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Miljsvenlig kystbeskyttelse pa vestkysten.

Vi har hermed fornejelsen at fremlegge resultatet af det miljevenlige kystbeskyttelsesprojekt pa
vestkysten, samt en statusrapport for projektet.

Resultaterne er korrekt beskrevet i Geologisk Nyt 01/07 samt 04/07, fra Erhvervsafdelingen pa
Arhus Universitet.

Transport og Energiministeriet har bevilget ekstra penge til omskrivning af de rapporter, som
Kystdirektoratet har skrevet sammen med professorerne.

Halvarsrapporten, som skulle vere faerdig i oktober maned 2005 er endnu ikke fardig her 1 2008.
1. rs og 2 ars rapporterne skal ogsé skrives om, da de ikke beskriver de faktuelle forhold.
Allerede efter det forste ar var der en samlet effekt pa ikke mindre end 800.000 kubikmeter pé den
11 km lange streekning.

Sandtillzeg pa projektomradet

Momalt 2 meter kysttilbagarykning
. pr. &r svarende til -330.000 m?

Sandopbygning:
476.000 m*

For det forste var erosionen stoppet i de drenede omréader. Hertil kommer et kysttilleeg pa stranden
og i forkanten af klitten pé ikke mindre end 476.000 kubikmeter, idet der er et l®sidetilleg pa
139.000 kubikmeter i referenceomrade 3, som ligger sydligst i projektomradet.

Der er sdledes ikke konstateret negative effekter ved metoden.

Det har derimod vist sig at metoden medforer en vaesentlig sterre middelstrandhgjde i de draenede
omréader og metoden er dermed en losning i relation til den Globale vandstandsstigning pa
verdensplan.

Allerede efter de forste 6 maneder i 2005 var middelstrandhgjden signifikant hejere i de drenede
omrader.



Resultatet efter 6 maneder.
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Der er bevilget penge séledes at KDI og professorerne kan rette deres rapport til de faktuelle data,
som er vist i fig 1.

Resultat efter 2 ar.

I ar 2 blev vestkysten ramt af 5 voldsomme storme fra oktober 2006 til d.20. januar 2007.
Middelvandstanden var 54 cm over DVR 90 i samme periode og effektiviteten af SIC systemet
blev saledes afprevet under de samme forhold, som svarer til den globale vandstandsstigning over
de naeste 100 ar.

Middelstrandhejde 100 meter fra klitfod
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De enkelte linier bl4, red og gul viser middelstrandhgjden i de enkelte omrader i januar méaned i de
enkelte ar, og man ser tydeligt at middelstrandhejden er signifikant hgjere i ror omraderne samt ref.
3 hvor der er lesidetillaeg.

Efter de voldsomme storme er stranden nasten totalt borteroderet i ref. 2 og ref. 1b.
I ref. 1a er erosionen knap s4 stor, idet KDI har reviefodret for ca. 42 mio. kr. i omradet 1
projektperioden.




Konklusion.

Som det fremgar af konklusionen i artiklen i Geologisk Nyt 04/07 side 19 var den akkumulerede
sandmengde pa 476.000 * i projektomradet langt mere end nok til at beskytte baglandet i ror
omrade 1 og 2 samt referenceomrade 3, hvor der er lesidetilleg.

14,5 % af sandet fra de hgje strande bleste ind i baglandet i forbindelse med de 5 voldsomme
storme i vinteren 2006/07, mens der var en samlet hav erosion pa ca. 250.000 m’ i reference omrade
1og2.

Vestkysten kan séledes sikres mere effektivt og miljevenligt og hele Danmark kan kystsikres bedre
og billigere for de samme penge som tidligere blev brugt pa sandfodring i de 5 vestjyske kommuner
Samtidig tar man en holdbar lesning 1 relation til den globale vandstandsstigning.

Samarbejdet med Kystdirektoratet.

I forbindelse med indgéelse af aftalen pa vestkysten med Trafikminister Flemming Hanscn havde
SIC store forventninger til, at der kunne skabes et fornuftigt samarbejde med Kystdirektoratet i
labet af projektperioden. Dette har slet ikke varet muligt.

Det har veeret en meget stor belastning for samarbejdet, at Kystdirektoratet helt bevidst har
konstrueret forkerte tabeller og grafer til eksperternes rapporter, sé analyserne bliver faktuelle
forkerte.

Men ikke nok med, at de af KDI konstruerede tabeller og grafer var forkerte og udfert af
Kystdirektoratet, men Per Serensen fra KDI sammenskrev ogsé de forkerte data og grafer sammen
med professor Hans Falk Burcharth. Ekspertrapporterne er saledes slet ikke uvildige.

SIC har nu modtaget 135.000,00 kr. incl. moms for fejlretning i data og grafer i de sakaldte
ekspertrapporter, men tekst og konklusioner er der imidlertid ikke rettet.

Hertil kommer at Kystdirektoratet har forgget revlefodringen uden saglig begrundelse 700 meter
ned i referenceomrade 1, si der i projektperioden er revlefodret for ca. 42.0 mio. kr. i og
umiddelbart nord for referenceomrade 1.

Rent videnskabeligt er der efier vor mening tale om harveerk pa projektet, men professorerne har af
ukendte arsager ikke grebet ind mod de forstyrrende revlefodringer 700 m ned i referenceomréde 1.

SIC indbringer nu sagen for Udvalget for videnskabelig uredelighed.

Men det er imidlertid meget vigtigt at projektet pé& vestkysten sikres rent gkonomisk, og der
tilvejebringes okonomi til et sterre projekt ved Sendervig som beskrevet i Geologisk Nyt 0/07.

Prisen pa viderefersel af projektet syd for Hvide Sande er 3,63 mio.kr arligt og 20 km ved
Sendervig koster 6,6 mio. kr. arligt.

Danmark er som bekendt vaert ved den verdensomspeandende miljekonference i 2009 og det ville
veere meget flot, hvis Danmark kunne vise en miljemessig lgsning pé den globale
vandstandsstigning.

Vi finder at der er tale om en skerpende omsteendighed, nar KDI samtidig nagter at udstede en ny
tilladelse til kystbeskyttelse ved Mérup Kirke og helt bevidst nu styrter Méarup Kirke i havet.

Skagen d. 10 januar 2007.
Poul Jakobsen/Claus Bragger
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Trearigt forsegsprogram med SIC-rer pa Jyllands vestkyst

Referat af 13. projektmede den 18. juni 2007 i Nymindegab

Deltagere:

Udpegede eksperter: Hans Falk Burcharth (HFB), Jergen Fredsee (JF) Fravzrende
SIC: Claus Bregger (CB), Poul Jakobsen (PJ)

Kystdirektoratet (KDI):  Per Serensen (PSO), John Jensen (JJ) Fravarende

Begrundelsen for indkaldelsen til medet.

Som beskrevet i indkaldelsen dateret d. 15. juni 2007, har SIC fundet alvorlige fejl i det data
materiale, som ligger til grund for eksperternes rapporter. Det er af afgarende vigtighed at
projektgruppen bliver orienteret og at fejlene bliver rettet.

Besigtigelse af stranden.

Megdet startede mandag d. 18 kl. 08.30. KDI og HFB samt JF kom ikke til medet.

PJ og CB besigtigede stranden og besluttede at gensatte ror nr. 6 og 7 i rekke 2600 og 2700 samt
ror nr. 7 og 8 1 rackke 2500.

PJ og CB finder det staerkt kritisabelt at 2 &rs rapporten ikke var fremsendt i kladde inden d. 15. juni
som aftalt pd medet d. 7. maj 2007.

Gennemgang af reviderede data fra KDI.

Der blev konstateret fejl 1 50 linier ud af 111 linier i D1 beregningerne.
Der blev konstateret fejl i 86 linier i MBL ud af 111 linier.

Folgende tabel er modtaget fra KDI sammen med de reviderede data.

Opdatering af tabel side 8 i 1 ars rapport

B udskiftet med E-
parametre

Accretion (jan. 05-jan.06) .
Stretch Length  AE1 AE2 AE1+AE2 AE1+AE2

m m3/m m3/m m3/m m3
Ref. | 1800 12,34 -9,77 3 4.620
Rarl 900 20,80 22,73 44 39.174
Ref. I 1800 17,09 -37,10 20 -36.011
Rer I 4700 22,75 103,33 126 592.576
Ref. Il 1800 20,39 59,11 80 143.110

Accretion (jan. 05-jan.07) _
Stretch Length  AE1 AE2 AE1+AE2  AE1+AE2

m m3/m m3/m m3/m m3
Ref. | 1800 1569  -39,38 -23,69 -42.650
Rer | 900 11,20 -0,92 10,28 9.253
Ref. Il 1800 -1,11 -99,82 -100,93 -181.673
Rer i 4700 12,56 31,07 43,63 205.061
Ref. 1l 1800 717 107,72 114,89 206.800

Der er intet som er rigtigt beregnet




PJ og CB kunne herefter konstatere at der fortsat ikke er korrekte beregninger, som grundlag for
halvarsrapport, 1 ars rapport, 2 rs rapport.

Referencelinien i klitten er flyttet fra punkt 2 i klitten til punkt 1 i klitten s& der ikke efterfolgende
kan laves erosionsberegninger 1 klitten i referenceomraderne, hvor der er stor erosion i klitten.

Denne sardeles grove fejl kunne have varet undgéet, hvis der var fremsendt proveberegninger som
krevet utallige gange af SIC.

Hertil kommer at den aktuelle strandbredde slet ikke er beregnet i de fremsendte beregninger.
Der er slet ikke noget som hedder E beregninger. Det er frit opfundet af JJ.

Alle beregninger skal derfor laves om igen. PJ kraver at JJ tratraeder i projektgruppen efter
endelose tejl i beregningerne og manglende samarbejdsevne.

PJ og CB besluttede igen at begeere aktindsigt aktuelle data fra C beregningerne jan05, Jan 06, samt
D beregningerne jan 05 og 06

Data bedes fremsendt in en DWG fil.

PJ og CB rykker igen for beregninger i revlefodringsomradet, som aftalt pa sidste byggemeode d. 7.
maj 2007.

PJ og CB rykker igen for beregninger af april data 2007, s& man undgar supplerende opmalinger i
stranden. '

Materialepraver.

[ forbindelse med besigtigelsen af stranden blev der udtaget 11 materialepraver pa stranden og i
klitterne.

Proverne bliver analyseret hos Jysk Geoteknik i Esbjerg.

Prisen er 525,00 kr. pr prove. Regningen sendes efterfelgende til KDI.

Proverne skal anvendes i forbindelse med beregningerne af vindsorteringen af materialerne 1
forstranden, samt klitterne.

Vindsorteringen er en serdeles vigtig faktor i de dreenede omrader, idet vinden sorterer ikke mindre
end ca. 90 kubikmeter pr meter over 3 &r, som lagger sig i forkanten af klitten samt baglandet.

De fine materialer bleeser op i klitterne, mens de grove materialer forbliver pa forstranden. Denne
proces foregdr ikke i samme udstraekning i referenceomraderne med laverer middelstrandhgijde.

Timeforbrug ved fejlfinding i datamateriale.

PJ og CB besluttede at fakturere KDI for timerne til supplerende opmalinger i stranden, samt
fejlfinding i A beregninger B beregninger, C beregningerne samt D og mystiske E beregninger.
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1. Introduction

In accordance with the agreement of 18 August 2004 between Skagen Innovation Center (SIC) and
the Danish Governmental Coastal Authority (KD1) a field test with the purpose of demonstrating
the efficiency of the SIC vertical drain method as a mean for coastal protecting was initiated in a
meeting 24 August 2004.

The test period is three years after which a final report has to be presented. The report shall contain
an evaluation of the drain system with respect to qualitative and quantitative efficiency and
environmental impact, as well as a related comparison with conventional coastal protection
methods.

Besides the final report yearly reports have to be presented as well as a report half a year after the
start of the field test.

For the evaluation the following two experts were retained

Professor dr.techn., dr. h.c. Hans Falk Burcharth (HFB)
Professor Jergen Fredsee (JF)

The two experts were obliged to take part in the planning of the field tests including selection of the
test location.
Besides the two experts the project group consists of

Director, engineer Poul Jakobsen, SIC
Engineer Claus Brogger, SIC

Project manager, Per Serensen, KDI
M. Sc. John Jensen, KDI

The present report, authored by the two experts, is the second year report, written as a stand-alone
report for which reason it repeats substantial parts of the first year report of 20 November 2006.

This report cannot be used in citations without the permissions of the authors.




2. Preliminary conclusions

The changing wave and sea level conditions cause large natural fluctuations in the beach planform
and volume. Moreover, coastline undulations moving along the coast in the direction of net sand
transport might contribute to these fluctuations. The effect of the drains has to be detected from
such “background noise” which is not easy during a short period, even if the drains might have a
significant effect. For this reason the following conclusions are of preliminary character.

During the first one and a half year period the beach has increased its volume significantly in the
two stretches where the SIC-drains have been installed. However, the most significant increase took
place in Ref. III. Significant increase took place already in the first half of the one-year period. Out
of three stretches without drains there has been significantly volume increase in one stretch,
significant volume decrease in a second stretch, and balancing increase and decrease in volume in a
third stretch. The storms, which occurred by the end of the second year period, caused erosion
within all stretches with and without drains. The average changes in beach and dune volumes over
each stretch are given in Table 1.

Table 2.1. Average changes in beach and dune volumes (m*/m) in the period between July 2006 and
January 2007 just after the storms.

Ref. 111 Ror 11 Ref. I Ror 1 Ref. 1

+2 -49 =70 -40 -32

As seen there is not a clear correlation between the volume changes caused by the storms and the
status of the stretches with respect to drains or not. It should also be noted that averaging over each
stretch gives a too simplified picture of the performances as for example erosion of more than app.
90m*/m took place in stations within all stretches. It is however clear that where in beforehand the
beach is wider and higher there will be more resistance left after storm erosion.

A major effect in beach and dune development is caused by sand transport by the wind. This
transport is both in cross shore and long shore directions which means that the sand, if not deposited
on the beach and at the dune front, will be transported to the top and rear side of the dunes or along
the beach not respecting the borders between the dedicated stretches. Due to lack of measurements
of the dune top and rear slopes it is not possible to quantify the effect of wind-transport of sand not
deposited on the beach and the dune front. We have to assume that the effect is almost equal for all
stretches.

Although there seems to be some positive correlation between areas with beach volume increase
and areas with drains, indicating a positive effect of the drains, it is too early to draw final
conclusions. This is because a two-year observation period is still short seen in relation to the




timescale of natural beach fluctuations. Moreover, theoretically based considerations and specific
detailed field investigations have not yet explained a significant effect of the vertical drains.

July 1th 2007

Jorgen Fredsae Hans F. Burcharth




3. Dansk resumé.

Denne rapport beskriver baggrunden for og resultaterne af forsggene med PEM-rarene (Pressure-
Equalization-Modules) ved Vestkysten ved Skodbjerge syd for Hvide Sande.

Forst beskrives hvorfor vi har valgt lokaliteten ved Skodbjerge, dernast forklares lidt om strandens
bevagelser, sa forklares lidt om de forelobige resultater, og endelig beskrives hvorfor vi ikke helt
forstar at det skulle virke.

3.1 Lokaliteten.

SIC har ensket at udfereet storskala forseg pa den jyske vestkyst, for at vurdere rarenes funktion.
Nogle steder er vestkysten sikret af hafder og lignende, andre steder er der mange turister. KDI
(Kystdirektoratet) fandt i planleegningsfasen frem til nogle omréder, f.eks. Husby og Skodbjerge.
Desuden er Skallingen en mulighed. Der er problemer med alle omrader, den forste fordi der her er
lerlag i stranden, det andet fordi der her foretages sandfodring, og Skallingen fordi der kun er 6-7
km uforstyrret omrade, hvor forsgget kan udferes. Til sidst valgtes en 11 km lang straekning ved
Skodbjerge.

Dette omrade er som lige nevnt ikke uproblematisk: Ca. 10 km nord for forsggsomradets nordlige
ende ligger Hvide Sande, hvor der er forbindelse mellem Ringkobing Fjord og Vesterhavet. Her
blokerer molerne delvist for sandtransporten langs kysten. I dette omrade er sandtransporten
sydgaende, og har i et gennemsnitsar en storrelse pa godt 2 millioner kubikmeter per &r.

Hvis man blokerer for sandtransporten fir man erosion syd herfor. Derfor er der lagt kystparallelle
bolgebrydere langs stranden de forste knap 5 km syd for Hvide Sande. Nedstrems dette omrade kan
man forvente erosion, da belgerne kan gnave af kysten, der samtidigt ikke far tilfort sand nordfra.
Derfor sandfodrer KDI kysten syd for havnen ved at dumpe sand, dels ude pa en revle godt 500 m
fra kysten, dels pa selve stranden for at kompensere for den manglende tilfersel af sand nordfra.

Uden denne sandfodring ville der pa forsegsstreekningen — over mange ar — ske tilbagerykning -
erosion - i den nordlige del og fremrykning - aflejring - i den sydlige (se nedenstidende figur).

Det har aldrig vaeret muligt at fa en fornuftig forklaring pa hvorfor systemet skulle kunne virke, se
ogsa afsnit 4. Vi har derfor i forseget fokuseret pa folgende 2 punkter:

e proevet lokalt at se om rerene har nogen virkning, og

e provet i storre skala at se pad om rerene samler sand.

For disse 2 punkter beskrives vil vi kort beskrive lidt om problematikken ved forseget.

3.2 Erosion og aflejring.




Langs den jyske kyst er der visse steder erosion, andre steder aflejring (fremrykning af kysten).
Disse 2 storrelser er tids-midlede verdier over mange ér, og pa en kyststrekning, der f.eks. generelt
rykker frem, kan der godt i nogle ar ske en erosion, d.v.s. tilbagerykning. Dette skyldes, at
erosion/aflejring athenger af belge-strom samt vandspejls forhold, samt tilfersel af sand.

Nér man taler om erosion/aflejring af en kyst, vil man visuelt altid forholde sig til om stranden
vokser eller bliver eroderet. Stranden er dog kun en del af det samlede system, idet der ogsa sker
store &ndringer at bunden udenfor kystlinien, og det er vigtigt at betragte det samlede system.
Under en stor storm eroderes en strand generelt. Da storme er hyppigst om vinteren opnar man det
sdkaldte vinterprofil. Erosionen skyldes ferst og fremmest at brydende og brudte belger
transporterer sand i en retning vk fra kysten. Under en storm gnaves der derfor af stranden -
specielt hvis vandstanden er hgj - og sandet transporteres et stykke vak fra kysten. Ofte kan man
ogs4 iagttage, at revlerne samtidigt bevager sig en smule vak fra kysten.

I mildere vejr-perioder er belgerne mindre, og kan derfor na helt ind til stranden, fer de bryder. 1
disse perioder transporteres sandet ind mod kysten af belgerne, men mangden af sand der
transporteres af disse mindre belger, er langt mindre pr. dag end den udadrettede transport fra
stormbelgerne. De mindre balger regenerer altsa stranden (sommerprofil), men det kan tage meget
lang tid, specielt efter en kraftig storm som den vi havde den 8 januar 2005, fa uger for rerene blev
sat 1 stranden.

En storm kan altsa skabe et reservoir af sand ude i vandet, der kan bruges til at genopbygge
stranden pa et senere tidspunkt.

Ovenstaende beskrivelse er meget simplificeret. Specielt skal det navnes, at der ogsa sker
variationer i sandtransporten pa langs af kysten forarsaget af en kraftig “balge-genereret” strom, der
igen forarsages af belgers brydning. Strem gennem et hestehul i revlen er et eksempel péa en
belgegeneret strom. Belgerne bryder normalt pa revlerne, og er der hul i revlen kan belgerne her na
helt ind til stranden for de bryder, og herved forarsage lokalt sterre angreb pa stranden. Generelt
betyder revlernes opforsel betyder meget for strandens udseende.

3.3 Reorenes virkning i stor skala.

Pé den pagxldende lokalitet har vi altsd 2 problemer: en storm lige for forseget startede, og
sandfodring nord for forsegs-omradet. Siden forseget begyndte er der sket en opbygning af
stranden, men det samme er ogsa sket mange andre steder langs den jyske vestkyst i samme
periode.

Det er derfor vor opgave at kunne pavise, at rarene er (en del af) arsagen til den konstaterede
opbygning. SIC enskede en lang sammenhangende forsegsstrackning for at vurdere rorenes eftekt
(pa trods af at SIC implementerer systemet mange steder pa meget kortere straekninger).

Pa forsegsstreekningen er kysten — over mange ar — i tilbagerykning i den nordlige del og i
fremrykning i den sydlige.

Rorene er anbragt pa 2 strekninger, hhv 4.7 km (Rer 1, mod nord) og 0.9 km (Rer 2, mod syd)
afbrudt af et omrade pa 1.8 km (Ref 2) uden ror.. Nord for rerene er der er reference omréade 1, og




syd for reference omrade 2, begge omréder uden rer. Ideen var at vi gerne skulle observere starre
aflejring i ror omraderne end i reference omraderne.

Efter 2 ar er hovedresultaterne som beskrevet i tabellen, der angiver de gennemsnitlige niveau
aendringer dels af en 100 m bred strimmel malt fra klitfod i januar 2005, dels af et udenfor liggende
600 m bredt balte. Det kan nzvnes at stranden stedvis er bade bredere og smallere end 100 meter.

Reference | Rer 1 Reference 2 | Ror 2 | Reference 3

1
»Strand”: 100 m bredt -0.48 0.11 -1.02 0.47 1.04
bealte fra klitfod
“Hav” (600 m bzlte 0.41 0.05 0.57 0.43 0.35

udenfor de 100 m
’strand”)

ZEndringer i niveau (m) af strand og havbund.

Gér man mere i detaljer, giver observationerne efter to ar et noget rodet billede af situationen. Der
er mest atlejring mod syd, der i forvejen er et aflejringsomrade. Her sker aflejringen bade ud for
rerene og syd herfor.

I det nordlige roromréde sker der bade aflejring og erosion, sadan lidt varieret, og ikke fuldt
korreleret med rerenes placering , se ogsa figuren (nourishment=sandfodring).

Littoral drift
~ 2.1 mill cbm/year

REF3 ROR2 REF2 RORI1 REF1
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I vort reference-omrade 2 uden ror i midten er der tydeligvis erosion, hvilket kunne tyde pé at
rorene kan have en positiv virkning, Men stranden var her allerede smal p4 en kortere straekning for
forseget begyndte, og siden hen har havet her brudt gennem klitten. Et sddant brud eger vindens
mulighed for at transportere sand fra stranden op i baglandet, si den smalle strand fastholdes. Det er
derfor svert at relatere opbygning/erosion udelukkende til rerene.




3.4 Lokal virkning af rerene

Effekten af rerene er ikke tydelig helt lokalt omkring rerene. Der er 100 meter mellem hver
rarrekke, og det kunne forventes - hvis rerene har en positiv etfekt - at der foran hver rorrakke 1
forste omgang blev dannet en lokal sandpude. Noget sadant er ikke iagttaget. SIC haevder at en
sédan bule har en hefdevirkning, hvilket vi har meget sveert ved at forstd skulle vare tilfeldet. Nér
der end ikke kan konstatere lokal aflejring omkring hver rerrekke er det svert at indse at der kan
opstéd en “hefdeeffekt”. SIC havder at rerene har en skylleeffekt pa det omgivende sand, séledes at
det fine materiale bliver bortskyllet, og man far det sdkaldte grovere “vaskede sand”, der har storre
stabilitet. Arsrapporten indeholder et appendiks, hvori det vurderes, at rerene nok lokalt oger
hastigheden af grundvandsbevagelsen, men det er sa lidt, at det kan negligeres, nemlig mindre end
en tiende-del promille. Denne vurdering af hastighederne er der vist enighed om i gruppen, vi har i
det mindste gang pa gang bedt om at f& mélt hastigheden af vandet indeni reret, men der har varet
generel enighed om at disse hastigheder er sa sm4, at de ikke kan méles. Nar hastighederne inde i
reret er smd, er de meget-meget mindre udenfor, da hastighederne aftager med afstanden fra de
enkelte ror. Oveni dette kommer s at rorets areal af det samlede strandareal er utrolig lille (et rer
pr. parcelhushave).

Grunden til at vi ikke kan forstd, at rerene skulle have en dreenende virkning er den simple, at
rerene ikke er, som dran normalt konstrueres, nemlig forbundet med et afleb, sa vandet kan komme
videre. For eksempel konstrueres et omfangsdreen omkring et hus konstrueres saledes, at vandet
fores hen til en brand (fagsprog: et omride med lavt tryk). Et markdrzn ledes normalt hen til en
groft, hvorfra vandet stremmer videre (fagsprog: et omrade med lavt tryk). Men PEM-roret ender
blot dybt nede i sandet. Vandet der ledes gennem rerene skal jo ogsa videre ud til havet, og der er
der intet naturligt afleb (fagsprog: et omrade med lavt tryk) for enden af roret.

Man kunne forestille sig lag dybere nede med grovere materiale, hvorigennem vandet ville lobe
lettere, men det ville vandet s ogsé gere uden rer. Her ma man jo ogsa forsta, at vand ikke har sa
svert igen ved at lobe gennem sand, hvad man sagtens kan forvisse sig om ved at tomme en spand
vand pa stranden, vandet forsvinder med det samme. I gvrigt ville mellemrummene i et lag
bestdende af smésten hurtig fyldes op med sand i en strand, og sé ville det ikke vere lettere for
vandet at stremme her end alle andre steder.




4. Planning of the tests

Project group meetings were held in the autumn of 2004 with the objective of selecting a test size
and decide the positioning of the pipes and the methods of monitoring the response of the coast.

4.1 Selection of test site

According to agreement between SIC and the Ministry of Transport a stretch of approximately 10
km on the Danish North Sea Coast should be selected for the tests.

Conditions with respect to hydrographic and geomorphological conditions should be as
homogenous as possible along the stretch. Moreover, influence of man-made interventions should
be as small as possible.

Two potential sites were discussed: A 15 km long stretch at Skodbjerge just south of the part of
Hvide Sande, and a 7 km long stretch at Skallingen north of the town of Esbjerg.

The net-sediment transport is southwards at both site, but much larger at the Skodbjerge site. The
Hvide Sande jetties north of the Skodbjerge site create leeside erosion for which reason some beach
parallel detached rock structures are placed just south of the jetties. This coastal protection has been
supplemented with beach nourishment and nourishment at the offshore bar approximately 600 m
from the shore, cf. Fig. 4.1. Erosion decrease to the south so that just south of the 15 km stretch the
beach is stable. Further south accretion takes place. Beach nourishment will not take place in the
three years test period, but nourishment at the offshore bar will continue.

A long groin at the northern boundary of the Skallingen site creates lee side erosion. Erosion takes
place over the full length of the actual stretch of coast.

KDI and JF were in favour of inspecting and most probably selecting the Skallingen site as it seems
more homogeneous, and no nourishment takes place.

SIC argued that the length was too short as a 10 km stretch was needed. Moreover, SIC regarded
the influence of the long groin to be to disturbing for the tests. As SIC refused to use Skallingen it
was decided to use the Skodbjerge site, despite the not ideal conditions because of the bar
nourishment. SIC claimed however that the bar nourishment would have no or marginal influence
on the test results.
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4.2 Planning of the test

The basis for the evaluation of the tests is a comparison of the morphological changes in stretches
with and without drain pipes as well as more detailed investigations and calculations related to the
function of the drains.

The total length of the Skodbjerge test site was limited to approximately 11 km in order not to come
too close to the beach breakwaters to the North and the accreting coast to the South.

KDI and JF preferred a split of the site in a number of relatively short stretches (say 2 km) with
alternating drains and no drains. SIC could not accept this as — based on experience — they wanted
longer stretches, basically a 6 km stretch with drains and a 4 km stretch without drains. However,
due to the gradient in erosion along the test site this was not acceptable and HI'B proposed as a
minimum stretches with no pipes on both sites of the drained stretch.

A compromise as shown in Fig. 4.2 was found in which two stretches of 4.7 km (Rer I, chainage
4019200 - 4014500) and 0.9 km (Rer 11, chainage 4012700 - 4011800) respectively were drained,
and three stretches of 1.8 km (Reference 1, chainage 4021000 — 4019200), 1.8 km (Reference lI,
chainage 4014500 — 4012700) and 1.8 km (Reference 111, chainage 4011800 — 401000) respectively
were left undrained.

The drains were installed in January 2005. The positions and number of the drains and time

installation during the first two years are shown in Table 1. As seen from the table, drains

have been added in some areas where increase in beach width made it possible.
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4.3 Monitoring of the test site
4.3.1 Surveying

Profiling per 100 m of the beach including the dune front four times per year was decided as well as
soundings per 200 m of the seabed within 600 m from the shoreline. The first profiling took place in
January 2005 just after placement of the drains. Since then four surveys have been performed in
April, July and October 2005, and January, April, July and October 2006, and January 2007. Carl
Bro A/S performs the landward surveying and KDI the depth sounding. Moreover, KDI has
performed depth soundings along the North Sea west coast three times every year in lines spaced

1 kilometre and covering the nearshore zone from the beach to app. 8 metre water depth. Five of
these lines cover the stretch just south of the Hvide Sande inlet and thereby also the stretch where
bar nourishment takes place.

4.3.2 Monitoring of ground water levels across the barrier spit

According to SIC the function of the drain relates to changes in the ground water flow caused by
pressure equalisation in the surroundings of the drains. For this reason a comparison between
pressure fields near the drains and far from the drains is of importance. The method of
instrumentation is under discussion.

As it is generally accepted that ground water outflow in the beachface affects the sedimentation, it
was decided in 2005 to monitor in one line the ground water table across the narrow land spit
between Ringkobing Fjord and the test beach. Application for permission to establish wells was
forwarded to the authorities. However, the campaign was stopped in 2006 as SIC found that the
actual ground water table variation across the land spit had no influence on/or could not enlighten
the function of the drains.

4.3.3 Grain size analyses

In order to check the hypothesis of SIC that the drains increase the groundwater outflow through the
beachface and thereby wash out the fine beach material, it was decided to investigate if changes in
the composition of the beach material take place as a result of the installation of the drains. Five
borings were taken app. three month after the installation of the drains in Rer I between chainage
4015500 — and chainage 401540. (SIC has raised the question if this was too late compared to the
rapid development in accreation observed after placement of the drains).

Grain size analyses of the samples have been made and compared with samples taken in May 2006.

The relative amount of very fine material with grain size smaller than 0.063 mm were determined
from samples taken from each boring in three specific levels. The analysis revealed that in two of
the five borings, one being located close to the drains, there was a clear decrease in the relative
amount of fine material. In the other three borings, of which one was also close to the drains, there
was not a clear picture, but the tendency was an increase in the amount of fine material. On this
background no conclusion on the effect of the drains in terms of wash-out of fine materials could be
made.
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4.3.4 Satellite images, aerial photographs, and airborne laser photogrametry

Nine sets of satellite images covering the period 9.10.2004 — 11.9.2006 have been obtained. The
varying quality of the images makes an analysis difficult. Airborne laser photogrametry was tried
but without success. Aerial photographs have not been of a frequency and quality which allow more
systematic analyses.

4.3.5 Pressure measurements in the beach

In order to get some insight regarding the physical functioning of the drain system, a field test
program for measurement of water pressure variations in the beach and in the proximetry of the
drains were performed in the spring of 2006.

The programme was carried out with additional consultancy of Dr. Peter Engesgaard, Geological
Institute of University of Copenhagen. The report of Peter Engesgaard, attached as Appendix 3,
concludes that the no effect of the drains on the surrounding water pressures could be detected on
the observed pressure variations would be expected also without the drains.
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5. Characteristics of the test site

5.1 Geomorphologic conditions

The test site is on the southern part of a barrier spit separating the Ringkebing Fjord lagoon from
the sea. The spit is formed by sand deposition resulting from a decrease in the rate of southwards
longshore sediment transport. The natural southwards shift of the opening between the lagoon and
the sea has been stopped by the construction of a permanent sluice and a lock at Hvide Sande where
also a fishing port is located. The entrance is protected by jetties of which the longest to the north
built in 1962 at present extends approximately 450 m from the foot of the dunes.

As to the coastal profile along the test site, the distance from the coastline at level 0.0 m (equal to
mean water level) to the 6 m depth contour is approximately 650 m over the full length of the test
site, i.e. an average slope of app. 1:100. This slope has remained almost constant during the last 20
years according to the profiling by KDI. The coastline has in the same period shown large
fluctuations with changes in position ranging from 50 m to 100 m.

Grain size analyses of the sand in the foreshore and in the beach top layers shows medium to very
coarse sand with grain diameter in the range 0.3-2.5 mm. Deeper borings show fine sand down to
approximately 10-12 m below the surface. Underneath is very fine sand or silt, and in some places
clay.

Several shore parallel bars, typically three, are formed along the coast. The net sediment transport in
front of the test site is southwards amounting to approximately 2.1 million m* per year in average
(ref. KDI). Most of the longshore transport takes place in the bar zones.

5.2 Hydrographic conditions
Water levels

At the coast the difference between mean high water and mean low water is 0.7-0.8 m. Storm surge
caused by strong westerly gales and low pressures can give water levels of up to approximately 3.1
m above mean water level. Low water levels down to -2.0 m can occur during easterly winds.

In the Ringkdbing Fjord lagoon the water level varies between -0.5 m and +0.5 m, dependent on the
operation of the sluices and on the wind set-up.

A very severe storm with westerly winds of more than 26 m/s occurred 8-9 January 2005, shortly
before the first survey took place in January 2005. Water levels up to 3.03 m above M.S.L. were
recorded at the head of the jetties at Port of Hvide Sande. Wave set-up might have caused an even
higher maximum water level at the beach face of the test site. No severe westerly storms occurred in
the first year period. The maximum water level recorded in this period was +1.44 m on the
26.10.2005 in a situation with only moderate wind. In 2006 occurred only one stormy situation on
the 27.10 with maximum water level +1.54 m and westerly winds of app. 20 m/s. However, in
January 2007 occurred three storm situations, 1.1.07 max. water level +1.75m with winds just over
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21 m/s, 11-12.1.07 max. water level +2.14m with winds over 21 m/s, and 14.1.07 max. water level
+1.78 m with winds over 21 m/s.

The January 2007 survey was performed after this row of January storms.
Waves

The prevailing westerly winds cause quite frequently storm waves with significant wave heights in
the range H; = 3-4 m offshore in 20 m water depth, and related peak periods of approximately T, =
10 s. During more extreme events, say return periods of 5 years or more, H; will exceed 6 m and T,
exceed 12 s. It is not often that H; is less than 1 m and T, less than 5 s during westerly winds. The
waves are strongly seasonal as storms occur mainly in the autumn and during the winter.

The dominating directional sector of the larger waves reaching to actual stretch of coastline is West-
North West, causing the net sediment transport to be Southbound.

Typical crest levels of the bars in the nearshore zone area round 2 m below MWL, limiting the
significant wave height passing the inner bar to be approximately 0.6 x (2,00 + heigh water), i.e.
around 3 m during the highest storm water levels.

Because of the protecting effect of the bars against beach erosion it is important to identify positions
and holes in the bars, especially related to the inner bar. In case of holes much larger waves will
reach the beach. It is therefore important to see if there is correlation between the bar topography
and the beach erosion and beach accretion. It is however very difficult to get, within reasonable
costs, information about the bar topography. Methods of obtaining this information are investigated.
Fig. 5.1 and 2 show the one-year 2005 and 2006 statistics of significant wave height recorded by a
directional waverider buoy in 15.5 m water depth offshore Nymindegab.
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Figure 5.2 Wave rose year 2006

It is seen from Fig. 5.1 and 5.2 that the angle between the coastline and the dominating incoming
waves is approximately 45°, thus causing a net-sediment drift in southern direction.

5.3 Former coastal changes and man-made interventions

The natural erosion (retreat of the coastline) is estimated by KDI to vary gradually from
approximately 3.5 m/year just south of the Hvide Sande jetties to approximately 1.5 m/year at the
southern end of the test site, calculated as averages over the years 1977-96.

The actual erosion is different due to man-made interventions. Actually the coastline has, apart from
fluctuation, in average been stable over the last 5-10 years as documented by the KDI profiling of
lines 5700-5810 (chainage 4010000-4021000). Table 5.1 lists the man-made interventions for the
stretches Argab (5 km stretch north of the test site), Havrvig (northern half part of the test site) and
Skodbjerge (southern half part of the test site).

Table 5.1. Man-made interventions, 1977-2006

Volumes (m?)

Argab Havrvig Skodbjerge
o c
0 5 2 _| % £l %
c E o)) o [= £ o = £ o))
3 c & w @ c c > el c
° 7] a3 = = @ s 0 @ S
T = 5 o 3 5 5 o c 5 o
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o 0 L | = 0 0 O w“ L0 £Q
1977 158.007
1978 48.817 34.959
1979 57.813 29.014
1980 54.383 17.005
1981 87.100
1982 95.342
1983 84.656
1984 89.002 21.726
1985 119.288 17.704 18.491
1986 85.816 21.604 29.927
1987 97.542 9.384 25.900
1988 173.960 750 44.864 26.997
1989 165.361 41.336 4.410 21.182
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Total

187.306
177.766
197.907
82.333
60.602
35.528
18.288
12.534
36.095
17.480
60.256
14.342

28.706

208.099
148.455
184.655
395.811
187.718
504.742
388.036
519.733
429.572
628.317
527.925

94.800
192.400
145.884

7.100
1.318
3.855
2.955
13.395  1.591
23.848 33.136
1.973
19.001 2.618
382

10.800

11.443

21.099
152.115
214.945

185.946

326.358
228.020
218.080

2.632
600.041
200.419
505.105

2.246.2304.556.147 138.855 307.224 1.308.197}1.346.563

4418 21.222
4.084 24.422
115.669
108.904 81.128
51.288 82.345 25.123
58.969
11.131 79.873
36.565 42.875
43.637 57.680
8.010200.255{154.110 41.624
13.075 56.060
4.634 60.900
12.540 17.188
20.239 42.907
3.951 15.061
385.855 200.255|352.124 614.242
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6. The functioning of the tubes

6.1 The near-tube flow.
Introduction

In this chapter we try to study the functioning of the tubes.

PEM stands for Pressure Equalization Modules, so as we understand it there must exist a pressure
difference in the beach which can be equalized by the tubes. It is not easy to localize this point.

In the following we restrict ourselves to consider where the tubes may improve the drainage
capacity of the beach, since no pressure difference can be build up, because sand is able to breath .

It has not been possible for the experts to explain a significant drainage effect of the tubes.

In general a drain works as follows: The flow in the soil will always tflow from a higher to a lower
pressure. Such difference in pressure can be created within a drain, if this is connected to a low-
pressure outlet like a well or ditch or similar. The functioning of a drain in a beach is illustrated by
two examples in the section “Other drain systems”.

Next it is explained and illustrated that the PEM-system cannot work in the same manner. For this
reason we can not see why the system should have any kind of drainage effect.

The flow in the beach is usually quite complicated, and some simple cases will be outlined below
and in the two Appendices 2 and 3 at the end of this report.

Water level variations in the beach.
If the water in the sea is calm, and there is no water supply to the beach from land, the water in the
beach will have the same water level as that in the sea.
However, usually the Sea level change with time due to
e Wind waves
e Tide
¢ Wind set-up and changes in atmospheric pressure (storm surge).

The variation in the sea level will create flow in the beach, where the water level will move up and
down with the same frequency as that in the Sea, but with a phase shift in time and with amplitude,
which is smaller than the water level amplitude of the sea level.

Figure 6.1a-c shows a number of sequences of the ground water level in the beach:

In figure 6.1a and 6.1b, the effect of the ground water table in the beach caused by wind waves with
a period of 1-15 sec is sketched. In such cases, also the groundwater in the beach will oscillate, but
this oscillation can only be felt a few meters away from the sea.
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Figure 6.1a: Ground Water Level (GWL) during run-up of wind gencrated waves.

Figure 6.1b: Ground Water Level (GWL) during draw-down of wind generated waves.

* — ¢2a = Tidal range &= 12a

I‘
-

Figure 6.1c: Ground Water Level (GWL) due to long waves (tide)and storm surge. The
dampening in the beach (the height of the tidal range 2a in the beach) is much weaker than in
the case of wind generated waves.

In figure 6.1c the tidal flow with a very long wave period (around 12 hours) is shown: from this
long period motion, the variation in the sea level penetrates much further into the beach, so the
dampening of the motion is much smaller than in the case of wind generated waves..

It is of some importance whether the beach is filled with water or not. If there is a lot of water (high
GWL (Ground Water Level)), the individual swash will be of equal size in the run-up and in the
draw down period, resulting in nearly equal deposition and erosion of sand in the swash zone,
figure 6.2a.
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Figure 6.2a: The swash zone flow back and forth is more or less the same if the beach is
saturated.

MWL
v

Figure 6.2b: The flow is stronger in the uprush-phase than in the downrush-phase if the beach
is drained, because some of the uprush-water can filtrate into the beach..

If the beach is well drained, some of the water transported towards the beach in the run-up phase
does not need to run down the slope through the draw down phase, but can instead be drained away
through the beach as sketched in figure 6.2b. In this case some deposition of sand may occur
leading to a stronger beach profile.

However, the importance of this effect is usually considered to be weak. Below we quote Peter
Nielsen, Coastal Engineering 2002:
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1t is alo reasonable to assume that the vbserved
higher transporting efficieney of the uprush is due, in
some part, o the presence of pre-suspended sediment
from the bore collapse (Masselink and Hughes, 199§;
Puleo et al., 2000; Bunt et al., 2001). The importance of
the pre-suspended is at present difficult to judge. 1t is
very prominent when the process 18 viewed from
gbove. However, it must also be kepl in mind that sheet
flow observations (c.g., Honkaws et al., 1982; Ribber-
ink et al., 2000) show that the main comtnbutions to the
sediment transport come from a few millimetres amund
the undisturbed bed level where the concentrations ure
several hundred grams per litre, Very little is known
about the dynamics of this layer in swash zones,

While pre-suspension may cnhance the uprush
transport, this may be partly balanced by the infilira-
tion, which usually oceurs duning the uprush (Buu et
al., 20001 However, the horizontal-bed-expenments
of Nielsen et al. (2001) indicate that the infiltmgon
effect is likely w be very weuak. Their measurements
showed a barely measurable effect although they used
very strong infiltmtion, corresponding o head gra-
dients of more than 2. Such strong head gradients are
unilikely o occur in natral swash zones (ef. Baldock
ct al., 2001; Butt ¢t al., 2001,

1t s also not clear w what extent fluidisation plays a
role i the swash zone sediment transport process.
Fluidisation may be caused cither by the honzontl
pressure-head gradients near the uprush front, which
seem quite likely to some times exceed the critical
value 0f0.6 suggested by Madsen (1974). lemight also
be caused by the mysterious upward pressure gradients
which have been measured by Baldock et al. (2001),
but not by Butt ¢t al. (2001).

This reference suggests that the deposition in the swash zone is mainly due to presence of pre-
suspended sediment, and not due to infiltration.

Other drain systems.
The idea of drainage has for instance been followed in the so-called Beach Management System
(BMS), in which a tube is placed horizontally down in the beach as shown in figure 6.3.

The beach water is drained to the tube, and the water is transported further away by using pumps,
thus creating a low pressure in the tube. The BMS has demonstrated some success: a small berm of
beach sand is accumulated in the neighbourhood of the tube. The size of the berm depends strongly
on local conditions, but the magnitude of accumulated sediment is 1-10 cbm per meter beach. Such
a berm is good for recreational purposes, but is unlikely to provide a real measure of coastal
protection, because it will be eroded away in a very short time during a real storm. A negative part
of the BMS system is that it requires electricity and maintenance of pumps.




Beach management system
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Figure 6.3. The Danish Beach Management System drains the beach by pumping through
nearly horizontal tubes located parallel to the shore.

Another drain approach is Japanese, and shown in figure 6.4. In this concept, a permeable layer is
placed in the beach reaching from a high level in the upper part of the beach to a level below the
lower part of the beach with connection to the sea. In this way the system utilizes the slope of the
beach to create a pressure gradient (from high to low pressure) within the permeable layers.

25




T ;. -85, Ao,

Development of Gravity Drainage S

ystem for Beach Protection

Shin-ichi Yanagishima*, Kazumasa Katoh, Nagto Iwasa and Yoshiaki ngfyama

RRYAREX]

Figure 6.4. Japanese system to drain beaches: here the tubes are replaced by a highly
permeable layer, which is emptied by gravity. Please note the sea-connection of the permeable
layer.

In the gravity system shown in figure 6.4 accumulation of sand has also been observed, the
magnitude being slightly smaller than that obtained by the BMS system.

The PEM-system

The flow in the PEM-system is as follows: A row of vertical perforated tubes is drilled down in the
beach sand.

Figure 6.5 shows a single tube used in the present test, and figure 6.6 shows the dimensions of the
slots in the tubes. The slots are only 0.2 mm wide in order to avoid penetration of sediment into the
tube. From Figure 6.5 it might be noted that slots only are present only in the lower half of the tube.
Where the slots are present water is allowed to flow in and out of the tube, so this part is called the
“active part” of the tube. In all following drawings and sketches, only this active part of the tube is
shown,
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Figure 6.5: Photo of tube in full length. The tube is without slots in the upper half, but it is
ventilated at top, so air can go through.

Figure 6.6 Blow up of the tube: Slots of 0.2 mm width are cut in the lower half of the tubes, so
water can flow in or out.

The distance between each row of the tubes is 10 meter, and the distance in between the rows is
100 meters.

6.2. The homogeneous beach.
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Let us consider beaches, which consist of permeable, sand all over, i.e. no impermeable layers are
present. Usually the sand is characterized by an average size d and a geometric standard deviation
c. Very graded sand has a large content of sediment, which is much finer than the average size d.
This sand is called natural sand. If you remove a lot of the fines, this will hardly change d, but will
decrease o. This is what SIC calls washed sand.

Because the different flow-resistance in the sand and in the tube, the water level will be different
outside and inside the tube if a vertical pressure is present. This might be the case if the ground
water motion in the beach is introduced by an oscillatory motion in the Sea. This motion can be
caused by wind waves, for which we agree (the experts and SIC) that the PEM-system does not
have any impact, The oscillations caused by the tide and storm surge for which much more water
will infiltrate the beach because of the slow changes in water level, cf figure 6.1 is therefore
considered in the following.

Figure 6.7: The flow introduced in the beach caused by tidal motion in the sea.

The analysis given in appendix 2 consider the tidal situation, where a vertical pressure gradient
leads to a ground water motion very different from standing waves in front of a vertical wall, see
figure 6.7. This will cause a negative vertical pressure gradient at tube I shown in figure 6.7, and a
positive vertical pressure gradient at tube II. It has been measured (see appendix 3) that the water
outside the tube has an amplitude in the order of 1 meter, and this result has been used in the
analysis to estimate the vertical pressure gradient needed to create this strength of the groundwater
flow. The analysis suggests that during falling groundwater level the water level outside the tubes
must be higher than inside the tubes, leading to flow directed towards the tubes at the top, and away
from the tubes at the bottom of the tubes. During rising water levels the opposite will be the case,
see figure 6.8 a and b.

The reason why the experts don’t understand that the PEM-system should work is that there are no
connection of the tubes to a low-pressure region at the end of the tubes,




Falling waterlevel

& MWL l

Fig 6.8a: During falling waterlevel (ebb flow or after a storm), the tubes will improve the
drainage, the impact is however estimated to be insignificant, actually less than one per
thousand.

Rising waterlevel

+
iMWL '

Figure 6.8b: During rising waterlevels (flood or storm surge), the beach is filled slightly faster
with water, because the vertical tubes can lead the water easier to the beach. Like in the
falling stage, the impact is insignificant; less than one per thousand.

So nearly no driving forces exist to activate the flow near the tubes. A simple estimate of the impact
of the tubes is given in Appendix 2, in which it is demonstrated that there certainly is created a flow
through the tubes because of the less flow resistance within the tubes than in the soil outside, but
this flow is very small, less than 1 mm per second. Even though this is 5-10 times larger than the
flow velocity in the surrounding soil if this soil is very fine, it will have no drainage effect because
the tubes occupy a very small fraction of the area under consideration. If we assume that the tubes
shall drain the surrounding area in a radius of 5 m only around each tube, the improved drainage
will be 0.01% (in case of very fine sand, where the impact is largest), corresponding to a change in
the tidal range from 1.0000 m to 1.0001m.

6.3. The in-homogeneous beach: presence of permeable layers.

A number of sketches are presented in the following, where the expected impact from the PEM-
tubes are discussed. For simplicity only one tube is shown in the beach, and we are considering the
case of a falling watertable in the beach.

Figure 6.8 shows the basic case: the water will locally easier flow through the pipe, so you get a
faster speed from A to B, but the water still needs to flow from B to C, and there is no trigger for
this, so not much has been gained by installing the tube, it is nearly just as easy to flow from A to C
as from B to C.
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Local depression

Figure 6.8: The drain will locally make a depression cone around the tube. However, the size
of the cone is extremely small, and most of the beach water will flow directly rather through
the tube towards the sea.

Figure 6.9 suggests that a trigger for the flow from B to C can be established by the presence of a
permeable layer, see also the photo figure 6.9 from a SIC report.

Vertical drains

Flg. 3

The vertical drains connect the difterent layers in the beach and drain the beach. The water may
move up or down inside the tubes depending on the water pressure in the beach and the swash zone,

Figure 6.9 SIC’s explanation of trigger

Figure 6.9 illustrates one explanation given by SIC of the functioning of the drains in the presence
of permeable layers. )

As shown in figure 6.10, the presence of a horizontal-like permeable layer will in all cases improve
the drainage of a beach, even without tubes installed. The requirement
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Figure 6.10: The presence of a sea-connected permeable layer will anyway improve the
drainage of the beach.

will just be that the permeable layer will be sea-connected, so a low pressure can be established in
the permeable layer. The layout in figure 6.10 is slightly different from the Japanese system shown
in figure 6.4, because a sloping drain actually is not needed, just a pressure drop, which also can be
created in a fully horizontal, but permeable layer.

Figure 6.11 shows the same situation as that in figure 6.10, but with a tube installed. Now

" GWL without layer
GWL with layer

bll8¥ Local depression

MWL
v

Figure 6.11: Tubes installed in a beach with sea-connected permecable layers will only have a
local effect, because most of the water will go directly to the permeable layers.

next to the general lowering of GWL also a small local depression close to the tube is established.
This depression can actually be expected to be larger in case of a permeable bed compared to the
case of a homogeneous bed as explained in the following.

The presence of the permeable layer will anyway cause a general lowering of the water table, with
or without tubes. Or, put in other words: it is easier for a water particle located far away from the
tube (like in location A, figure 6.11) to move directly through the sand to the permeable layer, than
to move from A to the tube (also through sand), and next further through the tube and the permeable
layer to the sea.
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Figure 6.12a-c illustrates this a little bit further: In figure a, we have a very permeable layer (like a
PEM-tube) connected to the sea, and the drainage capacity is simply determined by the pressure
drop AH equal to the difference in height between the actually GWL and the Sea Water Level.

Beach

GWL

st —
SEA

PEM-tubes\
<

A.'.
N

Sea-connected

Figure 6.12a: An effective solution to drain the beach, if GWL is higher than Sea Water Level.

Beach T
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Permeable layer

Figure 6.12b: the drainage capacity decreases if the sea —connection get a smaller
permeability.



Sand

Figure 6.12¢: in the case where the horizontal part of the drain simply consist of the same
material as the original beach, the drainage effect disappear to be negligible.

In figure 6.12 b the highly permeable layer is replaced by a less permeable layer, but still more
permeable than the surrounding sand. In this case there will be a certain energy loss through this
layer, so AH becomes smaller because the water level in the tube must be higher in order to force
the water through the permeable layer. In figure 6.12¢ the horizontal tube is filled with sand, and
we are back to the situation shown in figure 6.8 with a very small local depression.

From the sketches in figure 6.12 it is realized that the drainage capacity strongly

depends on the structure and permeability of the permeable layer.

If a permeable layer exists, it will be easier for the water limited within a circular cone around the
tube as sketched in figure 6.13 to flow to the tube: The water confined within the dashed line will
flow through the tube rather than directly to the permeable layer. This will certainly increase the

impact radius, depending on the ratio /%, , where k is the permeability of sand, and %, the
permeability of the permeable layer.
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Figure 6.13: The water confined within the 45-degree cone will prefer to flow through the
vertical tube if a sea-connected permeable layer exists.

Does permeable layers exists?

Permeable layers might be present in the beach, due to grain sorting by waves and wind. Figure
6.14 is a photo from the site, where layers of pebbles are present in isolated spots on the beach
surface. One may ask what happens when these layers are covered by finer material? It is most
likely that the voids in between the pebbles are filled with this sand from above, consequently the
permeability of those layers will not be higher than that of the surrounding sand.

Figure 6.14: Layers of pebbles on the beach.

“Activation of Permeable layers”.

As seen from figure 6.14, the distribution of pebbles on the beach is quiet “patchy” or 3-

dimensional in its nature. So the situation as shown in figure 6.15a is a possibility: isolated layers of
high-permeable layers (AB) may exist, which through the tubes can be connected to the sea through
another high-permeable layer (CD).




Figure 6.15a: The upper layer A-B will be drained better to the sea-connected layer CD by a vertical
drain.

As sketched in the figure, the tubes can act as a vertical link in between the different permeable
layers. At least it will mitigate the flow from A to C sketched in the figure, so there will be an
improvement if this interconnection continues right to the sea, i.e. DC exists. If the interconnection
does not exist, the flow through the tubes will still be very slow.

The row effect: it could be asked whether an interconnection between a number of tubes might
improve the drainage as shown on the photo figure 6.9 and in figure 6.15b and c, where it is
sketched how more permeable layers are activated. This is possible, but requires the high-permeable
layers to be connected to the tubes, and further a connection from one of the tubes to the sea.

Fig 6.15b: A row of tubes can connect different permeable layers.

Figure 6.15¢: To activate the different layers you need Sea-connection.
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Will there be Sea-connection??

The situation with sea connection as sketched in figure 6.15a at point D may be possible. So the
system may work, leading to deposition of sand. After this the Sea-connection has gone, the
connection is blocked with the deposited sand, and the tube system stops functioning.

6.4. The in-homegeneous beach: Presence of impermeable layers.

Next we consider the presence of impermeable layers, formed be nearly horizontal layers of clay or
other fines mixed with the sand.

Now the beach can’t be drained as suggested in figure 6.7, because the impermeable layer with a
nearly horizontal stratification prevents vertical motion. Instead the water entering the beach during
high tide must be drained nearly horizontally to the sea. This will cause a higher average level of
the groundwater in the beach as shown in figure 6.16.

GWL
~ with imp. layer

Impermeable

5 MWL layer

™ GWL
without layer

Fig 6.16: Impermeable laycrs will increase the ground water level in the beach during ebb
flow because the flow will be more horizontally.

If a tube is installed, which penetrate the impermeable layer as shown in figure 6.17a, then the water
can flow down through the tube if the pressure is lower below the impermeable layer than above.

Impermeable layer
GWL

Figure 6.17a: The ground water level can be lowered if a tube penetrates the impermeable
layer, and the pressure below this layer is lower than above the layer.

This will require that the extend of the impermeable layer along the coast is large, otherwise there
will be a pressure-equilization through the sand outside the impermeable layer.
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As sketched in figure 6.17a, the pressure below the impermeable layer is most likely to be lower
than above. However, since the water flowing through the pipe still need to flow further from the
end of the tube (B) to the Sea, it would be quite helpful for the drainage capacity if the flow below
the impermeable layer enter a high-permeable layer as sketched in figure 6.17b. If not the drainage
improvement will be insignificant.

Impermeable

5 MWL layer

Figure 6.17b: a drain located in a Sea-connected high-permeable layer, and penetrating an
impermeable layer above the permeable layer will improve the drainage above the
impermeable layer. This will require a very special configuration in the beach.

6.5. Water suply from land.

One of SIC’s major arguments for the functioning of the PEM-system is (or has been?) that it drains
away the water running from land to the sea through the beach.

The arguments put forward above do not change significantly if the water inflow to the beach does
not only originate from tide/storm surge, but also stems from out-flowing water from land. The
major difference occurs in the case of the presence of impermeable layers, which in the case of a
special contiguration as sketched in figure 6.18 can lead to a higher pressure from below than above
the impermeable layer. In this case the water will flow up through the tube, leading to more water in
the beach (artesic pressure) So the most important thing which can be said about the inland water
supply will be, that in this case you don’t need tidal flow or storm surge to demonstrate any need
for

draining the beach. One positive effect might be, that if an impermeable layer like that depicted in
figure 6.18 exists, this will lead to a concentration of the flow of the fresh water below the
impermeable layer. Here a drain might have a small positive effect by reducing this outflow
concentration.
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v MWL o Impermeable layer

Figure 6.18: Supply of water from land will most probably flow up through the tubes (artesic
pressure), and thereby make the beach more unstable.

6.6. Final remarks.

Finally here it must be mentioned that in the present test, the tubes only have slots in the lower half
part of the tubes, while the upper part of the tube is impermeable. This means that you only have
about one meter in height to make it possible to make a shortcut in between the high-permeable
layers. Moreover in the case of impermeable layers, this must be located at the perforated part of the
tube in order to function.

6.7 Field tests.
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Figure 6.19: Example of Recording from the field test.

A field study just north of the test site was performed as part of this investigation to look at the
pressure conditions in- and outside the tubes. The details and an analysis of these tests are given in
appendix 3.

The idea behind the test was to measure the groundwater level variation in two lines perpendicular
to the coastline in two different environment: in one week without the PEM-system installed, and in
the following week with the PEM-system installed. Figure 6.19 shows an example of the pressure
variation inside the tubes (pink, PEM) and outside the tubes (black: in between 2 PEM-tubes, C1 is
5 m nearer the Sea than the PEM-tube, the yellow tube C2 is located Sm further landward of the
PEM-tube)..

First of all it is seen, that the waterlevel fluctuate partly due to the windwaves (high frequency
fluctuations) but more clearly the level is seen to follow the tide. In the present case the tidal range
is around 1m, and it is seen that the watertable variation is more or less the same at all three
locations, so the flow does not seems to change radically near the tubes. This is certainly not in
favour of having a lot of impermeable layers!

Taking a closer look of figure 6.19 it is further observed, that at high groundwater levels, the level
is higher in- than outside the PEM-tube (up to 8-12 cm). This means that at high water levels, there
is a flow into the tubes in the upper part of the tubes, and a corresponding outflow at the bottom of
the tubes. This will improve the vertical drainage. This situation is considered in appendix 2, where
the effect of a vertical pressure gradient is considered. Outside the tubes, the Darcy law determines
the flow, while inside the tube the pressure is hydrostatic. For fine sand (0.10-.15 mm) it is
demonstrated that the flow velocities might be 5-10 times as high as outside, but because the area of
a tube 1s so small as compared to the area to be drained, the increase in drainage will be smaller
than .1 per thousand, corresponding to a change in tidal range from 1.0000 m to 1.0001 meter.
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Based on the physical effects of the PEM tubes on the beach described above a separate test was
made with water level sensors (Diver), to determine the effect of PEM on the water table in the
beach. The test was carried out in the northern part of the Skodbjerge test area in control area 1.

Figure 6.20: Time variation in the whole row of tubes and outside the tubes

Appendix 3 presents the gross-behaviour of the beach, i.e. the dampening of the tidal wave as
function of the distance from the coastline as sketched in figure 6.11c.

There was a change in the mean Water Sea Level of 35 cm from the first week to the second, due to
changes in the weather conditions. That means that the groundwater flow in the second week
incorporated an additional 35 cm thick layer of the beach in its flow domain.

The analysis of the dampening shows that the dampening characteristics of the beach was the same
before and after the implementation of the PEM-tubes, which demonstrates that the PEM-system
has no significant drainage effect. The inclusion of the 35 ¢m layer of beach has not changed the
characteristics as well, which demonstrates how uniform the composition of the beach actually is.

6.8: The near tube morphology.

It has been claimed by SIC, that due to drainage, accumulation will start to take place. An example
provided by SIC is shown in figure 6.21, where a small salient is observed in the neighbourhood of
some tubes. However it is just downdrift of other coastal structures (groins), so the morphological
behaviour here is a little bit difficult to interpret.
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We have observed no individual salients in front of each row in the present test. The coast line
passes the individual rows without any local changes in width, and it has

The PEM modules create a groin that catches long shore sand transport.

Figure 6.21: Observed accumulation of sand in front of a row of tubes at Skagen.

been like that from the very beginning of the tests. It has puzzled us a lot, since this should be
expected, - at least in the initial state.
SIC has suggested two explanations:
e There is an interaction between the initial salients which merge to one bigger coherent
structure
e The increased flow velocity in the beach will remove the finer fractions and form “washed
sand”. This washing will spread to all sand in the beach because of the down drift of the

sand, so the tubes all the times has access to new sand. s
ea
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g
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Beach
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Figure 6.22: No individual salient are observed in front of the tubes just after installation.

If this is true it is still difficult to follow why it is so from the very beginning. The merging of the
salient cannot occur before the individual salient has reached a certain size, maybe like the one
shown in figure 6.21. And with regards to the washed sand, it certainly must take a long period of
time (Years!) before all the fines have been washed away.

Also in Appendix 1, figure 2, an example is shown in which pumping provokes the drainage. In this
case a very clear development of a local salient is seen, which demonstrates that such one actually
should emerge if draining really took place.
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7. Presentation of surveys

7.1 Preliminary evaluation of the accretion-erosion pattern in the beach and offshore
Now after two years, some considerations can be done regarding the behavior of the beach.

As described in the chapter 3, the idea behind the system is to improve the drainage and hereby get
less erosion from the waves.

It must here be mentioned, that if the beach is more well drained, it will be drier, and thus more
exposed to wind erosion. Eventually more sand will be accumulated in the upper part of the beach
and in the dunes, so it can have a positive effect.

In this chapter we look at the erosion-deposition as measured since the experiment started in
January 2005.

It was finally agreed to separate the profile in four fixed boxes and study the volume changes in
these boxes. Moreover, it was decided to use parameters which makes it possible to follow the
changes in positions of the dune foot and the coastline, and study the volume changes in dune and
beach. For convenience the parameters used for the fixed box study are denoted D-parametres while
the parameters used for the study of changes in the dune foot and coastline positions as well as dune
and beach volume are denoted E-parametres. Both the D- and E-parametres are agreed upon in a
project meeting.

Positions of the four fixed boxes of specific widths and fixed positions are related to the positions of
the level +4.00m intersection with the first surveyed profile of January 2005, figure 7.1. The
changes in sand volumes in each box AD], AD2,AD3and AD4, are calculated. Besides this is calculated
the mean surface level denoted MBL in the 100m wide box as well as the changes in this level, A
MBL. All measured values of D and MBL are included as an appendix after this section.

Professor Hans Burcharth wanted to follow both the changes in the position of the dune foot (dunes
are the natural protection against violent storm erosion) as well as the changes in the coastline
portion and dune and beach volumes. As the D-parametres do not provide this information it was
necessary to supplement with additional parameters, here named E-parametres. The more detailed
comments on beach changes are based on the E-parametres, and this is presented in section 3 of this
chapter. Since SIC and also one of the consultants feel most familiar with a fixed system of
reference, section 2 of this chapter is a very short description of what can be said about the beach
behaviour based on the D-profiles. There are some overlap in between section 2 and 3, each section
been made by the individual consultant. This only demonstrates the agreements in the evaluation in
between the two experts.
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Fig 7.1: Definition of D-parameters.
7.2: Changes in the beach-box (100 m box D2) based on the D-parameters.
The profiles are described in figure 7.1. In section 3 the total figures on volumetric changes for the

all individual reaches are given, so tables 7.1-7.3, which are based on the measurements provided in
appendix 4, instead provides figures on what have happened per unit length in the separate section

with and without tubes (“rer”) along the coast.

Reference 1 | Rer 1 Reference 2 | Ror?2 Reference 3
Beach-box 1.25 45 =22 140 77
Offshore-box -31 26 2.2 34 12

Table 7.1: Deposition(+) or erosion (-) in cbnm/m from January 2005 till January 2006.

Reference 1 | Rer 1 Reference 2 | Ror 2 Reference 3
Beach-box -49 -34 -80 -93 32
Offshore-box 72 21 55 9 23

Table 7.2: Deposition (+) or erosion (-) in cbm/m from January 2006 till January 2007.

Reference 1

Ror 1

Reference 2

Ror 2

Reference 3

Beach-box

43

11

-102

47

104




[ Offshore-box | 41 [ 5 | 57 | 43 | 35 |

Table 7.3: Deposition (+) or erosion (-) in cbm/m from January 2005 till January 2007.

Since the “beach-box™ actually covers everything from the dune foot and 100-meter seawards (see
tig 7.1), the average change in “beach-box”-height is found from the data in the row “beach-box”
by dividing by 100 m.

7.3 . Method of presentation of surveys based on E-parametres

The E-parameters shown in Fig. 7.2 separates the beach profile in three parts: The dune defined by
levels higher than the dune foot at level +4.00m, the beach defined by levels between +4.00m and
0.00m (coastline), and the foreshore which is the zone from the coastline to a line in the sea 400m
from the dune foot in January 2005.
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Figure 7.2 Definition of E-parametres




The changes in the position of the dune foot, A€l and the changes in the position of the coastline,
(ael+Ae2), are identified as well as the changes in the dune volume, AE1, and the beach volume,

AE2. Moreover, the changes in volume of the foreshore, AE3,is calculated as
AD1+AD2 + AD3 - AE1 - AE2.

Because the dunes over level +4.00 m were not fully surveyed in January 2007 it has not been
possible to estimate A E; with high accuracy, as exterpolation has to be made between the highest
measured point and the January 2005 measured top of the dune front face. As a consequence A
MBL is not so well defined. However, the bias introduced by this omission is not very significant
and does not change to picture of the development of the coastal profile.

Results of surveys January 2005 — January 2007
7.3.1. Changes in dune foot positions

Seaward changes in dune foot positions are due to transport of sand by the wind from the beach
plane to the dunes.

The changes in the dune foot position (defined at level +4.00m) are shown in Fig. 7.3. A shoreward
movement is observed for all stretches after the first year. Between October 2006 and January 2007
a considerable retreat of the dune foot took place in Ref. I and Ref. II and in the boundaries of Rer I.
In the middle of Rer I and in the entire Ror II there was shoreward movement of the dune foot.

7.3.2 Changes in coastline positions

The evolution in coast line position calculated as the changes in e, i.e. A e, observed in the two-
year period is shown in Fig. 7.4.

Very large changes are observed in some stations. For example in Rer I a total shift in some lines
are app. 80m. After the two-years period there are consistent coastline retreat in Ref. II and retreat
in a large part of Rer 1. Ref. I and Rer II show both retreat and seaward growth. More consistent
seeward growth is seen in Ref. III. In conclusion there is not a clear correlation between movements
in coastline position and positions of drains.



The initial beach width e, as surveyed January 2005 is shown in Fig. 7.5 together with the beach
width e2+ A e, in April 2005.

Fig. 7.6 shows the beach width in October 2006 and January 2007. From these two figures it is seen
that the variation in beach width along the test site is more or less maintained from the initial survey
in January 2005 until October 2006. Only hereafter there has been a change resulting in a more even
beach width distribution along the site, but still with the more narrow beaches in parts of Ref. I and
Ref. II although limited stretches of narrow beach also exist in Rer [ and Ref. II1.

7.3.3 Changes in dune and beach volumes

The approximate changes in dune volumes A E; are shown in Fig. 7.7. After one year there was
accumulation in all stations with few exceptions. In the April 2006 survey was seen very large
accumulations in the northern part of Rer I and southern boundary of Ref. 1. Erosion was only seen
in two stations in Rer I and one in Ref. 1. After two years the large accumulations were still in the

same locations, but erosion was seen in some stations within all five stretches, most severely in Ref.
1L

Fig. 7.8 and 7.9 show the changes in beach volume. The first survey in April 2005 showed mainly
accretion in Rer 1, Ror II and Ref. III. Dominant erosion was seen in Ref. I and Ref. II, but also in
the northern part of Rer I. By April 2006 the picture was very different in that deposition was in the
middle of Rer I and Rer II and most pronounced in Ref. III, whereas almost no changes from the
initial situation in January 2005 were seen in Ref. I and Ref. 1I. By July 2006 erosion had again
taken place in a part of Ref. I and in Ref. II. Fig. 7.10 shows the further development in which the
October 2006 situation corresponds closely to the April 2006 situation, but by January 2007 we see
a picture of significant erosion in the southern part of Ref. I, in the northern part of Rer I, and in
Ref. II. A large deposition in Ref. III is also noted.

Fig. 7.11 shows the total changes in dune + beach volumes, i.e. AE, + AE,. By April 2005 there was
significant accumulation in most of Rer I, Rer IT and Ref. III, but more pronounced erosion in parts
of Ref. I and Ref. II. This picture is more or less maintained in the later surveys and is also seen in
the July 2006 survey. The only exception is that very pronounced deposition took place in Ref. III.
The survey in January 2007 revealed that over the two-years period erosion took place in a part of
Ref. I and in Ref. II, while in Rer I and Rer I a more variable picture of erosion/deposition (mainly
deposition) is seen. Moreover, a very significant deposition took place in Ref. IIL.

Table 7.4 shows the approximate volume changes averaged over each of the five stretches. It should
be noted that averaging over a stretch is a significant simplification because large variations occur
within each of the stretches.

Table 7.4. Approximate average dune plus beach volume changes (AE, + AE,) from January 2005 to
January 2006 and January 2007. Positive values are deposition.

Stretch m’/m coastline Total m® over stretch
Jan 05-Jan 06 | Jan 05-Jan 07 | Jan 05-Jan 06 | Jan 05-Jan 07
Ref. 1 1 -0.2 2.578 -427
Reor ] 44 0.1 205.998 494
Ref. 11 -23 -101 -41.543 -171.580
Ror 11 126 44 113.793 436.300
Ref. 111 80 115 143.317 207.160




For the two years period Jan 05 — Jan 07 it is seen that significant net deposition has taken place in
Ror II, but mainly in Ref. IIl whereas both erosion and deposition - almost equalizing each other -
have taken place in Ref. 1. and Rer 1. Ref. Il shows a significant erosion. The net increase in beach
and dune volumes over the total length of the test site amounts to app. 1.100 m’ in total.

From Table 7.4 it is also seen that for the first year period Jan 05 — Jan 06 the deposition were
larger and the erosion smaller. This is because the first-year period was relative quiet with no
significant storms. In the second year however, four storms occurred, three of which took place in
January 2007.

7.3.4 Dune, beach and nearshore volume

The changes in volume of the near shore zone as defined in Fig. 7.2 (calculated as AD1+ AD2+AD3
~AE1-AE2) are shown in Fig. 7.6. As expected for this very dynamic zone there are many shifts
between deposition and erosion along the test site and no correlation with drained and non-drained
stretches. The only persistent configuration is a deposition in Rer I app. 1 km South of the northern
border, seen in all the surveys.

7.3.5 Changes in mean level of a 100 m wide beach zone measured from position of level
+4.00 m in the January 2005 profile

The initial values of MBL, in January 2005, shown in the top diagram of Fig. 7.7, are not evenly
distributed over the test area. Large values of MBL > 2.0 m existed only in Ref. II near the border to
Rer II. Values larger or equal to 1.5m were present mainly in Rer I and Ref. IL. It is important to
notice the extremely low MBL value of app. zero at the border between Rer I and Ref II, as this
“hole” is more or less maintained in the two years period as seen in Figs. 7.7 and 7.8. Thus this
initial weakness of the beach was never repaired although accumulation took place until October
2005 in the southern part of Ref. II.

The initial “hole” in the northern part of Ref. III was repaired as significant accumulation took place
in Ref. III. The changes in MBL, i.e. A MBL, are shown in Figs. 7.9 and 7.10. It is seen that after
the two years the MBL increased mainly in the northern part of Ref. III and the southern part of Rer
IT as well as in the middle part of Rer I and northern part of Ref. I. Lowering of the MBL took part
mainly in Ref. II and northern part of Rer I and southern part of Ref. I.

7.3.6. Influence of the bar nourishment on the morphological changes in the test area.
With the data in hand it is not possible to analyze the influence of the bar nourishment on the beach
development in the test area. Only it can be said that the dumped sand will be transported mainly

towards South. The uncertainty it causes for the analysis of the effect of the drains has been known
and discussed from the stage of selection of the tests site, cf. §2.1.

7.3.7. Summary of observations including impacts of the storms

In the period January 2005 to January 2006 no significant changes have taken place in the beach
planform as the coastline undulations have more or less maintained their positions except that in the
southern part of Rer II and the northern part of Ref. III the coastline has significantly moved
seaward and there seems to be a tendency that the undulations are moving southwards. It can be




observed that significant accumulation of sand has taken place within the two areas with drains, Rer
I and Rer 11, i.e. the beach level has been raised. The same or even stronger development is however
observed in Ref. III with no drains, whereas Ref. I also with no drains exhibit both erosion and
accretion. Ref. II generally shows erosion.

This observed development took place in the first year period with no severe storms and extreme
high water levels after the very severe storm around 8 January 2005. At that occasion large
quantities of sand was probably eroded from the beach. Usually part of this sand will be transported
back to the beach in periods with milder wave climate, normally occurring in the spring and the
summer. Also sand nourishment might contribute to the accretion of the beach. Actually, the
migration pattern of the nourishment sand is not clear, it may go on-, oft- or long-shore. However,
twice as much sand was nourished as what was accumulated on the beach in the one-year period.

The second year was quiet with no storms until the occurrence of a moderate storm in October 2006
and three more severe storms in January 2007. Until the occurrence of these storms there was no
significant changes shown in the beach morphology compared to the end of the first year. In order
to investigate the effect of the storms are shown in Figs. 7.6 the conditions/strength in July 2006 of
the stretches given by the beach width ¢2, and the mean level MBL of the 100 m width of beach,
together with the erosion of dune and beach (EAI+EA2) between July 2006 and January 2007 (just
after the storms).

From Fig. 7.6 it is seen that severer erosion (say = 90 m*/m) took place over limited distances in all
stretches. It is also seen that - as expected — there is a correlation between low strength of beach
(low values of €2 and MBL) and larger erosion, but this correlation is not very strong. This points to
fact that also other conditions than beach strength influence the erosion in storms. The most likely
factor is the nearshore bar formation, as explained in §3.2. The difficulty in dealing quantitatively
with the effect of the bars is not only related to lacking information in more quiet periods but indeed
to the rapid changes in bar topography during storms.

In order to see if there is correlation between beach erosion and nearshore deposition (assumes that
the sediment transport is only in the cross-shore direction which — for sure — is not the case) are
depicted in Figs. 7.7 and 7.8 the values of the changes in the box volumes (AD1, AD2, AD3 and
AD4) averaged over each stretch. The boxes cover beach and sea to a distance of 700m from the
foot of the dune, cf. Fig. 7.1. It seems that there is no stringent correlation as expected. Table 7.5
shows the total volume changes in the boxes at different times for each stretch. Although it should
not be taken as a good measure of performance it is seen that Ref. III, Ref. I andf Rer I have the
best performance and Ref. I and Rer II the worst.

Table 7.5. Total volume changes in Boxes 1, 2, 3 and 4 in m’.

Period from Ref. 11 Rer 1 Ref. II Rer1 Ref. 1
Jan 05 to

Apr 05 26 21 16 23 65
Jul. 05 60 67 25 39 35
Oct. 05 86 157 8 37 16
Jan, 06 92 137 -68 34 47
Jul. 06 128 54 -31 41 87
Jan. 07 192 -43 -141 39 102
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Figure 7.8 Changes in beach volume from January 2005 to October 2006 and January 2007.
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Figure 7.10 Changes in volume of the near shore Zone.

16




L11S

AL

o "'li-’

moL

e N Can Py
M | Rel] Rl Poar | . Rl

e

. r‘:‘:a@_".'
iy Jrdrmy .
]

i

(51

g:m:bl

Fig. 15. Average beach level, MBL. of u 110 m wide zonc seaward of the dune foot position uf
January 2008, January., April, July and October 2005,

Figure 7.11 Average beach level, MBL, of a 100 m wide zone seaward of the dune foot position
of January 2005. January, April, July and October 2005.

17




ML

e E O R T

M
25

Obnds
NBL

LI .

e | Reed| P Fowrs et |

Capp by _ R

& . 'i

a7 1]
2 gt
% ,{0 v
-

-
ulcrae{re.

34
~11J s
B v
aal
450
LR | meid heti Rt Rl
.. 1m —| : Y
. ~ 210 ] : . ) ] . 1 e et (I SR
' :"E 130 .. : [R— Y i - N
B E e e nlr c c
; Ry - . g . :
! ) T .
i I . -
| ;
. B

Fig. 16. Average beach level, MBL, of s 100m wide zone seaward of the dune faot position of
January 2005, January and July 2006, and January 2007,

Figure 7.12 Average beach level, MBL, of a 100 m wide zone seaward of the dune position of
January 2005. January and July 2006, and January 2007.

18




i
{ LA
; a0 |
400 :
T ¢ R S s ’
L
A8 - - o ot ¥
4
i Eljur DSap D% I i'
OWRAL
&.00 - U TP
Bl | Merll] Rl ew i et |
L T :
;
2
E i i 3
B uoo il s ]
.‘,; .
-1 P
2o
BT ;
118
s e p— e o e g e
A T T B P "~
-8 ;
Inmswl

Tig 17. Changes in MBL, AMBL., from January 2005 10 July rnd October 2045.

Figure 7.13 Changes in MBL, AMBL, from January 2005 to July and October 2005.
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Figure 7.16 Averaged volume changes in Box 1 and Box 2.
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7.4 Observed trends.

Only the upper part of the first page is related to D-parametres.

The observed trends are general observations not specifically related to parameter definitions. In
table 7.1 it is not defined what are beach and offshore. It should be noted that Box D2 is not
equivalent to what is the meaning of beach.

A. The beach.

After the first year (remembering that a large storm took place January 8™ 2005, just before the
system was implemented) we had significant accumulation in the beach in Rer 1 and 2 and in Ref 3.
We had erosion in the Ref 2, located in between the two reaches with tubes, while ref 1 was
neutral(neither erosion or deposition).

In the second year we had significant erosion in all stretches except in Ref 3. In this year severe
storms occurred in January 07.

Over the two years we get the picture that we —with one exception — would have anticipated:
Erosion at the northern part of the site, and more and more sedimentation as we move south: as
mentioned in the introduction, we usually have erosion in the northern part, and accretion in the
southern part, see also the sketch figure 7.9.

Littoral drift
~ 2.1 milt cbm/year

REF3 ROR2 REF2 ROR1 REFI

Bar nourishment

P | fen

® © & o ¢
tf’?ﬁurlshe(l sand

P

3

\ Coastline
Breach In dunes

General

@ ©) behavior

g — i » of coast
without
nourishment

Figure 7.18: General behaviour at the site. Minus means erosion, plus deposition.

The exception is the large erosion at reference 2. It could be a proof of a positive impact from the

tubes, since the erosion is so large at a location, where there are no tubes.

The question is whether it could be explained otherwise.

We would like to mention at least 4 things

1. Even though Ref 2 in average was quite robust (MBL=1.2In Jan 05), it was very thin and

vulnerable in the transition in between Ror 1 and Ref 2, where MBL approximately was
zero over more than 100 meters. Here the waves could attack the foot of the dunes and
create a breach in the dunes (which actually happened). Such a lowering in the dune ridge
will create a concentration of wind during storms, and this wind will transport a lot of
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windblown sand landwards and hence accelerate the erosion of the beach locally as sketched

in figure 7.20.

Figure 7.19: Observed breach in the dune close to the position between Rer 1 and Ref 2.

Dune
foot

Breach in dunes

T R R

Narrow —» | ." SN Wind blown sand transport

beach

SRR

NN NN

Figure 7.20: A breach will accelerate the wind born sediment transport through the dune
system and will result in a narrowing of the beach.

2. The outer bar around 3-400 meter offshore seems to stop just outside the location, where the
beach becomes narrow, see figure 7.21. The bar-behaviour in the entire region can be quite
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strange because of the large nourishment on the bar just north of ref 1, see figure 7.18. A
hole in the outer bar or termination of the bar can imply, that waves can penetrate more
onshore without breaking (on the bar), and hence be the cause to the narrower beach, see the
sketch figure 7.22. Figure 7.23, 7.24 and 7.25 illustrate other possible mechanisms which
might be responsible for getting narrow beaches on some locations: concentration of the
long shore current behind the bars, presence of rip holes in the bars, and migrating long
shore undulations. These possible mechanisms will be studied in more detail during the last
year of the project.
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Figure 7.21: The bathymetry indicates that an outer bar disappear just in the transition in
between Rer 1 and Ref 2. A more detailed survey will be performed this summer (2007).
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Figure 7.23: Another possible mechanism for a local narrowing beach is a concentration of
the long shore current behind a crescendic long shore bar (originally suggested by Seren
Knudsen, KDI).
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Figure 7.24: Also rip holes allow waves to attack the beach locally.
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Figure 7.25: Obliquely approaching waves will form long shore undulations as described in
the appendix 5.

3. The erosion in the beach is not only significant in Ref2 but also in several places where the
tubes are located, see the sketch figure 2 and next section

4. There is no sign of erosion in Ref 3, on the contrary it grows and grows. SIC claims this is
due to “washed sand”, but then you can ask why is the sand not washed in ref 2, located
down drift of more than 5 km tubes!!
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8. List of appendices.

1: Comments on the infiltration into the beach by Peter Nielsen (taken from his homepage).

2: The drainage capacity of a tube in homogeneous sand and exposed to a vertical pressure gradient
(by Jergen Fredsoe)

3: A field study at the site on the flow in the beach (By Peter Engesgaard, KU).

4: D-profiles

5: Undulations along the shore (by Jergen Fredsee)
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SIC-systemet

- losning pa den globale vandstandsstigning

lwsidecrosionsonirddet $y

Af'ingeniorerne Poul Jakobsen og Claus
Brogger, SIC - Skagen Innovation Center

Resultatet af SIC-projektet med mil-
jovenlig kystbeskyttelse udfert over
11 km pé Vestkysten mellem Hvide
Sande og Nymindegab viser, at den
gennemsnitlige strandhejde fra klit-
foden i kote 4 og 100 meter ud mod
havet er hevet op til 1,47 meter i
forhold til referenceomréide 2 uden
trykudligningsmoduler.

Dette er endnu en bekra fielse pa projektet
ved Gl. Skagen, hvor middelstrandhojden
var 47 — 63 cm haojere i testomridet i for-
hold til referenceomraderne cfter 5 4r

Projektomridet

Projektet cr placeret 5 km syd for Hvide
Sande havn pa ¢n 11 km. lang strakning i
el meget typisk leside-crosionsomrade syd
for Hvide Sande havn (sc kortet til hojre og
fotoet ovenfor).

Den gennemsnitlige kysttilbagerykning i
projektomridet er 2 meter om &ret, svarende
til 330.000 m’, idet klithojden i omridet er
ca. |5 meter. Kortet viser pro-

Projektomridet er opdelt i 3 reference- i jektomradet med
omrader (1.800 meter) uden trykudlignings- dets inddelinger i
moduler og 2 omrader med trykudlignings- . referenceomrider
moduler roromrade 1 og roromrade 2 pé i og roromrader.
henholdsvis 4.700 meter og 900 meter, (sc | (Gengivet med til-
placeringer pa kortet til hojre) ¢ ladelse af KDI)

z
geterence !

| Figure 2
* Location of test stretches
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Maleprogram : Fastlaste linier

Opdeling af projektomradet

S

Anlxgget. som cr bascret pi lodrette drien-
moduler. er ctableret ultimo januar méned
2005, hvor der blev foretaget en initialop-
miling af klittoppen, forstranden og 600
meter offshore ud i havet.

Opmiling af klitten samt forstranden er
cfterfelgende udfort al ingeniorfirmaet Carl
Bro A/S kvartalsvis med en afstand mellem
milelinierne pa 100 meter langs stranden og
10 meter i tvaerprofilet.

Seopmdlingen cr foretaget med en af-
stand pa 200 meter mellem linierne langs
stranden og 600 meter ud 1 havet kvartalsvis
i det forste &r op etterfolgende halvirsvis.

Ref. 1

1.800m

Roromrade 1

4,700 m

¥

Formil med de fastliste referenceliner
Formdlet med de fastlaste referencelinier er
at folge udviklingen i strandplanet volumen-
massigl.

Man skal varre meget opmarksom pa. at
vinderosion pé stranden cr en meget viesent-
lig faktor over et eller flere ar, og den bliver
i meget storre, ndr man draener strandene. s
middelstrandhojden bliver hojere.

i Ved hajere og bredere strande bliver san-
det mere tort, hvilket medforer meget stor
sanddrift til klitomradet. Man skal derfor
skelne mellem vinderosion og belge/strom-
erosion i stranden. som er de croderende
faktorer i forstranden.

Vinderosionen i forstranden kan kun
beregnes, hvis vi kender sandtilvicksten i
klitterne pé den jyske vestkyst, hvor vindret-
ningen primart er vestlig,

Ref. 2

N

m" 1.800 m

Roromrade 2

Ref. 3

1.800 m 900

)

Offshore 2 Offshore 1
300 m 300 m

k.
~

Forstrand  Klit
100 meter

Klitten er defineret fra kote 1 4§ DVR 90 (Dansk Vertikal Reference 1990) il klittop. FForstran-
den er fra kote 14 i klitfod til kystlinien. Kote V4 i klitfoden er fastlast til opmalingen i januar
2005, hvor anleegget er etableret. Gennemsnitlig strandhojde beregnes fra kote - 4 januar
2003 og 100 meter ud mod havet. Qffshore 1 er 300 meter bred og fastlast til referencelinien
i kote +4 januar 2003. Offshore 2 er 300 meter bred og fastlist til offshore 1 og dermed refe-
rencelinicn i kote 4. (Grafik: UVH modificeret efter udlwg af forfatterne)

Forste irs resultat Resultatet kan opgeres, som folger:

Opmalingemce viser. at der er ct samlet kyst- Tillzeg i reromraderne 1 og 2 336.640 m?

tillarg fra klittoppen til kystlinicn i omréidet Leesidetillaeg i referenceomrade 3 139.300 m?

pa475.940 m". Tilleg i alt 475.940 m®
Hertil kommer den normale kysterosion Erosion i feferenceomraderne 1 og 2 -36.820 m?

pa 330.000 m*. sa den samlede eftekt er Normal kysterosion med 2 m kysttilbagerykning 330.000 m?

806.000 m*(se beregning). Samlet effekt af SIC-systemet (januar 05 - januar 06) 806.000 m?

ik

GeologiskNyt 1/07

Trvkudligningsmodulerne nedbores i stranden med 10 meters afstand
i tveerprofilet fra Klitfoden til kystlinien max 11 moduler i hver raekke

(dvs. strandbredde 100 m). (Foto: Poul Jakobsen)

i AL,

(Foto: Poul Jakobsen)

Opmalinger fra kystlinien og 600 m ud i havet foretages med 200
meters afstand vinkelret pa kysten med KDI's opmalingsfartoj DIGI.




m¥m Forkant af klit+strand
150,0 -

Samtidig viser resultaterne, at der cr laside-
tilleg ved SIC-systemet modsatningsvis
hirde konstruktioner som hotder og bolge-
brydere. som giver stor lasidecrosion.

100,0
Opbygning i forkanten af klitten :
i Der er en meget noje sammenhaeng mellem ¢ 50,0 -
i vinderosioncn i stranden og opbygningen al’ ¢

klitsystemet.
Analyser af forkanten af klitten fra klit-
fod kote +4.0 til klittop viser, at opbygnin-

0,0

gen i forkanten af klitten er ca. 55 % storre 50,0 1 i+ . S N

i de drenede omrédder i forhold til ref. Log | Ref-omradde 3 | Roromrdde 2  Ref-omrade 2

ref. 2 (:s‘e figurcn .uverst til lm_|rc.). : 0 apr-05 27.9 49.4 . 10 37.2 16,6
Ref. 3 cratypisk pa grund af det store - -

lwsidetilles 0 jul-05 39,6 74,0 -2,9 40,8 8,1 i
Nar opbygningen i forkanten af'klit- * | |ookt-05 45,5 i 67.8 -34,0 41,2 -7

ten alene er ca. 20 m* pr. me‘ter i det forste  jan-06 79.6 : 126.4 231 438 14

ar. kan man konkludere, at forstranden er : : : - -

senket med minimum 20 em i 100 meters - Grafen viser udviklingen pd stranden og forkanten af klitten i m* pr. meter langs stranden.

bredde pd grund al vinderosion. Beregningerne er foretaget af ingeniorfirmaet Carl Bro A'S for projekigruppen. (Grafik: UVH
Den érlige vinderosion i forstranden - madificeret efter udlweg af forfatterne)

bliver nok nermere 30 — 40 em arligt. idet
store sandmangder ogsa lagger sig langere
inde i klitterne. Detle forhold vil blive ner-
mere undersogt senere. | 250000
Vi har imidlertid ogsd registreret, at san- |
det fanges af den torste vegetation, som san-
det moder pd sin vej ind i klitterne. og det cr
derfor tormélstjenligt at plante hjxlme fra
kote 4 og 10 meter ud mod havet. sa sandet
fra forstranden ikke gér tabt inde i klitsyste-

, 1. Ars resultat B1+B2
m¥m

200.000 £

150.000

met. SIC har udvidet sit patent med denne i | 100.000 7"
losning med cn ny patentansoghing, som er !
indleveret i efterdret 2006. 50.000 4
Middelstrandhajde 0
SIC har udviklet en ny evalucringsmetode,
som er bascret pd middelstrandhejden i en el o S
given bredde i relation til tidevandsforskel- -50.000 = Ref-olmr.éde 3 Horon:r;;t 2 . He!-om;éd;z 2 Roromrde 1
len i omradet. jgmm| 1aes00 | 126400 | 80270 | 210240
Ved Hvide Sande cr tidevandslorskellen : — ~ - - :
ca. 1.0 meter, og der kan opstd hajvands- . Grafen viser tilleg og erosion i forstranden (B2) og forkanten af klitten (B1) i roromréderne
situationer med vandstande helt op til 3.0 . og referenceomréderne i m'. (Grafik: UVH modificeret efier udleeg af forfatterne)
meter.
Malingerne over det forste ar viser, at Klitudvikling januar 05 - Januar 06
SIC-systemet gencrerer ca. 100 meter brede m .

forstrande mellem Hvide Sande og Nymin-
degab i ct balanceprofil. ndr stranden er
draenet med SIC-systemet.

Videnskabsfolk pa omradet anerkender
gencrelt, at det er forstranden, som beskytter
klitterne og baglandet mod kysterosion.

SIC har derfor tastlast referencelinien 15
til kote 4,0 meter januar 2005 og beregner
middelstrandhojden fra referencelinien og :
100 meter ud mod havet (se figuren averst 10-
pé naste side).

Succeskriteriet er en middelstrandhojde
pa 1.3 meter svarende til 130 m* pr. meter
langs stranden. I Tyskland regner myndig-
hederne ogsa med 130 m® pr. meter pa stran-

den pa Sild uanset strandbredden. - 0 Ref-omréade 3 Roromrade 2 Ref-omrade 2 Roromrado 1 | Ref-omréde 1
Sandfodringen pa den jyske vestkyster | (m ] 16,3 _ 207 182 . 19,4 o129

designet til 3.5 x 70 meter, hvilket svarer til

122.5 m® pr. meter. (Badevej Sondervig) Grafen viser opbygningen i forkanten af klitten fra klitfod til klittop. Opbygningen er ca. 6()

i % storre i de dreenede roromrdder i forhold til ref. 1 og ref. 2. Ref 3 er atvpisk pd grund af
i lesidetillegger. (Grafik: UVH modificeret efter udlweg af forfatterne)
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Middelstrandhgjde

. .

Forkant af klit

Offshore 1
(300 m)

Oftshore 2
(300 m)

(100 m)

oot 2

Strandbredde

Referencelinie

W"““".”"‘

1 4 meter

100 meter

Volumen: 4 x 100/2 = 200 m?

-

Figuren viser tveersnittet af strandprofilet og grundlaget for beregnin- 1 referenceomrade 2 er klitfoden rvkket hen mod 20 meter tilhage
gen af middelstrandhojden i 100 meters bredde. Det er forstranden,

som beskyvtter baglandet i en stormsituation. (Grafik: UVII modificeret

efter udleg af forfatterne)

Analyser
[ jan 2005 var ref. 2 det stazrkeste profil med
en middelstrandhajde pd 1.25 meter.

Ref. 2 uden dranror er nu det svageste
profil med en middelstrandhojde pa kun
0.81 meter. og havet er pa v¢j ind gennem
klitterne i rel’ 2.

Modsatningsvis er strandhojden haevet
med henholdsvis 19 og 92 ¢m i roromrade |
og roromrade 2.

Samtidig cr der registreret lasidetillag
i referenceomrade 3. som resulterer i en
storre middelstrandhojde i den nordlige del
afref. 3.

Den hojere middelstrandhajde kompen-
serer for den globale vandstandsstigning,.
som er beregnet til 28 - 59 cm over de nacste
100 ar ifolge FN (ifolge UN's seneste rap-
port om den globale vandstandsstigning).

SIC-systemet kunnc derfor vare en mu-

lig losning pa den globale vandstandsstig-
ning pd verdensplan.

Transport- og Energiudvalget kommer
pa besog i projektomridet d. 21 marts 2007.
og SIC har anbelalet Trafikudvalget. at der
sidelobende etableres et anlaeg pa 20 km
ved Sondervig, som skal vise eflekten i stor
skala.

Lasidetillag

Referenceomride 3 ligger umiddelbart syd
for roromrdde 2, hvor der meget hurtigt
opstod et kysttillaeg pa helt op til 65 meter
pa kystlinien, cfier at stranden blev draenet i
Jjanuar 2005 (se foto pa neste side).

Nar man genererer en sandtunge pé
kystlinien med trykudligningsmoduleme og
presser kystlinien op til 65 meter ud i ha-
vet, foroger man stromhastigheden, hvilket
medforer. at sandet udvasker de grove mate-

7

Middelstrandhgjde januar 05 - januar 06

[

. ___.......ﬁ.z__
Jan-05 L. Jan-06

. __Ref-omréde_ 3 | Roromrade 2.

Flef—om_réde_ 2

Ref-omrade 1_

0,75

125

135 106

1,31 217

€1 Jan-05
LjJan'06 1

081

0,95

Graten viser middelstrandhojden fra klit foden kote 1 4 og 100 meter ud mod havet. (Grafik:

UVTT modificeret efter udleg af forfatterne)
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herved er klitten helt forsvundet. (Foto: Poul Jakobsen)

rialer, som lagger sig pd lacsiden nedstroms
som vasket sand.

Offshore

Opmiling med Kystdirektoratets malebid,
DIGI, viser ikke erosion i havbunden ud for
roromrade 1 og roromrade 2 samt referen-
ccomride 3.

Revletodringen i referenceomride 1 og
nord for projektct. som man har udfort i
nogle ar. virker ikke, men giver derimod
crosion i den nordligste ende i reference-
omréde | ude i havet, og KDI (Kystdirck-
toratet) forsoger nu at dele revicfodringen
op i lengder al’ 1.200 meter. Der laves for
gjeblikket mange forseg med reviefodring
og kunstige revier bestiende al skrot mv.

[ Italien vil man forsoge at bygge kun-
stige revler af vandretliggende betonror.

Dyno Nobel Danmark A/S
Tel.: (+45) 43451538

TAIMHNG
XA LATE A

% ORICA




Kysttillag: 65 meter
pa 6 mineder.

5

Lufifoto august 2003. (Foto: Poul Jakobsen)

i Konklusion

SIC-systemet har haft en cffekt i projektom-
| rddet pd 11 km pa i alt 806.000 m*, idet SIC-
systemet for det [orste har stoppet den érlige
crosion i omradet pa i alt 330.000 m*.

Samtidig cr der opbygget en buller pi
476.000 m* sand foran klitten, som beskyt-
ter baglandet i hojvandssituationer med
storm.

Ifolge IFN vil vandstanden i verdensha-
vene stige mellem 28 og 59 cm i lobet af de
naste 100 ar.

Sandopbygningen i forstranden haver
strandprofilet i forstranden med 72 - 147 em
i forhold til referenceomride 2. siledes at
SIC-systemet samtidig loser problemet med
den globale vandstandsstigning.

Dcr er registreret lesidetillacg nedstroms
¢ for projektet modsat harde konstruktioner.

i der giver lasidecrosion.

Der er ikke registreret vandrende sand-
bolger i projektomradet. men kun normal
fluktation pa kystlinien.

Kysten har veret ramt af 5 storme i den-
ne vinter, hvor de 4 storme har ligget mel-
lem den 1. januar og den 20. januar 2007.

Der er generelt ikke registreret klitero-
sion i roromrademe, mens der cr kliterosion
i alle tre referenceomrider.

I ref. 2 er klitfoden rykket op mod 20
m tilbage med det resultat, at klitten er for-
svundet (se foto pa foregaendc side).

Nzeste skridt

Med baggrund i de signifikante resultater
afgiver SIC nu tilbud pd 100 km pa den jy-
ske vestkyst.

Tilbudet er pa ca. 33.5 mio. kr., og sam-
fundet sparer saledes ca. 50 mio. kr. arligt,
sa hele Danmark kan beskyttes for det
samme belob. som tidligere blev anvendt til
sandfodring i 5 vestjyske kommuncr.

SIC foreslar samtidig, at stenene fra
de gamle bolgebrydere og hotder laves til
skarver og leegges ind i klitfoden. Vestky-
sten bliver pa denne made sikret mod en
100 ars storm ved hojvande.

Sandtillaeg pa projektomradet

Normalt 2 meter kysttilbagerykning
M . pr. &r svarende til -330.000 m?

Sandopbygning:
476.000 m?

N Forstrand

Figuren viser den normale drlige kvsttilbagervkning pa 2.0 meter i alt
330.000 m™ sumt kystophygningen i forstranden og forkanten af klitten
A76.000 m' i 2005.(Grafik: UVH maodificeret efter udleg af forfatterne)

0,00

-10,00

-30,00 -

-40,00

20,00 |

Ref-omrade 3

Offshore 1

Roro}nréde 2 Ref-omrade 2 Roromrade 1 Ref-omrade 1

o

15,82 17.99 -17,76 -0,20 -32,44

Grafen viser tilleg og erosion i offshore I fra kystlinien og 300 meter ud i havet pr. meter
langs kysten i de enkelte omrdder. (Grafik: UVH modificeret efier udleg af forfatterne)

m3

20.000.00
10.000,00

0,00

-20.000,00

-30.000,00

30.000,00-

-10.000,00

-40.000,00
-50.000,00 -1

-60.000,00 b

Sandvolumen offshore 1

. Ref-omrade 3 - Reromréde 2 Ref-omrade 2 ! Heromr_é_de_1 ﬁei-omrade1

L

27.685,00 | 17.990,00 -30.192,00 -960,00 -56.770,00

Grafen vi

ser volumenberegningen i de enkelte omrdder. Der er ikke erosion ud for roromra-

derne og det kan derfor konkluderes, at opbvgningen pa forsiranden og forkanten af klitten
kommer fra den langsgdende materialetransport. Vi vurderer, at den store erosion ud for ref.

1 skvides

KDI's forsog med reviefodring svd for Hvide Sande havn.(Grafik: UVII modificeret

efter udleweg af forfatterne)

Der er

tation for,

har foroget kysterosionen pa de danske ky-
ster. i

i dag meget omfattende dokumen-
at bolgebrydere og hefder reclt
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T rykudltgmngsmoduler

- skaber brede ligevaegtsprofiler

Man ser megert nvdeligt hofdevu Lmngen ud for raeckken af lr\Aud[lgnmgsmoduler ved Gl. Skagen. (I'oto: Poul Jal\obwn 1999)

Afingeniorerne Poul Jakobsen og Claus
Brogger, SIC — Skagen Innovation Center

I forbindelse med SIC-projektet
mellem Hvide Sande og Nyminde-
gab er der forctaget trykmalinger i
stranden for at dokumentere funk-
tionen af trykudligningsmodulerne,
som er lodrette dreenmoduler.

For at forstd méleopstillingen beskrives hér
kort de fysiske betingelser i en sandstrand.

Sandstranden

Ferskvandet inde i baglandet star normalt
over havet og afstrommer under klitterne og,
forstranden ud til havet og strommer ud i en
ca. 10 meter bred zone uden for kystlinien.

Fra havet star der en saltvandskile ind
under land, idet saltvand har storre vagl-
fylde end ferskvand.

Der er nogle meget simple naturlove pa
omrédet, hvor Ghyben Herzbergs lov siger,
at for hver meter, som grundvandct star over
havet. er der 40 meter ned til saltvandet. Det
vil sige, at hvis ferskvandct star 5 m over
havct, er der 200 meter ned til saltvandet.
Dette gelder imidlertid ikke ude ved Kystli-

10

nien, hvor den amerikanske professor D.K.

Todd sammen med en lang rakke andre si-

ger [vlgende om udstromningszonen X:
X=q/2 * (Ps-PAH*K . hvor

q = Ferskvandsflow pr. meter

Ps = Densitet afl saltvand

PI'= Densitet af ferskvand

K = llydraulisk ledningscvne

[ forbindelse med méling af trykgradienten
pd ferskvandstrykket ved Gl. Skagen blev
der nedsat dlefiltre for hver 10 meter tra
kystlinien og ind gennem klitterne.
Umiddelbart efter. at disse filtre blev
placeret. fandt et storre kysttilleg ud for
rakken af filtre sted. og hofden har cflerfol-
gende ligget passiv inde pa stranden under
normale vejrforhold siden 1998. Dette er
lobende dokumenteret med fotos (sc disse).

Udstremningszone

Skemumk ﬁgur afen strands opbvgmng (Grafik: UV modificeret efter Pou/ Jacobsen)

Klit
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' Et eksempel fra Malaysias ostkyst, Teluk Chempedak

Strandprofil fra Malavsia. Man ser meget  Billedet stammer fra Teluk Chempedak i Malaysia.  Malavsia. Efter at vandet er bortledt fra om-
wdeligt de impermable lag (slam) i stran-  De store vandmengder pa stranden viser, at der er  rddet, ser man et (yndt lag slam, som skaber
den som sorte striber. Udsnit: ca. 75 cm tule om impermeable lag. (Foto: Poul Jukobsen) det impermeable lag i stranden. Omrddet er
gange 1.0 meter (Foto: Poul Jakobsen) ca. 30x 150 m. (Foto: Poul Jakobsen)

To eksempler fra Vestkysten, Hvide Sande og Gl. Skagen

: % R Trvkudligningsmoduler indtegnet pa heevet
Samme tvnde lag findes pa den jvske Trvkudligning af stranden skaber sandhofder ud for  havbund ved Gl. Skagen. Modulerne er 175 |
vestkyst, men vurderes til at bestd af ler-  raekkerne af ror ved Gl. Skagen. (Foto: Poul Jakob-  cm lange og 6 cm i diameter. (Foto: Poul :

partikler eller tungsand., der ligger mellem  sen) Jakobsen)
sandskornene. Udsnit: 75 x 100 cm. (Foto:

Poul Jakobsen)

Lagene i stranden E lag mellem sandskornenc og besta af ler hele verden i strandenc. Billeder ovenfor vi-

partikler, humuspartikler eller (ungsand, . ser eksempler fra de faktiske forhold i Ma-
som ligger mellem sandkornene og danner  * laysia og cksempler fra den jyske vestkyst.
med forskellig hydraulisk ledningsevne i impermeable lag, som oger grundvandstryk-
stranden. . ket i stranden. Tryksonderne

Disse lag kan ogsa vere meget tynde ' Disse meget tynde lag finder man over i For at dokumentere funktionen at SIC-sy-

: Trykudligningsmodulerne cr reelt lodrette
i dran. som skaber forbindelse mellem lag

Vi borer over

* Kerneboringer

+ Hulsneglsboringer
* Hojslevhoring : I
* Torhoring Lo

* Lufiskylleboring

sky eboring " POUL CHRISTIANSEN A/S
- 1ing og har naermere... 5 < Brandborer- &
; Yot o Ingenigriirma
! N 7840 Hgijslev _ ' _
i i) TIf.97 535222 X -
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Tungsand pa stranden pa Vestkysten

Det impermeable
lag ligger ikke
vandret, men
har en fuldende
tendens ud mod
havet. og vand-
tvkket er derfor
stigende under
det impermeuble
lag ud mod ha-
vet. Udsnit ca. 50
x 800 m (Foto:
Poul Jakohsen)

.

Fi ser ligeledes det sorte impermable lag her nord for
Sondervig, hvor der ogsd er stor erosion i klitterne
efier stormene i fanuar 2007. (Foto: Poul Jakobsen)

Naesten impermeabelt lag af tungsand

T ——

e,

TTT—

Figuren il venstre viser skematisk den trvkfor-
ogelse, der finder sted ud mod havet. (Grafik:
UVH efter forlawg af Poul Jakobsen

T —

Fo;étraﬁa

Mellem Hvide Sande og Sondervig ser vi helt tyde-
ligt torvelagene, som er sammenpressede plantedele
i stranden. Det er ferskvand. der er frossel til is, som
ligger oven pa torvelaget. (Foto: Poul Jakobsen)

94 L R 3

Partiklerne fra det udiagne tungsand fra strandprofilet er meget fin-
kornede og ligger pakket mellem sandskornene. (Foto: P. Jukobsen)

stemet blev det besluttet at nedsatte trykson-
der i stranden 5 km syd for Hvide Sande
havn.

massigt, si alle malinger i stranden foregar
nojagtigt samtidig (se neeste side).

Trykmalerne fra Holland er af fabrikat
Diver. som er piezoelektriske folere kombi-
neret med en computer. der lises rent tids-

A
meldgaard tilbyder et totalkoncept til jordrens.

Det vil kort sagt sige - uanset hvilket problem du star overfor -
sa kan du nejes med at ringe til ét nummer - 74 33 72 00.

» pravetagning
ilingsplan

syadgivning

*jorchrens o

* ol

= plrovaring

H e

Senderjyllands sterste miljpcenter
Bladknaek 19 + 6200 Aabenraa
74 33 72 00  www.meldgaard.com
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Installation i stranden.

Testinstallationen blev ctableret pd stranden
5 km syd for Ilvide Sande havn i 3 rekker,
hvor sensor or. 1 i alle tre rakker blev pla-

i ceret i kote 0. og der cr 10 m mellem senso-
¢ rernc ind mod klitten.

Forsoget blev opdelt i 2 faser. Alle sen-
sorer markeret med redt blev nedsat i stran-
den i ovenstdende konfiguration d. 20 marts
2006. og draznmodulerne blev nedsat 6 dage
senere mellem sensorermne.

Alle dataloggere blev ldst rent tidsmacs-
sigt og milte vandstanden for hver 2 min.

Formilet med den nordlige rackke (N)
var at sammenligne malingerne med sen-
sorerne i centerrackken (C) for at se, om
det var muligt at bruge nordrekken til re-
terencemiilinger. Delte var ikke muligt pa
grund af forskellene i geologicen og dermed
forskelle i méledata.

Den sydlige rekke var reserveret til stu-
derende tra RUC og D'T'UL hvis installation
al data-loggere mv. desvaerre slog fjl. og
eleverne stod derfor efterfolgende med de-
res projektvejleder uden data efter en uges
ophold pa Vestkysten.

Sensorerne er ned-
seenkel i 1,75 me-
ter lange ror med
10 em fri adgang
til grundvandet i
bunden. (Grafik:
UK

._

fe s kete 0. DVRES,

st

e~
™

Sonser anbragl

{Dtaenmndu

Trvksonderne er placeret i 3 rekker med 50 meter mellem rakkerne langs kysten og 10 meter
i nveerprofilet. (Grafik: UVH modificeret efier forfutterne)

Malestation: C1 c2 C3 ca C5 Cc6
Grundniveau: 3cm 35cm 59 cm 63cm 92 cm 121 ¢cm
(Sensorernes

placering i for-
hold til kote 0)

Haeldning
4~ pé stranden

Forstrand

Trvkudligningsmodulerne med sensorer er betegnet PEM | - 6. (Grafik: UVH modificeret ef-
ter Poul Jakobsens forleg)

' der overfladen. (Foto: Poul Jukobsen)
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Trvkudligningsmodulerne bores ned i stranden og seettes ca. 25 cm un-

Placering af modulerne i et af profilerne. (Foto: Poul Jakobsen)




1,20

! '} ~—— C1 VSp wme— Poly. (C1 vsp) [
1‘00 i o T -

m Vandstand i stranden

: T
040 20. marts, 2006
m Trykgradient mellem C1 og C2
0,40 .-

-0,10

-0,20

. |— Sefiel .- .Poly. (Serie1
.0,30 | -

20. marts, 2006

-0.40

2. april, 2006

Trvkgradienten mellem C1 og C2 er reduceret fra 12 - 18 cm il 5 - 6 cm, efier at trvkudlig-
nings-modulerne er nedsat i stranden d. 26 marts 2006. (Grafik: Forfatterne)

Evaluering

Evalueringen af funktionen af trykud-
ligningsmodulerne er derfor baseret pa
mélingeme i centerreekken med samme
geologiske forhold, sa vi arbejder med de
nojaglige samme geologiske forhold i uge
1 og chterfolgende i uge 2, hvor trykudlig-
ningsmodulerne blev nedsat mellem senso-
rerne C1 - Cé6.

Vejrforholdene

1 den forste periode fra d. 20. marts til d.
26. marts, hvor der ikke var nedsat trykud-
ligningsmoduler i stranden, var der primart
ostlig vind og sm bolger i omradet.

Den 26. marts skiftede vinden forst pa
aflenen fra estlige til vestlige vindretninger
med vestlig kuling op til 18 — 19 m/sek.

Samtidig fandt cn vasentlig rejsning i
middelvandstanden pa kysten sted.

Vi kan desvarre ikke bruge data fra

DMT’s vindmaler i Hvide Sande, da dennc
er placcret pd rensningsanlzgget og dermed
eri la ved vestenvind.

Datakontrol

Sensorcrne af fabrikat Diver har givet nogle
helt fantastiske data, nar vi tager i betragt-
ning. at vi taler om trykforskelle mellem 0
og op til 15/1000 atmostzre.

Der er séledes tale om meget smd fysiske
trykforskelle, som skal behandles med me-
gen omtanke.

Datakvaliteten er kendetegnet ved, at
vi far positive data ved opadgiende vand-
sireomme og ncgative vaerdier ved nedadga-
ende vandstromme.

Der er siledes ikke konstateret ensidige
datafcjl i milingerne og den eflerfolgende
analysemetode.

Analysernc cr derfor fokuseret pa center-
rekken, idet man ikke kan sammenligne

§ g o
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Trykudligningsmodulerne under vand ved hejvande

PEM 1-(C1 + C2)/2

26. marts, 2006

2. april, 2006

{—Seriet |

m PEM 2-(C2 + C3)/2

26. marts, 2006

‘)I

;i Ll I

DY 2670 2487 P0e4 1

Trvkudligningsmodulerne PEM | og PEM 2 dreener opad. (Grafik: Forfatterne)

disse meget smé trykforskelle over bare 50
meter og slet ikke over 5 km. som nogle har
forsegt sig med.

Det er ligeledes det rene utopi at sam-
menligne dynamiske forskelle fra uge 1 og
uge 2 pa grund af forskellig vandstand i de
to perioder.

Alle tryksonder er list tidsmaessigt til
starttidspunktet, saledes at alle malinger
stranden foregér samtidig med 2 minutters
mellemrum, og det er derfor malenummeret
i tidsrakken fra starttidspunktet, man ser pé
x-aksen i graferne.

Man ser meget tydeligt tidevandsandrin-
gerne i milingernc.

Analysemetode

Vi har derfor indledningsvis analyscret tryk-

gradienten mellem C1 og C2. hvor man har |

en alstand mellem sensorerne pd 10 meter, -
Efterfolgende har vi analyscret dra- i
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ningseffekten ved at sammenligne vand-
standen i trykudligningsmodulerne med
middelhojden mellem de to naermeste sen-
sorer (C1+C2)/2, (C24+C3)/2, (C3+C4)/2,
(C4+C5)2, (C5+C6)/2

1 ovensticnde dobbeltfigur (PEM 1 og
PEM 2) er trykudligningsmodulerne under
vand i tidsrummet fra d. 26 marts til d. 2.

april 2006 og cr siledes ude i udstromnings-

zonen, og man ser tydeligt, at modulernc
drazner opad i overensstemmelse med de
grundlaggende teorier for udstromnings-
zonen.

Man skal hele tiden holde sig lor oje, at
sensorerne viser vandtrykket i stranden i

sdvel sensormodulerne som trykudlignings-

modulerne.

Det cr siledes draneftekten fra trykud-
ligningsmodulerne, som giver cn ndring
i trykket og dermed vandspejlet omkring
modulerne.

..Nedre )
Furongien

Mellem




Det er ikke kun inde i modulerne. man
opndr cffekten af trykudligningsmeduleme.
men ogsd omkring de lodrette dren. som
virker som selvspulende filtre.

PEM betyder pa engelsk Pressure Equa-
lization Modules. og de cnkelte grafer kom-
mer fra S1C's 1. drs rapport tra Vestkysten,
som ligger pa SIC’s hjemmeside www.
shore.dk.

Triplefiguren til hajre viser PEM 3, PEM
4 0g PEM §, som er placeret pi den torre
del af stranden under de givne forhold, og
man ser meget tydeligt, at modulerne dra-
ner nedad og saenker vandstanden i stranden
i forhold til de narmeste tryksensorer som
forventet al lodrette dren inde pa stranden.

Analyser

Vi ser en meget tydelig effekt at trykud-
ligningsmodulerne uden for kystlinicn i
udstromningszonen. idet analyserne viser
en klar opadgaende vandstrom i trykudlig-
ningsmodulerme PEM 1 og PEM 2 og der-
med det omkringliggende omride.

Samtidig ser vi meget tydeligt dranings-
eflekten af trykudligningsmoduleme inde
pa stranden, hvor modulerne draner vandet
nedad til lag med eventuelt bedre hydraulisk
ledningsevne.

Lodrette dreen har imidlertid cn dob-
beltfunktion. idet draznene bade kan draenc
opad og nedad i relation til vandtrykket i
stranden.

Lodrette dreen er cn anerkendt dranings-
teknik i lighed med horisontale dran, men
cr ikke neaer s kendt i videnskabelige kredse
som horisontalc dran.

Vi vil ga si langt og pasta. at lodretic
draen generelt ikke er kendt i de mere viden-
skabelige kredse inden for kysttcknik, og vi
har modt hojt uddannedc videnskabslolk,
hvor indgangsreplikken har vecret: “Lodrette
dran - hvad cr det for noget, og hvor lober
vandet hen?”

Disse replikker er reclt baggrunden for
denne meget interessante undersogelse, som
viser de meget sma trykforskelle i stranden.
Disse trykforskelle har imidlertid cn meget
stor betydning for kystprofilets udscende.

Trigger

Modulerne virker som en trigger, der holder
processerne i gang. ndr de mere eller mindre
impermeable lag er gennembrudt med mo-
dulerne.

Nar der er vandstromme i filterne, har vi
samtidig en sclvspulende effekt, som ogsa
abner de impermeable lag uden for modu-
lerne, og man kan derfor ikke bare regne péa
vandstrommene inde i modulerne,

Drxncflckten er derfor en vedvarende
proces, som vedligeholdes af den selvspu-
lende proces fra trykudligningsmodulernc.

Ordet trigger er et engelsk udtryk fra
clektronikkens verden; den lille trigger kan
pa nogle fi mikrosckunder og [ milliwatt
styrc mange megawatt fx i ¢t stort Nato
radaranlxg.

16

Trykudligningsmoduler placeret pa ter del af stranden

m PEM 3-(C3+C4)/2

26. marts, 2006

2. april, 2006

m PEM 5-(C5+C6)/2

26. marts, 2006

2. april, 2006

PEM 3, PEM 4 0g PIEM 5 dreener nedad og senker vandstanden i stranden i forhold til de

neermeste trvksensorer. (Grafik: Forfutterne)

Barometertrykket

Barometertrykket er samtidig ¢n faktor i
processen, idet det atmostariske tryk far :
adgang til vandspejlet under eventuelle im- |
permeable lag.

Barometertrykket kan give en vand-
spejlswendring pd op til +/- 20 centimeter og
kan dermed viere med til at dreene vandet
hurtigere ud af stranden ved stigende baro-
meterstand.

GeologiskNyt 1/07
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Sandhotde ved Gil. Skagen. (Foto: Poul Jakobsen)

Konklusion.

Der er videnskabelig enighed om. at nar
vandtrykket er hojt i en strand. far man ky-
sterosion, mens der opstar et balanceprofil.
nir vandtrykket saenkes i en strand.

Der er nu fuld dokumentation for, at
trykudligningsmodulerne wxendrer trykgra-
dicenten pa ferskvandet i stranden. nér lag-
delingen gennembrydes med lodrette draen.
og at stranden draenes i sdvel udstromnings-
zonen som stranden.

Vi kan derfor konkludere. at der er god
overensstemmelse med de videnskabelige
teorier pd omridet, nar der opstdr sandhof-
der pé kysten ud for rekkerne med trykud-
ligningsmoduler, som draener stranden.

Disse sandhofder optanger den langsgé-

Kort nyt

Flere skred pi Mons Klint

Inden for den sidste halvanden méineds

tid har Mons Klint oplevet to voldsomme
skred. Det forste store skred fandt sted nat-
ten mellem d. 26. og 27. januar i &r — hel-
digvis om natten, s& ingen kom til skade. 1
1994 faldt der ct stort stykke af klinten ned,
hvorved en fransk turist omnkom i skredmas-
serne.

Skredet sidst i januar 2007 bestod al
omkring 460.000 tons kridt, sand og ler, der
har dannct en halve, der rager ca. 300 m ud
i Ostersocn. Skredet cr det storste i 50 ar.
Natten mellem d. 1. og 2. marts (andt der
sd ct nyt skred sted mellem Freuchens Pynt
og Graderen. Det nye skred. der primart
udgores af kridt. strackker sig ca. 150 meter
ud i Ostersoen.

Skov- og Naturstyrelsen valgte derfor at
lukke for al fierdsel pa strand og skredmas-
ser neden for Mons Klint d. 3. marts. Indtil
da havde mange interesserede veeret ude
pé den nyc halvo og samle fossiler, der var
dukket op i store maengder ctier skredet.

D. 4. marts fandt et lille skred sted nzr Jy-
delejetrappen. Samme dag havde Skov- og
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Trvkudligningsmods

ende materialetransport. og der opslir brede
og hgje sandstrande, som man ser pd oven-
stdende billeder fra henholdsvis Gl. Skagen,
hvor SIC-systemet blev udviklet og cltertol-
gende ved Hvide Sande, hvor systemet vises
i stor malestok.
Projektet har vist. at SIC-systemet har

stoppet den naturlige tilbagerykning pé 2,0

ilerne har resulteret i et kysttilleg pa 63 meter over 6 n
der pd [ vide Sande. (Foto: Poul Jakobsen, august 2005)

meter drligt i laeside-erosionsomridet syd
for llvide Sande havn.

Dette svarer til 330.000 m* arligt pa den
{1 km lange strezkning. og de uvildige opma-
linger og beregninger udfort af ingeniorfir-
mact Carl Bro A/S viser, at der derudover er
et kysttilleg pd 476.000 m*. sa den samlede
effekt i det forste &r cr ca. 800.000 m*. {1

Det storste skred pd
Mons Klint i 50 ar.
Bemark de 3 ivrige
samlere ovre til hojre
i fotoet. (Foto: Birgit
Larsen, Neestved: ta- B
get 3. februar 2007)

Naturstyrelsen sat adgang lorbudt-skilte op
ved alle nedgange til klinten.

Ca. 200.000 m* klint er skredet ud i
havet. Det er formentlig det hoje porevands-
tryk — udlost af ophobning af vand i jorden
som folge at voldsom nedbor - der er
skyld i skredenc — herved danncs der sprack-
ker, som tyldes med vand. og kombineret
med en vis frostaktivitet er store dele af

klinten skredet i havet.

Moeans Klint bestdr i den nedre del af
skrivekridt fra Ovre Kridt. Enheden har en
magtighed pd op mod 60 m. Oven over
kriditet mangler hele den tertizre og store
dele af den tertizere lagserie. der derfor
overlejres al istidsaflejret sand og ler. P4 sit
hajeste sted er klinten omkring 125 m.o.h.

www.skovognatur.dk/UVII




Vertikale dreen pa Vestkysten

- stor sandopbygning i stedet for sandtab

[ingeniorerne Poul Jukobsen og Claus
Brogger, SIC Sandtillaeg pa projektomradet

Denne artikel er en opfelgning af
indleggene bragt 1 GeologiskNyt
1/07. Opmalingerne efter 2 ar viser,
at anvendelsc af de vertikale draen-
ror som kystbeskyttelse har stop-
pet crosionen syd for Hvide Sande
havn. Middelstrandhejden er havet el
signifikant i forhold til Ref-omrade S K
1 og Ref-omrade 2 uden vertikale ) o
dren. Opmalingerne viser endvi-

Normalt 2 meter kysttilbagerykning
pr. ar svarende til -330.000 m?*
P

Sandopbygning:
476.000 m*

dere, at der er lesideakkumulation : Do) Fostand s T N ST
i Ref-omrade 3 i modsatning til Figuren viser den normale drlige kysttilbagervkning pa 2,0 meter i alt 330.000
hofder og bol gebrydere’ som skaber nr' samt kystopbhyeningen i forstranden og forkanten af klitten 476.000 m* i

stor laesideerosion. Samtidig er der 2005.(Graftk: UVH modificeret efier udleg af forfatterne; anvendt i 1:07)

sket en betydelig sandopbygning i
forkanten af klitten og forstranden i

Lfter to dr og en hird vinter pa Vestkysten giver laesideerosion.

de drenede omrader. Dette har med- med ikke mindre ¢nd fem storme fra okto- Stormen i marts 2007 ligger cfler opma-
fort foroget sandfygning til baglan- ber 2006 til 20. januar 2007 har sandtabet pi  lingen for de forste to ir og er derfor ikke
det i modsztning til Ref-omrade 1 stranden i Roromrade tog 2 samt Ref-om- med i beregningerne.
og 2. hvor der er stor bolgeerosion. ride 3 kun vacret 69.000 m°. Strandfodringen pa 960.000 m* ved Son-

. dervig er skyllet i havet, og det vurderes. at
Det _er derfor nﬂfivendlgt at plante Sandopbygning havet har taget yderlige ca. 400.000 m? af
fx hjelme fra klitfoden og 10 - 15 Systemet med vertikale draen giver som tid- klitterne i strandlodringsomridet nord og
meter ud pa stranden, s& sandet fast-  ligere beskrevet lasidetillaeg af vasket sand syd for Sendervig, hvor der cr store klitska-
holdes pé forstranden. i modsa&(ning til harde konstruktioner, som der.

Sendervig uden dranrer 2005 og 2007

s 3
.. . e sl ot . .
Sandfodring ved Sondervig d. 5. juli 2005 efier strandfodring med Sendervig d. 16 januar 2007 efier en investering pa 42,0 mio. kr. i strand-
960.000 m® sand pa stranden. Yandstand: +45 cm. (Foto: P. Jakobsen og reviefodring. Strandfodringen er skvilet i havet, og havet har taget
d. 05-07-2005) ca. 400.000 m* af klivterne. Vandstand: +50 em. (Foto: P. Jakobsen)
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Krylen nord for Sendervig

Bunkerne veelter ud af klitterne cfter vinterens storme i 2006:07, som vi sa ved Sondervig i 2003. Strandfodringen pia 960.000 m* er skyllet i

havet. (Foto: P. Jakobsen)

Strand- og revlelodringen ved Sondervig
har kostet ca. 42 mio. kr. incl. skraningsbe-
skyttelsen, som kostede ca. 8.0 mio. kr.

Som beskrevet i GeologiskNyt 1/07 har
systemet med de vertikale draenror stoppet
erosionen i laside-crosionsomridet syd for
Hvide Sandc havn.

Samtidig cr der sket en sandopbygning
fra klittoppen og ud til kystlinen pi 476.000
m?. sd den samlede effekt er 806.000 m' i
det forste 4r.

Hvis sandmaengden i forstranden bercg-
nes med baggrund i den nye beregnings-
mctode baseret pi fastlaste referencelinier,
er sandtillagget 411.000 m* og en samlet
effekt pd 741.000 m? i det forstc ar.

Vinddata
Som vi ser i figuren nedenfor til venstre, er
vindhastigheden pa Hvide Sande vasentligt

“Middelvind (m/s)

Vindhastighedsdata fra d. 14. januar, 2007. (Grafik: gengive

med tilladelse fra DMI)

10

e,

14. jan 2007 05:40

lavere end vindhastigheden pa Torsminde
og Blavandshug. Detie skyldes vindmile-
rens placering pa rensningsanlacgget inde
bag klitterne i Hvide Sande. Vindmaleren
viser siledes 7 - 10 m/sek for lidt ved vest-
lige vindretninger.

Det er derfor nodvendigt at interpolere
vinddata for Torsminde og Blavandshug.

Data for middelvinde i Torsminde ses pa
figuren nederst til hojre — malingerne stam-
mer ra d. 13.-14. januar.

Elerfolgende har vi kvalitetsvurderet
KDTI's (Kystdirektoratets) vinddata {ra Slu-
sen i Hvide Sande, men disse vinddata var
ogsé signiftkant afvigende fra Torsmindc og
Blavandshug, idet vindmadleren var nedslidt
og til slut blaste ned i stormen d. 19.- 20.
Januar 2007.

Med baggrund i vinddata fra Blavands-
hug og Hvide Sande er der registreret

™

iddalving

Middelvind — data fra Torsminde fra d. 13.-14. januar, 2007.
(Grafik: gengivet med tilladelse fra DMI)

folgende storme pa Vestkysten i vinteren
2006/07:

Det er en fejl at der ikke blev opsat en
vindmadler i projektomradet i forbindclse
med projektstart i januar 2005.

Dato for storme | Maksimal vandstand
27. oktober, 2006 1,54 m )
1. januar, 2007 1,75m
11.-12. januar 2007 214m
14. januar, 2007 1,78 m
19.-20. januar, 2007 1,78 m I
i

Opmdling pa stranden blev pabegyndt d. 22.
Januar og afstuttet d. 25. januar 2007. Alle-
opmdlinger er udfort af Carl Bro A/S

Klokkeslet
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Middelvandstand 2005

'35%%

.30 / Pn R e - - s ; L R
jan-05 | feb-05 | mar-05| apr-05 | maj-05 | jun-05 | jul-05 ]aug-os 5ep-05; ok1-05 | nov-05dec-05
Ocm! 4859 |-2265| 94 | 825 | 36 | 44 | 67 | 146 | 1274| 694 3189 | 54

Middelvandstand 2006 samt januar 07

T

jan-06 | feb-06 |mar-06| apr-06 [ maj-06| jun-06

jul-06 |aug-06(sep-06 | okt-06 | nov-06 |dec-06| jan-07

[@om

84 . -55 |-144 | 65 | 0,77 | -6.26

-3.41 (10,57 | 13,24 | 30,3

483 | 426 [55.13
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Figurerne viser middelvandstanden manedsvis i henholdsvis 2005 og i 2006 samt januar
2007. (Grafik: UV modificeret efter udleg af forfatterne)

Vandstand.

Middelvandstanden pa Vestkysten 14 i

2005 +6,55 cm over DVR 90, som det ses
pa figurcn overst pa denne side. (DVR =
Dansk Vertikal Referance er et nyindfert
hejdesystem. der er bascret pa det sencste
pracisionsnivellement — det betegnes “Hoj-
desystem DVR 907).

Middelvandstanden pa Vestkysten 13 i
2006 +9,53 cm over DVR 90.

Middelvandstanden var i stormperioden
fra d. 20. oktober 2006 til d. 20. januar 2007
+54,5 cm over DVR 90.

SIC-systemet blev saledes testet under
forhold, som svarer til den globale vand-
standsstigning over 100 ar,

Man ser tydeligt den forhojede mid-
delvandstand i manederne oktober, novem-
ber, december i 2006 samt januar i 2007
pa ovensticende figur. Tilsvarende ser man
lavere vardier i 2005.

Geologisk tidsskala
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Bolger
Som det ses pa nederste illustration pa
figuren (il hojre pa denne side, viser bol-

Bolger

R 7
gemaleren nogle voldsomme bolgehojder i i ] -
= Ble L geney Bolgehojder — middel — 2005 (m)
januar 2007. hvilket indikerer, at vejret har . :
vacret ckstremt hérdt pa Vestkysten i vinte-
ren 2007. 5 ‘
Bolgedata er registreret over perioder af’
20 minutler pi x-aksen. Data er levet at KDI ;
. ars . 4 :
De hojeste malinger pa over 16 meter
(markeret med en stjerne pé figuren) lore- = J i I | -
. . 3 A4 ¢
kommer dog ikke realistiske og anses derfor
tor at veere {ejlagtige. l l 1 |
| 2 .
1
- - 0
Opdeling af projektomradet 1633 1277 1915 2553 3191 3820 4467 5105 5743 6381 7019 7657 8295 8933 9571 1020910847 11485 12123 12761 13399
Fastlaste linicr ! Bolgehojder over 1 ar {
.
. E
£ Rel. 1
= 18
l Bolgehajder — middel ~ 2006 samt jan. 07 (m) l 2l
E 16
? Rorom-
. rade 1 14
< 1z
118 Ret2
¥ £ Rorom- 10
$% rade2 E
J4E 8
. g Ret3
Offshoro 2 Offshora 1 Forstrand Kii 6 il
300 m 300m 100 meter
e . . | ] :
Klitten er defineret fra kote 4 i DVR 90 til 4
klittop. Forstranden er fra kote | 4 i klitfod 2 i
og 100 m ud mod havet. Kote - 4 i klitfoden

er fastldst til opmalingen i januar 2005, 0

1 B14 1627 2440 3253 4066 4679 5692 6505 7318 B131 8944 G757 10570 11383 12196 13000 1382214635 15448 16261 17074
hvor anleegget er etableret. Offshore 1 er

300 meter bred og fastldst til referencelinien : Bolgehojder over 13 maneder i
i kote +4 januar 2005. Offshore 2 er 300
 meter bred og fastlast til Offshore 1. (Gra- Bolgehojder mdlt i henholdsvis 2005 og 2006 samt januar 2007. Bemark mdlingerne marke-
Ffik: UVH modificeret efter udieg af forfat- ret med en sijerne — disse forekommer urealistiske og kasseres derfor. (Grafik: UVH modifice-

terne; anvendt i 1/07) ret efier udleeg af forfatterne)

Figuren til hojre Middelstrandhejde

Forkant af klittog: Pkt.1 Pkt.2 Pkt.3 Pkt. 4

viser tvrsnittet af’ _ i Forkant
strandprofilet og P Kitwp af klittop If: 10 m5|€20 m ;!630 mal
grundlaget for be- Forkantal kit - S Klittop

regningen af mid-
delstrandhojden i
100 meters bredde.
Det viste eksempel

Forkant
af klit

angiver en middel- B

. . N Offshore 2
strandhojde pa 2,0 (@a00m)  (300m) (100 m) e
m og dermed 200 Referericelinie

m? pr. meter. (Gra- | 4 meter ..
i fik: UVH modifice- =
b oret efter udleg af
Sforfatierne)

100 meter
Volumen: 4 x 100/2 = 200 m®

m? pd ét ar 10-15 m® pé ét ar

»
L gl

. Gy . . . Beregningseksempel
Figuren til hojre viser forkanten af klitten sami malepunkterne pa gning P

Klittoppen. si udviklingen i klitten kan beregnes. | det forste ar var  OPDYygning i forkanten af klitten 56 o o ar
der en akkumulation i forkanten af klitten i de dreenede omrdder pa (i de dreenede omréder):

20 m* pr. meter (ses pa figuren nederst s. 13). 1 de dreenede omrider
er der en opbvgning pa toppen med 10 - 15 m? pr. dr (se teksten side
135). og den samlede opbygning i klitten er sdledes 30 - 35 m* pr. dr. Samlet opbygning i klitten pr. &r: 30 - 35 m3 pr. &r
(Grafik: UV modificeret efter udleeg af forfatterne)

Opbygning pa toppen af klitten: 10-15mepr. &r
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Design
Malet med projektet er at bygge en 70-
100 m bred sandstrand foran klitterne i et
balanceprofil (teoretisk: Et profil der ikke
eroderes). Der sattes max. 11 moduler i de
enkelte raekker. Modulerne er neddykkede
25 om i stranden.

Middelstrandhejden skal vacre storre end
1.3 m. Nér middelstrandhojden cr storre
end 1.3 m, ser man nemlig ikke haverosion
i klitterne i stormsituationer. Nar middels-
trandhojden er 1.3 m, har man en buller pi
130 m’ pr. meter langs stranden (jaevnfor
figuren pd foregdende side). Kystlinien skal
vare sa lige som muligt for at opnd de bed-
ste resultater.

Resultat efter 2 ar
Opmiilingeme viscr, at middelstrandhaojden.
Som beskrevet nederst pa side 12 er middel-
strandhgjden den vigtigste fuktor. nir man
skal evaluere styrken pd en strand (mod-
standsdygligheden).

Middelstrandhojden (figuren overst pa
siden), viser med et enkelt tal den gennem-
snitlige strandhojde i 100 meters bredde
fra klitfoden og ud mod havet i de enkelte
omrader.

Det samme tal angiver samtidig antallet
af m* i forstranden, ndr man ganger tallet
med 100.

Opmalingerne viser. at middelstrandhaj-
den er storre end 1.3 m i begge ror omrider
samt Ref-omride 3, hvor der er lesidetillaeg
med vasket sand.

I modsa:tning hertil cr middelstrandhoj-
den faldet i Ref-omrade | fra 1,06 meter til
73 cm.. og i Ref-omride 2 fra 1.35 m til 29
cm.

Den oprindclige strand er sdledes borte-
roderet i Ref-omrade 2, som var dct sterke-
ste omréide i januar 2005.

Samtidig scr vi en forogelse af middels-
trandhojden i Ref-omride 3. Dette skyldes
aflejringen af vasket sand fra Roromride
2, og vi kan hermed se. at strande med
vertikale draen giver leesideakkumulation i
modsatning til hofder og bolgebrydere, som
giver stor laesidecrosion.

Denne proces foregér ogsa inde i Rorom-
rade 1, men vil forst give udslag i Ref-om-
réde 2 i lebet af nogle ar.

Klitudvikling

Nar middelstrandhojden bliver signifikant
hejere i de dranede omrider, fyger sandet
fra forstranden meget lettere ind i baglandet
og medforer en forsterkning af klitterne,
som vi uddyber nxrmerc pa de etterfol-
gcende sider.

I Ref-omrade 1 er erosionen fra januar
2006 til januar 2007 17,1 m*. | Rel~omréide
2 er erosionen 21,6 m” pr. meter, som det ses
pa figuren nederst pa siden,

Modsatningsvis cr erosioncn i Rorom-
ride | og Roromride 2 henholdsvis 9,9 m*
0og 9.8 m*,

Det vil sige. at kliterosionen i forkanten
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Middelstrandhojde — perioden 2005-2007

L.

an-05 [J Julo5 [] Jan-06
T
1,54
£
1
0,5
0 L Rl
Ref-omrade 3 Boromrade 2 Ref-omrade 2 Roromrade 1 Ref-omrade 1
Jan-05 0,75 1,25 1,35 1,23 1,06
3 Ju-05 1,08 1,82 1,03 1,51 1,08
[ uan-0s 1,31 2,17 0,81 1,41 0,95
%1 Jul-os 1,58 2,11 0,69 1,43 0,88
) van-07 1,81 1,61 0,29 1,36 0,73

Laesidetilleg

Middelstrandhojden er beregnet fra klitfoden i kote 4,0 og 100 meter ud mod havet. som vist
pd foregiende side. (Grafik: UVI modificeret efter udleeg af forfatterne)

Klitudvikling januar 2005-januar 2007

-10 i i i : . NN B

Ref-omrade 3 Reromrade 2 Ref-omrade 2 Reromrade 1 Ref-omrade 1

[] jan-06 16,3 20,7 13,2 19,4 12,9

% jan-07 5,6 10,9 -8,4 9,5 -4,2

tilleeg i alt 10,7 9,8 -21,6 9,9 -17.1

erosions-|  leesidetilleg

type (miks af vind- og|  vinderosion belgeerosion vinderosion belgeerosion
bolgeerosion)

Figuren viser klitudviklingen i henholdsvis januar 2006 og januar 2007. [ roromriderne er

det primert vinderosionen, der dominerer, mens det er bolgecrosionen, der dominerer i refe-
renceomraderne. (Grafik: UVH maodificeret efter udlag af forfatterne)

al'klitterne er dobbelt si stor i Ref-~omrade
| og Ref-omride 2 i forhold til de dranede
reromrader.

[ roromraderne er det primaert vinde-
rosion, der dominerer, mens der i refe-
renceomraderne primeart er dominans af
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Ref- omrade 2

——

VEESGnIhg i\
agerykmng af \

Klitfodsbevzaegelse i relation til middelstrandhojde

-20 :F_\‘
~ TS e | Kiitloden
2] Tﬁ*r ——— _
) ~T :Tn-rn--rr.., Vmsenu,g\n,b —
3
ning arkfmoae,?e’y" el
iddel-
TR strand- | Figuren viser klitfodsbe-
______ hojde vaegelsen sammenstillet
Klitiremrykning — her nar med middelstrandhojden.
bolgerne ikke ind til klitterne (Grafik: UVH modificeret
efter udlwg af forfatterne)
belgecrosion, som vi ser det pa figurerne pa rykker frem i de draznede omrader (for
denne side. cksempel i Roromrade 1 og Roromrade 2). _ o
Klitfoden er rykket op til 12,5 meter til- mens der er bolgeerosion | omréaderne med BRONDBORINGSFIRMAET

bage i Referenccomrade | og op til 17 meter
tilbage i Referenccomride 2, hvor havet har
varet dybt inde i klitterne.

Klitfodshevegelse

Figuren overst pd denne sidc viser andrin-
gerne i klitfoden sammenholdt med middel-
strandhojden. Man ser tydeligt. at klitfoden

lav middelstrandhejde (for cksempel i Ref-
omrade | og 2).

Bolgeerosionen forer materialere til-
bage til havet, mens sandet gir tabt inde i
baglandet ved vinderosion.

Der er sdledes en vaesentlig forskel pa
erosionen i forkanten af klitterne i henholds-
vis roromraderne og i referencecomriderne.

Udvikling i klitfod januar 2005 - januar 2007

Rerom-

Ref-omrade 3 rade o |Ret-omréade 2

Ref-omrade 1

Roromrade 1

Find- og bolgeerosionens indflvdelse pa reference- og roromrdderne. (Grafik: UVH modifice-

ret efter udleeg af forfatterne)
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BROKER LS.

Kontor og veerksted: Telefon 59 4404 06
Spéannebeek 7. 4300 Holbeek.
Fax 59 44 69 00

privat 59 44 08 71
Bil 21 4238 71

Thomas Broker,

Henrik Braker, privat 59 43 09 94

Bil 23 34 77 01

VORT SPECIALE ER:
BRONDBORING, rotations- og terboring.

MILJ@BORING, huisneglsboring med kzer-
nepreveudtagning.

REGENERERING af boringer.

PR@VEPUMPNING af boringer og kilde-
pladsunderse@gelser med avanceret elek-
tronisk udstyr og EDB-behandling.

Viforhandler GRUNDFOS pumper og vort
veludstyrede veerksted renoverer Grund-
fos' vandveerkspumper.

Vi leverer og monterer underjordiske
GLASFIBERPUMPEBR@NDE af eget
fabrikat med udstyr i rustfrit sta! tilpasset
de aktuelle dimensioner.
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Vinderosion

I forbindelse imed draenede strande er det
nadvendigt at fokusere pa vinderosionen i
forstranden.

| det forste &r registrerede vi en opbyg-
ning af sand pa forkanten af klitten pa ca. 20
m’ i de dreenede omrider.

Disse 20 m? er borteroderet al vinden i
forstranden og blast op i forkanten af klit-
ten. Efterfolgende har vi mdlt, at klitterne
i de dreenede omrider haver sig pi toppen
med 90 — 120 ¢cm pé 2.5 dri et 30 meter
bredt balte.

Detle svarer til 27 - 36 m* over 2.5 dr
eller 10 - 15 m* pr. meter om dret.

Vi kan saledes se. at vinderosionen i for-
stranden er mindst 30 - 35 m® pr. meter pr.
ar cller ca. 100 m* over 3 ér.

Vi skal siledes se nacrmere pa to torhold.
For det forste saenkes forstranden i de drac-
nede omrider ca. 100 em i lobet af 3 ar, hvis
stranden er 100 meter bred.

Lrosion i forstranden er saledes ikke bare
erosion, men der skal skelnes mellem vin-
derosion i de dranede omrider og bolgecro-
sion i Ref-omrade 1 og Ref-omrade 2. hvor
forstranden reelt er borteroderet af bolgerne.

For det andet er det imidlertid kun de fin-
kornede materialer, som fyger op i klitterne,
mens ral og sten forbliver i forstranden.

Vindcrosionen er siledes en vasentlig
faktor. nar vi taler om. at materialerne bliver
grovere i forstranden, ndr strandenc dranes.

Det er ct faktum at vinden blaser ca. 100
m? sand pr. meter over 3 dr op i klitterne.

Sigteprover fra forstrand og klit
Matcrialeproverne i stranden og klitterne,
der crillustreret i tabellen nederst p& denne
side. viser folgende:

— 33 % af materialernc i forstranden cr gro-
vere end 4,0 mm i korndiameter
-39 % afl materialerne i forstranden er gro-
vere end 2,0 mm i korndiameter.
— 45 % af matcrialerne i forstranden er gro-
vere end 1.0 mm i korndiameter.

Samtidig viser proverne i klitterne, at:

— 98 % af sandet 1 klitterne har ¢n korndia-
meter som er mindre en 1,0 mm

— 84 % har en korndiameter som er mindre
end 0.5 mm

Sigteanalyser af sandet i klitterne viser,
at det sand. som fyger op i klitterne, er me-
get finkornet og har en korndiameter, som
fortrinsvis er mindre en 0.5 mm.

Vi kan saledes se, at den samlede mang-
de sand, som er sorteret af vinden i forstran-
den, er den dobbelte mangde i lorhold til de
sandmangder, vi finder i klitterne.

Den vindsorterede sandmangde pr. me-
ter i forstranden er siledes ca. 200 m’ pr.
mcter over 3 r.

Vi kan derfor konstatere. at materialerne
i forstranden bliver grovere og grovere over

GueologiskNyt 4/07

Roeromrade 1

Station 6100

12 ~ i g
B Jan-05 i
O Jul-07 (m)’»
B 4
6 -
£
4
2.
0 /- ; :
Punkt 1 Punkt 2 Punkt 3 Punkt 4 Gennemsnit
[F3 Jan-05 10.66 10,26 9,99 9,69 af de 4
IE] Jul-07 11,38 11,45 11,03 10,49 punkter (m)
[[] Udvikling 0,72 1,19 1,04 0,8 0,94

Station 6200

{m

0 Punkt 1 Punkt 2 Punkt 4 Gennemsnit
Jan-05 12,24 11,7 10,79 afde 4
B Jul-07 12,95 12,77 12,65 punkter (m)
] Udvikling 0,71 1,07 1,86 1,24

De to figurer viser data for sandopbvgning i klitten i Roromrdde 1 fra Station 6100 og Station
6200 (lokaliteterne for disse ses pa figuren side 14, og placering af de 4 punkier pa side 12).
(Grafik: UVH modificeret efter udleeg af forfarterne)

Sigteprover fra forstrand og kiit

Kornsterrelse mm <0,063( 0,13 0,25 0,5 1 2 4 8 16 31,5
2500 Rer 8 (%) 0 011127 43 {543 585|628 | 84,5| 84,5 | 100
2500 Ror 7 (%) 0 0 85359517 59 | 64,7 | 84,2| 84,2 | 100
2600 Rer 7 (%) 0 0,1[108{409 {576 | 66,7 | 745 | 94,1| 94,1 | 100
2600 Rer 6 (%) 0 01{132! 59 (729766794 916[9N,61{ 100
2700 Ror 7 (%) 0 01| 85! 40 ;5456181678 951(951{ 100
2700 Rar 6 (%) 0 0 4,1|258 | 379 44,7 | 50,9 89| 89 | 100
2650 Klitfod (%) 0 0,2 16 | 65,4 | 82,7 | 88,1 91| 100

2700 Kiitfod (%) 0 0 411|271 | 43,3| 599 76,1 | 100

2700 Forkant klit (%) 0 0 |20,7]889]997| 100

2700 Bagkant klit (%) 0 0,1 14 (782 (966t 100

2700 Bagkant klit (%)| 0,1 0,3|18,6|83,7 | 99,1 100

labellen viser data for sigteprover fra forstranden og klitten. lallene er vist i procent.




1 Ref-omrdde 2 er klitfoden rvkket 17 meter
tithage - herved er klitten helt jorsvundet.
(loto: Poul Jakobsen — anvendt i GN1:07)

tid. og stranden far sdledes en vaesentligt
bedre draeningsevne generelt, idet K-veer-
dien (den hydrauliske ledningsevne) foroges
signifikant i de draenede omréder pa grund
af vindsortering i forstranden.

Sandet fra Nordsoen, som bruges til
sandfodring pa Vestkysten. har itolge KDI
typisk en korndiameter mellem 0.25 mm og
0,5 mm. men sandet er reelt ubrugeligt til
strand- og revlefodring ifolge amerikanske
eksperter (NBPC, 2000 Hawaii). og man
bor derfor neje overveje, om det i tremtiden
er denne metode, man bor anvende.

Der er imidlertid meget stor forskel pa
vindsorteringen i Roromraderne 1 og 2 og
Ref-omride 1 og 2, hvor middelstrandhaoj-
den er meget lav.

Det ser man tydeligt i de to folgende itlu-
strationer. For eksempel ser man i figuren (il
hojre fra Ref-omrade 2. at hajden af klittop-
pen falder i begge stationer.

Til gengacld bliver klittoppen hojere i
Station 6100 og 6200 i Reromrade | (figu-
ren overst pa foregdende side).

Ref-omrade 2

Station 4300

-07 [ Udvikling  (m)’

C B I
Punkt 4 Gennemsnit
{3 Jan-05 11,88 11,89 12,5 12,02 af de 4
-] Jul-07 7,68 12,43 12,98 12,36 punkter (m)
"% Udvikling -4,2 0,54 0,48 0,34 -0.71
Station 4400
18- o ([ Jan-05 [JJul-07 [J Udvikling  (m)!
14 5 -
12

Punkt 2.

~ Punkt 3

Gennemsnit

Punkt 1 Punkt 4
Jan-05 11,25 14,33 15,33 6,45 afde 4
E Jul-07 7,35 11,88 12,37 6,25 punkter (m)
|C] Udvikiing -39 -2,45 -2.96 -0,2 2,38

De to figurer viser data for udviklingen pd toppen af klitten i Ref~omrade 2 fra Station 4300
og Station 4400 (lokaliteterne for disse ses pd figuren overst pa side 14, og placering af de 4
punkter pd side 12). (Grafik: UVH modificeret efter udleg af forfatterne)

VIHARJORD |

HOVEDET..!

- 0g plads til mere

Bioteknisk Jordrens SOILREM er
Danmarks landsdaekkende jord-
renser, nar det geelder olie- og
kemikalieforurening - med anlaeg
i Kalundborg, Esbjerg, Aalborg og
pa Arg, Samsa og Bornholm.

Kontakt os pa tif. 59 50 46 68.

Biowekeisk jordrens

SOILREM

- jordens bedste valg
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E{averosion: Station 4400 1 Ret-omrade 2

Profil efter storm

e e . L i ta : s . i ’5@&; FAT
Haverosion. Allan Christensen fra Carl Bro A:S stdr her i forkanten af' Haverosion. Stregerne markerer hin. profilet efter stormen og det nye
klitten, som tidligere var toppunkter pa klinen. (Foto: P. Jakobsen) balanceprofil. Toppen af klitten cr fuldet ned pa stranden. (Foto: P,
Jakobsen)

Vinderosion: Station 6100 i Reromrade 1

R

‘ e Ay . 4

g

Vinderosion. Der finder klitopbvening sted i de dreenede omrédder. Klitterne er heevet i de dreenede omrdder mellem 90 cm og 1200 cm over 2,5
dar i de 4 malepunkter pa toppen af klitterne, idet en del af sandet fra forkanten af klitten er foget lengere ind i klitsystemet (ca 10 m? pr. me-
ter). (Foto: P. Jakobsen)

Bjerregérdsvej i hh

v.05 0g 07
% ¥ R "

& : e 2

Bjerregdrdsvej for etablering af roromrdderne i 2005 til venstre og til
hojre i marts 2007 cfter kraftig sanddrift til baglandet. (Foto tv.:Copy-
right: Google Earth™ mapping service; foto th.: Foto: P. Jakobsen)
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Bjerregérdsvej nr. 435 og 437 PR

e et e

nd a fsanddrifte

det 1o huse pa Bjerregirdsvej. (Ioto. P. Jakobsen)

Flere ejendomme er begravede i sand pa gri n til baglandet — her er

Principskitsen viser et losningsforslug pa
vinderosionsproblemet, sa man undgdr til-
sanding af husene bagved klitten. Der skal
plantes hjelme c¢ller marehalm eller lig-
nende i klitfoden. (Grafik: UVH modificerct
efier udleg af forfatterne)

Vegetatio Ry
Lesning hielme efler marehaim Beplantet areal
Losningen pa vinderosionsproblemet er at 10-15m
plante hjwlme clier lignende [ra klitfoden og Trykudlignings-
10-15 meter ud i forstranden, sé sandet fast- moduler
holdes i forstranden og speciclt i klitfoden, Udstremningszone

s kysten er bedre sikret specielt i hejvands-
situationer med storm cller orkan.

Forstranden

Erosionen har i vinteren 2006/2007 kun
varet ca. 69.000 m* Roromrade | og Ror-
omride 2 samt Ref-omride 3, hvor der er
lazsidetillag med vasket sand.

Analyserne viser. at erosionen i Rorom-
rade 1 og Roromrade 2 primart er vindero-
sion. sd sandet cr foget ind i baglandet og
er ikke géct tabt til havet i mods®tning til
matcerialerne, som er taget af havet i Ref- .
omréde 1 og Ref-omrade 2. 150.000 ¥

Figuren og tabellen p4 side 19 viser, at
kystprofilet ikke er forstejlet i projcktperio-
den. Samtidig ser man, at de store crosions-
mengder fra Ref-omridel og Ref-omriade
2 ikke genfindes ude i Offshore 1 efter
vinterens voldsomme storme. Storme skaber
séledes ikke et reservoir af sand ude i havet.
Det borteroderede sand forsvinder saledes )
ud at projektomradet ved kraftige storme. -100.000 154 .

200.000 -

I .Ja.n-O.G [ Jan-07 (m’){ o

-150.000 ~

£00.000 ¥ o P ST - s IRV, ... e
Ref-omrade 3 Roromrade 2 Ref-omrade 2 | Roromrade 1 Ref-omrade 1
; Jan-06 123.725 114.000 -70.380 173.280 2.450
O Jan-07 192.326 48.400 -192.440 100.800 -64.225
= o . v cion § Pl . — ;
Flgu:‘en ”'%jr_ tilleg/erosion i ref- og f'or b \|/|nd g Vinderosion Balgeerosion Vinderosion Bolgeerosion
omrdderne i januar 2006 og 2007. (Grafik: o'geerosion

UV modificeret efter udleeg af forfatterne)
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Beskattenheden at havbunden skal ses
i et megel storre perspektiv, og vi har vist
gennemsnitsvacrdierne tor hele strakningen
pd 11,0 km i tabellen pa denne side.

Analyserne i tabellen viser, at profilet i
Offshore 1 har en stigende tendens og er
blevet havet i lobet af 2 &r med ca. 9 cm
—dette er ikke er relateret til de voldsomme
storme i vinteren 2006/07.

Konklusion

Anvendeligheden af de vertikale dracnror
or nu testet i et scenario svarende til den
globale vandstandsstigning om 100 &r, idet
middelvandstanden var over 50 cm i perio-
den fra d. 20. oktober 2006 til d. 20. januar
2007.

| samme periode blev Vestkysten ramt
af 5 voldsomme storme med middelvind-
hastigheder pa op til 27 m/sck. Fire afl dissc
storme ramte den jyske vestkyst mellem d.
l. og 20. januar 2007,

Analyserne viser, at haverosionen i klit-
terne er stoppet i Roromraderne 1 og 2 samt
i den nordlige del af Ref-omrade 3, hvor der
er lesidetiflasg med vasket sand.

Dette skyldes. at middelstrandhojden i de
draznede omrader er blevet foroget signifi-
kant, efter at roromradernec cr blevet dranet.

Bufteren foran klitterne i 100 meters
brede pa 411.000 m* har veeret stor nok til
at modstd 5 harde storme {ra ultimo okto-
ber 2006 til d. 20. januar 2007, hvor storm
nr. 4 i januar maned 2007 ramte den jyske
vestkyst.

Den samlede erosion i Roromrade | og
Roromride 2 samt Ret-omréde 3 har kun
varet 69.000 m* i vinteren 2006/07. Der er
primaert tale om vinderosion i roromrademe,
sa sandet er foget ind i baglandet. | modsat-
ning hertil har der varet stor bolgeerosion i
Ref-omrade | og Ref-omrade 2. hvor havet

Ogsa vandvezerkerne
har brug for at lade
idéerne gro

Gode idéer der udspringer at
arfaring ogf ekspertise forer
Irem til trugtbare losninger.
Vand-Schmidt har

specialiseret viden

®

% Brondboring

® Ledningsanimg
@ Prolektaring/rddgivning
9 Service

- ring og fi godo réd og
utorbindende tilbud

Jernbanegade 5 « 8070 Christianmsfeld
T 745611 11 «Fax. 745632 69

GeologiskNyt 4/07

r
| Udvikling i Offshore 1,

januar 2005 - januar 2007

300.000 "] (|
[E van06 [ wulos  []Jan07 () 1
250.000 -
200.000+"
150.000-F
100.000
I 50.000
4]
-50.000 o T S i oo 400
Ref-omrade 3 | Roromrade 2 | Ref-omrade 2 | Reromrade 1 | Ref-omrade 1 Total
[ Jan-06 23.450 30.900 4.930 121.440 -48.825 131.895
[ Jul-06 48.825 -22.900 87.550 207.360 -44.800 276.035
[JJan-07 65.450 38.700 104.210 21.120 68.775 298.255

Udvikling i offshore 1 (se figuren overst til vensire side 12). Hele streckningen er ca. 11 km

lang og 300 m bred. (Grafik: UVII modificeret efter udleeg af forfatternc)

Udviklingen i havbunden Offshore 1 og 2 i m® pr. meter
apr-05 juli-05 okt-05 jan-06 juli-06 jan-07
Offshore 1 1,44 9,57 24,84 11,80 24,91 27,21
Offshore 2 3,54 5,01 8,23 -4,59 -5,84 1,47 .
Udviklingen i havbunden Offshore 1 og 2icm ,
apr-05 juli-05 okt-05 jan-06 juli-06 jan-07 | |
Offshore 1 0,48 3,19 8,28 3,93 8,30 9,07
Offshore 2 1,18 1,67 2,74 -1,53 -1,95 0,49

Tabellen viser erosion/tilleg i Offshore I og

af 2 x 300 meter ude i havet. Overst ses udviklingen i m* pr. meter og nederst den gennemsnit-
lige haevining eller scenkning af havbunden i cm.

har taget mere end 250.000 m* pa en 3,5 km
lang straekning, som svarer til 70 m® pr. me-
ter, sclvom der cr strandfodret med ca. 2,0
mio. m* sand over 10 ar umiddelbart nord
for Ret-omrade I. og reviclodret 700 meter
ncd i Ref-omrdde 1 i projektperioden.

Der er ikke konstateret sandbolger i pro-
Jjektomradet. og malinger oflshore viser, at
kystprofilet ikke er torsicjlet, men hever sig
med stigende tendens.

Billedmonitorering ved Sondervig viser.
at sandlodring nr. 2 i 2005 pa 960.000 m*
skyllede i havet i samme tidsrum, og det
vurderes. at kliterosionen nord og syd for
Sondervig har varet ca. 400.000 m* samme
periode,

Den samlede crosion i Sondervig-pro-
jektet har saledes veeret ca. 1.360.000 m?

i projcktperioden. Sandtabet i de dracnede
omrader og Ret-omrade 3 med vasket sand
var kun 69.000 m?, som ligger i baglandet.

2 for den fulde streekning pa 11,0 km i en bredde

Lit lignende forsog med en sandfodring
pa 100.000 m* ved Sondervig i 2004 fejlede
ogsa, da sandct var skyllet i havet efter
en maned; desuden tog havet yderligere
400.000 m* af klitterne { januarstormen
2005.

Forslag
Det anbetalcs, at der plantes hjzlme/ma-
rehalm fra klitfoden og 10 meter ud mod
havet i de drenede omréder, sa man undgar
sandtab til baglandet med odelxggelser til
lolge.

Desuden toreslis det, at der ctableres
20 km ved Sondervig, sa SIC-systemet
kan sammenlignes direkte med sand- og !
revlefodring i stor malestok. Opmaling i
klitarealerne ved Sondervig cr baseret pé
flyopmaling. sd man far en bedre monitore-
ring og et bedre vaerktoj til at undgd sand-
drifisskaderne i baglandet.




