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TIME-DEPENDENT EFFECTS OF NOURISHMENTS ON SHOREFACE BAR BEHAVIOUR

Tommer Vermads Edwin Elia$, Ad van der Spekand Rena Hooglafid

Abstract

In 2011/2012 a shoreface nourishment was placéteamskerk, the Netherlands. The nourishment causist two
parts, separated by a c. 500 m wide gap, which plaieed on the offshore slope of the outer brebkerHalf-yearly
bathymetric measurements show that both nourishpatd developed differently and had a differefiieance on the
natural bar behaviour. In this paper, we show that‘phase” (Ruessink and Kroon, 1994) of the batesy during the
moment of nourishing explains the differences i@ tesponse of the system. Understanding this meshand the
consequences are essential for effective employofesitoreface nourishments.
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1. Introduction

Since 1990, the coastal policy in the Netherlasd® ifight structural erosion through sand nourishts.

These nourishments were initially used to mainthancoastline at its 1990 position (Van Koningsvé&ld
Mulder, 2004), which required c. 6 million®nBince 2001 a second objective is to also compersss of
sediment in the deeper part of the shoreface. st the yearly volumes increased to 12 millioh

also.

While initially nourishments were placed on the digawith increasing sediment volumes needed, the
more efficient and cost-effective shoreface noumishts became common practice. Shoreface
nourishments are usually placed directly seawarth@fouter breaker bar, with their top at a deftb. &

m below MSL.

Shoreface nourishments showed to have a signifiofloence on the natural bar behaviour (e.g., Van
der Spek and Elias, 2013). The natural behaviouhefbar systems at many locations along the Dutch
coast shows a repeating pattern of offshore mmmatiThis bar migration ‘cycle’ is described in a
conceptual model by Ruessink and Kroon (1994). Tdescribed three phases of this cycle, being (1) ba
generation near the intertidal zone, (2) offshorgration of this bar, and (3) decay of the barhat outer
nearshore. The key factors controlling the behavadihe inner bar(s) are the position and creptlief
the outer bar. Ruessink and Kroon (1994) found dlsabng as the crest of the outer bar lies abbyem
MSL, the inner bar remains within the first phase.

Studies by e.g. Grunnet and Ruessink (2005), Ogdal. (2008), De Sonneville and Van der Spek
(2012), Van der Spek and Elias (2013) all indidhtg shoreface nourishments influence the cycleaof
migration. Often reported effects are an intermgptr blocking of the offshore migration of barsjucing
bar switching, and stabilization of the outer bEme differences in response have been attributatieo
volume of the nourishment, the ability of the nebrment to connect with existing bars and their shor
parallel length.

The shoreface nourishments were described to haeffécts that contribute to restoring the beach
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profile, a feeder effect and a lee effect (e.g.n &uin et al., runnet and Ruessink, 2005). The
feeder effect refers to the onshore sediment tahsyg the nourished sediment by wave asymmetry and
slow onshore currents. The lee effect is the irsad wave dissipation due to the shallower cogstlle
which leads to less energetic conditions at theemlate and an increase in sedimentation from albage
sediment transport.

In this research, we show that also the phaseedbdin system at the moment of nourishing is immbrta
for the development. Analysis of a recent nourishina¢ Heemskerk, the Netherlands, shows that thegh
during the moment of nourishing explains differex@e the response of the system. Understanding this
mechanism and the consequences are essentialefotivaf employment of shoreface nourishments.

2. Site and data description

The town of Heemskerk is located on the North-Hull@oast, located in the central part of the Hallan
coast. This part of the coast is a relatively gtthisandy coast, only interrupted by the harboulemof
IJmuiden, about 5 km south of Heemskerk (Figure THe nearshore morphology of the coast near
Heemskerk is wave-dominated with a two bar sysfetme. median grain size of the sediment at the North-
Holland coast lies between c. 18t on the beach to ¢. 258n at about 1 km offshore (De Sonneville and
Van der Spek, 2012).

The harbour moles of IJmuiden were constructedhénperiod 1867-1876 and extended between 1962
and 1967 to 2800 m (south) and 1850 m offshoretlfhoFheir presence locally affects the hydrodyreani
resulting in net sedimentation close to the mdiiest €. 3 km) and erosion some distance awaydfalhg
c. 5to 6 km). This effect was strongest direcftgraconstruction and is closer to an equilibriuate today
(Schalkers and Visser, 1978).

De Sonneville and Van der Spek, 2012 describe theewclimate at North-Holland as governed by
westerly storms. They report an offshore signiftoaave height with an annual return period in theeo
of 6 m and with a peak wave period of about 1nd, @ yearly averaged offshore significant wave lhieig
of about 1 m, with a corresponding peak wave peab@ s. The spatial variation of the offshore wave
climate is small (Wijnberg, 2002). The mean tidahge at Heemskerk is about 1.6 m, leading to shore-
parallel peak flood and ebb currents in the ordéx.4 m/s (Wijnberg, 2002).

The coast at Heemskerk has been nourished spdigdidén beach nourishments. The nourishment of
2011/2012 was the first shoreface nourishment sofukim 40.

863



eeuw arden| AGroningen

INIE THERILANID'S
Lelystad| "Zwolle
Haa“.:"" . Amsterdam

Ens(hede

The
Hague. Uue(m
B
~ Rotterdam i
f .

Hert ogenbasch

) * gslliBreda Boc U
M ddelbiirg 3 O
bi de ! :

O3 sseﬂ

’ - Krefeld
Brtgﬁgvmtwerp . S oW
[ 5

Ghent®Wlaanderen Dusseldorf
.

Brussels"‘H .
R S
o

Charl el W
1 01 e

%
O+
$

A *Of |
2# % (*+-

% ) 54 1

1"
6 $
| %
%
4 %
$
%
7 : '
$ L
3.
31
8
4
1- . ; S
% # 4

(- $



" $$ n L #

% # 4

alongshore distance [

0o 1 0.5 0 1
cross-shore distance [km]

/8 7( I 55 O*+,- - 0%

bed level [m MSL]



3.2.

R
X
s @ I+ 12 X .
-_— O y
4 < 5 17 17
— ~ — 1
» -~ _ o < o
M -
] TS
<
N @ T e
_ o - IS ©
- : “ - S -
_ »
|$ i
. X
7S k N
7
Ty
%
1
A
- A B »
o
o3 @ N IS ’
~
— - I-$
@» # - #T~ )
—~~
* & S ) o
H* - < * j
= « 2 >
- .
- & ~ - i
—_ [7-9 @ -
H* B )
. " ¥ &
X - X i .
- # $
— &

%
!
9
|
|
)






1$

-4 9. %



Coastal Dynamics 2017
Paper No. 257

This effect might even had been stronger, had theishment been placed at the depth of -5 m instéad
6 m MSL, being a more effective sediment source.

Despite the smaller volume and larger depth, thehem part of the nourishment had a significant
influence on the natural bar behaviour, while thatkern nourishment only temporarily delayed the ba
migration cycle. There were two differences betwdgentwo parts that played a role in their develeptn
the phase of the bar system and the alongshorehwlogy of the outer bar.

We find that (1) ‘isolated’ or ‘interrupted’ outdars decay faster than alongshore connected oatsr b
(2) the effect of shoreface nourishments on theuwetbpment and the natural bar behaviour dependseon
phase during the moment of nourishing. We hypotieeiat in some phases also shoreface nourishments
with volumes smaller than 1 million*ean have significant effect on the natural barabveur. Shoreface
nourishments with larger volumes are expected te laa effect regardless of the phase.
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