 4.000 30.000{ 0.000 | 26.00 0.0363
13 1.000| 5.660 30.000( 0.000 | 26.00 0.0300
14 1.500| 6.200 30.000{ 0.000 | 26.00 0.0139
15 2.000 7.160 30.000( 0.000 | 26.00 0.0047
16 2.500( 7.700 30.000{ 0.000 | 26.00 0.0026
17 3.000 8.440 30.000( 0.000 | 26.00 0.0008
18 3.750 8.950 30.000{ 0.000 | 26.00 0.0005
19 4.750( 10.070 30.000( 0.000 | 26.00 0.0000
20 5.750| 10.730 30.000{ 0.000 | 26.00 0.0000
21 6.750| 11.620 30.000( 0.000 | 26.00 0.0000
22 0.500( 4.000 60.000( 0.000 | 26.00 0.0191
23 1.000| 5.660 60.000( 0.000 | 26.00 0.0226
24 1.500| 6.200 60.000( 0.000 | 26.00 0.0112
25 2.000 7.160 60.000( 0.000 | 26.00 0.0062
26 2.500( 7.700 60.000( 0.000 | 26.00 0.0023
27 3.000 8.440 60.000( 0.000 | 26.00 0.0007
28 3.750 8.950 60.000( 0.000 | 26.00 0.0002
29 4.750( 10.070 60.000( 0.000 | 26.00 0.0000
30 5.750| 10.730 60.000( 0.000 | 26.00 0.0000
31 6.750| 11.620 60.000( 0.000 | 26.00 0.0000
32 0.500( 4.000 90.000( 0.000 | 26.00 0.0086
33 1.000| 5.660 90.000( 0.000 | 26.00 0.0082
34 1.500| 6.200 90.000( 0.000 | 26.00 0.0033
35 2.000 7.160 90.000( 0.000 | 26.00 0.0007
36 2.500( 7.700 90.000( 0.000 | 26.00 0.0003
37 3.000 8.440 90.000( 0.000 | 26.00 0.0001
38 3.750 8.950 90.000( 0.000 | 26.00 0.0000
39 4.750( 10.070 90.000( 0.000 | 26.00 0.0000
40 5.750( 10.730 90.000( 0.000 | 26.00 0.0000
41 6.750| 11.620 90.000( 0.000 | 26.00 0.0000
42 0.500| 4.000{ 210.000( 0.000 | 26.00 0.0154
43 1.000| 5.660| 210.000| 0.000 | 26.00 0.0276
44 1.500| 6.200| 210.000| 0.000 | 26.00 0.0208
45 2.000| 7.160| 210.000( 0.000 | 26.00 0.0160
46 2.500| 7.700{ 210.000( 0.000 | 26.00 0.0097
47 3.000| 8.440( 210.000( 0.000 | 26.00 0.0050
48 3.750| 8.950( 210.000( 0.000 | 26.00 0.0024
49 4,750 10.070| 210.000| 0.000 | 26.00 0.0002
50 5.750| 10.730{ 210.000( 0.000 | 26.00 0.0000
51 6.750| 11.620| 210.000( 0.000 | 26.00 0.0000
52 0.500| 4.000{ 240.000( 0.000 | 26.00 0.0299
53 1.000| 5.660| 240.000| 0.000 | 26.00 0.0407
54 1.500| 6.200| 240.000| 0.000 | 26.00 0.0310
55 2.000| 7.160| 240.000( 0.000 | 26.00 0.0220
56 2.500| 7.700{ 240.000( 0.000 | 26.00 0.0137
57 3.000| 8.440( 240.000( 0.000 | 26.00 0.0095
58 3.750| 8.950| 240.000( 0.000 | 26.00 0.0067
59 4,750 10.070| 240.000| 0.000 | 26.00 0.0012
60 5.750| 10.730{ 240.000( 0.000 | 26.00 0.0003
61 6.750| 11.620| 240.000( 0.000 | 26.00 0.0000
62 0.500| 4.000{ 270.000( 0.000 | 26.00 0.0255
63 1.000| 5.660| 270.000| 0.000 | 26.00 0.0262
64 1.500| 6.200| 270.000| 0.000 | 26.00 0.0213
65 2.000| 7.160| 270.000( 0.000 | 26.00 0.0170
66 2.500| 7.700{ 270.000( 0.000 | 26.00 0.0117
67 3.000| 8.440( 270.000( 0.000 | 26.00 0.0076
68 3.750| 8.950| 270.000( 0.000 | 26.00 0.0065
69 4,750 10.070| 270.000| 0.000 | 26.00 0.0024
70 5.750| 10.730{ 270.000( 0.000 | 26.00 0.0012
71 6.750| 11.620| 270.000( 0.000 | 26.00 0.0000
72 0.500| 4.000{ 300.000( 0.000 | 26.00 0.0246
73 1.000| 5.660| 300.000| 0.000 | 26.00 0.0271
74 1.500| 6.200| 300.000| 0.000 | 26.00 0.0227
75 2.000| 7.160| 300.000( 0.000 | 26.00 0.0151
76 2.500| 7.700{ 300.000( 0.000 | 26.00 0.0097
77 3.000| 8.440( 300.000( 0.000 | 26.00 0.0070
78 3.750| 8.950( 300.000( 0.000 | 26.00 0.0068
79 4,750 10.070| 300.000| 0.000 | 26.00 0.0021
80 5.750| 10.730{ 300.000( 0.000 | 26.00 0.0005
81 6.750| 11.620| 300.000( 0.000 | 26.00 0.0001
82 0.500| 4.000{ 330.000( 0.000 | 26.00 0.0321
83 1.000| 5.660| 330.000| 0.000 | 26.00 0.0367
84 1.500| 6.200( 330.000| 0.000 | 26.00 0.0316
85 2.000| 7.160{ 330.000( 0.000 | 26.00 0.0211
86 2.500| 7.700{ 330.000( 0.000 | 26.00 0.0124
87 3.000| 8.440( 330.000( 0.000 | 26.00 0.0074
88 3.750| 8.950| 330.000( 0.000 | 26.00 0.0062
89 4,750 10.070| 330.000| 0.000 | 26.00 0.0019
90 5.750| 10.730{ 330.000( 0.000 | 26.00 0.0006
91 6.750| 11.620| 330.000( 0.000 | 26.00 0.0002
1.9222| 5.6001| -71.4379| 0.000 | 26.00 1.0000
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Summary of input - 5-1 (5)

Individual wave conditions wave climate station no. 5
(for all individual conditions, viz. 10 wave height classes per direction)

Station 5
Cond [][ Hs [m]| _Tp[s]] phi[deg][ hs [m] [ d [m] P
1 0.010{ 0.010 0.000| 0.000 | 19.00 0.0598
2 0.500( 4.000 0.000| 0.000 | 19.00 0.0410
3 1.000| 5.660 0.000| 0.000 | 19.00 0.0376
4 1.500| 6.200 0.000| 0.000 | 19.00 0.0195
5 2.000 7.160 0.000| 0.000 | 19.00 0.0081
6 2.500( 7.700 0.000| 0.000 | 19.00 0.0030
7 3.000 8.440 0.000| 0.000 | 19.00 0.0012
8 3.750 8.950 0.000| 0.000 | 19.00 0.0005
9 4.750( 10.070 0.000| 0.000 | 19.00 0.0001
10 5.750( 10.730 0.000| 0.000 | 19.00 0.0000
11 6.750| 11.620 0.000| 0.000 | 19.00 0.0000
12 0.500( 4.000 30.000| 0.000 | 19.00 0.0359
13 1.000| 5.660 30.000( 0.000 | 19.00 0.0203
14 1.500| 6.200 30.000| 0.000 | 19.00 0.0067
15 2.000 7.160 30.000( 0.000 | 19.00 0.0024
16 2.500( 7.700 30.000| 0.000 | 19.00 0.0010
17 3.000 8.440 30.000( 0.000 | 19.00 0.0004
18 3.750 8.950 30.000| 0.000 | 19.00 0.0002
19 4.750( 10.070 30.000( 0.000 | 19.00 0.0000
20 5.750| 10.730 30.000| 0.000 | 19.00 0.0000
21 6.750| 11.620 30.000( 0.000 | 19.00 0.0000
22 0.500( 4.000 60.000( 0.000 | 19.00 0.0403
23 1.000| 5.660 60.000( 0.000 | 19.00 0.0256
24 1.500| 6.200 60.000( 0.000 | 19.00 0.0125
25 2.000 7.160 60.000( 0.000 | 19.00 0.0065
26 2.500( 7.700 60.000( 0.000 | 19.00 0.0018
27 3.000 8.440 60.000( 0.000 | 19.00 0.0002
28 3.750 8.950 60.000( 0.000 | 19.00 0.0000
29 4.750( 10.070 60.000( 0.000 | 19.00 0.0000
30 5.750| 10.730 60.000( 0.000 | 19.00 0.0000
31 6.750| 11.620 60.000( 0.000 | 19.00 0.0000
32 0.500( 4.000 90.000( 0.000 | 19.00 0.0215
33 1.000| 5.660 90.000( 0.000 | 19.00 0.0125
34 1.500| 6.200 90.000( 0.000 | 19.00 0.0054
35 2.000 7.160 90.000( 0.000 | 19.00 0.0015
36 2.500( 7.700 90.000( 0.000 | 19.00 0.0003
37 3.000 8.440 90.000( 0.000 | 19.00 0.0001
38 3.750 8.950 90.000( 0.000 | 19.00 0.0000
39 4.750( 10.070 90.000( 0.000 | 19.00 0.0000
40 5.750( 10.730 90.000( 0.000 | 19.00 0.0000
41 6.750| 11.620 90.000( 0.000 | 19.00 0.0000
42 0.500 4.000| 210.000| 0.000 | 19.00 0.0059
43 1.000| 5.660| 210.000| 0.000 | 19.00 0.0071
44 1.500| 6.200| 210.000| 0.000 | 19.00 0.0031
45 2.000( 7.160| 210.000| 0.000 | 19.00 0.0013
46 2.500( 7.700| 210.000| 0.000 | 19.00 0.0003
47 3.000( 8.440| 210.000| 0.000 | 19.00 0.0001
48 3.750| 8.950| 210.000| 0.000 | 19.00 0.0000
49 4.750( 10.070| 210.000| 0.000 | 19.00 0.0000
50 5.750( 10.730| 210.000| 0.000 | 19.00 0.0000
51 6.750| 11.620| 210.000| 0.000 | 19.00 0.0000
52 0.500( 4.000| 240.000| 0.000 | 19.00 0.0129
53 1.000{ 5.660| 240.000| 0.000 | 19.00 0.0148
54 1.500| 6.200| 240.000| 0.000 | 19.00 0.0084
55 2.000( 7.160| 240.000| 0.000 | 19.00 0.0027
56 2.500( 7.700| 240.000| 0.000 | 19.00 0.0005
57 3.000( 8.440| 240.000| 0.000 | 19.00 0.0003
58 3.750| 8.950| 240.000| 0.000 | 19.00 0.0001
59 4.750( 10.070| 240.000| 0.000 | 19.00 0.0000
60 5.750| 10.730| 240.000| 0.000 | 19.00 0.0000
61 6.750| 11.620| 240.000| 0.000 | 19.00 0.0000
62 0.500( 4.000| 270.000| 0.000 | 19.00 0.0438
63 1.000{ 5.660| 270.000| 0.000 | 19.00 0.0557
64 1.500| 6.200| 270.000| 0.000 | 19.00 0.0370
65 2.000( 7.160| 270.000| 0.000 | 19.00 0.0197
66 2.500( 7.700| 270.000| 0.000 | 19.00 0.0077
67 3.000( 8.440| 270.000| 0.000 | 19.00 0.0029
68 3.750| 8.950| 270.000| 0.000 | 19.00 0.0024
69 4.750( 10.070| 270.000| 0.000 | 19.00 0.0007
70 5.750| 10.730| 270.000| 0.000 | 19.00 0.0001
71 6.750| 11.620| 270.000| 0.000 | 19.00 0.0001
72 0.500 4.000| 300.000| 0.000 | 19.00 0.0537
73 1.000| 5.660| 300.000| 0.000 | 19.00 0.0542
74 1.500| 6.200| 300.000| 0.000 | 19.00 0.0393
75 2.000( 7.160| 300.000| 0.000 | 19.00 0.0268
76 2.500( 7.700| 300.000| 0.000 | 19.00 0.0138
77 3.000( 8.440| 300.000| 0.000 | 19.00 0.0077
78 3.750| 8.950| 300.000| 0.000 | 19.00 0.0078
79 4.750( 10.070| 300.000| 0.000 | 19.00 0.0024
80 5.750( 10.730| 300.000| 0.000 | 19.00 0.0006
81 6.750| 11.620| 300.000| 0.000 | 19.00 0.0001
82 0.500( 4.000| 330.000| 0.000 | 19.00 0.0514
83 1.000| 5.660| 330.000| 0.000 | 19.00 0.0503
84 1.500| 6.200| 330.000| 0.000 | 19.00 0.0396
85 2.000 7.160| 330.000| 0.000 | 19.00 0.0252
86 2.500( 7.700| 330.000| 0.000 | 19.00 0.0151
87 3.000( 8.440| 330.000| 0.000 | 19.00 0.0084
88 3.750| 8.950| 330.000| 0.000 | 19.00 0.0074
89 4.750( 10.070| 330.000| 0.000 | 19.00 0.0021
90 5.750( 10.730| 330.000| 0.000 | 19.00 0.0005
91 6.750| 11.620 330.000| 0.000 | 19.00 0.0001
1.6723| 5.2872| -46.8942| 0.000 | 19.00 1.0000

File: PonTos_input_r16.xls
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Summary of input - 7-1_CV

File: PonTos_input_r16.xls

Xmin [m] [Xmax [m]] Zmin [m][ Zmax [m]| Tmin [yr] | Tmax [yr] | Vol [Mm3] [ dX [m]] dV/dX [m3/m1] [ dT [yr]
13788 15265 0 3 1992.83 1993.00 0.067 | 1476 451 0.17
13788 18203 0 3 2001.50 2002.00 0.905 | 4415 205 | 0.50
14176 15431 -7 -4 1990.00 1991.00 0.388 | 1255 309 | 1.00
14176 15431 0 3 1997.00 1997.25 0.095 | 1255 76 | 0.25
14341 15589 0 3 1990.75 1990.92 0.319 | 1248 256 | 0.17
14341 15589 -7 -4 1990.75 1990.92 0.319 | 1248 256 | 0.17
14565 15176 0 3 1994.75 1994.92 0.091 | 611 149 | 0.17
15265 17467 0 3 1988.17 1988.50 1.029 | 2202 467 | 0.33
15265 18080 0 3 1994.50 1995.00 0.560 | 2815 199 | 0.50
16740 18203 0 3 1998.50 1998.58 0.314 | 1463 215 | 0.08
17467 18203 0 3 1990.83 1991.00 0.368 | 736 500 | 0.17
17467 18203 -7 -4 1990.83 1991.00 0.270 | 736 367 | 0.17
19072 19994 0 3 1994.33 1994.67 0.348 | 922 377 | 0.34
19104 20291 0 3 2001.58 2001.75 0.295 | 1188 248 | 0.17
21573 22349 0 3 1989.67 1989.92 0.437 | 776 563 | 0.25
21726 22516 0 3 2001.58 2001.67 0.060 | 791 76 | 0.09
23727 24255 0 3 1997.50 1997.58 0.185 | 528 351 | 0.08
23884 25337 0 3 2001.58 2001.67 0.185 | 1453 127 | 0.09
24055 24839 0 3 1989.58 1989.83 0.227 | 784 290 | 0.25
24055 24601 0 3 1993.33 1993.42 0.090 | 546 165 | 0.09
25097 25289 0 3 1971.33 1971.92 0.206 | 192 1,073 | 0.59
28655 28855 0 3 1992.42 1992.58 0.169 | 200 845 | 0.16
28712 29081 0 3 1995.25 1995.58 0.463 | 369 1,254 | 0.33
28767 28855 0 3 1997.17 1997.25 0.125 88 1,414 | 0.08
28785 28838 0 3 1966.00 1966.25 0.032 53 604 | 0.25
28785 28838 0 3 1975.00 1975.25 0.045 53 849 | 0.25
28785 29475 0 3 1998.25 1998.67 0.564 | 689 817 | 0.42
28804 29963 0 3 2002.00 2003.00 2.300 | 1159 1,985 1.00
29081 29622 0 3 1993.17 1993.83 0.619 | 541 1,144 | 0.66
29181 29283 0 3 1984.33 1984.50 0.090 | 101 889 | 0.17
29181 29305 0 3 1988.25 1988.42 0.230 | 124 1,858 | 0.17
29181 29225 0 3 1988.25 1988.33 0.075 | 43 1,736 | 0.08
29181 29285 0 3 1990.25 1990.33 0.105 | 104 1,010 | 0.08
29243 29411 0 3 1988.33 1988.50 0.153 | 168 909 | 0.17
29348 29452 0 3 1995.25 1995.33 0.054 | 104 519 | 0.08
29386 29607 0 3 1997.25 1997.42 0.700 | 221 3,163 | 0.17
29391 29432 0 3 1991.25 1991.83 0.788 | 41 19,220 | 0.58
29411 29524 0 3 1992.33 1992.50 0.192 | 112 1,708 | 0.17
31762 34033 0 3 1995.25 1995.50 0.550 | 2271 242 | 0.25
31762 36634 0 3 2000.17 2000.83 0.886 | 4871 182 | 0.66
33234 34435 0 3 1986.67 1986.75 0.225 | 1201 187 | 0.08
34636 36422 0 3 1994.25 1994.50 0.453 | 1786 254 | 0.25
34837 36027 0 3 1989.25 1989.42 0.211 | 1190 177 | 0.17
34837 36027 0 3 1990.25 1990.42 0.246 | 1190 206 | 0.17
34837 36422 0 3 1993.00 1993.33 0.318 | 1585 201 | 0.33
36225 37991 0 3 1992.00 1992.42 0.637 | 1766 361 | 0.42
39532 41513 0 3 2000.25 2000.50 0.323 | 1981 163 | 0.25
39917 41513 0 3 1996.25 1996.58 0.464 | 1595 291 | 0.33
40110 40688 0 3 1990.25 1990.33 0.020 | 578 35| 0.08
40110 41234 0 3 1993.42 1993.58 0.287 | 1124 255 | 0.16
43249 43299 0 3 1993.42 1993.58 0.225 50 4,482 | 0.16
44516 46253 0 3 1996.33 1996.42 0.435 | 1737 250 | 0.09
44686 46079 0 3 1993.33 1993.42 0.411 | 1393 295 | 0.09
44686 46253 0 3 2000.33 2000.42 0.524 | 1567 335 | 0.09
45906 46427 0 3 1973.33 1973.42 0.210 | 521 403 | 0.09
53711 53904 0 3 1975.25 1975.33 0.112 | 193 580 | 0.08
53744 53904 0 3 1999.25 1999.33 0.105 | 160 657 | 0.08
53759 54835 0 3 1987.25 1987.50 1.974 | 1076 1,835 0.25
53904 55873 0 3 1991.50 1992.00 2.673 | 1969 1,358 | 0.50
53982 57208 0 3 2003.25 2003.83 1.000 | 3226 310 | 0.58
54999 56254 0 3 1996.17 1996.75 0.733 | 1254 584 | 0.58
60643 64892 0 3 2003.25 2003.50 0.300 | 4248 71| 0.25
60778 63305 0 3 1995.17 1995.75 0.818 | 2527 324 | 0.58
60778 64892 0 3 1999.33 1999.75 0.560 | 4114 136 | 0.42
63449 64892 0 3 1990.25 1990.58 0.415 | 1443 288 | 0.33
64260 64537 0 3 1994.17 1994.25 0.089 | 278 320 | 0.08
70701 70855 0 3 1972.75 1972.83 0.100 | 155 646 | 0.08
70701 70867 0 3 1976.75 1976.83 0.050 | 167 300 | 0.08
70976 73452 0 3 1973.75 1974.17 2.300 | 2476 929 | 0.42
70976 73452 0 3 1977.25 1977.42 1.267 | 2476 512 | 0.17
70976 73452 0 3 1984.58 1984.83 0.330 | 2476 133 | 0.25
70976 73452 0 3 1985.33 1985.75 0.530 | 2476 214 | 0.42
71193 71468 0 3 1972.75 1972.83 0.100 | 275 364 | 0.08
71316 73040 0 3 1966.42 1966.58 0.150 | 1724 87 | 0.16
71912 72985 0 3 1969.83 1970.25 0.401 | 1073 374 | 0.42
71912 72985 0 3 1971.33 1971.75 0.610 | 1073 569 | 0.42
75471 77113 0 3 1994.25 1994.50 0.506 | 1642 308 | 0.25
76419 78039 0 3 1998.25 1998.75 0.745 | 1620 460 | 0.50
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Summary of input - 7-1_CV

File: PonTos_input_r16.xls

Xmin [m] [ Xmax [m]] Zmin [m][ Zmax [m]| Tmin [yr]| Tmax [yr] | Vol [Mm3] [ dX [m]] dV/dX [m3/m1] [ dT [yr]
80413 81538 0 3 1970.25 1970.42 0.200 | 1125 178 | 0.17
85377 85940 0 3 1986.42 1986.50 0.750 | 563 1,332 | 0.08
85525 86324 0 3 1974.25 1974.33 0.150 [ 799 188 | 0.08
85900 86458 0 3 1983.75 1984.00 0.440 | 558 789 | 0.25
85980 88624 0 3 1984.00 1985.00 2.700 | 2644 1,021 ( 1.00
86067 86324 0 3 1974.25 1974.33 0.110 | 257 429 | 0.08
86067 86436 0 3 1993.25 1993.42 0.160 | 368 434 | 0.17
86115 87226 0 3 1987.33 1987.42 1.100 | 1111 990 | 0.09
86324 87824 0 3 1977.75 1978.00 1.100 | 1500 733 | 0.25
87467 91323 -7 -4 2000.17 2000.25 1.100 | 3856 285 | 0.08
87530 88959 0 3 1991.17 1991.25 0.100 | 1429 70 | 0.08
87597 90929 0 3 1996.00 1997.00 2.045 | 3332 614 | 1.00
87675 88762 0 3 1992.00 1993.00 1.150 | 1088 1,057 | 1.00
87675 91323 0 3 1997.00 1998.00 2.724 | 3649 747 | 1.00
87675 89944 0 3 2000.17 2000.67 0.580 | 2269 256 | 0.50
89353 90929 0 3 1998.00 1999.00 1.266 | 1576 803 | 1.00
95076 101128 0 3 1977.00 1977.42 0.870 | 6052 144 | 0.42
95076 98962 0 3 1990.17 1990.25 0.183 | 3886 47 | 0.08
95076 98962 0 3 1991.17 1991.25 0.223 | 3886 57 | 0.08
95076 98962 0 3 1992.17 1992.42 0.560 | 3886 144 | 0.25
95076 102810 0 3 1993.08 1993.33 0.463 | 7735 60 | 0.25
95076 98962 0 3 1994.17 1994.33 0.200 | 3886 51| 0.16
95076 98962 0 3 1995.17 1995.33 0.200 | 3886 51| 0.16
95076 98962 0 3 1996.17 1996.33 0.200 | 3886 51| 0.16
95076 98962 0 3 1997.17 1997.33 0.200 | 3886 51| 0.16
97943 99214 0 3 1998.00 1998.08 0.200 | 1271 157 | 0.08
97943 98703 0 3 1988.17 1988.25 0.200 | 760 263 | 0.08
97943 98703 0 3 1989.17 1989.25 0.100 | 760 132 | 0.08
97943 98962 0 3 1999.17 1999.33 0.201 | 1019 197 | 0.16
97943 99214 0 3 2000.17 2000.33 0.200 | 1271 157 | 0.16
97943 99214 0 3 2001.17 2001.33 0.200 | 1271 157 | 0.16
97943 99214 0 3 2003.17 2003.33 0.200 | 1271 157 | 0.16
98450 99718 0 3 2002.17 2002.33 0.200 | 1268 158 | 0.16
100875 109179 -7 -4 1986.33 1986.83 3.226 | 8303 389 | 0.50
101855 103769 -7 -4 1997.33 1997.42 1.029 | 1913 538 | 0.09
102049 104588 0 3 1995.33 1995.50 0.300 | 2540 118 | 0.17
103576 109179 -7 -4 2001.17 2001.33 1.600 | 5602 286 | 0.16
103769 108830 0 3 2001.17 2001.83 0.800 | 5062 158 | 0.66
104156 109487 0 3 1997.17 1997.75 0.834 | 5331 156 | 0.58
104345 110722 0 3 1993.33 1993.50 1.143 | 6377 179 | 0.17
115518 117080 0 3 1969.67 1969.83 0.045 | 1562 29| 0.16
115518 118595 0 3 1975.25 1975.67 0.700 | 3077 228 | 0.42
115659 118344 0 3 1985.17 1985.33 0.330 | 2685 123 | 0.16
115659 119402 0 3 1991.08 1991.42 1.006 | 3742 269 | 0.34
116036 118090 0 3 1981.17 1981.25 0.010 | 2054 5] 0.08
116036 118090 0 3 1982.17 1982.25 0.015 | 2054 71 0.08
116036 118090 0 3 1987.17 1987.25 0.008 | 2054 41 0.08
116036 119602 0 3 1996.08 1996.42 0.800 | 3566 224 | 0.34
116544 119402 -7 -4 1999.25 1999.42 1.426 | 2857 499 | 0.17
119857 126198 -7 -4 2002.50 2002.75 3.000 | 6341 473 | 0.25
120361 123141 0 3 1997.33 1997.75 0.553 | 2780 199 | 0.42
120613 122888 0 3 1994.33 1994.75 0.700 | 2275 308 | 0.42
123395 126198 0 3 1996.33 1996.75 0.500 | 2804 178 | 0.42
127449 129730 -7 -4 1998.42 1998.50 0.753 | 2281 330 | 0.08
132521 136835 -7 -4 1998.33 1998.42 1.266 | 4314 294 | 0.09
137088 144450 -7 -4 2002.25 2002.50 3.000 | 7361 408 | 0.25
149727 151250 0 3 2001.58 2001.67 0.248 | 1522 163 | 0.09
149982 152518 0 3 1994.58 1995.00 0.334 | 2536 132 | 0.42
149982 151502 0 3 1998.17 1998.42 0.250 | 1521 164 | 0.25
152771 156069 0 3 2001.58 2001.83 0.604 [ 3298 183 | 0.25
153787 156069 0 3 1998.33 1998.50 0.193 | 2282 85| 0.17
154041 155563 0 3 1990.58 1990.83 0.262 | 1522 172 | 0.25
154041 157084 0 3 1993.58 1994.00 0.255 | 3043 84| 0.42
166489 167505 0 3 1996.33 1996.42 0.180 | 1017 177 | 0.09
167252 168270 0 3 1997.33 1997.50 0.304 | 1018 299 | 0.17
177698 182048 -7 -4 2003.33 2003.50 1.500 | 4350 345 | 0.17
178215 181537 -7 -4 2003.33 2003.58 3.000 | 3322 903 | 0.25
178726 181282 -7 -4 1999.33 1999.42 0.880 | 2556 344 | 0.09
178982 180770 0 3 1995.33 1995.42 0.306 | 1789 171 | 0.09
178982 181792 0 3 1997.33 1997.50 0.314 | 2811 112 | 0.17
178982 180514 0 3 1998.33 1998.50 0.244 | 1532 160 | 0.17
178982 180770 0 3 1999.33 1999.42 0.215 | 1789 120 | 0.09
178982 180006 0 3 2000.33 2000.42 0.207 | 1024 202 | 0.09
179238 181027 0 3 1990.33 1990.42 0.323 | 1788 181 | 0.09
179238 192241 0 3 1992.33 1992.92 1.473 | 13002 113 | 0.59
179238 180514 0 3 1992.67 1992.92 0.069 | 1276 54| 0.25
179751 180259 0 3 1994.42 1994.50 0.106 | 508 209 | 0.08
182048 183586 0 3 1997.33 1997.42 0.158 | 1538 103 | 0.09
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Summary of input - 7-1_CV

Specification of nourishments in period 1970 - 2003

File: PonTos_input_r16.xls

Xmin [m] [ Xmax [m]] Zmin [m][ Zmax [m]| Tmin [yr]| Tmax [yr] | Vol [Mm3] [ dX [m]] dV/dX [m3/m1] [ dT [yr]
183586 185904 -7 -4 2000.33 2000.42 0.994 | 2318 429 | 0.09
184100 185904 0 3 1990.33 1990.50 0.386 | 1804 214 | 0.17
184100 185647 0 3 1999.33 1999.50 0.206 | 1547 133 | 0.17
184360 185391 0 3 1994.42 1994.50 0.101 | 1031 98 | 0.08
184360 185647 0 3 1995.33 1995.42 0.306 | 1288 238 | 0.09
184360 187193 0 3 1998.33 1998.50 0.352 | 2833 124 | 0.17
184616 185391 0 3 2000.33 2000.42 0.225 | 775 291 | 0.09
187964 192518 0 3 1997.33 1997.58 0.547 | 4554 120 | 0.25
187964 189950 0 3 2001.33 2001.58 0.511 | 1986 257 | 0.25
187964 191996 -7 -4 2002.33 2002.50 1.972 | 4033 489 | 0.17
197860 199195 0 3 1998.33 1998.50 0.229 | 1335 171 | 0.17
198028 199630 0 3 1995.67 1995.83 0.362 | 1603 226 | 0.16
198028 200159 0 3 2002.33 2002.67 0.501 | 2132 235| 0.34
198225 200519 0 3 1991.67 1991.83 0.371 | 2294 162 | 0.16
200159 204787 0 3 1987.25 1988.00 1.850 | 4628 400 | 0.75
200797 202360 0 3 1995.67 1995.83 0.307 | 1562 196 | 0.16
201334 202153 0 3 2000.33 2000.42 0.120 | 819 147 | 0.09
201334 204579 -7 -4 2003.33 2003.42 1.000 | 3245 308 | 0.09
204176 206253 0 3 1996.33 1996.50 0.459 | 2077 221 | 0.17
204176 207290 -7 -4 2001.33 2001.50 1.500 | 3114 482 | 0.17
204377 207439 0 3 1991.33 1991.50 0.538 | 3061 176 | 0.17
204377 208359 0 3 1999.33 1999.42 0.144 | 3982 36 | 0.09
204377 207439 -7 -4 2003.33 2003.50 1.500 | 3061 490 | 0.17
204579 205509 0 3 1976.67 1976.75 0.342 | 930 368 | 0.08
204579 207587 0 3 1986.58 1986.83 1.320 | 3008 439 | 0.25
205509 207290 0 3 1979.67 1979.75 0.470 | 1781 264 | 0.08
206104 208359 0 3 1996.33 1996.50 0.459 | 2255 204 | 0.17
210650 217369 0 3 1992.58 1992.67 0.616 | 6719 92 0.09
210650 216769 0 3 1996.33 1996.50 0.867 | 6119 142 | 0.17
210650 216769 0 3 2003.33 2003.75 1.300 | 6119 212 | 0.42
211830 214406 0 3 1999.33 1999.50 0.287 | 2576 112 | 0.17
212421 214999 0 3 1993.33 1993.42 0.280 | 2578 109 | 0.09
212421 216769 0 3 2001.33 2001.83 1.290 | 4348 297 | 0.50
224190 231842 -7 -4 2003.25 2003.42 1.500 | 7652 196 | 0.17
224455 227176 0 3 1994.25 1994.42 0.761 | 2721 280 | 0.17
225004 226986 0 3 2000.25 2000.50 0.357 | 1982 180 | 0.25
225319 226434 0 3 1997.25 1997.58 0.340 | 1114 305 | 0.33
226986 233075 0 3 1993.25 1993.58 2.245 | 6089 369 | 0.33
227928 231477 0 3 2000.25 2000.75 0.702 | 3550 198 | 0.50
230164 233647 0 3 1996.25 1996.83 1.491 | 3483 428 | 0.58
231763 237766 -7 -4 2002.25 2002.67 5.397 | 6003 899 | 0.42
231842 233265 0 3 2000.25 2000.42 0.245 | 1423 172 | 0.17
232885 238155 0 3 1991.25 1991.75 2.009 | 5270 381 | 0.50
233265 238936 0 3 1984.50 1985.00 3.021 | 5671 533 | 0.50
233457 235746 0 3 1997.25 1997.83 0.659 | 2289 288 | 0.58
236710 238155 0 3 1996.25 1996.58 0.493 | 1445 341 | 0.33
239524 245250 0 3 1985.50 1985.75 2.850 | 5727 498 | 0.25
239915 245250 0 3 1979.67 1979.92 3.050 | 5335 572 | 0.25
239915 242867 0 3 1994.33 1994.67 1.331 | 2952 451 | 0.34
239915 242474 0 3 2000.25 2000.75 0.884 | 2559 345 | 0.50
240110 245125 0 3 1990.58 1990.92 2.543 | 5015 507 | 0.34
240505 243261 0 3 1999.25 1999.83 1.219 | 2756 442 | 0.58
242671 244174 0 3 1995.25 1995.42 0.835 [ 1503 556 | 0.17
244174 244934 0 3 1995.25 1995.42 0.300 | 760 395 | 0.17
260205 262683 0 3 2001.25 2002.00 1.000 | 2478 404 | 0.75
260730 262683 0 3 1997.42 1997.83 0.280 | 1952 143 | 041
262859 264249 -7 -4 2001.25 2001.33 0.500 | 1390 360 | 0.08
266224 266962 0 3 1995.42 1995.83 0.111 | 738 150 | 0.41
266224 266962 0 3 1995.42 1995.83 0.080 | 738 108 | 0.41
286440 290961 -7 -4 1993.25 1993.92 2.000 | 4521 442 | 0.67
305478 306035 0 3 2000.25 2000.33 0.401 | 557 720 | 0.08
305486 306155 0 3 1997.33 1997.50 0.511 | 670 763 | 0.17
305493 305766 0 3 1979.42 1979.50 0.300 | 273 1,098 | 0.08
305544 306165 0 3 199450 1994.83 0.190 | 621 306 | 0.33
310409 314698 0 3 1996.33 1996.75 1.555 | 4289 362 | 0.42
313268 319604 0 3 1980.75 1981.00 2.200 | 6336 347 | 0.25
313268 317560 -7 -4 2003.25 2003.42 1.500 | 4292 350 | 0.17
314698 323286 0 3 1992.50 1992.75 1.442 | 8589 168 | 0.25
314698 316331 0 3 1992.50 1992.75 0.230 | 1633 141 | 0.25
315719 320630 0 3 1990.58 1990.75 0.930 | 4910 189 | 0.17
316331 324698 -7 -4 1998.25 1998.50 2.498 | 8368 299 | 0.25
317148 318786 0 3 1990.58 1990.75 0.040 | 1638 24| 0.17
160.210
4.855
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Summary of input - 7-1_A

Xmin [m] [ Xmax [m]] Zmin [m]] Zmax [m]] Tmin [yr]| Tmax [yr]| Vol [Mm3] ] dX [m]] dv/dX [m3/m1]] dT [yr]
54137 57780 -2 3 2003.00 2053.00 5.046 | 3643 1,385 | 50.00
63003 64806 -2 3 2003.00 2053.00 7.091 | 1803 3,933 | 50.00
75690 78271 -2 3 2003.00 2053.00 2.045 | 2581 792 | 50.00
86020 86423 -2 3 2003.00 2053.00 1.001 | 403 2,484 | 50.00
90063 91626 -2 3 2003.00 2053.00 7.091 | 1563 4,537 | 50.00
97943 99719 -2 3 2003.00 2053.00 3.602 | 1776 2,028 | 50.00
103836 111029 -2 3 2003.00 2053.00 1.796 | 7193 250 | 50.00
116067 119602 -2 3 2003.00 2053.00 0.903 | 3535 255 | 50.00
120106 126198 -2 3 2003.00 2053.00 1.197 | 6092 196 | 50.00
127193 144450 -2 3 2003.00 2053.00 0.903 | 17257 52 [ 50.00
149474 157591 -2 3 2003.00 2053.00 2.100 | 8117 259 | 50.00
166743 168779 -2 3 2003.00 2053.00 0.390 | 2036 192 | 50.00
177954 182048 -2 3 2003.00 2053.00 2.130 | 4094 520 | 50.00
184101 188221 -2 3 2003.00 2053.00 2.712 | 4120 658 | 50.00
197489 200428 -2 3 2003.00 2053.00 0.768 | 2939 261 | 50.00
201432 208360 -2 3 2003.00 2053.00 18.000 | 6928 2,598 | 50.00
210337 217269 -2 3 2003.00 2053.00 11.250 | 6932 1,623 | 50.00
224190 226880 -2 3 2003.00 2053.00 9.000 | 2690 3,346 | 50.00
226880 231763 -2 3 2003.00 2053.00 6.750 | 4883 1,382 | 50.00
231763 237572 -2 3 2003.00 2053.00 7.508 | 5809 1,292 | 50.00
239524 245250 -2 3 2003.00 2053.00 8.993 | 5726 1,571 | 50.00
286837 290765 -2 3 2003.00 2053.00 0.600 | 3928 153 | 50.00
306579 308080 -2 3 2003.00 2053.00 1.800 | 1501 1,199 | 50.00
310199 314309 -2 3 2003.00 2053.00 1.200 | 4110 292 | 50.00
313268 317354 -2 3 2003.00 2053.00 2.400 | 4086 587 | 50.00
317354 324495 -2 3 2003.00 2053.00 21.000 | 7141 2,941 | 50.00
29499 44516 -2 3 2003.00 2053.00 21.228 | 15017 1,414 | 50.00
260115 266468 -2 3 2003.00 2053.00 27.000 | 6353 4,250 | 50.00
54137 57780 -8 -5 2003.00 2053.00 11.774 | 3643 3,232 | 50.00
63003 64806 -8 -5 2003.00 2053.00 16.545 | 1803 9,176 | 50.00
75690 78271 -8 -5 2003.00 2053.00 4.771 | 2581 1,849 | 50.00
86020 86423 -8 -5 2003.00 2053.00 2.335 | 403 5,794 | 50.00
90063 91626 -8 -5 2003.00 2053.00 16.545 | 1563 10,585 | 50.00
97943 99719 -8 -5 2003.00 2053.00 8.404 | 1776 4,732 | 50.00
103836 111029 -8 -5 2003.00 2053.00 4.190 | 7193 583 | 50.00
116067 119602 -8 -5 2003.00 2053.00 2.107 | 3535 596 | 50.00
120106 126198 -8 -5 2003.00 2053.00 2.793 | 6092 458 | 50.00
127193 144450 -8 -5 2003.00 2053.00 2.107 | 17257 122 | 50.00
149474 157591 -8 -5 2003.00 2053.00 4.900 | 8117 604 | 50.00
166743 168779 -8 -5 2003.00 2053.00 0.910 | 2036 447 | 50.00
177954 182048 -8 -5 2003.00 2053.00 4.970 | 4094 1,214 | 50.00
184101 188221 -8 -5 2003.00 2053.00 6.328 | 4120 1,536 | 50.00
197489 200428 -8 -5 2003.00 2053.00 1.792 | 2939 610 | 50.00
201432 208360 -8 -5 2003.00 2053.00 42.000 | 6928 6,062 | 50.00
210337 217269 -8 -5 2003.00 2053.00 26.250 | 6932 3,787 | 50.00
224190 226880 -8 -5 2003.00 2053.00 21.000 | 2690 7,807 | 50.00
226880 231763 -8 -5 2003.00 2053.00 15.750 | 4883 3,225 | 50.00
231763 237572 -8 -5 2003.00 2053.00 17.518 | 5809 3,016 | 50.00
239524 245250 -8 -5 2003.00 2053.00 20.983 | 5726 3,665 | 50.00
286837 290765 -8 -5 2003.00 2053.00 1.400 | 3928 356 | 50.00
306579 308080 -8 -5 2003.00 2053.00 4.200 | 1501 2,798 | 50.00
310199 314309 -8 -5 2003.00 2053.00 2.800 | 4110 681 | 50.00
313268 317354 -8 -5 2003.00 2053.00 5.600 | 4086 1,371 | 50.00
317354 324495 -8 -5 2003.00 2053.00 49.000 | 7141 6,862 | 50.00
29499 44516 -8 -5 2003.00 2053.00 49.532 | 15017 3,298 | 50.00
260115 266468 -8 -5 2003.00 2053.00 63.000 | 6353 9,917 | 50.00

585.008
11.700

Specification of nourishments in period 2003 - 2053 (scenario A)
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Summary of input - 7-1_B

Xmin [m] | Xmax [m]] Zmin [m]] Zmax [m]] Tmin [yr]| Tmax [yr] | Vol [Mm3] [ dX [m]] dv/dX [m3/m1] [ dT [yr]
54137 57780 -2 3 2003.00 2053.00 2.958 | 3643 812 | 50.00
63003 64806 -2 3 2003.00 2053.00 4.157 | 1803 2,306 | 50.00
75690 78271 -2 3 2003.00 2053.00 1.199 | 2581 465 | 50.00
86020 86423 -2 3 2003.00 2053.00 0.587 | 403 1,457 | 50.00
90063 91626 -2 3 2003.00 2053.00 4.157 | 1563 2,660 | 50.00
97943 99719 -2 3 2003.00 2053.00 16.979 | 1776 9,560 | 50.00
103836 111029 -2 3 2003.00 2053.00 8.465 | 7193 1,177 | 50.00
116067 119602 -2 3 2003.00 2053.00 4.257 | 3535 1,204 | 50.00
120106 126198 -2 3 2003.00 2053.00 5.643 | 6092 926 | 50.00
127193 144450 -2 3 2003.00 2053.00 4.257 | 17257 247 | 50.00
149474 157591 -2 3 2003.00 2053.00 9.900 | 8117 1,220 | 50.00
166743 168779 -2 3 2003.00 2053.00 2.438 | 2036 1,197 | 50.00
177954 182048 -2 3 2003.00 2053.00 13.313 | 4094 3,252 | 50.00
184101 188221 -2 3 2003.00 2053.00 16.950 | 4120 4,114 | 50.00
197489 200428 -2 3 2003.00 2053.00 4.800 | 2939 1,633 | 50.00
201432 208360 -2 3 2003.00 2053.00 27.000 | 6928 3,897 | 50.00
210337 217269 -2 3 2003.00 2053.00 16.875 | 6932 2,434 | 50.00
224190 226880 -2 3 2003.00 2053.00 13.500 | 2690 5,019 | 50.00
226880 231763 -2 3 2003.00 2053.00 10.125 | 4883 2,074 | 50.00
286837 290765 -2 3 2003.00 2053.00 0.750 | 3928 191 | 50.00
306579 308080 -2 3 2003.00 2053.00 2.250 | 1501 1,499 | 50.00
310199 314309 -2 3 2003.00 2053.00 1.500 | 4110 365 | 50.00
313268 317354 -2 3 2003.00 2053.00 3.000 | 4086 734 1 50.00
29499 44516 -2 3 2003.00 2053.00 12.444 | 15017 829 | 50.00
260115 266468 -2 3 2003.00 2053.00 7.500 | 6353 1,181 | 50.00
54137 57780 -8 -5 2003.00 2053.00 6.902 | 3643 1,895 | 50.00
63003 64806 -8 -5 2003.00 2053.00 9.699 | 1803 5,379 | 50.00
75690 78271 -8 -5 2003.00 2053.00 2.797 | 2581 1,084 | 50.00
86020 86423 -8 -5 2003.00 2053.00 1.369 | 403 3,397 | 50.00
90063 91626 -8 -5 2003.00 2053.00 9.699 | 1563 6,205 | 50.00
97943 99719 -8 -5 2003.00 2053.00 39.617 | 1776 22,307 | 50.00
103836 111029 -8 -5 2003.00 2053.00 19.751 | 7193 2,746 | 50.00
116067 119602 -8 -5 2003.00 2053.00 9.933 | 3535 2,810 | 50.00
120106 126198 -8 -5 2003.00 2053.00 13.167 | 6092 2,161 | 50.00
127193 144450 -8 -5 2003.00 2053.00 9.933 | 17257 576 | 50.00
149474 157591 -8 -5 2003.00 2053.00 23.100 | 8117 2,846 | 50.00
166743 168779 -8 -5 2003.00 2053.00 5.688 | 2036 2,794 | 50.00
177954 182048 -8 -5 2003.00 2053.00 31.063 | 4094 7,587 | 50.00
184101 188221 -8 -5 2003.00 2053.00 39.550 | 4120 9,600 | 50.00
197489 200428 -8 -5 2003.00 2053.00 11.200 | 2939 3,811 | 50.00
201432 208360 -8 -5 2003.00 2053.00 63.000 | 6928 9,094 | 50.00
210337 217269 -8 -5 2003.00 2053.00 39.375 | 6932 5,680 | 50.00
224190 226880 -8 -5 2003.00 2053.00 31.500 | 2690 11,710 | 50.00
226880 231763 -8 -5 2003.00 2053.00 23.625 | 4883 4,838 | 50.00
286837 290765 -8 -5 2003.00 2053.00 1.750 | 3928 446 | 50.00
306579 308080 -8 -5 2003.00 2053.00 5.250 | 1501 3,498 | 50.00
310199 314309 -8 -5 2003.00 2053.00 3.500 | 4110 852 | 50.00
313268 317354 -8 -5 2003.00 2053.00 7.000 | 4086 1,713 | 50.00
29499 44516 -8 -5 2003.00 2053.00 29.036 | 15017 1,934 | 50.00
260115 266468 -8 -5 2003.00 2053.00 17.500 | 6353 2,755 | 50.00

650.008
13.000
Specification of nourishments in period 2003 - 2053 (scenario B)
File: PonTos_input_r16.xls 11/5/2004
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Overview of basic erosion rates (expressed in Mm?3/yr) for static sea level rise

Results for 0.60 m per century

PONTOS-2.0

2003 - 2053

Scenario 2 (0.6 m/century)

LARGE-SCALE MODEL OF THE DUTCH COAST Z3334/A1000

WL /Alkyon Fig. 6.20
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