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C.
Anaysis of the Water Levels Along The German North Sea Coastline
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(Jensen1984,Fuhrboter and Jensen 1985)
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Fig. 2: Island and coastline gauging stations and the observed time series

Table 1: Mean values of MLW, MHW and MTR of the gauging stations unil 1999

Worth Gen 15land gauging stalions | observad LW W MR
_ time: series | fom NN Jerm NN] fem NN
Borkum 1931 - 1899 128 104 =
Nordemoy 1851 - 1093 -128 107 235
Lighthouse-Alie Wasar 1500 - 1009 -150 127 7
Hedanland 1825 - 1989 -122 ALY 232
Wittdin 1837 - 1598 -138 111 249
Ligt 1931 - 1899 <Gf TE 170
Norih Sea coastine gauging sianons | obsenved MLW WV MTA
firne senes [ml‘_lﬂ']_ Jern M) [em WH]
= 1901 - 16590 -1T2 133 305
Wilhaimahauen 1HTS - 1588 -203 160 363
Bramarhaven 1881 - 1998 =180 162 342
Cunhiaven 1843 - 1858 =158 132 288
Husum 1206 - 1985 -1A2 151 333
Dagetal 1836 - 1988 -153 123 276
& 1
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Table 2: MI. W, MHW and MTR sccular trends 8¢+ and s1 5 + 0 of the gauging stabions

MLW secular rénds 5y 2+ Bnd 5rae = O (o1 0y]

geugmg stalion abzerved 1044 - 1995 1883 - 1689
time zades (55 yearm) (37 years|
__ Barkum 1 1531 - 16688 44258 602358
Kordamizy ' 1891 - 1999 14250 B.6+53
Lighthious=-Alte Weset 1803 - 1989 | 43=B5 _ 84257
Helgaiand 1825 - 1899 23357 | a0:63
Wittclian | 1637 . 1603 140277 | AE=7.8
o List 1031 - 1968 EE6+73 | 11273
Mean Nofth Sea |siend gadge 1891 - 1999 2650 ER=62
Emden 1801 - 1988 Fi0z 6.8 PA6=64
Wikhelmshaven 1873 - 1980 B =58 0857
Bremethaven 1881 - 1908 380:86 B 273
Cuinfiawen 1843 - 1888 28+88 4460
Huswm 1506 - 1588 456 =T 4 B0=69 =
il 1936 - 1839 <411=11.0 B84 B2
Mean Sea coastline gauge 1843 - 1939 2232 T4 8663
MHW secular trands 2¢ 5 and Srass 0 [em/100y]
gavging Station abigarved 1844 - 1599 1963 - 1890
fime senes {56 years) (37 yeard)
Baorkm 1991 - 1850 2T =867 T8 =6
.. Nordefriey 1891 - 1999 241265 TE2E5
Lightheuse-Alte Wesar 1403 - 1950 388+ 00 43274
Helgaland 1925 - 1980 250=72 G3x6.8
Witgon 1837 - 1999 425=00 i ABd=B0
Lisd 1931 - 1956 Efdszib l 431273
Mean North Sea island gauge 1861 - 1588 31,6275 41,3268
Emogan 1901 - 1999 332=8E 437 =82
Wilheimshaien 1873 - 1985 3rs=81 452 =B0
Bramarhavan 1881 - 1085 703 403262
Clothman 1843 - 1985 32B=00 426283
_ _Hosum 1906 - 1239 4172102 561295
Dagebil 1536 - 1060 475 10,8 GrE=AS
Mean Morth Seas coastline gaugs 1843 - 1933 | T a02 456z 0.4
MTH sacular irends 5 v and S = 0 [em/100y]
gaugIng station obssrved 1944 - 1000 1663 - 10490
fiTme mEris [EE yeara) {37 years)
Borkum. 1931 - 16999 253=53 FGadT
Nordemy 1591 - 1220 255256 30Ex51
Lighthouse-Alie Weser | 1503 - 195G 72Tl 338253
Heigaland I 1925 - 1930 22257 BIadd
Witrin | 1857-1988 | 566100 | 483264
List 1037 - 1058 061 Jg=a
Mean Marth San island gauge 1891 - 1959 342264 AES5=z49
Ermician 1601 - 1990 5754 104 733201
Wilhsimstavn 1673 - 1880 a562 81 4552 B6
Firamarhayven 1687 - 1888 F182133 T3 =108
- — Guxhavan 1643 - 1690 407250 382=75
= HusHm {1806 - 1830 55K« 103 481267
. Lz _%_1@ BAEa 152 67.5 =80
Wonh Sea ne gauge 184357 T804 | S82=71h
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Modelling of Shoreline Changes aong the North Western Egyptian Coast
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t DB (berm height) DC
depth) ¢ (sourceor sink) QS
y 1
QS
Q= (H ’-’Cg)béais'n 2, - a, wsqbs%éb
H Cg 0 bs

al a2
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% 16(r /1 - 1)(1-, p)(1.416)""
1
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Abstract

This study comprises the analysis of the impact on the sediment
transport patterns and the morphological evolution around the Tanshui
Harbor, Present layout, Stage | and Stage Il. The study has been
launched primarily to asses the hydraulic performance of the harbor and
address the erosion problems along the downdrift coast through a
numerical study of waves, currents and sediment transport conditions.
Further, the study presents a discussion of coastal protection schemes
and analysis of two alternatives of the recommended scheme.

| ntr oduction

The Port Authorities of Keelung Harbor have initiated the construction of the
Tanshui Harbor at alocation along the north-west coast of Taiwan approximately 1
km southwest of the mouth of the Tanshui River. When finalized, the harbor will have
an overal length along the coastline of approximately 5.5 km, and it will extend 3 km
into the sea from the existing coastline. The present layout and the future structures
are depicted in Figure 1. “ Stage |” is scheduled to be finalized in year 2012 and
“Stage I1” in year 2022.

The new Tanshui Harbor causes a mgjor impact in the sediment balance in the
entire coastal cell from the river mouth and 12 km south-westward to the Lin-ko

D 6-0



power plant. The surf zone processes, which have a high, net south-westerly, potential
transport capacity along the undisturbed coast, are completely blocked by the harbor.
The area in-between the river mouth and the main, north-eastern breakwater, which
was previously subject to erosion, has turned into a major deposition area, while the
downdrift coast southwest of the harbor will face a severe reduction in sediment
supply with resulting increased erosion.

Hydrographic Data

The data required for the study of sediment transport around the mouth and to the
south of the Tanshui River mouth comprise wind, waves, water levels, bathymetry,
discharges in the river and sediment properties. In this study, some wave data during
typhoons and long term wave statistics are briefly presented.

1. waves during typhoons
The extreme wave heights have been analyzed assuming that the extreme
wave heights follow a Gumble distribution. The extreme wave events are shown as
Table 1.

Tablel Wave heights, H, [m] for various return periods

Return
period NE | NNE N NNW | NW | WNW | W | WSw
[years]
6.1
20| 800 | 7.26 9 528 | 421 | 346 | 338 | 3.88

25 8.40 7.62 6.49 5.54 4.42 3.64 3.55 4.07

50 9.70 8.80 7.50 6.40 5.10 4.20 4.10 4.70

100 11.00 | 9.98 8.51 7.26 5.78 4.76 4.65 9.70

2. wave statistics

The new measurement station off the Tanshui River mouth was
installed in June 1996. Wave data have been collected since then. For
the study of the overall sediment budget, areliable long-term statistics
of wave heights, periods and direction is needed. Long-term
measurements of directional waves are not available from the
immediate site. In this study, the wave heights statistics derived from
wave data measured at CBK 11 ( E 120.650° ; N 24.783° ) during the
period from July 1984 to December 1989 has been used in combination
with wind statistics. The wave statistics from CBK 11 is shown as
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Table 2. The statistics is split into summer, which covers the months
April to September and winter, which covers October to March.

Table2 Waves statistics from CBK 11, frequency of occurrence in %

Hm] <10 |1.0-15(1520(20-25| 25-3.0| 3.0-3.5| 3.5-4.0| 4.0-45|45-50| >50
Summer|[ 52.7 26.7 11.6 3.5 2.5 1.9 0.7 0.2 0.0 0.0
Winter | 164 184 21.4 16.1 10.5 9.1 4.2 1.9 1.0 1.0
TJ9] <5 5-6 6-7 7-8 8-9 9-10 10-11 | 11-12 | 12-13 >13
Summer[ 22.1 22.2 27.1 184 7.0 1.7 0.6 0.2 0.1 0.6
Winter | 4.1 13.6 26.3 355 14.9 2.8 0.8 0.5 0.5 1.1

Numerical M od€els

Two different modeling complexes have been applied to study the phenomena
around the Tanshui Harbor LITPACK and MIKE 21, which developed by DHI.
LITPACK isamodeling complex especially designed for the study of littoral
processes on so-called quasi-uniform, sandy beaches, i.e. beaches, where the coastal
profile and the hydrographic conditions vary slowly along the coastline, and where
the dominating processes are linked to the wave driven currents in the surf zone.

MIKE 21 is asuit of numerical models for the study of many aspects related to
waves, currents, water levels, sediment transport and water quality in relatively
shallow water areas. Three modules are applied in this study The wind-wave module,
MIKE 21 NSW, the depth-integrated hydrodynamic module, MIKE 21 HD, and the
module for the calculation of non-cohesive sediment transport capacity, MIKE 21 ST.
The combined use of MIKE 21 NSW, HD and ST provide the possibility of modeling
sediment transport on a complex bathymetry for fully dynamic conditions. In this
study, eleven hydrographic scenarios combined with three layouts of the harbor and
severa layouts of protection schemes have been investigated and compared. The
hydrographic scenarios are listed in Table 3.

Table3 List of hydrographic scenarios to be simulated in the MIKE 21 models

Wind Waves Tide discharge
ID | Speed |Directior| H, T, Northerr | Southerr
(/s [°] [ s Branch | Branch
[m/d] [n/s]
40-1s 7.5 40 1.8 6 Spring 9 1
40-1n 7.5 40 1.8 6 Neap 7 6
40-3s 10.0 40 3.6 8 Spring 9 11

D 6-2




40-3n 10.0 40 3.6 8 Neap 7 6
40-2s 125 40 6.3 11 Spring 9 11
40-2n 12.5 40 6.3 11 Neap 7 6
Typh. 125 40 6.3 11 Spring 400 3500
27-1s 7.5 270 1.8 6 Spring 2 21
27-1n 7.5 270 1.8 6 Neap 3 7
27-2s 12.5 270 3.7 1.7 Spring 2 21
27-2n 125 270 3.7 7.7 Neap 3 7

Analysis of Coastal Erosion without Protection Schemes

The coastal erosion without the implementation of mitigative measures has been
evauated to form the basis for designing a suitable protection scheme. To provide a
guantitative overview of the transport in the near shore zone, the average annual
longshore transport capacity from land out to 7 m depth has been determined at
intervals of 500 m along the coastline between the power plant and the harbor for
each of the ssimulated construction stages, see Figure 1. The transport rates are
provided in volume, i.e. the porosity of the sand has been included, and are positive
for transport along the shore in a westerly direction and negative for easterly transport.
The calculated annual net transport capacity reaches maximum values in the range
400,000 nv’/year to 600,000 n'/year. Some important observations from Figure 1 for
the three stages of the harbor without any coastal protection implemented include

1. Present Layout
The littoral transport increases from basically zero immediately to the southwest
of the present harbor to a maximum value of 600,000 m*/year approx. 2.5 km from
the harbor, resulting in strong erosion along this stretch of coastline. The loss of
sediment out of the coastal cell confined by the power plant and the harbor is
estimated to 200,000 nv/year bypassing the power plant towards southwest.
2. Stage |
The construction of Stage | of the harbor leads to a shift towards the southwest of
the area where the littoral drift capacity re-establishes, and an area of return
currents and eastward sediment transport in the zone sheltered by the outer part of
the north-western breskwater. The area of severe erosion is shifted towards
southwest compared to present conditions.
3. Stage I
In Stage 11, the harbor is so big that it provides shelter for the severe NE monsoon
waves over alarge part of the bay down to the power plant. Similar to Stage |, a
zone of eastward transport is present in the vicinity of the harbor. Outside the zone
of return flow the westward littoral transport is re-established, but the maximum is
smaller than for present conditions and in Stage | due to the large sheltering effect
of the final harbor layout. The gradients in transport patterns as the littoral drift re-
establishes stretch over an approximately 3 km long section of the coastline, which
is still under severe pressure after construction of Stage Il of the harbor.
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4. Future Evolution
The tentative time schedule for the construction works is listed below
- 2001 Stage |, main breakwater finished except from the outer 1200 m
- 2012 Stage | completed
- 2022 Stage Il completed

Based on the observations and quantifications described in the previous
section, the future morphological response without the implementation of
mitigative measures can be predicted taking the planned harbor extension into
account.

1998-2012 Severe erosion is expected between positions A and B. The total loss
from this section of the coast during the first year is 600,000 n?* corresponding to
an average of 240 n?/m. Assuming an active depth of 7 m this corresponds to a
setback of the coastline of approx. 35 m or, in terms of an average lowering of the
bed level, 0.35 m with aslope of 1:100. The coastline between A and C will be
stable if the erosion between A and B is not hindered, but as the erosion close to the
harbor progresses, the transport here will be reduced and the zone of erosion will
move westward. The progressive south-westward extension of the breakwater will
also cause the zone of erosion to be shifted westward. In 2012 erosion will
primarily take place between point D and E with an expected rate in the order of
520,000 nv*/2,500m/year = 208 nt/m/year, i.e. a setback of the coastline of
30m/year for an active depth of 7 m. A rough estimate of the total loss of sediment
from A to B during the construction of the first part of the main breakwater is 1.2
mill n?, corresponding to two years of full exposure. The total loss from B to E in
the period 1998-2001 is 1.8 mill n¥, corresponding to an average of 320 n/m or 46
m setback of the coastline, if the entire coastal profile were sandy.

The above stated rates of retreat of the coastline assume sandy, erodable
beaches. Parts of the coastline is protected by revetments, and along other stretches
the upper part of the coastal profile, approximately from the low water line and
upwards, is protected through natural means by stones. This layer of stones may
partly armor the upper profile and reduce the rates of erosion here, while the
erosion on the outer part of the profile is unaffected. As erosion progresses below
the low water line, the upper part of the profile will become exposed to more severe
wave activity, and the finer sediments below the stone layers will be washed ouit.
Existing small protection works will also become more and more exposed to wave
activity, which is likely to cause failure of the structures. The coastline will retreet,
but at a reduced rate due to the armoring effect of the stone layers.

2012-2022 The erosion from D to E continues with a rate of 208 n?/m/year or an
average lowering of the bottom level of 0.3 m/year if the active zone is 700 m wide.
The bypass of sand at point C will increases. From E¢to C the shoreline accretes,
and as the shoreline at point C gets closer to the seaward edge of the coal storage
area of the power plant the bypass increases.

The predicted rates of erosion if no mitigative measures are implemented are
clearly unacceptable.

Analysis of Coastal Protection Schemes

The protection strategy for a certain coastal stretch depends on the planned use
of the coastal area. No plans for the use of the coastal cell between the new Tanshui
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harbor and the power plant have been available to the study team, and the selection of
protection strategy has been based on indications in the future layout of the harbor and
observations from existing conditions. A marinais included in the design of phase Il
of the harbor, and an existing amusement park is situated just southwest of harbor.
This indicate that the possibility of reestablishment of a sandy beach for recreational
purpose should be considered at least along parts of the stretch in question.

1. Protection Scheme |
A protection scheme comprising a combination of revetments, aterminal
groyne, two large shore parallel structure and nourishment was designed in this
study. The termina groyne at the power plant storage extends out to —12 m, and
two shore parallel breakwaters are established on —7 m with alength of 800 m each.

The bathymetry has been lowered to -4 m in front of the revetment to investigate

the effects of the ongoing erosion. The coastline and near-shore bathymetry have

been changed into fully developed tombolo and the beach updrift of the terminal
groyne has been turned and moved forward to approach the orientation of a stable
beach. Figure 2 shows the calculated year transport for the present layout and the
future Stage | and Stage I1. The following main features are noticed

- The transport capacity in front of the revetment, where the depth is4 min the
model, is significantly reduced compared to the situation with a full beach, but
the erosion is still continuing.

- The littoral drift in a zone shoreward of the western extension of the main
breakwater is directed towards the harbor for Stage I, both without and with the
protection scheme.

- The littoral transport between the western breakwater and the terminal groyne has
reversed, showing that the implemented beach orientation has been turned too
much for the smulated wave conditions. The transport patterns illustrated in
Figure 2 would soon rotate the beach anti-clockwise towards a more stable
orientation. In reality, there is no statically “ stable” orientation of the beach, it
will at any time dynamically adjust itself towards the prevailing wave conditions.
The “stable” orientation of the beach refers to the average orientation of the
beach within a year when it is |€eft free to rotate.

- The bay between the breakwaters is amost stable both for the present layout and
for Stage | and Stage I1. The net transport is towards the middle of the bay, which
indicates that the bay is stable. Only very little sand is lost from the bay.

- At the tip of the termina groyne the concentration of the tidal current will lead to
localized scour (large transport capacity just at the tip of the groyne, leading to
local erosion here). According to the smulations the beach sand will not move
along the groyne in offshore direction. The wave driven currents in the
simulations are even directed shoreward along the groyne due to the previously
discussed exaggerated clock-wise rotation of the beach in these simulations. This
illustrates that the terminal groyne is able to hold a beach, which can readjust
itself if severe wave conditions from more easterly directions than average have
caused it to rotate clock-wise from is dynamically stable orientation.

The calculated yearly sediment transport through the sections 1, 2 and 3,
shown in Figure 2, are listed in Table 4 for the present layout, Stage | and Stage ||
with Protection Scheme |. The transport rates through the sections indicate that
some transport will take place offshore of the shore paralel breakwaters, at water
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depths larger than 7 m due mainly to relatively strong currents. This can cause a
relatively sow erosion here. In the present layout the erosion will take place to the
east of the eastern breakwater. In Stage | the main area of erosion is offshore of the
two breakwaters. In the final Stage Il the transport is eastward off the eastern
breakwater and westward offshore of the western breakwater, indicating erosion
between those two sections. The loss of sand around the tip of the terminal groyne
leads to erosion in the outer part of the profile. Due to the strong tidal currents, the
loss of sand cannot be completely avoided. If no protection works are implemented,
the loss will increase with time as the coastline gets closer to the outer edge of the
storage area of the power plant

Table4 Calculated yearly sediment transport (porosity is included)
through the sections 1, 2 and 3 shown in Figure 2

Layout Sediment transport | Sediment transport | Sediment transport
(incl. Protection Section 1 Section 2 Section 3
scheme|) [m/year] [?/year] [m/year]
Present layout 127000 108000 72000
Stage | 112000 91000 20000
Stage |1 122000 53000 ~45000

In Stage Il the Protection Scheme | has a positive effect in reducing the
sedimentation in the marina. However, in Stage |l the beach between the marina
and the first breakwater is sheltered for amost all wave directions, and it will suffer
from siltation of fines and have difficulty maintaining itself clean by natural means.
Floating debris and fine sediments will be trapped in the semi-enclosed bay, and it
will not be pleasant for recreational purposes without substantial cleaning efforts.
The distance between the marina and the breakwater should be larger to aleviate
this problem. It is emphasized, that the best beaches for recreational purposes are
exposed to waves and kept clean by the wave action.

. Protection Scheme 1
The revised Protection Scheme Il is shown in Figure 3b and 3c with the three

main changes compared to Protection Scheme |

- The extension eastward of the storage facility of the power plant, which will take
up 700 m of the exposed coastline and allow the terminal groyne to be moved the
corresponding distance towards east.

- Thefinal length of the beach to be protected is reduced, and the number of
breakwaters has been reduced to only one with a more optimal distance from the
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harbor in the final layout. This may require atemporary extension of the
revetment in Stage |.

- The drawbacks of the large separation eddy and wave driven currents towards the
harbor in Stage | for Protection Scheme | have been aleviated by including a
leeward breakwater in Stage | which will become part of the final structuresin
Stage 11.

The sediment transport rates integrated over two tidal cycles are compared in
Figure 3a, 3b and 3c for the present layout, Stage | and Stage Il and for protection
Schemel and I1.

The western bay towards the terminal groyne has been turned slightly
in the model bathymetry compared to the bathymetry for Protection
Scheme I. The transport in the surf zone is still eastward for this bay
and this particular wave case, indicating that the bay would rotate
slightly further anti-clockwise. There is a large buffer zone at this
position along the coast, and the rotation of the beach will not cause
problems. On the contrary, it may help stabilize the beach further
towards the downdrift side of the breakwater, which is the critical area
for erosion along this bay. The comparison of Stage | with Protection
Scheme | and Protection Scheme Il clearly illustrates that the
establishment of a lee side breakwater already at Stage Il prevents
intrusion of sand in the nearshore zone and reduces the transport of both
sand and fines towards the harbor area. The littoral transport changes
direction on the lee side of the harbor due to the lee side breakwater. In
Stage | of Protection Scheme Il it may be necessary to protect the first
approx. 500 m west of the harbor with a temporary revetment.

Another beneficial effect of the lee side breakwater is that it reduces the net westward
transport along the seaward side of the main breakwater in Stage |. This is because the
lee side breskwater helps streamline the flow around the entrance during ebb flow,
which reduces the flow separation along the main breakwater considerably. In Stage |1
the main breakwater will give shelter to alarge part of the stretch from the marina to
the power plant. In this Stage both bays are stable for this hydrographic scenario.

Conclusions and Recommendations
After this study, we can summarize some conclusions and recommendations as
following
1. Thefina design of the protection works should be coordinated with other plans
for the coastal cell, e.g. at the power plant. Elements from the later stages
of the harbor may be used as protection during intermediate stages to avoid too
many temporary structures.
2. Thefollowing concept for protection is suggested
a. Establish the shoreward revetment along the canal separating the harbor from
the main land in Stage Il immediately. Erosion can be accepted in front of
this structure, where dredging was planned anyway.
b. Block the littoral transport at the power plant.
c. Compartmentalize the stretch between the power plant and the harbor and
realign the coastline to the equilibrium orientation inside each new cell.
3. Itisemphasized that 2-b has implications for the coast south-west of the power
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plant as the supply of sand from north-east will be reduced considerably. This has
a potentially negative effect with respect to erosion but a potentialy positive
effect with respect to reducing sedimentation problems in the water intake at the
power plant.

It is suggested to establish along groyne at the power plant and use shore parallel
breakwaters to compartmentalize the coastline.

. The studies have shown that the protection scheme for Stage | should have two
shore parallel breakwaters to combat erosion, but that the eastern most breakwater
becomes absolute and undesirable in Stage 11. It is therefore recommended to
establish only one shore parallel breakwater and then extend the revetment
westward as required to combat erosion in Stage |. This last bit of the revetment is
temporary and will not be exposed in Stage 1. The recommended protection
scheme is shown in Figure 3.
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Fig.1 Net littoral drift integrated between 0 m and —7 m contour lines, and the net transport rates for
the present and the two future stages of the harbor constructions, NOTE: the integrated littoral
transport between 0 and —7 mincludes porosity
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Fig.2 Yearly transport capacity for the Present layout, Sage | and Stage |1, Protection Scheme |
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Fig.3b Sediment transport rates averaged over two tidal cycles for the conditions: offshore wave:

direction = 40°, H,= 3.6 m, Stage |, without protection scheme, Protection Scheme | and
Protection Schemel|
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Fig.3c Sediment transport rates averaged over two tidal cycles for the conditions: offshore wave:

direction = 40°, Hs= 3.6 m, Sage |, without protection scheme, Protection Scheme | and
Protection Scheme |
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